A Situational Agile Framework to Support Team Coordination
in Global Software Engineering

By

Yaser Hafeez
Reg. No.11-FBAS/PHDSE/F09
Supervisor
Dr. Aakash Ahmad
Co-Supervisors
Prof. Dr. Sohail Asghar

Dr. Ayyaz Hussain

Department of Computer Science & Software Engineering
Faculty of Basic & Applied Sciences

International Islamic University Islamabad, Pakistan




TH-16725 ‘2
hetessiot Hy ——m————
L.
pry
00; A
y >
ot

n_.
> ,
\ 2
ra’-’t‘{'C:\ - -
"'\i ‘..{l\""

-, o
f"‘/



A Situational Agile Framework to Support Team Coordination
in Global Software Engineering

A Thesis Presented to

Department of Computer Science & Software Engineering

Faculty of Basic & Applied Sciences
In Partial Fulfillment
of the requirement for the degree
of
PhD (Software Engineering)
By

Yaser Hafeez
Reg. No.11-FBAS/PHDSE/F09
N Supervisor
Dr. Aakash Ahmad
Co-Supervisors
Prof. Dr. Sohail Asghar
Dr. Ayyaz Hussain

Department of Computer Science & Software Engineering
Faculty of Basic & Applied Sciences
International Islamic University Islamabad, Pakistan
2016



International Islamic University, Islamabad
Faculty of Basic & Applied Sciences

Department of Computer Science & Software Engineering
Dated: 31-8-2016

FINAL APPROVAL
It is certified that we have read the thesis. entitled “A Situational Agile Framework to
Support Team Coordination in Global Software Engineering” submitted by Yaser Hafeez,
Reg. No. I1-FBAS/PHDSE/F09. 1t is our judgment that this thesis is of sufficient standard to
warrant its acceptance by the International Islamic University Islamabad for PhD Degree in

Software Engineering.

THESIS EXAMINATION COMMITTEE
External Examiners: W’_‘Q
Prof. Dr. Muhammad Afzal /r)r’e
Director (KICSIT). Rawalpindi. Pakistan ‘3118116

r,/\.
Dr. Wasif Nisar - {%‘ \ @\\

Associate Professor
Comsats Wah Campus, Pakistan

Internal Examiner:

Prof. Dr. Muhammad Sher N
Dean. Faculty of Basic & Applied Sciences.
International Islamic University

Islamabad, Pakistan

Supervisor: WZ( l*

Dr. Aakash Ahmad

Assistant Professor L

NUST (SEECS).

[slamabad. Pakistan

Co-Supervisor: Fiop o Co-Supervisor:

Dr. Ayyaz Huss e O Prof. Dr. Sohail Asghar

Assistant Professor (DCS&SE), Chief Technologist

International Islamic University Department of Computer Scténce.

Islamabad. Pakistan Comsats Institute of [nformation Tech.
Islamabad. Pakistan

A Situational Agile Framework to Suppert Team Coordination in Global Software Engineering iv



International Islamic University, Islamabad
Faculty of Basic & Applied Sciences

Department of Computer Science & Software Engineering
Dated: 31-8-2-2016

FINAL APPROVAL

It is certified that we have read the thesis, entitled “A Situational Agile Framework to
Support Team Coordination in Global Software Engineering” submitted by Yaser Hafeez,
Reg. No. 11-FBAS/PHDSE/F09. It is our judgment that this thesis is of sufficient standard to
warrant its acceptance by the International Islamic University Islamabad for PhD Degree in

Software Engineering.

Head of the Department

Dr. Syed Husnain Abbas Naqvi
Department of Computer Science

& Software Engineering,

Faculty of Basic and Applied Sciences,
International Islamic University Islamabad

Dean
Prof. Dr. Muhammad Sher “"":f':n-
Faculty of Basic and Applied Sciences, ﬁ\{}&;\ "“‘\“\Q t®
International Islamic University pei® 3“5\‘3 e

“-,(\\3 it =

Islamabad Pakistan

A Situational Agile Framework to Support Team Coordinalion in Global Software Engineering v

-



Acknowledgement:

This research journey has been challenging, rewarding and enjoyable. Though only my
name appears on the cover of this thesis, many have helped me in different ways and 1

would like to acknowledge all who supported me to complete this PhD thesis.

First and foremost, all praises to Allah for His guidance for the completion of this work.
Almighty Allah is the most generous, considerate, and compassionate who has blessed
mankind with this verdict to think, explore, to learn, to discover the hidden secrets of this
universe and has blessed me to get through the difficulties indulged during this study. 1 would
also like to express my admiration towards our beloved Prophet Muhammad (PBUH) who has
been a great source of inspiration of divine devotion and dedication to me; Salawat on last

Prophet Muhammad (P.B.U.H).

Firstly, I would like to express my sincere gratitude to my principal co-supervisor,
Professor Dr. Sohail Asghar, for his wisdom, suggestions and endless support, throughout my
thesis research study. I appreciate their timely advice and interest in my work, and was always
available to discuss with me. It was his efforts, courage and endeavoring attitude that helped
me get through any problem at any step of this study. Without his guidance, motivation and
leadership, this thesis would have never reached completion. 1would also like to thank my
supervisors, Dr. Aakash Ahmad and Dr. Ayyaz Hussain, for their constant encouragement.
Their guidance and motivation created a momentous learning experience for me. Furthermore,
I would also like to thank foreign evaluators who reviewed this thesis, especially Dr.

Muhmood Niazi and Dr. Andrea Ko who helped me improve this thesis.

Specifically I would like to thank to Professor Dr. Muhammad Sher, Dean FBAS
International Isiamic University Pakistan, for his support, encouragement and motivation in
the pursuit of my PhD degree. ] am also extremely thankful to Chairman Dr. Husnain Nagvi,
Department of CS&SE. for his constant guidance. I would take this opportunity to thank my
faculty members, Dr. Ali Duad, Mr. Asim Munir, Mr. Muhammad Nadeem and Mr.
Muhammad Imran Saeed from Department CS&SE, for their motivation. I would also like to

pay my gratitude to my respected teachers; Professor Dr. Muhammad Riaz, Director National

A Situational Agile Framework to Supporl Team Coordination in Global Software Engineering vi



Defense University, and Professor Dr. Arshad Ali, Director Fast University Islamabad

Campus, who made me what I am today.

During this this PhD thesis, I went through many complex situations, ! have had the
great fortune to get to interact with Ms. Faiza. My deep appreciation and special thanks for
my mentor for her prayers, endless support, constant motivation and encouragement on this

journey.

I would take this moment to express my gratitude towards my colleagues, Dr.
Muhammad Jamal, Dr. Muhammad Azeem, Ms. Bushra and Mrs. Shaiza, Mr. Shabbir , Mr.
Muhamood, Mr. Ansar who made my candidature very enjoyable. I would also like to thank
my students, Ms. Shagufta, Mr. Bilal Hashmi, Ms. Ambar, Ms. Khushbakhatwar, Ms
Zartasha, Ms. Aysha, Mr. Bilal Ali and Mr. Azhar.

During this process, | went through many life events and throughout the ups and downs,
my family have been giving strength and encouragement. Finally, I thank my family for the
love, support and understanding during this study which is complete today because of my
loving wife, son and daughter. This thesis would simply not have been possible without the
ongoing support and encouragement of my parents, Mr & Mrs Abdul Hafeez, my mother and
father in law, Mr. & Mrs. Muhammad Arif, my brother Hammad Hafeez, my sister Mrs. Azam
& Dr. Muhammad Azam , my cousin Mohammad Omair, my brother in law, Mr. & Mrs.

Zeeshan Arif, all sisters in law. T am eternally grateful to this special group of people.

The Acknowledgement section cannot be completed without thanking all those who
have directly or indirectly helped me in the completion of my work. I would like to express
my sincere gratitude to all those (named or otherwise) who have helped me in pursuit of this

PhD degree and pray that I have the honor to walk along them throughout my life.

A Situational Agile Framework to Support Team Coordination in Global Software Engineering vii



Declaration:

I hereby declare and affirm that this thesis neither as a whole nor as part thereof has
been copied out from any source. It is further declared that I have completed this thesis entirely
on the basis of my personal effort, made under the sincere guidance of my supervisors. If any
part of this report is proven to be copied our or found to be a reproduction of some other, [
shall stand by the consequences. No portion of the work presented in this report has been
submitted in support of an application for another degree or qualification of this or any other

University or Institute of learning.

Yaser Hafeez
11-FBAS/PHDSE/F(9

A Situational Agile Framework to Support Team Coocrdination in Global Software Engineering wiii



Dedication:

This work is dedicated to my dear mother, most respected mentor, my beloved wife, my
beloved daughter and my beloved son, dear mother in law, for their prayers, love and
motivation. They were the light in my academic path and without them nothing of this would

have been possible.

Yaser Hafeez

11-FBAS/PHDSE/F09

A Situationat Agile Framework to Suppont Team Coordination in Globa! Software Engineering ix



Abstract

Context: Modern computer systems are prone to a continuous evolution under varying
situations such as Application and Organization. The increasing and complex project
situations need to employ resources on a giobal scale that has resulted in Global Software
Engineering (GSE), commonly known as Global Software Development (GSD). In addition,
GSD teams work round the clock to fulfill the complex and competitive market situation to

optimize and decrease costs by utilizing time zones effectively.

However, apart from the advantages in GSD, it also entails certain challenges due to
distance and time difference such as information sharing, communication delays and lack of
control over team coordination that lead to project failure. With the passage of time, the
complexity of software has increased greatly. It is for these reasons that organizations are
moving from traditional development approaches to Agile based approach as it has the ability

to deliver products closer to customer’s expectations.

In this study there are two main problems that have been addressed, first and foremost
is problem with the integration of two popular trends in Agile practices with GSD and second

is formulating a situational method in order to handle the Agile GSD situations.

However, literature review suggests the Situational Method Engineering (SME) as a
solution for the integration of more than one methods and formulation of situational method.
It also arises as a solution when we want to combine two approaches for the formulation of a
new paradigm. Hence SME aims at providing method construction techniques by reusing

existing methods, practices, techniques and approaches.

Objective: The objective of this research is to design the structure of the 3C-SAME (3C
_Situational Agile Methods for Global Software Engineering Environment) Framework in
order to formulate situational methods to help Agile GSD practitioners to provide a productive

solution.

Method: In order to design 3C-SAME Framework, we use multi method research
methodology. In addition, we use grounded theory to formulate the situational taxonomy.

Action Research is also used in order to formulate the Situational Agile framework. In

A Situational Agile Framework to Support Team Coordination in Global Software Engineering X



designing the Framework we perform a Literature Review to identify the impacts, challenges
and existing issues from published articles, reports, case studies in a structured manner. In the
context of the non-structured ad hoc research review, the systematic review is beneficial for
the evidence based impact of existing theories, frameworks and challenges. We use the Multi
method to design the 3C-SAME Framework. We evaluate our proposed framework through
ISO/IEC 9126-1 quality model, case study and experimental study.

Result: The results of the proposed 3C-SAME Framework help Agile GSD
practitioners in order to improve their performance for Agile GSD managers and practitioners.
It is a viable framework which can provide solutions to the well-known problems by applying
SME principles. Hence the framework brings improvements in functionality and usability of
the software development processes. However, the study is limited to only two agile methods,
Scrum and XP, which have been used to formulate the proposed situational framework. The

proposed framework is handle specific situations not for general purpose.

Keywords: Agile Software Development, Global Software Engineering (GSE), Global
Software Development (GSD), Situational Method Engineering (SME), Team Coordination.
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Chapter 1 Introduction and Background

1.1 Chapter Overview

The introductory chapter describes the selection of subject matter and the situations that this
dissertation addresses. It also describes the background and motivation of the research
problem, reflection of research questions to attain the set objectives, research methodology

and contributions to achieve solutions.
1.2 Background

Computer systems play an integral part to facilitate the human society. With the passage
of time the society’s dependence on computer systems and consequently their expectations
may also continue to increase. The increasingly complex project situations need to employ
resources on a global scale that has resulted in Global Software Engineering (GSE) becoming
increasingly popular in both research and industrial perspective [I]. The notion of software
development is central to this approach in which companies work in more than one location
under one project. GSE is informally known as Global Software Development (GSD)
paradigm in which dispersed teams work round the clock to fulfill the complex and
competitive market situation to optimize and decrease costs by maximum utilization of time
zones {2,3]. Today, the modern world has become a global village where GSD has gained
importance, due to the leveraging of time-zone effectiveness and closer proximity to the
market [4]. Furthermore, the popularity of GSD has increased due to the satisfaction level of
end user. Cooperation among teams has turned out to be a significant factor in the dramatically
increased growth rate [5]. It is for these reasons that more than seventy percent projects are

now developed under the GSD approach [6].

However, apart from the above mentioned attraction in GSD, it also entails certain
challenges which need to be overcome in order to exploit these potential advantages. GSD
teams, however, face challenges due to distance and time difference during development, such
as cultural diversity, language difference, information sharing, delay in communication, lack
of control over the team and team coordination that leads to project failure [7, 8]. The
competence and capabilities of the participants in the distributed development, the available

resources and the organizational environment is vital in deciding the success or failure of

A Situational Agile Framework to Support Team Coordination in Global Scftware Engineering 2
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Chapter 1 Introduction and Background

distributed projects [8, 9]. Lack of project management support, lack of standardized practices
in software development and lack of team coordination, control and communication is
unfortunately common. Furthermore, little customization of frameworks, lack of requirement

change management and poor knowledge management are listed as recognized problems in

software development [10].

The software industry has grown tremendously in the last few decades. With the passage
of time, the complexity of software has increased greatly and its understandability is almost
impossible for individuals. In order to reduce the complexity, group work is gaining more
importance. According to Standish Report, more than 75% of the participants respond that
their organizations have implemented agile development practices [11]. It is for these reasons
organizations are moving from traditional development approaches to agile based approach
as it has the ability to deliver products close to customer’s expectations as compared to the
traditional method [12]. This multifaceted growth can be attributed in order to capitalize on
the global resource pool to fulfill the challenges of the moder era. Moreover, they are looking
for an appropriate mix of expertise to fulfill the objectives of cost and time reduction [13].
Hence, the most popular trend adopted by the distributed teams is the implementation of agile
methods, despite the separation of team members through space, time and culture in order to
achieve a good impact on software production [14]. It is vital to recognize the overall
integration of the two popular trends in order to benefit from combining agile methods with

GSD.

Despite their significance, representations are not the only success factor in software
development process. There are numerous studies [15] showing that there is a dire need for
an in-depth study to determine how distributed teams effectively use Agile methods while
time, space and culture constraints still exist. Smite et al. [16] argues that there is still no
strong consensus for the combination of Agile applicability with distributed development to
get expected benefits of an integrated approach. Later on, Smite et al. [18] suggested about
the future research trends that a theoretical mode! with the combinations of both Agile and
global software development must be formulated to get the benefits of two popular

approaches. Jalali and Wohlin [16,41] argue that the majority of the studies suggested that the

A Situational Agile Framework to Support Team Coordination in Global Software Engineering 3



Chapter 1 introduction and Background

future for Agile development approach in GSD environment research needs to be rigorous

research dimension.

It is obvious that one single software development method cannot cover all the aspects,
but different success factors and viewpoints need to be considered in an approach which
supports a flexible combination of analysis, design and management conventions. Thus
supporting different best practices in the distributed environment as well as integration of
Agile software development approaches is an important topic. [ 19] Despite the research effort
during this decade, exploring new software development methods for complex situations is
still a valid research goal for situational method development for globally distributed

development.

Problems vary from situation to situation and are characterized on the basis of contextual
factors. It is generally acknowledged that it is not feasible to have a universal method without
any modifications used in all situations [20]. The Situational Method Engineering (SME)
matures as a reaction to the above mentioned problem. It also arises as a solution when we
want to combine two approaches in order to formulate a new paradigm. Hence SME aims at
providing method construction techniques by reusing existing methods, practices, techniques
and approaches [21]. The new developed methods are more flexible and better adapted
according to the distributed situations. The overview of Agile GSD challenges [10...16] is

shown in Figure 1.1.

! Apphcation Managemant

Figure 1.1: Overview of Agile GSD Challenges
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Chapter 1 Introduction and Background

It is for these reasons that this dissertation attempts to provide framework that provide the

solution to the above mentioned problems.

1.3 Problem Statement

Participants in GSD projects interact with people from muitisite locations and diverse
backgrounds, having lack of domain knowledge and lack of team coordination, and thus
signify dispersed teams confronting with different complex situations [23]. However, the
subsequent effects of poor handling of situations regarding organization, project and
application comprise inflated rework, delay in schedule, poor quality projects, unhappy client,
and system failure [24]. But despite the obvious need for a contextual approach in order to
handle the situational challenges, there remains an important gap between software

development theory and practice.

On the other hand agile methods are now perceived as the universal remedy for software
development project failure [25], but its adoption in the GSD still faces problems e.g. many
GSD organizations wanting to adopt agile methodologies are finding difficulties in selecting
a particular agile method from the agile family in a distributed environment {26]. Even after
the selection of a particular Agile method, they still find it difficult to customize it according
to their organization, application and project specific situation. Hence, there is lack of logical
approaches with the situational process, regulation and an appropriate way of selecting and
customizing agile methodologies so that organizations can select and tune it according to their

specific needs and situations to support team coordination [22].

As a result, an appropriate method to handle situations is an issue of paramount
importance in agile methodologies under distributed development to fulfill the gap between
research and practice. Furthermore, there is a dire need for continuous improvement in the

execution of existing software development process, and the results it produces.

A Situational Agile Framework to Support Team Coordination in Global Software Engineering 5



Chapter 1 introduction and Background

1.4 Research Objectives

The main objective of the thesis is to develop a situational framework based approach for
the GSD environment of an agile based organization. We focus on the following objectives:
Obj1: The main objective is to critically analyze prevailing state of the art in Agile GSD,

including the existing taxonomies, approaches, models and frameworks.

Obj2: Investigate the available challenges in GSD as reported in the literature to formulate an
appropriate situational taxonomy to classify the possible GSD challenges in a
hierarchical order.

Obj3: Design a Situation Specific Framework based approach to support practitioners to
formulate situational methods for Agile GSD development.

Obj4: To evaluate the situational framework in terms of improvements to usability and

effectiveness.

1.5 Research Questions

In order to fulfill the objectives, we divide the research tasks into a set of research

questions. Each research question (RQ) helps to tackle research problems of the proposed

research.

RQ 1I: What are outcomes of the existing literature about the Global software engineering
possible challenges and their possible classification?

RQ 2: What types of Agile solutions have been suitable for GSD and their impact on GSD
Challenges?

RQ 3: What is the state of key components of the situational frameworks which have been

provided to situational methods as solutions?
RQ 4: What are the Agile GSD situations that have been exploited for a solution?

RQ 5: What evaluation methods have been used to validate the proposed solution?

A Situational Agile Framework to Support Team Coordination in Global Software Engineering 6



Chapter 1 introduction and Background

1.6 Research Scope

Although the Agile software development in GSD environment has received significant
degree of attention in the existing related studies to date, there still remains a justified need
for new methods that can be easily embodied and enhanced by the majority of practitioners.
In the current study, we argue that the majority of the studies suggested that the future for
Agile development approach in GSD environment research needs to be rigorous research
dimension.

The principle focus of this study is on the integration of Agile methods with GSD
environment, and not the other software development methods related to analysis and design
such as waterfall. Furthermore, we concentrated on only two Agile methods, scrum and XP
for fragment management. It is during this preliminary phase that a situational method would
be generated that is suitable for existing practitioners.

The scope of the current study focuses on combining Agile methodologies with GSD
environment. As highlighted above, even after the selection of a particular Agile method,
practitioners find it difficult to customize it according to the need of their organization. Hence
the combination of these two methods is important so that situations can be handled more
efficiently under distributed development to fulfill the gap between research and practice. The
evaluation of the proposed framework is mainly performed for ISO based model, case study

and experimental study.

1.7 Research Methodology

We follow the guideline of multi-method research methodologies that provide a rigorous
set of research steps. We consider this methodology in order to get the benefits of both
quantitative and qualitative methods. Furthermore, detailed description of both methods is
given below,

Quantitative research studies comprise of natural phenomena applied through
experimentation and hypothesis testing, and thus measures and evaluates instrumental
relationships between variables within the phenomena under study [97]. Hence, quantitative
approach assembles statistical data from a demonstrative sample and evaluates them, usually

through experimentation and quantitates methods. The main objective set forth by quantitative
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methods is evaluating the relationship between independent and dependent variables, and
exclude inappropriate variables, therefore making initial hypothesis acceptable or reject able.
As a result the quantitative approach primarily encourages experimentation and hypothesis
testing Grounded Theory {30] in order to propose a situational method.

Qualitative research represents study addressing social and cultural experiences through
direct interaction with individuals® involved within the study. Hence, qualitative research
comprises of data gathered through interviews, documentation and observations. Most data
acquired is represented in the textual data. Furthermore, it covers social issues related to social
and communication behaviors. Also, qualitative methods support quantitative methods by

forming the data inputs for experimentation and statistics.

However, Multi-method is applied by incorporating different research methodologies for
gathering and analyzing data [27]. When choosing specific research methodologies, usually
one research method does not satisfy the reliability [29]. Multi method research overcomes
the barrier of incorrect conclusions obtained through single research method [28]. Multi
method is identified as the solution of single study research problems. Obviously, it is a
superset of the earlier approaches; and potentially lessens a lot of the confines of the prior
“solutions™ [27]. Multi-method allows inclusion of different characteristics of other methods
such as questionnaires, interviews, experiments [27]. The multi-method approach uses a mix
of empirical research methods, as contrasted to single research methods, as an approach for

attaining reliable research results, thus overcoming biasness [32].

The research strategy used in this thesis involves different research methodologies, thus
comprising them under the umbrella of multi-method research methodology. It is vital to
mention that use of empirical methods is vital, since they allow the practitioners to incorporate
multi-disciplinary and interdisciplinary factors that commonly arise, such as social issues,
communication barriers, situational factors and product quality. Furthermore, the research
methodology is a science to study how research can be conducted scientifically [33).
Systematic conduction of research in software engineering requires deep understanding of
available research methods and how their research problems need to be applied [34]. A
number of research methods are recognized to support software engineering research using

multi-method methodology [33).
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Figure 1.2: Conducted Multi Method Research Methodology

In the Figure 1.2 different research methods are described which are conducted for this
study. The proposed methodology has been involved through problem formulation. Firstly, a
research area was selected, then research objectives were set and then research question were
formulated to fulfill these objectives. The systematic mapping study was conducted (See
Chapter 2) for defining and describing the problem. Similarly, context problems were also
refined. Participants were consulted for publishing reports and data gathering. They have
Agile GSD basic knowledge. Grounded theory was applied for extracting codes on the bases
of defined issues and proposing theory in order to formulate situational taxonomy based on
identified challenges. in order to provide a guideline. Most critical challenges were identified
and interpreted with the help coding scheme (See Chapter 3). This phase is formally named
as solution space in order to formulate Basic Generic Model that will be formulated with the
help of actioe research methad {See Chapter 4). We propose 2 Situation Specific 3C-SAME
Framework with the help of situational method engineering approach which provides a base
to formulate situational method into work. In the evaluation of part we use real world case
studies and experimental study to evaluate our 3C-SAME framework into work in real
phenomena At the end of the siudy, the conributions is also mapped with the set objective
(See Chapter 7) which is defined earlier.

1.8 Research Contributiens

The research presented in this dissertation is a valuable addition to the body of
knowledge in the field of Agile GSD:
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1. We perform critical analysis and review with the current state of art, including the
available taxonomies, frameworks, approaches, and modeis.
2. We propose a 3C situational taxonomy to facilitate the GSD practitioners in order to

classify the identified challenges.

3. The Proposed approach is formally known as a 3C-SAME framework (3C _Situational

Agile Methods for Global Software Engineering Environment) that utilizes the SME
principles.

4. We present a 3C-SAME framework into work that utilizes, and generates a successful
method. The newly proposed framework extends support to handle the situations for Agile
teams in a distributed environment in order to shift theory into practice. It has also
embodied and enhanced the 3C-SAME Architecture with Meta model.

5. The effectiveness of the proposed approach is evaluated based on its validation methods

such as the ISO 9126 model, experimental study and empirical case studies.
1.9 Outline of the Thesis
The structure of the thesis is described as given below.

Chapter 1: Introduction

The primary goal of this chapter is to provide the foundation of the study and present the
overview of the rest of the dissertation. In this chapter, we introduced the research motivation
and background with a problem statement, including the research objective, research

questions, research methodology, and research contributions.

Chapter 2: Literature Review

In this chapter, we review the existing related available literature about subject matter,
including the existing taxonomies, frameworks, approaches, and tools. We present the steps
of mapping study, conducting mapping process and data extraction strategy. We also describe
the global software development challenges, existing Methodologies to mitigate these

challenges, outcome of literature and broader overview of the proposed solution.
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Chapter 3: Proposed 3C Situational Taxcnomy

In this chapter, we proposed & 3C taxonomy for global software development teams. We
present overview of GSD challenges, analysis of existing taxonomies, research methodology,
taxonomy formulation, empirical validation of taxonomy and discussion of practical

implications.

Figure 1.3: Thesis Qutline

Chapter 4: The Situation Speeific 3C-SAME Framework Based Approach

In this chapter, we overview the proposed approach and then background and motivation
to adopt (SME) for the development of our proposed 3C-SAME approach. The main purpose
of this dissertation is to provide an ;nmovative and enriched approach for practitioners and 3C-
SAME framework components and its capabilities. In the last section we evaluate our
proposed approach with ISO 9126 standard.
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Chapter 5: Specification and Application of 3C-SAME Framework
In this chapter, we present the overview of framework, the background, 3C-SAME
architecture, prototype specification and its artifacts. Furthermore, we compare and contrast

our proposed approach to existing related work role of Meta model.
Chapter 6: Evaluations of 3C-SAME Framework

This chapter, presents the evaluation overview, Experimental Study, ISO based model,
background for analysis with a case study, case description, case study execution procedure
and evaluation results. The objective of this chapter is to empirically evaluate our proposed
3C-SAME framework into work and to determine its artifacts with relative usability and

effectiveness.
Chapter 7: Conclusion and Future Work

We illustrate the conclusions, findings, significance and suggestions for future research

directions.
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2.1 Chapter Overview

In the previous chapter, we presented the inroductory building blocks of the dissertation.
We defined research motivation and background, with respect t© Situational Agile
development in  distributed En i ent. We then defined the set of research objectives and
questions, a statement of the problem, research methodology, contributions and outline of the
thesis.

The primary goal of this chapter is to provide a critical literature review about the
fundamental concepts in and around the topic of situational Agile framework in the globally
distributed environment as shown in Figure 2.1. Furthermore, this section illustraies a
literature review conducted before the analysis of the individual research questions outlined

in chapter one.

Figure 2.1: Topic Dealt with literature Review

Therefore, we perform critical analysis of previous research and consider various
concepts and the subsequent theories that are refevant to our research domain and which need
an upfront explanation before the technical solutions are described.

We adopted Systematic Mapping Review (SMR) to analyze the problems and their
possible solutions {36]. In order to gain a broad and in depth understanding about topics, SMR
is applied to the appropriate literature review technique in an Agile GSD environment to
mitigate the team coordination situational challenges which result in the identification of
potential research gaps within existing related studies. We, then investigate with the goal of
identifying unresolved issues that require further investigation. Main focus here is on the
problems met during global software development due to inappropriate selection of Agile
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practices. This study reveals that the use of a working prototype has a significant impact on
customization and tailoting of agile methods. We mainly concentrated on clarifying issues
related to combination of GSD with Agile practices and then achieving situational Agile
methods in the rest of the chapter.

2.2 Overview of the Systematic Mapping Review

In this section, we briefly introduce the method of mvestigation for literature review, the
Systematic Mapping Review (SMR). In the current era, the systematic review process is
popular among the research community, due to its specific and precise information gathering
style [36]. Furthermore, the researcher’s trend has dramatically changed from unstructured
literature review, towards systematic literature review. SMR is also designed to give an
overview of a research area through classification and rigorous sequencing of methodological
steps {34, 37]. Furthermore, it is helpful to identify, evaluate and interpret all the presented
interrclated studies. Evidence based research has been popular not only in software

engineering discipline but in other domains as well.

e

Figure 2.2: Overview of the Systematic Mapping Review

We carried out SMR to identify and analyze potential challenges of previous GSD
related studies. We synthesized the data from selected papers to (a) Identify the list of GSD
domain challenges and subsequently classify the existing research gaps and (b) systematically
combine GSD with Agile solutions. Furthermore, it is helpful to provide background for Agile
GSD and formulate new solutions of research by applying Situational Method Engineering
(SME). Subsequently, we present the main steps for conducting systematic mapping i.e.
planning the study, conducting the study, and documenting the results{52]. Figure 2.2 shows

the overview of systematic mapping review.
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2.2.1 Planaing the Study
The first and foremost phase of SMR is the planning phase, which consists of identifying

the need of review, research questions (See Chapter 1) and review protocol respectively.

2.2.2 Conduction Review

In this phase of SMR, we focus on inclusion and exclusion criteria to analyze the related
literature. Relevant parts of the study were extracted and the results concluded as shown in
Figure 2.3. Keywords and search strategy helped to find the available material specific to the

research objective.

Figure 2.3: A Summary of the Primary Search Process

The strategy involved scoping the search space which comprised of electronic libraries
and databases as shown in Figure 2.3. The studies were initially retrieved through electronic
hibrary and databases during 2000 to 2015 Furthermore, the protocol of the study is attached
at Appendix G. Outcome comprises of framework based approach, which may be shifted into
a working prototype in order to shift theory into practice. The Table 2.1 has shown the generic
and documentation specific data about the study.
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Table 2.1: A Summary of the Extracted Data and Comparison Attributes

1 Stdy l _ Uhique lDof Sfudy

2 Bibliography List of Authors, Year of Publication, Source of
Publication
[Books, Journol, Conference, Workshop and Others]
3 Focus of Study Theme, CaReERTEE 2nd Motivation clearly presented.
4 Research [Grounded Theaty; Ease Study and Action Research)
Method
5 Research Custornitabist shd Pioducing Situational Methods for
Problem Agile G517 Practices.
6 Proposed Situarion APIFHE 1E6-24AME Framework Based Approach
Solution
7 Application Context and applicafion domain:
Context [Theory arid Industrial Practices
8 Evaluation [ 150 9126 Modél, Ease Study Experimental Study |
Method
9 Future Findings srd Fifuié Research clearly stated.
Dimensions
2.2.3 Results of Review

In this section, we carried out thé f&sYHS 6f the literature review. We arrange our results
into further subsequent sections. i S&shion 2.3, we present only Global Software
Development (GSD), Environment fel#é8 Studies, as our scope of study is working in a
distnbuted environment and global (635 8isifibute their tasks to get benefits from skill and
cheap labor across the world and use time zones optimally. Then in Section 2.4, we present
Agile practices in a GSD environment to get benefits with the integration of two popular
paradigms. After this, we present applying Situational Method Engineering (SME )} guidelines
to further customize the Agile GSD Approach according to project, organization and
Application situation in Section 2.5. In thi$ &oniext, we only present brief description of
literature review results in the followifig HafrRsF:

* A general description of the stugy

¢ The research contribution.

* At the end of each section list of key findings of study, if any.
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2.3 Study of Global Software Development Environment

In this section, we mainly focus on the most relevant methods in Globa! Software
Development (GSD), paying special attention to how GSD is specified in a situation support
coordinated action during distributed development Environment. The most important and
relevant studies under GSD are given below.

For the last twenty years, a concept of organizing projects in geographically distributed
environment has evolved and gained immense research attention. Thus, due to complex
project situations, employees need to be resourced on a global scale [23]. The situation in
which different teams work together to achieve common goals without considering the borders
of a nation is called Global Software Development (GSD) [23]. Due to the geographical
distance in time and space between teams, communication and information co-ordination

among team members remains a problem [17].

Coordination
& Visibility

Figure 2.4: Impact of Distance on GSE Teams {17]

The key idea in geographical distance is that multisite development affects the
communication process and hinders team coordination [16, 23]. Figure 2.4 highlights the issue

of distance that plays a negative impact on communication and team Coordination.

Today computer organizations need to use their existing resources as efficiently as
possible. They also need to centralize their resources on a global scale from different sites.

This has resulted in Global software Engineering (GSE) that has the capability to cooperate
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with different teams over geographical and temporal distances, consequently concluding in

global distance. Thus, the teams working under GSE settings are known as global teams [39].

“Smite et al. [18] focused on empirical studies and therefore, they provided Systematic
Literature Review (SLR) in order to get understanding of the GSE domain in depth. They
identified useful practices and techniques along with potential benefits and constraints.
Furthermore, they described from related literature, the seven most popular practices used by
GSE practitioners. At the end they provided the strength of empirical evidences, sources of

evidences, principle findings and implications of the study.

De Silvaet al. [39] presented a Framework for Global Teams to get benefits of Software
Product Line. They focused on requirement engineering activities, such as elicitation, analysis
and requirement management. They also highlighted the ignorance to adopt the transitional
techniques such as requirement tracking repositories. This research focuses on the solution

perspective of designing and construction of the product line on GSD environment.

Naizi et al. [40] presented a Systematic Literature Review (SLR) about GSD project
risks. They highlighted reasons for project failure, such as the complex and versatile nature of
project. They identified approximately 37 papers of GSD domain and extracted required
results from about 24 of them. The main conclusion of the study was to provide optimal
solutions for GSD risks as the nature of the project and their situational factors vary from
project to project. Yet, there were several types of risks discovered, categorized as requirement
engineering risks, software development risks, architectural risks, communication risks,
control risks and coordination risks. The authors believed that there is need to mitigate the
identified risks and for better solutions. The most frequent challenges, according to them, are

the lack of team coordination and communication.

Rodriguez et al. [38] performed a Systematic Mapping Review (SMR) in GSE context.
They focused on GSE tool, working under highly dispersed situations to achieve the common
goal. They focused only on coordination and communication tools to support global teams. In
this study, they discovered all the available communication and coordination tools to support
global teams under remote locations. They described and then classified GSE tools in such a

way that both practitioners and researchers can use their study in daily decision making and
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collaboration. They identified approximately 132 tools of GSE and their usage for
commercial, free or research oriented projects. The main intention of these tools was to

mitigate the impact of lack of communication, coordination and control.

Richardson et al. [53] presented a framework to support GSE teams in a distributed
environment. As a result, the software manager faced a different problem to manage and
coordinate the global teams in varying situations. The research contribution is to present a
process area to address specific problems related to geographic and linguistic distance and to
fulfil the complex needs of global teams. They carried out three case studies to evaluate their
proposed work. Furthermore, they identified a few threats for the guidance of software

managers on tackling the situational challenges during GSE Projects.

Beechom et al. [43] presented possible solutions of existing highlighted GSD challenges.
Previously we have seen many empirical studies to identify the GSD challenges, but this study
collected the mitigated solutions empirical validation about the identified solutions. At the
starting point of this study, they presented the GSE model, and then categorized the possible
solutions into process areas. For this review they identified approximately 330 papers of GSD

domain, extracted 127 solutions and then mapped them to the GSD model.

Christopher et al. [45] highlighted the most critical GSE risks, and analyzed the impact
of these risks in GSD projects. They suggested a few actions to mitigate the relevant GSD
risks. They carried out case study approach to evaluate the proposed solution, and involved
15 cases from seven different GSD industries for industrial evaluation. However, this study
only deals with the generic GSD risks and does not cover the risks specifically related to team

coordination, control and communication.

Smite et al. [46] proposed a taxonomy to support GSE practitioners. Many organizations
shifted their traditional development environment towards GSE due to competitive market
situations and thus GSE strategies were discussed more often to get maximum benefits from
global teams using high skill and cheap labor. With time, many terms and jargons have been
introduced in GSE. However, this variation in terms, also hinders the understanding of the
semantics of GSE terms during the selection of the appropriate terms under the varied

situations during GSE development. So there was a dire need for accurate terminology to

A Situational Agile Framework to Support Team Coordination in Global Software Engineering 20



Chapter 2 Literature Review

accommodate for different GSE situations to facilitate GSE community. In this study, they

proposed the empirically based taxonomy to facilitate the researchers and practitioners.

Nuevo et al., [47] compared to the relatively recent emergence of GSD literature shows
that there are many evidences available from experience reports and case studies which
illustrate that team coordination and customization issues require serious attention in muiti-
user environments. But despite the obvious need of an appropriate method to overcome the
geographical distance, face-to-face communication is a complex task, and tailoring and
customization is still a gap between theory and practice. To mitigate these issues of the modern
era, practitioners are looking for a comprehensive approach to minimize the gap between
academic and industrial practices. Although GSD could be made more successful and
productive during the development cycle, but the obvious need for contextual approach which
may handle these issues might make a significant contribution to proposed situational

methods.

In summarizing, the cited issues described by numerous studies above can affect the
project quality that results in unsatisfied clients. Measures should be taken to manage and
mitigate these issues to improve the project development process. In this section, the key

findings about the GSD studies were identified which are given below:

¢ Global distance is the root cause of different challenges such as lack of team
coordination and lack of communication between global teams [47].

» To overcome GSE challenges in dispersed situations, systematic approach is required
[18].

+ Different background and inappropriate project Organizations trouble project
productions and software quality [48].

» Unclear requirements and lack of team coordination may cause project failure [39].

* Lack of appropriate knowledge repository may cause issues such as shared
understanding for GSD teams [45].

>
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2.4 Study of Agile Global Software Development Methods

This section emphasizes on applying Agile software development practices in Global
Distributed Environment, which provides a foundation for developing the proposed
framework. The methods presented above (See Section 2.3} are mainly focused on providing
mechanisms for globally distributed teams working under global distance, which produces
challenges such as coordination, communication and control. Currently, software managers
choose best practices to perform customization and tailoring based on their personal
experience. The result is project failure. To overcome and reduce the project failure rate,

practitioners look for logical approaches with situational process regulation.

Further analysis of literature on Agile practices with GSD environment also provides a
useful contribution for practitioners in two aspects: First aspect, is to provide the possible
solutions from agile practices to mitigate GSD challenges (if any), the second aspect is to
customize and tailor Agile with GSD. The brief description of Agile GSD methods is given

below for further understanding.

Hossain et al. [48] characterized a framework using agile practices to overcome GSD
challenges such as communication, coordination and control. It is a conceptual work to judge
the effectiveness of agile strategies. In addition various issues such as global distance and
global teams were identified. They focused on two extremely popular approaches, first is
Agile practices and other one is GSD environment, both of which are combined to leverage
the benefits of modern development approach such as Agile, over traditional development
approach such as waterfall. They identified a few challenges such as communication and
coordination which can be mitigated with the help of applying daily scrum from agile
methods. Their theoretical framework also mapped Agile scrum practices with GSD
challenges. In this review 400 papers were collected but results were extracted only from 20

to provide the conceptual framework.

Bannerman et al. [49] provided a study to overcome the GSD team coordination
challenge by applying Agile Scrum method. They performed four empirical case studies, from
different projects to leverage benefits of Agile/Scrum practices under GSD context. Their

research contribution is that empirical validation of Agile/Scrum method can be beneficial in
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a GSD environment. However, previous traditional development methods struggle to compete

with current needs of the modern era.

Qabhtani et al, [50] proposed a Framework for Applying Agile practices for Software
Products. They focused on a variety of challenges related to the technical aspects like
communication, configuration and integration management of distributed development, but
they ignored social issues such as language barriers between distributed teams. This
framework was developed to customize an agile approach for software product during GSD

environment.

Paasivaara et al. [6] presented a solution for product owners for Agile Global Teams
in Software Product which stimulate the individual’s critical and creative role for team
collaboration. This would ultimately address and provide a consolidated and detailed
specification of technical and nontechnical attributes and formal communication in Agile
teams as well as informal communication in product management, where the technical
attributes include communication and non-technical attributes include improved collaboration

for the software product.

Petteri et al. [51] described GSD issues such as cultural, time zone, communication
etc. They focused on the effective usage of agile values along with principles have great
impact on communication. For the empirical validation of their problem, they spent more than
three months for collection of empirical results and involved 25 participants in GSD
environment. They used version control system (VCS) to analyze the data between the
participants. In addition to pre course survey, sprint survey, meeting, video and observation
are used for data collection between multi-site teams. They described that the iterative
development makes simple for stakeholders to communicate with each other. They
recommended that there is a need to facilitate awareness to the distributed teams during the

collaborative software development activities.

Shrivastava et al. [44] described the potential benefits of combining Agile practices with
GSD and presented a few proven practices to mitigate the identified GSD issues. They
presented various types of factors (such as pool of global resources and pressure to adjust time

zone differences), which may be helpful for situation management. The different challenges
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faced by Agile GSD teams include different working hours, lack of rich conversation,
distribution of work and training on Agile practices. They suggested a few tools for the support
of Agile GSD teams and categorized them with respect to their functionality, such as social
networking tools, communication tools and knowledge centers. The conctusion of this study
is that combining Agile with GSD has a lot of benefits and even the vital issues such as

communication and coordination may be minimized up to some extent.

Tariq et al. [42] designed a Framework supporting team activities both technical
(included requirement for retirement) and managerial (included project planning to project
monitoring) for distributed projects. In addition, a few tools like language translator and
content version system were also introduced. In particular, the activity and process aspects of
this framework is notable. In spite of this, few issues still required attention, like reducing
costs and time to market for dispersed teams. The same idea is argued during the designing of

our proposed framework.

Quershi et al. [54] has proposed mitigating coordination costs in GSD Using Scrum. The
behavior and active structure elements are being applied to support a unique feature to
organize local and global scrum meetings. In particular, this activity may help to reduce the
coordination cost to mitigate the effect of socio-cultural and geographical distance. The
framework is a conceptual proposition which requires empirical validation with real world
case studies. Their proposed solution aiso provides a meeting schedule to reduce the

coordination costs challenge for GSD projects.

Pocatilu et al. [57] provides a cloud computing paradigm which is being applied to
resolve GSD Challenges. Their contribution is towards cloud computing features and
privileges both in terms of product and process for the uplifting of distributed development.

Web services have been used for the transmission of knowledge for the cloud.

From the promises and conclusions of this work, we draw motivation for our efforts to
maintain the central knowledge factory which includes cases to construct the repository and

it may also be applied for comparison with earlier experienced cases.
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' The Zachman framework [66] is an enterprise ontology which comprises of
comprehensive classification names, model names, enterprise names and audience
perspectives which can be applied to focus the designs and transformations on specific
viewpoints, aspects and levels of abstraction. In this process, responsibility, timing and
motivation aspects are most directly related to the activity and business aspect of this study.
This framework provides only mapping with classification name and audience perspective

and did not provide any conceptual and logical workflow.

Yildiz et al. [56] introduced a framework for Application Architecture which is
relatively a unique approach and has received significant attention for inhibiting
communication and coordination for GSD teams. They developed a tool which can also
characterize the declared lists of GSD challenges. Their contribution included a Meta model
and a process for deriving application architecture. At the end they developed a global
architect tool for proof of concept of the framework. They applied case studies to empirically

validate their tool.

Agile practices involve care adoption to distributed situations [60]. Another effort by
Babar et al. [48] represents ten success stories about successfully launching of agile GSD
projects. The limitation of this study is that it did not iflustrate about the selection of an
appropriate agile method in GSD setting. On the other hand, Hossain et al. [14] proposed a
conceptual framework for globally distributed projects using an empirical project to mitigate
the GSD challenges. This conceptual framework is silent about the implementation of
proposed work and it is much more difficult for the practitioner to get benefits from conceptual
framework. Another study in which, authors presented [40] a systematic literature review with
the primary intent of solutions towards GSE challenges provides an optimal solution to
improve software development in global software engineering but gives no attention towards

handling of versatile situations [21].

Given the growing attention, research analyst reported that for timely and cost-effective
release of quality software, GSD practitioners use iterative software development
methodologies [62]. Thus, agile methodologies are best suited to be adopted by GSD

organizations [63]. They suggested 2 distributed Agile development and an innovative
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approach for mitigating the effects of GSD challenges like; time zone differences, diverse
location and cultural issues. Hence, there is a dire need to provide a comprehensive solution
which provides a new paradigm for agile distributed tcams in order to overcome the versatile

situations. Only then can Agile practices be used to mitigate GSD challenges.

2.5 Study of Adoption of Situational Method Engineering (SME) in Agile
GSD Methods

We argue that when the organization structure varies from small to large size, we need
to apply Situational Method Engineering (SME) to cater to the issue of size and application
in different situations. Since the last decade, several studies were conducted related to the

agile method customization using SME. Some of them are presented as under:

There are numerous well known agile methods such as Scrum, XP and Lean. But these
methods do not fulfill the particular needs of different situations during the distributed project
development [64]. They provided a basic ground for one of most common approaches called
assembly-based SME approach to devélop and design the agile methods. For this purpose,
they identified a large set of components from the existing agile methodologies. It fulfills a
wide variety of requirements of method engineers who are responsible for developing new
methodologies [55]. They have proposed an agile method base which consists of the necessary
components to satisfy different situations of the project. The agile method base components
proposed, conform to the Software Process Engineering Meta model (SPEM) standardized by
the Object Management Group (OMG) [21}. It has also been plugged with any Computer
Assisted Method Engineering Tools which implements SPEM Meta model [68];

There are a variety of agile methodologies for software development, but there is no
appropriate method for customization and adjustment of agile methods. Van-De-Weerd et al.
[67] developed a framework which helps in adapting agile methodologies up to some extent.
They also presented a Meta model for their proposed work. Their Meta model was derived
from both direct and indirect solutions of agile method. However, they failed to provide any

solution to the team coordination issues in Agile GSD.
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Ayed et al. [65] developed a Meta model which is specifically designed to support the
customization and construction of agile methodologies along with different measurements. It
also provides guidance in enacted agile method based on these measurements and provides
feedback to the agile methodologists and method engineers so that they can adjust during

development phase.

Even though there are popular and very well-known Agile practices, but most of the
methods are not ideally suitable for different situations [88]. Consequently, it is necessary to
use SME to construct agile methods in GSD to fulfill the needs of software project situations
[88]. To achieve the quality objectives of software development, practitioners suggest
modification in agile methodologies for particular situations [21]. As the consequence of this
need, we investigated different approaches from above mentioned solutions which are helpful

for outcome of the literature.

2.6 Outcome of the Literature Review

In this section, we are further defining and describing the outcome of the literature. The
purpose of this section is therefore to define outcome key concepts about the main topic we
have addressed, and consequently lay the foundation for the rest of the thesis by clarifying the
scope of research. It is vital to mention about identifying challenges that covered perspective,
theory and industrial practices. In this context, the existing efforts mainly focus on introducing
or integrating solutions, Agile practices with the GSD, up to some extent, but as time
progresses, every solution has some limitations, particularly when we combine GSD with
agile new issues are highlighted, and this requires attention. The basic objective of identifying
and addressing the fundamental problems for highlighting challenges is pinpointing the
research needs. We are focusing on only those findings of our literature which required

immediate attention and draw following conclusions.

o Conclusion 1: - Team Coordination: Due to the geographical distance in time and
space between virtual teams, information co-ordination becomes difficult. Currently
literary articles cited (See Section 2.3) earlier highlight the Coordination problems, for
distributed settings. There is a growing literature that demands more empirical study

to understand the issue for team coordination in Global Software Engineering.

A Situationai Agile Framework to Support Team Coordination in Global Scftware Engineering 27



\.\

Chapter 2 Literature Review

o Conclusion 2: -Combining Agile Practices with GSD: The use of Agile practices
may be limited in Global Software Development. The literature evidence clearly
supports that agility works for all small, medium as well as large size projects but
global teams face different challenges. Our review revealed whether or not Agile
practices can successfully be used in GSD setting. Agile promotes communication and
interaction among the global teams and thus team coordination improves [65]. Agile
Manifesto and its underlying principles do not argue against the feasibility of method
composition factors according to its situational needs [21].

» Conclusion 3: - Customization of Agile GSI: Eighty percent of the studies reported
during the literature review that most of the agile practices such as sprint review and

- daily standing meeting are helpful in mitigating the core GSD challenges related to
communication, coordination, and contro! but don’t provide any mechanism for agile
tailoring and customization as per organization, application and project situation.
Different researchers have given their contributions in situational agile fragments, but
still more improvement is needed in this critical area as evident from the literature.
Bannerman et al. {22] describes about the success stories of agile GSD projects, but
they are silent about the selection of appropriate agile method in GSD setting. Our
investigation reveals that to support the use of SME principles, Agile GSD teams can

be tailored and their practices customized as the situation demands.

To investigate those areas of research where still improvement is required and how we
mitigate these identified gaps with supporting evidence from selected studies is shown in
Table 2.2. We started our summary of the outcome of literature from the leftmost column,
which consists of research problems that were identified from literature review. The literature
review also helped us to find the existing solution related to our problem. Then we perform in
depth analysis of existing solutions, however, a few gaps still  exist
[37,59,6I,62,63,73,74,75,96,101,129, 130,131,132,135]. To overcome the existing gaps, we

present our proposed solution.
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Table 2.2: Summary of Cutcomes of Literature

Research Probhlems

Existing Solntions
(Method and Techniques)

5till Gaps

Proposed Response

Lack of team Video conference, Skype | Bandwidih Issue, delay Generic Model to

coordination support team
coordination, More
tearns work

simultaneously

Knowledge Sharing | Discussion Board No proper handling of Knowledgebase
repositories Repository
Domain Knowledge | No classification GSD Didn't consider project Provided 3¢
terms characteristics for situational Taxonomy to

methods.

mitigate this issues.

An Appropriate

A metamodel is used for

Provided no mechanism for

Same idea apply also

agile method decomposing the agile tailoring agile methods. Prepared agile
adaptation methods fragments for method
adoption

Problem in Agile
customization and

Agile methods
customizing based on

High involvement of method
engineer for customization and

Provide an approach
for customization of

assessment assessment and assessment Agile GSD
measurements

No predefined Methods for tailoring Methods only for one agile Methods defines for

heuristics for Extreme Programming methodology tailoring e.g. XP other agile methods

popular agile such as scrum for

methods tailoring

tailoring.

Issues for agile
GSD teams such as

Solve the configuration
issues up 1o certain level

Provided no mechanism for agile
method tailoring based on

Provide workflow to
accommodate 3C

configurations and configuration issues challenges
changes
Need a method for | CAME tool for agile No proper interfaces for Formulate a
agile fragments methodologies fragments | fragments definition and prototype to
selection selection situation specification overcome the
application situation
specification

Lack of Systematic

Shorter sprint Length

No proper Generic mode!

Provide 3C-SAMFE

Agile GSD Model

Methods

Lack of Shorter Sprint Length Cannot provide systematic Provide 3C.SAME
customization in Additional meeting Approach Framewark

order to select
suitable method

2.7 A Broader Overview of the Proposed Solution

In this section, a broader technical solution for identifying challenges is presented,
established on the results of the literature review and empirical reports. OQur broader solutions
mainly focus on each identified challenge, collected from literature, past best practices from
published cases and by defining a new one if not available in the previous two cases. Literature
analysis describes many success stories about the trend of applying GSD with Agile practices

in distributed environments. Hence, there is a dire need to explore the challenges that
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globalization entails, especially those concerning coordination and communication with
diverse themes. However, it has also been discovered that every challenge has its diverse
semantics, in line with diverse terms. Therefore, we proposed 3Csituational taxonomy (See
Chapter 3) up to three levels to facilitate practitioners.

In fact, practitioners require more attention to fragile traditional agile methods which
may be tailored according to the GSD environment by applying situational method
engineering principles. Therefore, there arises a need to focus agile distributed teams and
understand control, communication and coordination ratification. Hence, we argue that there
is a dire need to explore such a framework not only to combine Agile practice with the GSD,
but for an in depth understanding of SME. It should also be exhibited and adapted to
distributed situations to mitigate those challenges in order to get the benefits of a flexible
approach. Keeping in view the need of the current era, we proposed 3C-SAME  (3C-
Situational Agile Methods for Global Environment) Framework (See Chapter 4) to formulate

the Situational Agile methods. Key components of our proposed approach are given below:

e Provide a situational taxonomy for better understanding of GSE terms and jargons for
practitioners and researchers. The existing taxonomies [46] are up to level 2 and our
propesed taxonomy is up to level 3.

¢ Our proposed approach consists of three types of activities: pre development activities,
development activities and post development activities, whereas the other frameworks
did not mention the pre and post activities and only focus on development activities [67].

» Our approach has a basic generic model, whereas other frameworks did not provide any
generic model such as Emam. et al. framework [48]. In addition our approach is
integrating two popular approaches such as Agile practices with the GSD, whereas the
other similar attempt was only conceptual from Emam et al [48].

e Our approach provides additional feature of customization and adoption with Agile GSD
practices whereas previous attempts such as Abad et al. [21] only provide customization
limited to agile and not with Agile GSD.

¢ Our approach has adopted international product development ISO/IEC 24744 including
SPEM meta model, which also used ISO and IBM for their development purpose, while

others used simple meta model [68].
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® Qur proposed framework is also evaluated using working prototype, in order to extend
and enhance the situations for Agile GSD teams. It has also provided a method

composition according to organizational needs.

2.8 Chapter Summary

In this chapter, we provided the overview and objective of the literature review. In
answering the Research Question (RQ1): ‘What does the existing literature say about the
Global software Engineering possible challenges and classify them in hierarchy?’ we briefly
present the systematic mapping review and its associated components. As the result of a
literature review of existing research, we presented GSD challenges and their solutions. For
the second research question (RQ2): ‘What types of Agile solutions have been suitable for
GSD and what was their impact on GSD Challenges’ we have identified the Agile based
solution in order to overcome the GSD challenges. At the end, we defined the outcome of the
literature review and broader overview of the proposed solution.

Furthermore, we have also clarified that the behavior and active structure of the 3C-SAME
framework focuses on optimal usage of coordination to handle situations during Agile GSD

development.
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3.1 Chapter Overview

In the previous chapter, we presented a Systematic Mapping Review (SMR) of the
relevant literature on and around the topic of Global Software Engineering (GSE) and Agile
practices. We described GSE challenges with respect to distributed development environment.
We also performed a critical analysis in GSE, focusing on the available taxonomies,

techniques, approaches, and models.

The main objective of this chapter is to classify the issues, problems, challenges, threats
and concerns of the distributed environment. The chapter also presents necessary investigation
that helps in clarification, understanding and analysis of the identified issues of the dispersed
environment. Special consideration has focused on issues, challenges, root causes of the
challenges, situational factors and contextual factors that are of the highest significance and
require immediate attention, Issues and their related element identification and clarification

are mainly done through industrial survey, systematic mapping review and case studies.

We believe that, the identified GSE challenges must be carefully explored and studied
to prepare the taxonomy of the challenges in 3C. This prepared term 3C has been found from
the list of challenges that have been described in detail in chapter two. However, GSE
challenges have been presented in various studies in a disorganized manner and have not yet
been classified. Also, we have been connected to the GSE industrial problems and challenges.
Here 3C abbreviation has arrangement of Coordination, Control and Communication in the
context of distributed development environment. The taxonomy comes from Greek word
taxis signifying an arrangement or division of concepts. Another prospective of taxonomy is
the science of classification as per specification or concurrence of the system. Furthermore, it
is applicable with the resulting catalog to rprovide help to researchers and practitioners alike
for discussion, analysis, or information retrieval. This must be done keeping in view the
distributed environment so that the identified issues can be managed effectively to handle a

particular situation.

Furthermore, the purpose of this section of study is 10 investigate the state of practice in
GSE, as described in research objective 2, outlined in chapter 1. Furthermore, with regard to

what is generally perceived but not proven about GSE in the environment, research Questions
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obtain answers highlighted in chapter one to formulate the taxonomy of 3C. The purpose of
3C taxonomy is to catalog or categorize the knowledge management concepts in a hierarchical
manner {77)]. It is, therefore, important to define types of hierarchical associations such as
classes, subclasses, and super classes [78] e.g., “automobile” is the main class and its subclass
is “motor vehicle”. Similarly, super class of “automobile” is “motor vehicle™. It is therefore

important that proper understanding of important issues, problems and concerns are designed.

It is important to highlight the fact here that historically no similar explanatory research
has been conducted for the GSE domain that helped in understanding, clarification and
analysis of issues, challenges and situational factors of the distributed environment. Several
challenges are identified in this chapter after industrial survey, published reports, published
case studies, literature review and through study of the practice of ethnography guideline.
Although all the identified challenges have been given due consideration, specific focus is
laid on the issues of 3C with high priority. In addition to this, 3C has also been studied in
detail in this chapter in order to develop its obvious understanding. It is also vital to note that
this chapter exclusively focuses on soft issues of GSE environment such as team coordination
breakdown and lack of communication. This chapter not only identifies challenges of GSE,

but also helps in understanding the prioritized issues, problems and concerns.

The rest of this chapter is organized as follows: section 3.1 presents a detailed overview
of this chapter, section 3.2 presents the analysis of existing Taxonomies, section 3.3 describes
the description of the major 3C components, section 3.4 presents the process of creating 3C
taxonomy, section 3.5 consists of 3C Situational taxonomy creation steps, sections 3.6
presents the taxonomy evaluation by the practitioners , section 3.7 presents the 3C taxonomy
value addition, section 3.8 describes the discussion over practical implications and section 3.9
presents the summary of the chapter respectively. It is important to specify here that the
literature review in this chapter has been done only to obtain the information regarding the
challenges of GSE. Furthermore, we enhance and further improve the results of our review of
theory by first investigating what has been confirmed about GSE practice in the available
literature. At the end, we present a qualitative and quantitative survey of the taxonomy of

GSE challenges consisting of a series of in-depth interviews with experts in GSE domain.
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3.2 Analysis of Existing Taxonomies

In this section, we explicitly focus on the compilation, identification and classification
of the challenges revealed in the existing literature. While extensive literature review in
taxonomy based on empirical evidences is not available, it provides a comprehensive platform
for the compilation of existing knowledge that practitioners can use to find evidence.
However, some evidences of literature pointed out GSE as a general challenge existing in the
distributed software industry. Therefore the design of 3C Taxonomy is fundamental to a

systematic review of research contribution.

Taxonomy includes the jargon used for describing the relationships between terms.
Taxonomy which is suitable for distributed environment is developed [83] in order to
understand the communication and coordination terms between dispersed teams. Another
taxonomy as shown in Figure 3.1 (Part-1) focuses on cooperative efforts, while the second
part of the Figure 3.1 is useful for project development and their monitoring mechanism. The
typical communication model for near shore and offshore has been presented in Figure 3.1
(Part-3). The challenge encountered by the GSE researcher here comprises a personal urge to
do an extensive literature review to gain overview about the area under study. Gumm has
developed one of the most associated efforts in the identical taxonomy of distribution direction
[77]. However, the study is more descriptive in the distributed environment and builds on the

causal dependencies between sharing threats [78].

There are a variety of taxonomies of sourcing strategies which have been found. Mostly
they are established on the integration of dispersed dimensions and association structure
among the distributed organizations {79,80] See Figure 3.1 (Part-4). In the previous studies
classifications applied popular terms like offshore, onshore and outsource. Carmel! et al. [85]
explored the contemporary form of outsourcing which is being applied for GSD teams to

overcome the distance challenge.

A few contemporary literature evidences also show the existence of knowledge clusters
in the GSE domain[18]. Prikladnicki et al. [81] has characterized the major difference between

the term offshore associated with internal off shoring outsourcing. Smite et al. [62,82] argue
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that there is a dire need of classified collaboration modes for inter-organizational and intra-

organizational.
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Figure 3.1: Existing Related Taxonomies

Another study, introduced an approach for query taxonomy generation which facilitates
web users’ search demand in a hierarchical fashion [78]. Paulo et al. [83] specified that there
were no previous usability studies for the digital knowledge or for social repositories.
Therefore they proposed visualization taxonomy which may effectively apply for large scale
data analysis. With the emerging trend of taxonomies, Gorman, presented a shared taxonomy
to provision enterprise knowledge portals [82].

As a resuit, there is a need to pay attention to establishing an empirically based
taxonomy, which comprises a strong narrative to evaluate taxonomy through industrial

experimentation.

GSE domain had a variety of challenges in general, but few common challenges that
have been described in many studies from various angles. Paulo et al. [83] performed a
structured literature review to identify the possible list of challenges, frameworks and models
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of distributed development. They investigated 54 different studies of the particular domain,
out of a total of 266 for all 30 identified challenges declared as the main challenges. These
five challenges were called major challenges and a commonfy quoted categorization for
challenges caused by globally distributed development is [85], illustrated in Figure 3.2 along

with a short description.
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Figure 3.2: Major GSE challenges
3.3 Description of the Major 3C Components

The primary objective of this section is to introduce a theoretically comprehensive and
practically suitable description of 3C (Coordination, Control, and Communication).
Furthermore, it also provides constructive and productive solutions to the challenges identified
by integrating the theories and empirical studies of global software engineering, which
provide a base for the construction of Taxonomy of 3C. There are many challenges found in
literature regarding GSE domain, but we choose the most common, based on empirical
evidences, commonly known as software industrial evidences i.e. Coordination, Control and

Communication.
I-Coordination

Coordination is activity, where people work together under the dispersed parts of the
organization. It is also used to perceive the problem of sharing, integration and transferring
knowledge. This section describes team coordination literature as systematized around the
agile software development in a distributed environment. In 1988, Malone introduced a multi-
disciplinary theory of coordination from the fields of organization theory and computer
science [86]). Gregor et al, believed that taxonomy was a scheme based on discrete decision

rules for categorizing phenomena [89]. The key idea in geographical distance is that multisite
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development also affects team coordination [16, 23]. Nowadays Computer organization need
to use their existing resources as efficiently as possible and centralize their resources on a
global scale from different sites. In order to use the centralized resources optimally, an

efficient team is very necessary.

Naizi et al. [40] highlighted reasons for project failure, such as lack of team
coordination and communication. Rodriguez et al. [38] focused on coordination tools to
support global teams. As a result, the software manager faced a different problem to manage

and coordinate the global teams in varying situations.

Table 3.1: Fundamental Description of Term Coordination

Definition Research Field

“The Integration or linking together of different parts of an | Organisation definition
organization to accomplish a collective set of tasks” {90].
“People work collectively; The work is interdependent: Organisation Studies
A goal a task or piece of work is achieved” [911.
“Coordination js the managing of dependencies between | Interdisciplinary
activities” [88].
“Coordination means the spatial and temporal synchronization of | Teamwork studies
overt behaviours of two or more people so that those actions fit
together into an intended spatial and temporal pattern” {92},
“Coordination is then perceived as a problem of sharing. Knowledge
integration  creating,  transforming  and transferring | Management
knowledge[93].

Nuevo et al., [47] illustrates that the team coordination and customization issues
required serious attention in multi-user environments. But despite the obvious need of an
appropriate method to overcome the geographical distance, face-to-face communication is a
complex task, and tailoring and customization is still a gap between theory and practice.
Meanwhile the Quershi et al. [54] proposed reduction of coordination costs in Global Software
Development. In particular, activity may help to reduce the coordination cost to mitigate the

effect of socio-cultural and geographical distance.

Based on available literature we are proposing a taxonomy for 3C situational taxonomy

in Figure 3.6 for distributed environments.
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H-Control

Another very important challenge in distributed development was to control the dispersed
teams, which exist at every stage of global software development. The control acts as the
macro activity, applied in the overall project management. It is used to control the team
budget, schedule, and the quality of the project. Team Size is used as a parameter and
confirmed by the team leaders. The size of a project team plays a vital role in the quality of a
team’s collaboration and its effectiveness is the key to the project success [94, 84]. As the
team size increased it becomes more difficult to interact with each other and this creates a lot

of problems when working in dispersed environment [93].

Another vital challenge faced by teams working in dispersed environments is that quality and
team efficiency may be affected between the team controls. Teamwork is directly associated
with the efficiency of critical projects. The relationship between teamwork and quality plays
an important role in team management. Internal control is a procedure, affected by the team
management and other personnel, designed to provide quality assurance regarding the
accomplishment of objectives relating to daily decision making.

The outcomes and the emergent properties achieved by Control are as under:
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Figure 3.3: Control Outcomes

H1-Communication

Communication is another essential challenge that arises due to varying time zones,
dispersed teams and cultural variation issues. When two teams were situated at dispersed
environment, they face additional difficulty for conceptualization and to understand the
viewpoint of each other. Many developers working in dispersed environment do not have
english as their native language. Keeping in view the politeness factor during a conversation

between dispersed team communications, issues can be minimized [60].To handle this
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challenge, direct communication and instant messaging can be made use of instead of the
email. To avoid confusion, mediators can play a vital role to solve communication challenges
due to language and cultural differences among distributed teams [85]. Handover and
maintenance teams in a distribued environment face a number of queries about system
maintenance and require a dedicated offshore handover person to handle these types of
problems [84]. Shared activities between on-site/offshore development environments include

business conception, detailed design and testing that are used to improve team spirit [97].

3.4 Process of Creating 3C Taxonomy

This study selected a rigorous research method known as Grounded Theory [30] for the
creation of 3C GSE taxonomy as presented in Figure 3.4.

Figure 3.4: Process of Creating 3C Situational Taxonomy

3.4.1 Data Collection

We conducted data collection through face to face, semi structured interviews with GSD
practitioners applying open ended questions in the taxonomy creation. In doing so, we
considered three aspects. In the first and foremost step, the domain terms and scope of study
was identified through the critical review of literature transcripts [94]. Several online
databases were considered under the domain of distributed software development for the
scrutiny of the literature. GSD experts were interviewed for the better understanding of GSD
terms commonly applied in distributed software industry. Furthermore, criterion for the
evaluation of the GSD terms through real world case studies was helpful in finding empirical
data from industry.

The context of the study is to evaluate the terms of taxonomy. Pilot study was designed
followed by the context analysis. We have selected a computer based organization in order to
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execute the pilot study. The organization has over fifteen years of GSD experience. We
selected a total of twenty five (25) participants, randomly from the organization. Among the
total participants. In addition, the participants in the group followed the routine development
using Agile GSD practice along with their previous knowledge. We have conducted fifteen

(15) interview in couple of GSD based organizations.

3.4.2 Data Analysis

We applied open coding to investigate the interview transcripts into key text. During
the data collection, a comprehensive list of GSD challenges was identified [34]. We drafted
terms on the basis of the collected definitions; called key text which is further analyzed using
multiple regression models. As this research is relevant to exploratory research, it was
essential to investigate the multiple regression impact. We perform this impact analysis for
identifying critical challenges of GSD and their impact on Global teams working in dispersed
environment. Numerous emerging concepts were introduced by applying “constant

comparison method”.

Heath et al. [95] describes about the open coding technique which is applied in
preliminary phase of the theoretical analysis for discovery of initial categories, concepts and
their properties. Furthermore, it is a procedure that refined the data assembled associated with
concepts and categories. Response of the interview along with observations composed of
literature was investigated through key facts. An illustration of key point analysis is given as

under:

INTERVIEW QUOTATION: “Although we can minimize the effect of team coordination but we
can’t eliminate the problem completely due to geographical distance barrier”.

KPI: Effect of team coordination directly associated with project failure.
Code: Effect of geophysical distance.

Figure 3.5 illustrated about the codes that were extracted from the interview.
Furthermore, to evaluate the codes, they were compared to each other in order to examine the
relevance. Figure 3.4 illustrated the conceptual view of grounded theory while Figure 3.5
indicates how related codes with the shared theme were assembled to produce classification,

which was an advanced level concept making relationships clear between codes and concepts.
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3.4.3 Generating a Theory

The concluding stage of grounded theory is producing a theory which is also recognized
as “Theoretical Coding” (TC). It comprises of conceptualizing how the classifications and
their associated properties narrate to each other as a hypothesis to be formulated into a theory.
(GT) is more effective when we proposed a theory [97,98]. We applied the grounded theory
in order to formulate the 3C Taxonomy. On the basis of progressive grounded theory growth,
taxonomy was proposed. All components of this classification of GSD challenges have been
integrated in 3€ taxonomy.

Similarly, by applying recognized codes and classifications from conversations and
literature review open coding was applied to design the grounded theory.

Figure 3.5: Emergence of 3C Theory from Concepts

3.5 3C Situational Taxonomy Creation

The taxonomy may be generated by illustrating the associations from simplified theories
to knowledgeable terms, which supports joining expressions in a particular domain or for a
specialized subject. Therefore, taxonomy may be defined as a classified catalog of a subject,
issue or domain. Formerly, taxonomies derived from illustrating animal species are formally

called class and their associations are called properties of class.
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The purpose of creating a taxonomy in GSE domain would be to identify the similarities
and difference between the distributed development challenges, through the analysis of the
challenges faced by GSD teams led by several interesting conclusions and dimensions. The
analysis suggests the following three main dimensions: 1-Coordination, II-Communication,
[1I-Control, for the explicit understanding of GSE context challenges. On the other hand Agile
practices are used for development approach. We present Agile framework in the subsequent
chapter 4, as development approach for global teams. Currently, GSE challenges and their
root causes, situational factors, and their contextual factors are available in a disorganized
manner and therefore, there is a dire need to classify them into hierarchical manner to facilitate
practitioners and researchers. On the hand 3€ taxonomy provides the fundamental challenges
of GSE, along with derived challenges, consequent causes and their situational factors and
contextual factors in an organized manner [69, 71, 72, 106 and 127]. The proposed taxonomy
would potentially result in improvement of practitioners understanding. The optimal usage of
3e Taxonomy is to synthesize the domain knowledge.

The 3¢ Taxonomy (See Figure 3.6) classifies the challenges identified through literature
review and expert survey. It is further divided into five levels as presented in Figure 3.6.

e The starting point is GSE Challenges, ie. the main cause behind the basic
circumstances is global distance in time and space between global teams, which makes
it impossible to communicate and coordinate. They are directly linked with difficult
GSE settings as well as provide a basis for further challenges, such as Geographical
(informally known as space) challenge and Temporal (informally known as Time)
challenge. Root causes are the basic reasons behind the issues in GSE that can be
tackled using optimal solutions. The major root causes are discussed in three
situational factors: Application Domain, Project Organization and Organization
Developing Environment in order to accomplish an ample perceptive of the contextual
factors. Moreover, the root causes are interlinked and three situational factors have
been identified from different sources of literature and empirical studies.

« The next level is concerned with Derived challenges, which are the conditions that
may not be found in every distributed development environment and their effects on
project can often be avoided with the proper working approach like a time zone

mismatch and difficulty in face to face meeting. The derivative causes include lack of

A Situational Agile Framework to Support Team Coordination in Global Software Engineering 43



Chapter 3 A 3C Situational Taxonomy Creation

communication, lack of control and coordination breakdown between the GSE teams
and improper usages of resources. Different backgrounds also involve differences in
implicit knowledge causing confusions and wrong predictions.

s After the Derived challenges, upcoming level is Consequent causes that are not forever
part of GSE. However, they occurred due to improper handling of derived challenges.
First consequent challenge is clarity in requirement. Incomplete requirement can cause

project failure. Shared understanding is another vital challenge for GSD project.

Tmperdl  Geogrghcdl  Clwiyln Lk of I""“" Cosrtiantion
from e —
Shereg  pactem Costat  MocSshtncy  Culw
TR St Veon MWk Wm
Fundamental Challenges
¢(2m)
Findings from T = -
Liwrstury —) Geographiuai Distance mperal Distance
J/ Derived Chalienges (3)
XC trom 3 Lack of Lack of Toamanes " Cosrdnation
Lierature Commumicalion [- ) Brothdvan
¢ Consaspuant (9 Koot Casses)
— - -
trom == e e =
Uerae Wagethve bmpact on
Procionars. ."“'""_*""7 ot Shuntion Hunding
¥ situstionst Factoes
Factors
Unnee =i?|  Avolication Domeia Projoct Organization  TPTpmn Do ete
Factors from Bien, Cuality, bt Tcimology
actort
uuﬁnu_) Salety, Dapenduncy Management
Complenity, Oversity gt
Rowe [ She

Figure 3.6: The Proposed 3€ Situational Taxonomy for GSE Challenges
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o Furthermore, knowledge sharing is also used for GSD teams to reduce the cost, time
and improve the quality. The role of trust has been always critical in cooperation as it
is need to make idea! contracts, covering all aspects of a relationship, and can be very
problematic if it doesn’t exist. During the GSD working environment, teams are
scattered and due to time zone difference, it is much more difficult to organize
meetings in overlapping time. Another vital challenge is information flow, which can
cause delay among GSD teams. Task dependency such as the outcome module A may
have the input of module B, which is also a vital issue in GSD setting. The third derived
challenge is coordination, which is also caused by lack of cohesion in software
module. Lack of information sharing has also created problems for GSD managers.

¢ In order to overcome the complexity of computer systems, project situations are
distinguished by applying a set of features formally known as situational factors. It
implies few contextual factors such as complexity, size, staff experience, diversity skill
and complexity. In the distributed situation, every challenge implies serious attention
to minimize the project failure rate and that can affect cost overruns, schedule overruns

and ultimately project failure and hence project quality suffers.

3.6 Taxonomy Evaluation by the Practitioners

To make our taxonomy clear and concise, one term for each GSE concept was agreed
upon. Different options for each term were given to the experts, firstly on preferences basis,
i.e., by selecting terms from a set of synonyms, and then on non-preference, giving preference

for disapproving the proposed terms or signifying new terms.

Roles and responsibilities were assigned to the participants as per their organizational
hierarchy. The project manager maintains the profiles of every individual participant.
Allocated tasks, responses made against the allocated tasks, interaction time with proposed
work and situational contents for participants were a few items of the participant profile.
Keeping in view the experimental context, all participants had at least sixteen years of
education in computer science and had basic knowledge of GSD terms. The time line for the
experiment was twenty five days. The participants were cooperative due to the involvement

of their top level management. A project manager remained within experimental place in order
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to motivate and provide support if required, such as reading the question statement and
understanding the Agile GSD terms. Furthermore, hypothesis evaluation was conducted in
order to investigate the cause and its possible effect on the relationship between the samples

that have been used for the experimental study.
The decisions were made on the basis of following arguments:
Approved terms (expert agreement Or consistency between different terms)
Suggested terms for non-preference.
Rejected terms
Disagreement among experts

Inconsistency of terms

The identified definitions were communicated by investigators on the basis of literature.
Experts could be responsible for accepting or rejecting or proposing his/her own definition.

Final accepted improvements were in the final version of the taxonomy.

In order to prove our theory we proposed ten null hypothesis. Each hypothesis represent

categories defined for our proposed 3C taxonomy.
HZ : Geographical distance does effect on rate of coordination and communication.

HE : Trust is directly affected due to mutual hindrance in a distributed environment.

HS : Lack in content version is observed due to geographic distance.

HP : Lack of knowledge reusability due to temporal distribution effect coordination,

communication and control.
HE : Inconsistency in work is also observed in coordination.

HE : There is certain level of cultural variation that effects communication, coordination

and control in distributed environment.
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HS : Lack of domain knowledge hinders effective communication in distributed

environment.
HE : Immature task coupling results in less synchronous work.

H} : There is difference in the level of communication due to situation handling.

H!: There is a certain level of difference while controlling teams in distributed

environment.

Table 3.2; Questions from the questionnaire representing hypothesis H{ — H;,’

A Rate the level of dlﬁ'erence in commumcatmn due to increase m geographlc i1 5
dlstance : : ' Lo

B Does trust matters for mutual hmdrancc for commumcatlon in dlstnbuted 1.5
" environment?

C  Does communicating content version difficult due to geographic distance? | 1...5

D  Ratethe difference level of knowledge reusability due to temporal distance? 1--5

E | Does lack in coordination resuits in inconsistent work? 15

F Does cultural variation effect commﬁhiéatién, coordination and control in 1---5

- distributed environment?

G Does lack of domain knowledge hmders “effective commumcatlon mﬁilr-—-_fin
d1str1buted envnronment? - S

"H  Does Tmmature task couphng results in less synchronous work'? - 15
1 Does situation handlmg effect cominur]wa’aon due to geographlc distance? - 15 - N
J Rate level of difference while controllmg teams in distributed environment? 1S

In order to get interview responses from domain experts, following questions were
formalized as shown in Table 3.2. A variable representing each hypothesis and associated

question is shown in Table 3.2. The rating scale is also defined for the questions. Each question
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represents the nuil hypothesis which helps in getting responses for both the traditional

software development and distributed agile software development.

Responses extracted on the basis of questionnaires were statistically analyzed in order to prove

the proposed hypothesis.

Table 3.3: Quantitative analysis of responses for hypothesis. H} — HL

H‘g:Communicaﬁon i : | |
iati N : f |
variation T 5 24 1M 2 47 1.01 |

! P i i :
HE. Trustand mutuat - DA 3 2.4 i/5 ] 5.6 1.49 12 10

. hindrance Tra 5 22 1/4 2 lsa4 146
: ? ; : i ‘ ; |
a ; : ; ! ) i
HG: Contentversion | DA |3 28 |3 IR i 63 T3 85 0

D j ! . E .

(T 15 2 13 f2 laz 089 | ;

; ; : | i | i g

. : . i i T . - R E - | SR

HP: Knowledge DA 15 38 25 35 74 04 55 0.6
 reusability Tra |5 24 115 2 64 1.49 :

" HE: Inconsistentwork | DA | 5 44 : 4/5 K |72 1.75 5 ool

[ ! ; 5 : s

Tra ;5 .28 | 2/4 03 l 6.7 0.74 ; {

: | : i [ . i
e ,4: - i [ - S [ A PR S ,‘L_.J,,*
HS: Cultura) Variation ‘ DA 5 : 3.2 . 2./5 . 3 8.1 ||6 0.02

: 1412 o s2 0.48

: l : 1
Hg: Domain knowledge 1.4 12 RS i 34 0.48. ! 2 ! 0.06
. ' I H
26 2w 3 76 048 | I
-i ? ‘ i N S
HY: Work 238 114 3 72 1.6 70
synchronization Tra 5 38 2/5 467 1.16
- H): Situation Handeling | DA {5 42 35 aes 07 K } 0.28.
Tra |5 34 S [ Y 101 !
H.: Teamness DA 24 R 3 i 56 0.8 120w
Tra ©5 24 .14 2 [ 54 1.01 !
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Statistical analysis was performed with the help of questionnaires, which helped in
conducting the U-test and probability of each variable. In Table 3.3, DA represents Distributed
agile while Tara represents the traditional approach. A total of 25 participants participated in
the interview process and gave their responses as per defined rating scale. For conducting

statistical analysis, mean, min/max, median, and mean rank were calculated.

Afterwards standard deviation was calculated and the U-test was also performed. At the
end probability was checked on the basis of significant value. Significance value of 0.03 was
set for comparing the probability. Cultural variables and instant work were not accepted in the
null hypothesis as their probability was less than the significance value. Therefore, alternate

hypotheses were selected for both the variables. The probability was checked as two folds.

3.7 3C Taxonomy Value Addition

The previous section validated the 3¢ Taxonomy from GSE practitioners. The empirical
result of this 3C taxonomy work is value addition, which is helpful for distributed teams in
order to improve their performance for distributed agile development environment. The
results, including industrially published empirical resulis by other researchers were carried
out. Based on the proposed 3¢ Taxonomy, these results of the main challenges of GSE were
evaluated. Moreover, the practitioner feedback to validate the taxonomy reflects the practical

implications of the taxonomy, as perceived and evaluated by the experts.

This section of the taxonomy can be estimated as a diverse case as shown in Figure
3.7, of comprehensive case study research method where data is composed from empirical
cases of agile GSE companies, that supports a cross case investigation when compared to GSE
taxonomy[18]. Such a type of empirical study is where the researcher behaves as an
investigator rather than contributor in the case study method {99]. Yin proposed an appropriate
research method to evaluate the results. Its objective is to examine our contribution in real-
life environment [18]. The case study research method is appropriate in natural setting when

control over behavior is evaluated.

Context Analysis is the process to find out situational factors which collectively define the

situation of a particular environment for which 3¢ Taxonomy is to be evaluated. Case context
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is one of the critical stages as shown in Figure 3.8, because case selection plays a vital role
sequentially to make the research context easier and improve the investigation procedure. It
can be prepared, for instance, by applying particular situation of GSE challenges (i.e.
Coordination, Control, Communication) when choosing domains for the case study GSE
environment using agile methods exploration method [17]. At the start of this study we were

also concerned to start assuming,.
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Figure 3.7: Three Cases Summary

The cases were selected for their different challenges, to provide a sound foundation for

evaluation of the success issues of distributed environment.

The effectiveness of 3C taxonomy is composed on the jargons for making linkage in a
distributed development team. The taxonomy is branched or branches off the particular term.
We have identified the challenge areas like collaboration structure, knowledge management,
etc. However, we are framing the taxonomy for contextual factors like size, quality, skill,
impact size etc. The taxonomy is developed in response to the questions whose aim identifies
the questions highlighted at the end of each challenge like which coordination mechanisms
are suitable across sites. However, we have evaluated our proposed taxonomy, further by
formulating cases based on the empirical study in real world software industry and that

provides a proof of concepts.
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Figure 3.8: Case Context Factors

Our proposed taxonomy has been designed to guide the researcher or practitioner in a
hierarchical structure and also to provide the domain knowledge of GSE terms. In addition,
we presented 3C situational taxonomy in order to clarify the basic domain terms and domain
knowledge before the commencement of the project which is shown in the Figure 3.7.This
taxonomy is also useful to identify the branch of knowledge, formulating in particular variance
of time and distance between teams using agile methods. The participant feedback was

satisfactory about the taxonomy.

3.8 Discussion over Practical Implications

In response to potential challenges of GSE, we have established a diversity of
expressions to illustrate variant communication, control and coordination modes in distributed
projects, and diverse expressions are established to illustrate the related ideas. The major
variance in the state of art terms used as different jargons related to the GSE domain was

generalization-specialization relationships among the GSE terms.

Furthermore, inconsistency and tendency terms mutually exclusive meanings were
refined and shified into proposed taxonomy. When we manufactured results from different
studies of distributed development and state of the art agile practices, it creates a lot of

difficulty to make consistency and clarity in GSE terms along with coherence.

Our contribution emphasized on the different levels in the first and foremost level the

major challenges like communication, coordination, control and these challenges were further
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subdivided into fundamental challenges and consequently these challenges were shifted into
derived challenges. Then in the next level, we arranged consequent causes, situational factors
and their contextual factors. We were, then applying empirical reports, extensive literature
reviews and expert judgments to refine the terms and reached a final agreement on a common
terminology. Furthermore, a few terms selected based on weak substantial evidences and few

key concepts were chosen based on varying opinions of synonyms.

A few experts have shown serious, concern about the complexity and
understandability of issues reported in the GSE taxonomy review. Our main intention of the
proposed taxonomy was to make it possible for the researchers to understand and use the
knowledge from research of the GSE domain into the agile practices. The proposed taxonomy
contribution is provided as a guideline for agile teams in characteristic different situations and

identifying related GSE terms.

The contribution of this study may be viewed in a different perspective. First and
foremost, the study provided a situational taxonomy for practitioners. Secondly, it elaborated
upon how classification of GSE terms can provide a base for empirical study and also
compared it with the existing and related studies. In addition to this our proposed taxonomy
was also evaluated with the help of a number of diverse real world scenarios. We believe that
new area of research will be introduced and more depth case studies to map empirical cases
to the proposed taxonomy with state of the art agile practices will be used for evaluation. Our

observations about the agile practitioners were to aveid all possible misleading uses of similar

terms.

3.9 Summary of the Chapter

Our objective is to establish a variable in terms to clarify a diverse meaning which is
based on similar concepts in order to fulfill the research question, RQ1. What does the existing
literature say about the Global software engineering possible challenges and their possible
classification? There are many GSE terms that have been used in a distributed development
environment, but these cannot be easily identified from glossaries. However, different authors
are used conflictingly different terms and novice readers are often confused with exclusive

implications. This leads towards a complex situation when practitioners try to draw
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conclusions on the productive results from different research studies. We conducted a survey
to evaluate our GSE terminology for an expert’s judgment on a common term. We
accomplished that researchers are facing difficulty to select appropriate terms without a

defined terminology for the reader’s context.

The main emphasis of the proposed 3C taxonomy is to facilitate the understanding and
the ability to handover the valuable theory from research into Agile GSD practice. Our
research contribution is to facilitate the Agile GSE practitioners in twofold. First and foremost,
our target audiences were those researchers who will publish their further work and need a
roadmap. Secondly, we address Agile GSE practitioners, who are fascinated in published
empirical cases to evaluate their proposed work and furthermore, to provide a domain
knowledge of GSE terms for practitioners. We highlight the significance of circumstantial
knowledge in an empirical study, which must to be comprehensive. We fry to overcome an
inconsisfcnt use of terms as an impediment, situation factors and contextual factors

respectively.

The future research direction of our proposed study may be observed in two aspects.
First, we proposed a taxonomy which provides a comprehensive guideline for new GSE
researchers. Secondly aspects of the study show how the proposed taxonomy can be applied
in other arcas of software Engineering. Thirdly aspects of the study are recognized for
identifying situational factors and also contextual factors implied to modern development to

record observed evidences to evaluate our proposed taxonomy.
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4.1 Chapter Overview

In the previous chapter, we have discussed the challenges, opportunities and threats
found in GSD domain. Based on the classification and compérison, we proposed a situational
taxonomy and scope was limited to only three main aspects: communication, coordination and
control within the context of situational distributed environment. On the other hand, there are
certain situations in global software development which create difficulty to grasp the context
and scenarios for GSD managers, practitioners and researchers, at the lowest level of
granularity. Keeping this view, the proposed 3¢ taxonomy was designed to identify the
possible challenges and implies contextual factors of the distributed environment. More
obviously, GSD practitioners and researchers have faced difficulties in probing relevant
research ferms since this field has variety of keywords with ambiguous usage. The proposed
3¢ taxonomy enables such practitioners to classify and compare issues and their possible

causes along with situational factors of dispersed environment.

Nowadays software industry trends have been shifted into several interlinked
systems, including social (e.g., service system), technical (e.g. software) and socio-technical
(e.g., information system) systems. The development of each system must be based on a
systematic approach of the organization and its working style. Furthermore, systematic
approach assures on time, within budget and quality product to the client. Therefore, in order
to deliver high quality product quicker, as per client expectations, the role of agile been
impelled [100]. We argue further, there is a need for a systematic approach to tailor agile
principles for the GSD environment keeping in mind that agile principles may be helpful to

mitigate the GSD challenges {101].

In this study, we propose a situational Agile framework incorporating GSD
challenges by introducing situational factors for agile development activities. 1t is designed
for multidisciplinary support on the basis of situational factors. The aim of this chapter is to
further strengthen the argument that GSD managers and practitioners are unable to assess the
appropriate contextual factors prior to commencement of any Agile project in a distributed

environment. Emam et al.[14] highlighted that there is a dire need to understand what Agile
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practices are more appropriate for the particular situation of the project. We propose a 3C-
SAME (3C_Situational Agile Methods Engineering for Global Environment) Framework,
which is a conceptual framework and verified by using ISO 9126 standard. The scope of this
chapter was restricted to only well-known agile and GSE theories, philosophics and best
practices. It is also important to note here that analysis of theories and philosophies has been
conducted purely by the use of real world case studies to evaluate 3C-SAME. The
investigation of phenomena from state of the art software industry also involves constant

feedback from appropriate participants.

According to the best of our knowledge and literature surveys conducted, there is
very little attention has been laid for situational factors in agile distributed software
development. Furthermore, there is no comprehensive research reiated to exploration,
explanation and analysis that would formally help in customization of the agile methods for
distributed environment even though various globally accepted threats require more

concentration for further insight, at the lowest level of granularity.

We also highlight the significance and applicability of the proposed framework 3C-
SAME in distributed agile development environment. Communication and coordination
between the different kinds of team members and understanding both technical (requirement
to hander over) aspects and social aspects (incl. Cooperative and Communicative aspects of
human activities) of processes as well as understanding of the situational factors and
conditions which affect how the organization can operate in a distributed environment is of

great importance.

4.2  Background and Motivation for the Framework

This section presents the needs for proposing a situational framework by exploring
contextual situations for which it is suitable. There are four aspects about software
development described in this section. First aspect is that GSD manager and practitioners shift
their development approach from traditional to agile; secondly; they prefer their development
in a distributed environment; thirdly is an integration of both agile and GSD approaches and

fourthly the customization of Agile GSD approach that utilizes the SME principles.
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For the last four decades software (development methodologies have been introduced
for varied organizations and practitioners facing problefns regarding the development [100].
The IT software industry possesses strict schedule and restricted budget in a working
environment. Software development is becoming highly unpredictable due to creepy
requirements, business scope, market trends and needs. Due to the shifting trends organization
is shifting from traditional software development towards agile methodologies as they are
light-weight and it has potential to fulfill the customer’s desires and they are more rapid and
efficient than the traditional methods. The light-weight agile manifesto was introduced in the
1990’s called as agile practices [50, 133]. This newly developed method aimed at flexibility,
rapid and effective development under changing and creeping situations, time constraints and
uncertain conditions [103). The state of the art analysis on the software development
technigues and notations reveals some common pitfalls and problems related 1o the usage of

agile methods [47].

On the contrary, GSD is an emergent area due to its fruitful output approach in which
stakeholders are dispersed at different sites with temporal and geographical distance involved
[105]. The agile practices, have also received significant criticism when they are used in
distributed environment, because GSE does not support the concept of physical dispersion
such as offshore development [12]. Furthermore, agile teams work on direct communication
and continuous feedback, therefore, face to face communication, and stakeholder involvement

is mandatory [47].

It is obvious that one single software development method cannot cover all the
aspects. Furthermore, different success factors and viewpoints need to be considered in an
approach which supports best practices of distributed environment as well as the integration
of different Agile approaches is a significant consideration. Integration of Agile
methodologies with GSE is gaining a greater edge due to its progressive trends, over
collocated organizations in order to achieve better software product by incorporating the
benefits of both. Distributed agile development itself has attracted IT industry due to its
imminent dominance, such as reduced time to market, reduced cost and managing creeping

requirements. The attention is required to integrate ideas from multipurpose framework which
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supports effective coordination activities in agile distributed development to support situation

specific features.

Numerous research problems in the practice of the software development can be
embedded in the integration of agile with GSD. Special consideration may be paid to
contextual factors of agile software development in a distributed environment for the
customization of Agile practices in GSD environment. Software development challenges vary
from situation to situation and are also characterized on the basis of contextual factors such as
project size, team size and requirement stability. It is generally recognized that it is not
possible to have a universal method without any modifications used in all situations. The
Situational Method Engineering (SME) was introduced as a remedy for the appropriate
handling of situations in GSD environment. Hence SME aims at providing method

construction techniques by reusing existing practices.

Furthermore, little re-use of frameworks, a lack of requirement change management and
poor knowledge management are listed as recognized causes in software development
methodologies in general and distributed environment in particular. This framework is
expected to provide support to the GSD managers and practitioners in deciding where GSD

and where Agile strategies are effective.

4.3 Framework Designing Process

Action research comes under the umbrella of qualitative research approach which is
applicd for the formulation of a situational Agile framework for G3D. Its objective is to

improve practice through active collaboration between participants and researchers.

We select an action research method to formulate our proposed 3C-SAME
framework. We follow the strategy of Canonical Action Research (CAR) which is the
specialized form of action research. This provides a comprehensive set of steps with a focus
on planning and conducting the research along with evaluation and reflection of research
results [107]. It is vital to mention that CAR is one of the forms of Action Research
Methodology that aims at solving an immediate (research) problem or alternatively as part of

a community of practice specifically.
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CAR is distinct among other forms of action research due to its iterative nature, to
continuously analyze and ultimately improve the steps of conducting and evaluating research.
Therefore, we specifically focus on adopting and appropriately tailoring the CAR method
within the general context of action research. Figure 4.1 provides an overview of the two step
process invoiving:

. Definition of research objectives and scope followed by an iterative process.

. Diagnoses of the problem, planning the research activities, intervention, evaluation

and reflection of the research results.

sr’"b"
‘;’ .

%% propost 30N

Figure 4.1: Overview of the Cyclic Process for Canonical Action Research

We have developed a detailed thesis of the problem statement and simultaneously move
towards defining highest-level activities to solve the problem. This enables defining high-
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level objectives and scope of this thesis (step 1) in Figure 4.1, engaged in a cyclic process of
problem diagnosing, so that planned research activities are always relevant to the problem and
provide a rigorous evaluation of the solution (step 2) as illustrated in Figure 4.1. Step 2 is also
referred to as the Cyclic Process Model (CPM). Once high-level objectives and scope of the
study project are defined, we focus on executing the CPM for conducting the research along
with evaluating the research results.

4.3.1 Diagnosing

Diagnosing refers to a systematic identification of the research problems that need to be
addressed on a specific domain. We perform a literature review to identify the impacts,
challenges and open issues in a structural way. The Systematic Mapping Review (SMR) is
beneficial for evidence based impact of existing theories, framework and challenges of Agile
GSD domain.

The problem-solution domain of our research includes challenges of global software
engineering in a developing environment. However, we have specifically proposed a 3C-
SAME framework. Therefore, the primary source of problem identification in our case is to

review state-of the-research to identify the research probiem that needs immediate solutions.

4.3.2 Planning

Planning involves steps and activities to conduct the research and to systematically
develop the solution that aims to solve the identified research problem. In order to
systematically quantify the research plan, we propose a framework formally known as 3C-
SAME. The steps involved in the planning of 3C-SAME is shown in Figure 4.2.

Fomnulate VORI reate SO . . . . Evaluation of
-8 - )
CSAMF SAME A OAME

Framewaork

Research 3 T
§ . Model Framework

Figure 4.2: Steps Involved in the 3C-SAME Framework Planning
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The proposed framework encapsulates a set of research activities to guide solution
development. In addition, we determine the efforts reciuired to evaluate the individual
processes, activities and repositories of the 3C-SAME framework. We presented and
discussed the study plan that enables us to seek an early feedback from agile development and
GSD community. The feedback was helpful to refine the solution and to derive plans for

rescarch validation.

4.3.3 Intervention

fntervention involves steps and activities to conduct the research results and to
systematically document the solution that aims to solve the identified research problem. Based
on the project plan, we conducted the research by considering individual processes and
activities from 3C-SAME The first process includes challenges of GSE that allows us to
systematically investigate and extract evolution of software industry. The second process

includes agile practices that mitigate GSE challenges to evolve software development.

4.3.4 Evaluation of the Proposed Work
We have evaluated the proposed work through the following methods:

4.3.4.1 Evaluate the results, through ISO/IEC 9126-1 Quality Standard

We apply the ISO/IEC 9126-1 standard, which is internationally renowned for the evaluation
of quality characteristics of a software product and the solution is utilized [108]. This
evaluation aims to investigate the quality attribute of 3C-SAME framework and is based on

an empirical investigation

4.3.4.2 Experimental Study and Case Study

The Proposed framework has been validated by implementing it in the real world project(s).

Based on the recommendation of the industry practitioners about the advancements and
Jacking of the proposed framework, desired changes were adjusted and incorporated within

the framework.
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4.3.5 Reflection

Reflection aims at an illustration of the impact of the research in terms of applicable
results that provides research progression in a specific research community. After illustrating
and evaluation of research contribution, we conclude with the reflection of research. In the
context of our study, the appropriate reflection is based on empirical validation.

4.4 A Proposed (3C_Situational Agile Method Engineering for Global
Software Development Environment): 3C-SAME Framework

The framework represents the semantic structure of the system [109]. It is used to
provide analysis of the real world concepts and is also applied for reusability, interoperability
and customization [110]. According to Zachman’s framework rules, no one can introduce a
systematic methodology or working prototype without proposing a framework [66], which is
providing a foundation for the system development. On the other hand, it is vital to mention
Basic Generic Model would also prerequisite the element of a comprehensive framework
[109]. Therefore, the proposed approach is composed of Basic Generic Model, and then this
model shifts into Situation Specific Framework known as the 3C-S4ME Framework.

We propose a 3C-SAME Model and 3C-SAME framework, to overcome global
software engineering challenges by applying agile philosophy. It has further enabled multiple
stakeholders to work collaboratively in offshore such as USA and India, as well onshore such
as Pakistan and India. In order to achieve this, we have identified a number of elements and
situation factors from the literature as a corresponding and incorporated phase to the Model,
as demonstrated in Figure 4.2 Model. This is particularly beneficial for establishing a
conceptual base. The proposed Basic Generic Model is characterized of three major phases,
i.e. pre-development process, development process and post-development process

respectively. Every phase is further subdivided into tasks, artifacts and roles.
4.4.1 Conceptual Elements of 3C-SAME Model

In the following, we present a logical arrangement of the core components of the 3C-
SAME Model, and it is formally known as conceptual elements of the Basic Generic Model.

Each abstract element is elaborated beside its role in the framework and as shown in the Table
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4.1 and in Figure 4.2. The theoretical roots of the key concepts and philosophical discussion
of their meanings are omitted from this section, as the purpose of this study is to introduce the
background and the key components of the framework. Furthermore, the processes describe
what part of the mode! and activities were demonstrated in the model and how they were done.
Generic view of the Model is illustrated in Figure 4.2 and brief summary of activities and

processes shown in the Table 4.1.

Table 4.1: Summary of the Process, Activities and Repositories in the 3C-SAME Model

Model processes Process Activities Repositories

List of Backlog Items

— {Knowledge Base Experience Factory
Concept Definition such as Meta Model)

Pre-development process | Prioritize Backlog Item

Finalized Backlog Item

Baseline Architecture Designing

Development Process | Distributed Sprint Development Distributed white Board Concepts
Unit Testing
Post Development Distributed Sprint Demo Tools such as Jira, TFS.
Process Acceptance Testing
Handover

(A) Processes in the Model: The processes characterize three different phases of the model
Processes as shown in Table 4.1,

(I) Activities associated Processes: Each process comprises of a set of fundamental activities
that depicted the distinct phases of agile sofiware development and its solicitation in
progression. Each of the pre-development, development and post development

Processes are comprised of distinct activities as shown in Table 4.1.

(IT) Role of Experience factory: Experience factory plays very important role along with the
processes and activities as a source and coordinates the other elements of the model that
contains instances from the requirement to handover of architecture.

(I11) Processes and Activities in the 3C-SAME Model: The model comprises of three main
processes i.e. Pre-development, development and post-development. Each process further

defines the set of distinct activities which aim to achieve the objectives of each process in an
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incremental and an iterative nature. In addition, a brief description of processes and activities

allow us to highlight the research contribution, processes and activities as detailed in dedicated

chapters of the thesis.

Process I- Pre Development Process:

This section describes the numerous pre development activities of our proposed 3C-

SAME Model.

Project Start Up. The product owner is responsible for proiect start-up. He/she has the
responsibility to authorize the charter for a particular project. He can use different tools
(Incl. Jira, TFS, Scrum work and Wiki) to write requirements from user stories. This
business process study provides business problem description, identification of solution
substitutes while keeping cost constraints and associated benefits, thus providing the
preferable alternate solution. Produced artefacts include a business case document that
attracts sponsors for funding for project initiation.

User Stories. Initial requirements (feature list) are termed as user stories which serve as
input in the form of an index or story cards. The Initial user story card has been provided
a base for the concept which is shifting into theme and this may be shifted into problem
frame and outcome for standard backlog items.

Experience factory. The repository includes ‘experience factory . It consists of burn down
charts that take user stories as input. Lean is one of the popular agile methodologies. Few
concepts have characterized from lean for formulation of the framework. Lean practice;
waste elimination has been applied to eliminating redundant requirements. Another lean
practice associated with the repository is ‘Plastic Bin’. All the redundant requirements are
shifting into plastic bins.

Backlog Planning. In this phase, business realization is done in regard of its vision, review
regarding objective criteria set for the project is conducted and produced deliverables are
measured. Artifacts of this phase are project review document written by a technical
writer, which provide approval to proceed to the next phase.

Product backlog. It contains a prioritized feature list that contains a precise description of

all desired functionality. Initially, estimates regarding required effort against each user
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story are measured for implementing It provides the GSD team in order to write clue

against particular story’s costs, which helps them to prioritize the user stories.

Fre-Developnient Phase

Posi-Development Phase

Figure 4.3: Proposed 3C-SAME Model
Sprint Planning. New and changed stories as the backlog grows are represented
during a product backlog grooming meeting thus next sprint plans are also disclosed.
Estimates also grow as the stories change, large user stories are also broken down into
smaller stories. At the end, changes are communicated to each member to keep the
product backlog updated.

Process 11- Development Process:
In the development process following activities have been performed.

Architecture Construction. This architecture is composed of system components and
their hierarchy among the different components.

Distributed sprint planning. This activity includes few selected tools such as a white
board concept which is followed by sprint construction. Backlog item is used to
determine the size and sprint suitable to the organization size like if the project size is
small then it will take two weeks to complete sprint, but if the project is medium size,
then it will extend for 4 weeks but for large projects it will exceed the 6 to 8 sprint

time.
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o Sprint Construction. In sprint development life cycle, this phase is sprint
implementation.

o After sprint construction additional meetings are arranged if needed. Additional
meetings cater to architectural and status meetings. The issues related to development
are also discussed in additional meetings. In the development phase, collocated as
well as distributed teams conduct the daily scrum meeting. After the completion spfint
is demonstrated to onshore management that is followed by sprint retrospective. For
next sprint it again goes to pre development phase in distributed scrum planning
process. Sprint demo and sprint retrospective are achieved through communication
platforms e.g., teleconferencing, office communication server, live chats and instant
messaging, etc. Another lean role used in this phase is *Last planner’. Last planner is
responsible for all the change management and communication of changes to the team
directly or through communication platforms. ‘Network analyzer’ is responsible for
coordination within the team through the availability of a network.

o The team takes some spare time for reviewing current architecture during meeting
sessions in order to plan and design forthcoming requirements. Daily stand-up
meetings are organized in order to teview past results and presents task updates and
obstacles occurred. Sprint master is responsible for daily-up meetings which are
usually held for 5-15 minutes. Afterwards sprint burn down chart is displayed and
communicated publicly thus to remain on the track regarding progress. Meanwhile all
the minutes, notification and important information are documented by the technical
writer.

» Implementation: implementation is referred to as the most vital and sensitive phase.
XP best practices have been applied like; pair programming, code ownership,
continuous integration and code refactoring. As XP is link to automation therefore
coding standards need to be followed in order to achieve good results using a sprint
backlog thus improving the code structure. Pair programming provides a faster optimal
solution by reducing defects rate, but is optional, depending on time and budget. Code
refactoring is termed as internal structure changing without affecting the external
behaviour of program structure, thus to reduce source code complexity and increase

readability.
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» Development Life Cycle: Sprint backlogs planning is responsible for extracting
requirements for completing user stories. The team applies the scrum poker technique
in order to calculate hours required to fulfil each task. After discussion on the initially
selected user story team members pick their choice of card from the pool of product
backlogs, thus representing their estimation regarding the work required for certain
user story. Estimation units may vary, but there may be a number of hours or even
days required for completing an associated task. Each team member defends their
maximum or minimum estimations for updating the sprint backlog with updated
information.

o Agile Social Network (ASNs) can be used to build an adoptable social network
supporting the collaborations of GSE teams. ASNs are able to detect changes in the
context and dynamically support different scenarios as per required. ASN’s are formed
on basis of collaborating network service application. For achieving a single network
goal each ASN node collaborates with the other ASN node thus providing dynamic
infrastructure i.e., adaptive towards changing context. ASNs provide the team round
the clock productivity that could be supported by dynamicaily allocating collaboration

between teams.

Process 11I- Post Development Process:
After the successful implementation of working prototypes, demonstrations to validate the

prototype are carried out.

o Sprint Testing. A unit test has been designed before coding that will execute at this
stage. Understanding feature requirements is necessary for developers in order 1o
design associated test cases and the associated information regarding each system
feature i.e., use test cases and detailed user story are provided to the development team
so that no requirement is left unidentified and exceptional conditions are handled. As
a result extensible codes and modularization is achieved. In sprint testing, unit testing
is done in the source code and the smallest module is also tested. After the module
passes unit testing it is considered successful and integrated before moving towards

sprint review phase.
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e Sprint Review. After sprint has been completed, the sprint review meeting is held in
which team discloses the completed tasks. Team members are introduced with
customers, stakeholders and the product owner in order to get the feedback and extract
new requirements. New requirements are added to the product backlog along with
incomplete requirements. After sprint review, sprint retrospective meetings are held in
which team reviews their own work and prioritize the product backlog thus new
improvements are made. The team also proposes concrete suggestion for the next
sprint. After this phase, testing is done on the whole integrated and completed system.
Specific system requirements are also evaluated. Relevant knowledge is required for
writing and designing test cases, designing and writing test cases confirms the system
from the stakeholder’s point of view.

e Hand Over. This is the last phase in which, all artefacts like code, user guide, technical
guide are handed over to user for release. Tutorial will be provided to user for better

understanding and after deployment, system will be handed over to end user.
4.4.2 An Overview of the Proposed Situation Specific 3C-SAME Framework

In the previous section, we presented the Basic Generic Model informally known as 3C-
SAME model to establish overriding GSE challenges by integrating Agile practices. We have
characterized a Basic Generic Model, on and around the subject of agile methods in GSD
environment for the development of computer based systems. As a result, we were able to
describe that there is currently a dire need of the agile based framework in a situation specific
perspective Agile GSD team. However, situational factors vary from situation to situation and
are also characterized on the basisof situational factors such as Application domain, Project
organization and Organization development environment which are often encountered by
agile GSD practitioners and project managers. The focus of this section is on exploiting the
need for effective, appropriate, and flexible 3C-SAME Framework, in order to cater to the
growth in the complex situations for distributed development.

Moreover, such type of situational methodologies and their associating elements are
employed to reduce time and cost, and to improve quality and provide an ease of use facility

to Practitioners. Furthermore, we establish a new paradigm for agile GSE organizations in
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order to improve the successful development strategy which is helpful in contextual situations

to generate situational methods.

As the time progresses, the growth of the software industry has increased
tremendously. This multifaceted growth can be attributed to the fact that the software industry
has faced challenges such as diverse project nature [111]. Consequently, the need for well-
defined guidelines is very crucial to fulfill the demands of current computer-based systems.
Furthermore, in these circumstances it is crucial for practitioners to find a comprehensive
development method that provides efficient and effective results for agile teams in a

distributed development environment.

Now the question arises about the tailoring of an agile method which provides
opportunities for the distributed teams to overcome the different situations during software
development. In order to provide customization facility, Situational Method Engineering
(SME) would establish a single universally applicable methodology. This discipline (SME) is
applicable to formulate the construction and adjustment of methodologies to specific

situations [113].

It is used for developing software methodologies that are tailored to fit the specific
circumstances of the GSD project situation. Hence, SME aims at providing method
construction techniques by reusing existing methods, practices, techniques and approaches as
shown in the Figure 4.3. The newly formulated methods are more flexible and easier to adapt

according to the situations [21, 55,115].

Under the guidelines of SME “the field to make task-specific methods, called situational
methods, from components of the existing methods, called methods fragments”, various terms
were used as building blocks for-various approaches such as fragments, chunks and patterns

[113, 114].
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Step 1: Situational Method Construction

Figure 4.4: Situational Methods Engineering Work Fflow [68]

4.4.3 A Proposed 3C-SAME Framework and its Capabilities

The 3C-SAME Situation Specific Framework presented in this section, represents both
Agile practices with situational method, and a process for GSD. The 3C-SAME Situation
Specific Framework for the entire methodology as shown in Figure 4.4, provides an overview
of the proposed framework. Furthermore, it illustrates four layers, namely the characterization
of Situations, constructed situational methodology, assembly of the method Fragments and
Agile Team coordination method execution respectively in order to support situational
method engineering activities including representation, retrieval, enactment and composition.
These individual elements of the 3C-SAME Situation Specific Framework are subsequently
detailed in the following subsections.

Phase 1: Situation Method Formulation

The first phase of the 3C-SAME Situation Specific Framework is characterized of
Situations. At this point the situational elements of the work are identified, in order to imply
the formulation of the method to be employed. There are many ways to describe a Global
Agile Method Experience factory, which is used for information and repository of integrated
experience to meet the needs of Agile methods, established on the specific situation. One
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recommendation has been to include Meta Model for specifications and identification of

concepts for specific situations.
Phase 2: Constructed Situational Methodology

The second phase of the 3C-SAME Situation Specific Framework is constructed
situational methodology. The appropriatc method fragments are selected from the Method
Repository and it is also assembled into method components, and then stored in Agile method
experience factory for future reference when required. These fragments are then organized
and sequenced according to the organization of the framework. These transactions arc referred
to collectively as the constructed situational methodology, which is an executable method that
can be enacted. Contextual Analysis support has been included in the selection of possible

contextual factor against the situation.

Phase 3:; Assembly of Method Fragments

The third phase of the 3C-SAME Situation Specific Framework is an Assembly of
Method. It is also helpful to reduce the method engineer’s manual burden with the selection
of appropriate method fragments. Once the appropriate method fragments have been selected
and assembled according to contextual factors, the method may be enacted and structured

according to the situation.
Phase 4: Agile Team Coordination Method Execution

The Fourth and final phase of the 3C-SAME Situation Specific Framework is Agile Team
Coordination Method Execution. Once the fragment has been selected for the appropriate
method, which is also constructed in accordance with the help of contextual factors, the result
is the method management being stored in the method composer. The outcome of this method

composer is the Situational Agile Method.
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Figure 4.5: A Proposed 3C-SAME Situation Specific Framework

4.5 Summary of the Chapter

The lightweight 3C-SAME Framework for Agile GSD presented in this chapter, provides
a number of potential benefits over existing ones in order to respond to the research questions
RQ 2: What types of Agile solutions have been suitable for GSD and their impact on GSD
Challenges?

RQ 3: What is the state of key components of the situational frameworks which have been

provided to situational methods as solutions?

It is a flexible method in that it provides guidelines for each phase of the framework,
and the capability to customize and tailor the Agile situational methods based on distributed
environment. The Proposed 3C-SAME Framework has the usability feature, suited to the
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novice sofiware engineer, as our situational method does not require significant expertise and
is therefore particularly suited to novice sofiware engineers. In addition, the proposed 3C-
SAME Framework is particularly useful in projects lacking a defined software development
method. Furthermore, it is used independently upon the utilization of any other systems

development process.

As part of the framework, we have presented a number of novel concepts, including that
of a ‘method composer’, ‘fragment management’, and ‘method management’ methods that
provide the team coordination between software engineers and GSD managers for the specific
project at hand. Furthermore, this framework provides a foundation and prototype-based tool

support that enables agile distributed development.

In the next chapter we will present the 3C-SAME framework into work, two industrial
case studies, which embody and enhance the 3C-SAME Framework. The empirical
evaluations of the 3C-SAME framework along with its specification and application of the
3C-SAME Framework (Chapter 5) combination by way of a case study, will then be presented
in chapter 6.
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3.1 Chapter Overview

The 3C-SAME framework has been presented in the previous chapter. In addition, the
proposed framework also provides a flexible, lightweight, iterative approach, in agile software
development practices for GSD environment, based on situational method engineering

principles.

In this chapter, we have characterized the specification of the 3C-SAME framework, as a
prototype application for the validation of situational methods. The point is to draw the fact
that prototype support for framework is an important and cffective way of proving framework
(conceptual work) into practice, which is more practical and easier to use for software industry

practitioners.

The overriding objective of the current chapter is to provide the designing and application
details of the 3C-SAME framework. In addition, the current chapter also provides the Meta
model description, information related to architecture, prototype specification and screen
shots of the prototype. Furthcrmore, our 3C-SAME framework may also provide the facility
to Agile GSE practitioners to improve the process of appropriate task selection and
customization according to the situation to support team coordination. The evaluation of the
3C-SAME framework with the help of real world case studics, ISO 9126-1 Model and also
from experimentation from software industry participants is provided in the subsequent

Chapter 6.
5.2 Prototype Support for the 3C-SAME Framework

The application of 3C-SAME framework is therefore to prove that it is possible to shift the
proposed 3C-SAME framework into working prototype in order to facilitate the Agile GSD
managers and practitioners. In addition, the prototype is also utilizing ISO/IEC 24744 meta-
model for the formal and standard definition of method fragments. Furthermore, it supports
assembly-based method engineering guidelines [68]. The working prototype also provides
interfaces to define situational factors at fragment level. Based on these situational factors,
practitioners can easily retrieve fragments during the composition of a new agile method. It

utilizes a multi fragment selection for the fragment retrieval process {114]. GSD managers
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and practitioners can also define new situations and new fragments as required for method

management.

The design and construction of 3C-SAME prototype has been impacted by numerous
constraints. The most important constraint which has the highest impact, is the time limitation
imposed by the schedule of study. The first version of the working prototype has been
developed with fundamental features, to demonstrate to and get feedback from practitioners
of the software industry. They have evaluated the working prototype and suggested a few
valuable changes. Based on their feedback, working prototype has been further reviewed with
more focus on required functionality and towards its situation specific nature. The detail
description of the final version of working prototype which is formally known as 3C-SAME

prototype is described in the following sections.

5.3 3C-SAME Prototype Specifications

The 3C-SAME prototype is established by a series of specifications that should provide
significant functions about Agile GSD teams in a situational context. At an abstract level

prototype specification is as under:

e This information involves improvement in the existing situation specific Agile GSD
practices in terms of tailoring and adoption;

» Mitigate the renowned challenges such as customization according to the situation in
order to overcome team coordination faced by Agile GSD managers and practitioners
during development;

o Provide a situational framework based approach for the appropriate selection of Agile
fragments from Agile methods;

The fundamental detail levei prototype specifications are also given below:

e To create and modify different kinds of agile fragments which conform to ISO/IEC
24744 meta model;

o To define the relationships between fragments;

o To define the context for fragments at fragment level;

e To define the software development project situations in terms of organizationai

characteristics, project characteristics and application characteristics;
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o To retrieve the suitable fragments out of method base for project situation;
* To define the coherent methodology based on selected fragments;
¢ To create and modify contextual factors such as Project Size;

5.4 Application of Meta-Model for 3C-SAME Framework

Meta-models are used as specifications and identification of concepts and their
relationships between the different objects [115]. Metamodels are used in order to apply
geeneral purpose development approaches such as object-orientation, component-based
development and agent-orientation [115]. In both sofiware engineering and model-driven

development domains a meta-model has two type of syntexes [64, 65] which is given below.

Abstract Syntax: Identifies the concepts and their possible relationships between those
elements specified by certain language which is shown in Figure 5.1.

Concrete Syntax: Defines notations that contributes to the representation and development of
models in certain language.

Metamodei
({Metamode! Domain)

Metthodology
{Methodology Domain)

Endeavour
(Endeavour Domain)

Figure 5.1: Abstract View of Meta Model

We have adopted a metamodel for specification and composition of 3C-SAME
framework in order to define the concepts and their relationship.
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5.4.1 Meta Model ISO/IEC 24744

The application of the framework is based on concepts and their associations. In our
context, we have preferred ISO/IEC-24744-SEMDM Meta model [68] shown in Figure 5.2,
in order to formulate a framework for the tailoring and customization of Agile GSD
methodologies. Despite the differences in finer details, all agile methodologies follow a
paradigm [117], which is more often represented by a Meta model. Therefore, a Meta model
is a used for identification of concepts and their associations [116]. According to the best of
our knowledge and literature, the most recent work in order to formulate the specification has
been used in ISO/IEC 24744 Meta model and resolves their all known problems such as

software specification along with their associative knowledge repositories.

STy +CreanonTime
+Endlime +LastChange Ture:
+Sumus

Figure 5.2: ISO/IEC-24744-SEMDM Meta model

In addition, it also guides different systems and processes to generate the work product.
Furthermore, it also assures all aspects of methodologies i.e. processes to be followed, creation
of work products and the people who follow the process to generate the work products at depth
which other Meta models don’t address.

The core classes of the Meta model describe and represent agile methodology fragments
in a standard way so that composition of different fragments derived from different agile
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methodologies could become easier. The detailed explanation of ISO/IEC 24744 [65] meta-

model core classes is presented in Table 5.1,

Table 5.1: Meta-model core classes

An abstract class representing elements created by the
Methodology method engineer in the construction of new methodology or
Element tailoring the existing one. It is a high level class which is
further specialized into the Template and Resource.

An abstract -c':lé“ss-rep-rescnting any element created by
Element - developer while using any particular methodology defined
* by method engincer. It is a high level class which is further
specialized inlo Stage, WorkUnit, WorkProduct, ModelUnit,
- and Producer.

Endeavour
Element

_ * An abstract class representing methodology elements which
Template : _ will be instantiated by developers while performing in any
MethodologyElement  particular endeavor. It is a high level class which is further
specialized into StageKind, WorkUnilKind,
- WorkProductKind, ModelUnitKind, and PreducerKind.

An abstract class representing different kinds of stages in a
particular methodology. It is part of a process aspect of the
Stage Kind Template methodology. For example, Exploration, Iteration,
¢ Productionizing, Maintenance, and Dcath stage kinds in
Extreme Programming.

" An abstract class to i'epreSent managed time frame within an
endeavour. For example, during a particular software
development project using Extreme Programming agile
methodology product is developed in multiple iterations

" (Iteration 1, Heration 2 etc.). These iterations are instances

_ of Iteration class defined in methodology domain.

Stage EndeavourElement

" An abstract class represemiﬁé different kinds of work units

. in sofiware development methodologies which has the
specific purpose of the endeavor domain. It is further

' specialized into ProcessKind, TaskKind and

" TechniqueKind, Write-Code (Task-Kind}, Pair
Programming (TechniqucKind) in Extreme Programming.

Template
Work Unit Kind

' An abstract class to represent jobs performed during a
EndeavourElement software development project. It is further specialized in
Process, Task and Technique. For example, in a particular
project Programmer A and Programmer B is writing code
for a particular feature of software product being developed

Work Unit
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Work Product
Kind

. Work Product

Model Unit Kind

Model Unit

Producer Kind

~ Producer

- Resource

Template

EndeavourElement

. Template

EndeavourElement

- Template

: EndeavorElement.

McthodelogyElement

3 fag_ét_her utilizing pair programming techmc[ue defined in the :
- Extreme Programming agile methodology. "

"An abstract class represent different kind of work products
" in software development methodologies which have

- characterized basced on nature of its content and purpose

- behind its usage in the endeavour domain. It is further

* specialized into DocumentKind, ModeiKind,

SoftwarcltemKind, HardwareltemKind and
CompositeWorkProductKind. For example, Iteration Plan in
Extreme Programming.

- An abstract claséirépfesenting an artifact of interest in the
endeavour domain. It is further specialized into Document,
: Model, Softwareltem, Hardwareltem and

CompositeWorkProduct. For exéfnp]e, during a particular

* software development project lteration Plan has been built
_ for Iterationi.

A concrete class 1o represent a different kind of modet units

used in software development methodologies categorized by
nature of the content it represents. For Example Class,

© Association model unit kinds in a Class Diagram.

" A concrete class to réprescnt atomic uh_its of a model. For

_ example, a class diagram representing structural aspects of a ﬂ

- particular software product contains a number of classes,

* associations between them and attributes defined in classes *
are all model units.

" An abstract class repre:_s'éuﬁﬁng different kind o-f'proculdéc'ré- -

working in a software development methodology. Producers
kinds are defined based on arca of expertise. It is further

. specialized into RoleKind, TeamKind and TooiKind. For
: Example, Programmer, Customer, Tester, Tracker, Coach,
" Consultant, Big Boss in Extreme Programming.
" An ebstract class representing an agent who executes the
. work units in an endeavor to produce work products. 1t is
further specialized into d into Role, Team, Person and Tool.

For Example. dliring a particular software development

" project Programmer A is an instance of Programmer class

defined in methodology domain.

" An abstract class represcnting methodology element which
* is used directly at endeavour domain. There is no

- instantiation process required to use it at endeavour level. |
: Any guideline or reference used in methodology could be
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~  represented by this class. It is further specialized into
Language, Notation, Constraint, and Guideline.

Guideline : " i Resource " A class to represent guidelines which guides the developer
--about how a particular fragment could be used in endeavor
“domain. - : - L
. A class to represent the structure of different model unit -
Resource © kinds that focus on particular modeling perspective of the
- Language '

- subject at hand. For Example, A Class Modeling Language
~ to model structural aspect of a software product.

‘ ) " An abstract class 7t071:éprcsent condition that holdsata -
Constraint . Resource - certain point in time. It is further specialized into
: - PreCondition and PostCondition. For example, lteration

* execution should start when an Iteration Plan is in -
- completed state.

Notation  Resource  Aclass o represent graphical syntax that can beused to
: depict models created using a language. For Example, Class
Diagram,

5.4.2 Agile Fragment

In literature, a small portion of the methodology is termed differently, but the two most
common terms are Method Fragment [11 8,119, 120] and Method Component [121]. We have
adopted the term Fragment for our proposed framework in accordance with SEMDM and
more specifically Agile Fragment. The main sources of agile fragments are existing agile
methodologies like Scrum and XP. These fragments are extracied from their primary sources
as per standard format in order to make them compatible with other fragments while
constructing new agile methodology. For ensuring this compatibility we may also conform to
classes defined in a standard metamodel. Metamode! also becomes the second source for
creation of fragments by instantiating a standard metamodel element. As we have mentioned
in previous section, we have used ISO/IEC 24744 metamodel to formalize agile fragments.
There are three main kinds of agile fragments which play a vital role for the tailoring of any

Agile methodology: work unit kind, work product kind and producer kind.

The typical role kinds participating in XP and Scrum along with their responsibilities

have been briefly presented in Table 5.2.
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Producer Kind fragments produce Work Product Kind fragments by performing different kind

of Work Unit Kind fragments. For example, in Extreme Programming two programmers (Both

instances of Producer Kind) produce code (Work Product Kind) by writing code (Work Unit

Kind) using the pair programming technique (Work Unit Kind).

. Customer

Programmer

Tester

Coach .

Consultant

Big Boss

Product
Owner

Scrum
Master

XP

Xp

XpP

XpP

XpP

Xp

Scrum

Scrum

Agile

Agile

Agile

; Agile
- Agile

f Agilc

" Agile

" Agile

“Respoiisibiifies

Table 5.2: Agile Role Kind Fragments

User representative who write user stories, make
decisions, and write functional tests.
An individual who is responsible to design

application, write unit tests, wrile code, and
refactor code.

Tracker is an individual who keeps an eye on
progress of project and notify the team and other
stakeholders about the project progress. Who
also keeps log of functional test scores and
defects reported.

An individual who is responéible for the whole
process, notice people deviation from team’s
process and guides the team about process.

An individual who helps the team when they need
consultancy in deep technical knowledge.

An individual who helps the team to resolve their
issues like they need a human resource, financial
resource.

Product owner is a user representative who is

responsible for maintaining the requirements and
prioritizing the requirements. He also responsible
to keep the track of values to the business based
on these requirements. Project success or failure
totally depends on this producer.

Scrum Master is a [acilitator who is responsible
of coordination between team, to help them in the
impediments being faced during the development.
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5.4.3 Agile Methodbase

The repository of method parts (method fragments, chunks or components) is called
‘method base’ [20,118]. The construction of agile methodologies is possible if we have a
comprehensive repository of agile method compenents known as experience factory. The
ultimate goal of the framework is to construct agile methodologies based on different existing
fragments of agile methodologies. Therefore, the definition of each fragment also conforms
to standard development as we have defined in the previous section in the form of metamodel.
In the extraction of the agile fragments, we have used two reputable agile methods Scrum and
XP [118]. In this study, we have demonstrated our approach using these two methods. In the
future, we can add more fragments to the repository so that a vast variety of agile
methodologies could be constructed based on different situations. Different kind of agile

fragments document kind is presented in Table 5.3.

Table 5.3: Fragment Document-Kind

I ‘,'Q?S-i‘lf‘i'ptibnis

¥ox x i :

Release XP, Scrum  Agile Software part delivered to customer at the end of iteration. ]
Kinal Product AP, Serum Anile Final product delivered to customer afler completing much
Bl ileration.
Story Cards XP Acil 1t specifics which user stories are being developed in which
Bile release of the system along with release dates.
‘Fask Cards CXp a 7
Agile Task card related to a specific user story.
Product Backlog . Master list of functionality required in the product to be
Scrum Agile
developed.
' - . List of tasks which the scrum team committed fora
Sprint Backlog Scrum Agile . .
particular sprint.
User Manuals XP, Scrum Acil A guide for the user to explain different parts of the
_ gt software product delivered to the customer.
Release Burn down Scrum .Agilc Team progress chart against rclease plan.

Chart
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Spriat Bara down Agile Graphical representation of the remaining work over the
Chart B sprint duration.
Task Board Scrum Acile A board which shows all the tasks being implemented by
&l the team in a particular sprint.
Unit Test XP Agile Written at class level and only for public interfaces. For

Production Code

Iteration Plan

Functional Test

XP, Scrum Agile

XP Agile

XpP Agile

each class in the system, a unit test exists.

An executable specification of the product being
developed.

A list of user stories and its associated tasks to be worked
on in the iteration.

Written by customer to specify the scenarios to test a
particular user story.

5.5 3C-SAME Framework Architecture

The 3C-SAME Framework architecture is composed of three layers: presentation,

business logic and data access layer, respectively, which are shown in Figure 5.2. The

presentation layer is responsible for getting inputs from method engineers (i.e. Agile fragment

definition, project situational characteristics) and transforms it into data structures which can

be parsed by business logic layer.
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Figure 5.3: 3C-SAME Framework Architecture
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The data access layer also provides the facility to access the Agile Methodbase and provide

functions for querying, modifying, creating, and deleting method fragments.

Business logic layer is divided into three modules such as Fragment Management Module,

Method Management Module and Administration Module respectively.

Fragment Management Module is responsible to create, modify and search the fragments
in conformance with ISO/IEC 24744 metamodel. This layer is also responsible for defining
relationships between fragments in order to build situation. The Method Management module
is rcsponsible for the composition of situational agile methods based on situational factors
provided by GSD managers and practitioners. It supports the method fragments which is
suitable for a particular project situation. Administration module is responsible for performing
some administration tasks. Currently it supports only one sub-module called Situational Factor

Management which defines, modifies and browses situational factors.
5.6 Components of 3C-SAME Prototype

The 3C-SAME prototype is constituted by a following series of components that is helpful

in order to prove framework (theory) into practice.
5.6.1 User Interfaces for 3C-SAME Prototype

The 3C-SAME prototype User Interface (UI) enables the methed engineer to navigate
through different features of the system. The home interface is divided into three components

(i) Fragment Management
(i1) Method Management
(iii) Administration.

Fragment management menu provides access to all user interfaces in order to create
different kinds of fragments as shown in Figure 5.3. This menu is further divided into process

kind, task kind, and technique kind respectively in sub menus.
i
In the preceding sections these three items are described in detail. The remaining area

of the prototype has been used to show different user interfaces in a tabular format. It lists
down all the existing agile fragments into the fragment repository. The user can filter out

fragments by name and by type on this screen. User can open any fragment in edit format by
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double clicking on the interested fragment row in the grid. All the updates to fragments are
built using the Home interface.
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Figure 5.4: 3C-SAME Prototype ‘Home’ Interface

Work Unit Kind: This is to create Process Kind, Task Kind, Technique Kind and Task-
Technique Mapping Kind fragments. Figure 5.5 has shown the interface to define “Technique
Kind’ tab and ‘Situation Specification’ tab respectively.

e Work Product Kind: To create Document Kind, Model Kind, Software Item Kind,
Hardware Item Kind and Composite Work Product Kind fragments.

s Producer Kind: To create Role Kind, Team Kind and Prototype Kind fragments.

¢ Stage Kind: To create Time Cycle Kind, Phase Kind, Build Kind and Milestone Kind
fragments.

» Support: To create Corporation, Source and Reference items to support all kind of

fragments.
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Figure 5.5: ‘General Info’ Tab on Technique Kind Fragment Interface

5.6.2 Method Management Menu

Method management menu provides access to all user interfaces which are required to

construct situational methods and already created methods. This menu is further divided into

two sub menus:

¢ Method Compeoser: This menu item gets situational factors input from the method
engineer to define the requirements for the method to be built. Figure 5.6 has shown
interface of Method Composer to capture the method requirements of the method
engineer.

e Methods: This menu item provides access to the screen which list down the all

situational methods created using the prototype.
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Figure 5.6: “Organization and Project Characteristics’ Interface of Method

Composer

5.6.3 Administration Menu

Administration menu provides access to all user interfaces which are required to define
different lookups used in the system. Currently this menu contains only two menu items which

are as follows:

s Characteristic Browser: This menu item gives access to the user interface which lists
down all the situational factors defined in the system. Method Engineer can add and
update possible values defined for each factor. This menu item helps to define new
situational factor to be used in method composer and at fragment situation

specification.
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Figure 5.7: ‘Characteristic Browser’ Interface

5.7 Analysis with Existing Related Studies

The following section represents the comparison with the 3C-SAME prototype based
approach. Brief description of the underlying related study has been presented in given below.
To construct and manage situation specific methodologies, Computer Aided Method
Engineering (CAME) prototype also provides support to the method engineer {123]. These
kinds of prototypes are very useful in automating the process of method engineering.
Practitioners can adopt various software development strategies and reuse existing
methodologies [123]. Furthermore, keeping in view the situation of software development,
CAME tool also plays a vital role to provide some sort of guidance for the customization

[124].

In the area of computer aided agile method engineering, limited studies have been
conducted. Eclipse Process Framework Composer (EPFC) ts the approach in which entirely
defined the two well-known agile methodologies (SCRUM and XP) provide a means to enact
these methodologies [21]. But the limitation of the said prototype is that it does not provide
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suitable support for assembly-based method engineering. Mirakhorli et al. [125] introduced a
prototype box for the selection of agile methodologies which help the method engineers in
classification of projects and selection of agile methodologies and practices. They provided
only limited practices for project at hand and no support for assembly-based SME as well as

for distributed environment.

Abad et al. [21] also developed a prototype to construct situation specific Agile
Methodologies but they didn’t provide adequate support for fragment definition. In addition,
practitioners could not enhance or create new fragments for new situations and distributed

projects. Furthermore, they adopted the System Process.

Engineering Meta Model (SPEM 2.0) is standard for method decomposition introduced
by Object Management Group (OMG, 2008). At the same time, the limitations of SPEM 2.0
Meta model have beenf resolved by Software engineering Meta model for development
methodologies SEMDM introduced by (ISO, 2014) [68].

User Satisfaction: This parameter describes the satisfaction level of the user. The
situational method Engineering has been successfully generated from the 3C-SAME

prototype so results shows strong inclination towards user satisfaction.

Ease of Use: This parameter is used to investigate the level to which user finds the
proposed solution easy in usability. Workforce of the case study strongly agree that the

suggested research solution is easy to use.

Customization: The prototype has the ability to provide customization according to the

situation of project, team and organization.

Standardization: The prototype has the ability to standardize ail fragments in order to

formulate new method.

Content Version: This parameters deals with the changes and their impact and effect on

the system.
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Table 5.4: Comparison with Existmg Related Studies

P » "Partioly Exit®

Improved Team Coordination: Tmproved team coordination is the objective of the
research. Case study results (See chapter 6) clearly indicate that team coordination

improved by assigning the task.

We presented the structure of existing prototype in order to compare the effectiveness
of the proposed prototype in terms of situational method composition. Table 5.4 shows
comparison of the proposed prototype with existing related studies. We adopted the parameter
from ISO based model for the comparison of the proposed work. The comparison table clearly
shows that the existing related works are generic and their focus is towards project handling
activities, whereas, our proposed work is also helpful for the software industry in order to
provide the selection of suitable method according to situation specific software development.

5.8 Chapter Summary

Working prototype is a collaborative activity and software projects are normally complex
and versatile in nature. Therefore, it is very necessary for GSD teams to work collaboratively
to attain set goals for successful method selection in dispersed environment, during Agile
GSD development. RO4: What are the Agile GSD situations that have been exploited for a
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solution? In such a critical situation, when different teams are working on a task
collaboratively, they are required to choose an appropriate method for software development.
These Agile GSD teams are facing various challenges such as team coordination in order to
customize method as per situation. Researchers have identified these challenges and continued
to present solutions such as video conferencing, language choice and language translators,
email, instant messaging and discussion boards. The working prototype meanwhile is intended
to provide practical benefits and support for the GSD managers and Agile practitioners during
method selection. These existing solutions are analyzed in order to evaluate the effectiveness
of our proposed sotution. It can be clearly seen in the results (See chapter 6) that the proposed
solution is capable of customizing the Agile methods in order to support team coordination.
We presented the overview of the proposed prototype. After this we presented the Meta model
adopted for the application of prototype. In the next section we described the prototype
specifications and prototype architecture. in addition, we presented the components of the 3C-

SAME prototype. Furthermore, we presented the few interfaces of prototype.
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6.1 Chapter Overview

We have presented the prototype support for framework in the previous chapter, which
is an important and effective way of proving framework into work. In addition, preliminary
working of the prototype along with situational factors plays a vital role in improving the
tailoring and customization of Agile software development practices in a global environment,

which enhances, and extends the role of 3C-SAME situation specific framework.

This chapter enables the GSD managers and practitioners in attaining necessary
knowledge in order to evaluate the 3C-SAME framework. The purpose of the evaluation is to
directly address the effectiveness, in order to formulate novice methods according to situations

and also to evaluate the ISO 9126-1 parameters such as time behavior about the framework.

Q Case studies
industry experience reports
& Literature review
€ Quasi experiments
Survey
_ Theoretical
@ Ethnographies
Action research
@ Grounded theory
Multi-Method

Figure 6.1: Trends of Evaluation Methods [76, 102, 104, 122, 126, 134]

It is more appropriate, to consider empirical research methods for the analysis software
engineering related studies [126]. As most researchers adopt empirical methods in order to
evaluate the proposed in a scientific and disciplined way so it may be applied in real software
industry. These reasons compel the researcher to adopt empirical methods for analysis [128]
of the most relevant research methods in software engineering such as Experimental Study,

Case Study, Grounded Theory and Action Research. Figure 6.1 presents the distribution of
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empirical studies according to research type. The percentage of case studies (i.e., 35%) and
industrial experience reports (i.e., 17%) reveal the interest of researchers and practitioners. It
is vital to mention that case study methods dominate empirical software engineering research

as compared to other research methods.
6.2 Evaluation Methods the 3C-SAME Framework
We have evaluated our proposed 3C-SAME framework with following ways.

e ISO/IEC 9126-1 Standard for Evaluation
e Evaluation Strategy: Experiment and Participant Feedback
» Evaluation using Case Study

6.3 ISO/IEC 9126-1 Standard for 3C-SAME Framework Evaluation

We applied ISO/IEC-9126-1 Quality Model for the evaluation of the proposed 3C-
SAME framework. It is an international quality standard [108, 138], which is often used for
the evaluation of software products, frameworks, models such as e-book, test specifications,
ERP systems and B2B applications and ASEAME process framework. In addition, ISO 9126
model is also more appropriate to provide evaluation when multiple stakeholders are directly
affected by the practical solution.

a) Mode! for Quality Evaluation b) Evaluation Strategy
ISOAEC $126 -1
Functionality Usshilny b~ =
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Figure 6.2: Overview of Evaluation of the 3C-SAME Framework
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Evaluation of 3C-SAME framework components has been conducted in different ways
such as experimentation, case study and 1SO-9126-1.This quality model spans six quality
characterizations composed of functionality, reliability, usability, efficiency, maintainability,
and portability for evaluation. Furthermore, these six quality measures further sub-divide into
twenty seven sub-characters. We inciuded only three out of six parameters: functionality,
usability and etficiency to evaluate the proposed framework. We choose only three due to
their relevance with our framework. The remaining three have a different perspective which

is beyond' the scope of the current study.
6.4 Evaluation Strategy: Experiment and Participants Feedback

The evaluation of the proposed 3C-SAME framework is concentrated on Agile GSD
Practitioners perspective. The overview and parameters for evaluation are presented in Figure
6.2. In order to evaluate the 3C-SAME framework, the following experimental study carried

out emphasized design, procedure and execution parameters.
6.4.1 Design of Experimental Study:

The context of the study is to evaluate the components of the framework. Experimental
planning was designed followed by the context analysis. The planning phase is composed of
a set of interrelated activities such as design and formation of teams involved in daily decision
making for the smooth execution of experimental study. We have selected a computer based
organization in order to execute the experimental study. The organization has over fifteen
years of development experience. In order to formulate the design of the study, we performed

the following activities before the execution of the experimental study.

Team formation: We selected a total of seventy nine (79) participants, randomly from the
organization. Among the tota! participants, forty five (45) practitioners fell in the control
group and thirty four (34) fell in experimental group respectively and their development
experience is shown in Table 6.2 respectively. In addition, the participants in the controi group
followed the routine development using Agile practice along with their previous knowledge.
Whereas the experimental group learned both with the routine practices combined with

training sessions and framework demonstrations.
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Team Training: We have presented the proposed 3C-SAME framework and have also
demonsirated the working prototype to the participants of the experimental group for a short

period of {(maximum 30 minutes a day) three days.

Instrumentation: A questionnaire was formulated [40] (See Appendix A) in order to evaluate
the truthfulness or falsification of the proposed framework. In addition, the questionnaires
were circulated among the participants of both control and experimental groups. This

questionnaire serves as an instrument for feedback collection from the participants.
6.4.2 Experimental Procedure

Roles and responsibilities were assigned to the participants as per their organizational
hierarchy. The project manager maintains the profiles of every individual participant.
Allocated tasks, responses made against the allocated tasks, interaction time with proposed
work and situational contents for participants were a few items of the participant profile.
Keeping in view the experimental context, all participants had at least sixteen years of

education in computer science and had basic knowledge of Agile methods.

The time line for the experiment was sixty days. The participants were cooperative due
to the involvement of their top level management. The instrument was divided into two
sections, the familiar and the unseen. The familiar section contained questions about Agile
practices that were deemed to be present in the knowledge of the participants. Participanis
mainly gained such knowledge about Agile practices from available articles and textbooks.
The unseen section participants faced difficulty in understanding Agile terms. A project
manager remained within experimental place in order to motivate and provide support if
required, such as reading the question statement and understanding the Agile GSD terms. The
pre and post experiments results were noted on paper worksheets (See Appendix C-F) in order
to calculate the result for control and experimental groups.

i Table 6.1: Null Hypothesis

There is no significant difference between pre-test mean scores of control
and experimental groups ' ' '

g There is no significant difference between post-test rmmean scores of control
and experimental groups.
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Furthermore, hypothesis evaluation was conducted in order to investigate the cause and
its possible effect on the relationship between the samples that have been used for the
experimental study. We constructed three null hypothesis is shown in Table 6.1 to evaluate

the sample of the current study
6.4.3 Experimental Study Execution

The scope of the study is therefore limited to pre-test evaluation and post-test evaluation

and its detailed description is given below.

Pre-test Analysis of Experimental Study: The objective of the pre-test taken before any
training was to evaluate the effectiveness of the treatment [136], whereas the post-test is
executed afler training participants. In addition, the difference between the results of these
two tests was calculated. The following activities were carried out during pre-test analysis of

the experimental study as shown in the Table 6.2.

Table 6.2: Pre-test Analysis Descriptive of Experimental Study

Control Group (A} Experimental Group (B)
Experience | N Pre- Test Mean N Pre-test Mean Score
Score
45 Sum of Familiar | Unseen | 34 | Sum of Familiar | Unseen
Mean Max=75 | Max=60 Mean Max=75 Max=60
Score (%) Score
(%)
+2 Years 16 3.4 1.58 1.56 8 3.08 1.35 1.53
(2.32%) (2.28%)
+ 3Years 12 3.21 1.62 1.59 7 3.13 1.57 1.56
{2.37%) (2.31%)
+4 Years 7 334 1.76 164 8 322 1.62 1.60
(2.47%) {2.38%)
5 Years 4 3.53 1.78 1.75 6 3.31 1.67 1.64
(2.61%) (2.45%)
+ 6 Years 6 3.66 1.84 1.82 5 3.39 1.72 1.67
(2.71%) (2.51%)
Mean 3.66 Mean 3.23
Std. Deviation 0.22 Std. Deviation 0.12

The Pre-test score for control and experimental groups is shown in Table 6.2 which

evaluates the performance of participants in the control and experimental environment. The
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experiment executed showed improvement in the usability benchmark. We have selected two

groups, one contro! and the other experimental, for experimental study from organizations.

The aim was to evaluate the expertise level of the two groups. In this context, when
results were presented in form of statement, hypothesis is applied in order to judge the logical
relationship between two are more variables [136] as Hypothesis HOI outcome may be true

or false.

In order to evaluate the hypothesis (HO1), we performed t-Test to evaluate the results of
the significant difference between two groups as shown in the Table 6.3. The t-Test compared
the results of each group and then it determined the statistical significance between the groups.
Mostly statisticians recommended that the acceptance and refusal of the hypothesis is
established on the P-value results [136, 139]. The recommended P-value is 0.05 and in our
case after the evaluation of the 3C-SAME approach the p value is 0.239, which is higher than
0.05 as shown in the Table 6.3.

Table 6.3; t-Test: Two-sample Assuming Unequal Variance (Pre-test)

Pre-test Scores
t-test 0.712
QObservation 79
Mean Difterence 0.694
p-Value 0.239

The hypothesis (H01) was accepted based on the analysis of the significant value.
Therefore, it has been proved that there is no significant difference between the results of both

groups.

Post-test Analysis of Experimental Study: The overriding objective of the post-test is
to find the statistical significance between control and experimental group afier applying
specific treatment [137, 140]. We apply quality parameter accuracy in order to evaluate the
proposed approach. The Table 6.4 shows the post resuit score of the control and experimental
group. Most of the results clearly show an increase in the post-test scores (See Appendix E-

F), especially in the experimental group.
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Table 6.4: Post-test Analysis Descriptive of Experimental Study

Control Group (A) Experimental Group (B})
Experience N Post- Test Mean N Post-Test Mean Score
Score
45 Familtar | Unseen | Sum of 34 Familiar Unseen Sum of Mean
Max=75 | Max= Mean Max=75 Max=60 | Score (%)
60 Score (%)
+2 Years 16 2.49 2.47 496 3 1.89 3.5 7.39
(3.67%) {5.47%)
+3 Years i2 2.50 248 498 7 3.96 3.54 7.50
(3.69%) (5.56%)
+4 Years 7 2.51 2.49 5.0 8 4.01 343 7.44 (5.51%)
(5.70%)
+5 Years 4 2.52 2.50 5.02 6 4.14 3.85 7.99
(3.72%) {5.92%)
+6 Years 6 2.54 2.53 507 5 4.25 3.98 §.24
(3.76%) {6.10%)
Mean 5.07 Mean 7.71
Std. Deviation 0.04 Sid. Deviation 0.38

Table 6.4 shows two types of contents which arc unseen contents and familiar contents.
Familiar contents are those contents that participants have gained training before the exccution
of experiments such as fragment management, whereas unseen content is not secn before the
start of the experiment. The familiar content value increases as compared to unseen content.
The reason of this increase in number is due to content training which makes execution for

participants easier.

Table 6.5: General Comparison of the Results

Groups N Pre Test | Post- test
Mean Std. Dev Mean Std. Dev
Control Group 45 3.66 0.22 5.07 0.04
Experimental Group 34 3.23 0.12 7.71 0.38

The mean of the control group value is 3.66, standard deviation value is 0.22 whereas
the mean of experimem;il group value is 3.23 and standard deviation is 0.12.The difference
between these two results, clearly indicate that framework based approach is easy to use and

casy to operate, therefore training creates the difference in results.
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We have presented the comparison of results between of post-test and pre-test results in
the Table 6.5, in order to judge the effectiveness of our proposed approach. The results of the
both groups show improvement in results for both familiar and unseen items with the
experimental group showing a larger improvement in value on both pre-test and post-tests. In
addition, overall statistical tests were used in order to get in depth evaluation findings.

Table 6.6: t-Test: Two Sample Assuming Unequal Variance (Post Tests)

Post-test Scores
{ 17.26
Observation 79
Mean Difference 30.18
p-Value 0.000

Furthermore, the pre-test evaluation was performed in order to evaluate the Hypothesis

(1102) usability of practitioners in both groups afler applying the treatment.

Table 6.6 clearly shows the results of t-Test which is used for analysis of the hypothesis
(H02) in order to find the variance between experimental groups. Tabic 6.6 has shown the t-
Test score between control and experimental groups. The value in row (p-Value.) is less than
alpha value 0.05 which clearly reflects the learnability between the results of both groups has

considerably changed so the Hypothesis HO2 is rejected.

Table 6.7: Conclusion of the Hypothesis Test

Hypothesis Statement p-Value Decision
HO1 | There 1s nio sipnificant difference betrween pre-test mean | 0.239 Accepted
scores of control and experimental groups
HO2 | There is no sigmificant difference between post-test 0.000 Rejected
mean scores of control and experimental groups.

Table 6.9 provides a conclusion of the hypothesis tests. The hypothesis (HO1) is
accepted due to p-Value. H02 are rejected as findings indicate that there is a substantial change

in scores of participant in both groups after the treatment was applied.

The primary goal of this experiment is to assess the e{fectiveness of the situation specific
framework based approach in order to support distributed agile activities and provide
customization for situational methods in a globally distributed settings. For the evaluation of

the 3C-SAME Framework, it was made available to the practitioners.
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Therctore, the evaluated tasks of the experimental groups involved the management
features such as creating a new situational method, a new team kind, assigning the team to the
fragment, creating a new participant, adding a participant to a team, defining a task kind of a

project and so on.

6.4.4 Limitations of the Experimental Study
The limitations of experimental study is given below:

The experiment results has been mainly positive even though there are some issues that
need to be addressed in a possible future work. The first finding to clarify is that this 3C-
SAME Framework has been designed in order to support the practitioners as a prototype;
therefore, it may not suituble for a real world scenario. Taking into account this premise, all
participants have found this kind of application useful, since it provides many advantages in
comparison with the existing related approaches such as Jira. One participant commented: “It
is a standalone approach that can make distributed teams to coordinate in an efficient manner

without any overhead™.

Another participant also provided an explanation of the 3C-SAME framework
compared with the traditional development models such as Jira. The 3C-SAME framework
also provides a fast and easy approach for accessing a situational method: “You can quickly
get situational method from the 3C-SAME framework based approach in comparison to the
traditional approaches such as watcr falf, which normally requires significantly more time to
reach it” and “... in few situations such as Lean development, the current study may have the
problem of accessibility and customizations ete.” because it is only limited to XP and Scrum

method.

As claimed by the authors of the 3C-SAME approach, the method situation specification
is one of the most important artifacts of the 3C-SAME approach, which helps to cnhance
awareness of the situational factors among practitioners. Most of the participants agreed with
how the 3C-SAME approach is presenting the technique kind information such as XP
Practices. However, one of the participants also provided a suggestion for making the

producer kind more attractive to users. As suggested by this participant, the presentation of
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the fragment management may be a good point for such type of approach. In general,

information must be customizable wherever it is displayed.”

Another limitation of the current study is availability of the comprehensive knowledge

and expertise of Agile as well GSD participants.
6.5 Evaluation using Case Study

In this section, we have presented case studies as a research method and provide reasons
for the selection of the case study [120, 126]. We collected research data mainly concentrating
on empirical evaluation of Agile GSD practices to select appropriate situational factors. We
adopted a case study as a research method for the empirical analysis of the 3C-SAME
Framework. In the case study, the real-lifc phenomenon can be investigated in the natural
settings and it may not be investigated properly in hypothetical situations. When any
phenomenon is investigated in a real environment, it is known as case study [122,128].

The case study is also ap'plicable in other disciplines as well, such as medicine,
sociology, education, psychology, business, and law. Kitchenham et al. [135] described the
key benefit of case study usage i.e. real time results achieved in real sitvations. In addition, he
presented the few disadvantages of case studies, such as there is no guarantee about the
consistency in results which may change as the situation changes [99].

6.5.1 Demographic Information

For the evaluation of our proposed 3C-SAME framework, we have generated a situation
specific agile methodology for a real-world software project. It is an exploratory case study
project. We have selected a software development organization working in healthcare domain
since the last 15 years. Due o an organizational privacy policy, we will not mention the name
of the organization. The site office is situated in Rawalpindi, Pakistan and Dublin, Ireland. Ali
the development related activitics are performed in the Pakistan office. lreland office is
responsible for marketing, managing business and fulfilling requirements of clients who
mostly belong to Ireland. The organization has more than 300 employees across the globe that

seck to employ new technologies to improve product performance.
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The nature of the project in this case is in order to achieve the optimal solution using
home care provider organizations. It was an ongoing project and the organization was working
on it since 2014, A semi agile methodology was already in place as a development
methodology of the project that included a software team having basic knowledge about agile
methodologies and the domain knowledge of home care providers. Product backlog was
managed in Team Foundation Server and new requirements were gathered through emails and
Skype meetings. The new release update was being pushed after 3 months at the end of
Iteration. So there were 4 iterations in a year to deliver new features to the clients. Deadlines
were not being met and clients were also unhappy. Developers worked extra hours to meet the
deadline. The development team comprised of eleven developers (including both application
and database developers) and two quality assurance engineers. The team has a mix of seniors
and juniors and team members have diverse skills of t.echnologies being used for the
development of applications. There was also a team of 5 analysts, composed of requirement
analysts, solution specialists and requirement engineers who were responsible for eliciting the
requirements from customers. There were six customer organizations which have diverse
requirements according to their organizational workflow and many requirements in common

because each organization was working in the same domain.
6.5.2 Case Study Execution Procedures

The case study is executed with a brief introduction of agile values and principles. In
addition, two well-known agile methodologies, Extreme Programming and Scrum were
parented. The Prototype was demonstrated by using the agile methodologies scenarios. Only
development teams attended the session as our objective is to explore the situation specific
activities. This session was conducted in a conference room in the Rawalpindi office. This

session started in the morning and finished in 3 hours.

Then we organized another session in the afternoon at the same location to analyze the
context of case study [141]. Firstly we gathered the system specification for execution and for
the evaluation of the proposed approach. In addition, these specifications were used as inputs

in order to evaluate the results of the proposed approach.
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6.5.3 Evaluation Results

We adopted Organization characteristics, as contextual factors, along with other
possible values. During the second session the team was able to extract methods for data
gathering of the results which are presented in Appendix C-F.

p jon of i Separate customer and de [ -
Sire Hedum
Business [anovation: Normal
Tachnology Lnacwation Hegh
Developer Colture: Earty adopter -
Management Culbhwre: Early adopter -

Figure 6.3: Organization Level Characteristics

The extracted situational characteristics were then given as an input to the Method
Composer of the Approach to generate the situation specific methodology for the next
iteration of the project under investigation. Figures 6.3, 6.4 and 6.5 show the method composer
screens with input to represent organization, project and application characteristics
respectively.
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Figure 6.5: Application Level Characteristics

6.6 Generated Agile Methodology

Based on situational characteristics, the Prototype has generated the agile methodology as
shown in Figure 6.6 and Figure 6.7. The generated methodology was a mix of extreme
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programming and scrum. For the technical aspects of the project, the Prototype mostly
suggested extreme programming fragments and for management it provided scrum fragments.
Due to similarity between Iteration and sprint fragments, we have not included Iteration
fragment in the final methodology. The methodology could be considered as a lightweight
methodoiogy. The development team followed that methodology over a full sprint to get the
insight on its suitability for the project. Sprint duration was a two month period to deliver the
key features requested by different clients.

‘ Selected Fragments
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+ Sprnd Reeveew Mesting  Task Knd Sorum &5
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Figure 6.6: Selected Fragments for Case Study in Action

The Prototype was installed on each team member computer and connected to a centralized
methodbase. The team used the Prototype whenever they needed an understanding of the
fragments and their relationship with other fragments to ensure its working. Then method
composer generates the situational method.
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Figure 6.7: Situational Agile Method as Outcome of Case Study in Action

6.7 Case Study Lesson Learned and Limitations

The feedback of case study has been mainly positive and after successful execution of

the case study we find some lessons learned which is presented below.

One of the features of the 3C-SAME approach that motivates the participant’s interest
is its compatibility to ISO/IEC 24744. It helps to enhance the applicability of creating existing
contextual factors, such as size etc so method engineers did not have to create a new method
again and again. This feature helps the method engineer and GSD managers to save time in
managing the situation specific method. Additionally, the feature for displaying different
project characteristics and presenting available fragments in collaborative sites also helps to
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enhance team coordination among team members. One of the participants who is a participant
of the 3C-SAME approach stated, “most of the developmental features of the 3C-SAME
approach are helpful”. However, since the 3C-SAME approach is at the initiation of the
development process, there are still many features that need to be incorporated in the approach
to make it more attractive to users for example one of the participants suggesied potential
features for the 3C-SAME approach: “.. Features like task sharing can be added to the Agile
software development™ and another participant also suggested that “... in the project details
page there must be a field where users can attach a text document”. In the near future, we are
going to analyze these requirements carefully to verify whether it is reasonable and feasible
to incorporate these features in the 3C-SAME approach. One of the issues of the 3C-SAME
approach was the navigation mechanism. At the current stage the 3C-SAME approach did not
implement a flow between phases of the 3C-SAME approach (e.g., fragment management,
method management, administration). Also, there was a lack of a mechanism for preventing

users navigating from one phase to another if the current phase was not completed.

This may cause the 3C-SAME approach to present an empty page when there is no data
available. For example, one participant complained: “.. nothing is displayed in the
communication tab... the visualization of connectivity map of some projects lead to server
error”. This mistake could be explained by that the participant was logged in to the 3C-SAME
approach as an administrative user. He/she created a new project but he/she did not assign any
team for the project yet. He/she then clicked on the role kind tab for viewing status of a
different role kind between team members. As a result, there were no available team members
to show their role kind status. A further improvement of this can be to incorporate a
mechanism for preventing users from using the functionalities that arc not available at a

certain phase.

The following limitations have been founded with the case study conducted.
The main limitation concerns the availability of Agile and GSD experts Participants. This
means that the design of the tasks and the questionnaire has been thought out according to the
number of available participants. Moreover, the 3C-SAME approach is not compatible with
the cloud infrastructure. The current study handled only three GSD situations such as

Application, Project and Organization.
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One limitation of the statistic analysis is sample size. Limited participants participated in

interview process and gave their responses as per rating scalc.

6.8 Summary of Chapter and Discussion over the evaluation of 3C-SAME

framework based Approach

The evaluation of the framework is presented in this chapter to evaluate the
effectiveness of the 3C-SAME approach. RQ 5: What evaluation methods have been used to
validate the proposed solution? We have applied three renowned research methods such as a
case study, experimentation and ISO based model. The detail specification along with
software architecture of 3C-SAME prototype is presented in the previous chapter. Empirical
analysis shows clear evidence for the notion that Agile GSD practices apply SME principles
to formulate situational methods. Practitioners/researchers report for these reasons that
organizations are moving from traditional development approaches to Agile based approach
as it has the ability to deliver products closer to customer’s expectations, It is vital to
recognize the overall integration of the two popular trends in order to benefit from combining

and formulating new Agile GSD according to the situation.

However, the Situationa! Method Engineering (SME) is a solution for the integration of
more than one method and formulation of situational method. 1t also arises as a solution when
we want to combine two approaches for the formulation of a new paradigm. Hence SME aims
at providing method construction techniques by reusing existing methods, practices,

techniques and approaches.

We have devised a meta model along with Agile GSD practices which is divided into
multiple phases including method composition and enactment. In proposing a solution
framework, roles, artifacts, and activities are clearly defined and elaborated further to explain

in order to formulate a situational development method.

For the evaluation process, we have generated success factors from Figure 6.2. On the
basis of these parameters we have evaluated 3C-SAME approach using cxisting three
evaluation methods as shown in Figure 6.8. The previous section shows the results of

experimental study for the effectiveness of Agile GSD practices to formulate a situational
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method. There were two treatments where a contro! group and an experimental group was
assigned to teams in a development context. It is evident from the analysis of the results that
the satisfaction level of the participants/subjects is positive towards 3C-SAME Approach.

Understandabilty

Time Behaviour

Resource Utilzation

Figure 6.8: Summary of Evaluation

In experiments, teams were evaluated and tested on the basis of two treatments
presented in Table 6.2 and 6.3. In the experimental group, the team applies the appropriate
Agile practices along with SME principles. Table 6.3 indicates the good amount of satisfaction
of participants with this treatment. Majority of participants’ results shows positive feedback
in terms of effectiveness of Agile practices to formulate situational method.

We performed evaluations of the 3C-SAME framework through case studies and we
generated a situation specific agile methodology for a real-world software project which is
exploratory in nature. We selected a software development organization working in Agile
GSD domain for 15 years. Their results clearly indicate that the team applied the appropriate
agile practices, but did not incorporate the strategies for SME principles with project
development. The disclosed result after analysis did not indicate a greater amount of
satisfaction of participants with this second approach in which they adopted the strategies to
overcome the SME rules as compared to traditional development approaches.
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Table 6.8: Summary of Evaluation Results with ISO/IEC 3126

Characterization Sub-Characterization Support in IC-SAME Semantics
Saitabitity v The agile fragments are suitable
. . up to some cxtent for the
Fuactionality formulation of new methods.
Accuracy P Their situational methods are
accurate with respect to agite
fragments.
UCaderstandability v The 3C-SAME approach is
provided the facility of sase of
Usability use.
Opevability v 3C-SAME supports method
devel opment notati ons.
i
Efficiency Time Behavior P The 3C-SAME approach
reduces the time of GSD
manager for method
customization
Resource Utilization P There is adequate support for
resource utilization.
¥ = "Exist” P ="Partidly Exist™

We apply our prototype to assess the effectiveness of the Approach for supporting
situational method. For the evaluation of the 3C-SAME Approach, it was made available to
the practitioners. We managed to seek case study results for this evaluation. Their feedback
was generally positive even though there were some issucs that needed to be addressed. It is
vital to mention that even a single participant did not disagree with the effectiveness of agile
practices. The second group did not apply the appropriate Agile practices but applied SME
principles. The outcome did not specify a considerable amount of satisfaction of participants
with this evaluation. The summary of the feedback from the project manager is presented in
Table 6.8.

1t is concluded that agile practices along with SME strategies can be effectively used in
distributed environments to formulate situational methods. Analysis of results after executing
evaluation methods shows that the 3C-SAME is an effective approach as compared to

traditional approaches.
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7.1 Chapter Overview

We have presented the evaluation methods in order to evaluate the effectiveness of the
framework in the previous chapter. We evaluated our proposed framewortk through the
ISO/EC-9126-1 quality model, case study and experimental study.

This chapter presents the implications of the proposed framework, research findings, and the
novelty of the research and future research directions of the current study. In addition, the
overriding objective of this chapter is to map the research objective with research outcomes.

The increasing and complex project situations need to employ resources on a global scale that
has resulted commonly known as Global Software Development (GSD). In addition, GSD
teams work round the clock to fulfill the complex and competitive market situation to optimize

and decrease costs by utilizing time zones effectively.

However, apart from the advantages in GSD, it also entails certain challenges due to
distance and time difference such as lack of control over the team coordination that leads to
project failure. With the passage of time, the complexity of sofiware has increased greatly. It
is for these reasons that organizations are moving from traditional development approaches to
Agile based approach as it has the ability to deliver products closer Lo customer expectations.
This research is to design the structure of the 3C-SAME Framework in order to formulate

situational methods to help Agile GSD practitioners to provide a productive solution.

7.2 Summary of Research Contributions

We have presented the key finding of the current study and also provide mapping with
the previously identified research objectives (See Chapter 1). Keeping in view the research

objective, numerous research contributions have been concisely given below:

Objective 1: The main objective is to critically analyze prevailing state of the art in Agile

GSD, including the existing taxonomies, approaches, models and frameworks.

Contributions: We reviewed the existing related available literature (See Chapter 2) about
global software engineering, Agile GSD software development, Agile GSD situational

method engineering, existing taxonomies, frameworks, approaches, and models. We
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presented the steps of mapping study, conducting mapping process and data extraction
strategy. We also described the global sofiware development challenges, existing
Methodologies to mitigate these challenges, outcome of literature review and broader

overvicw of the proposed solution.

Objective 2: Investigate the available challenges in GSI) as reported in the literature to
formulate an appropriate situational taxonomy to classify the possible GSD challenges in a

hierarchical order.

Contributions: We proposed a 3C taxonomy (See Chapter 3) for global software
development teams. We presented an overview of GSD challenges, analysis of existing
taxonomies, the process of creating a taxonomy, 3C Situational taxonomy creation, taxonomy

evaluation, 3C taxonomy value addition and discussion over practical implications.

Objective 3: Design a Situation Specific Framework based approach to support practitioners

to formulate situational methods for Agile GSD development.

Contributions: We have presented the proposed situation specific framework (See Chapter
4). In addition, this generic model is also designed in order to develop the Agile GSD projects.
Furthermore, the framework is mainly focused on situational method construction, method
enactment and Meta model adoption in order to formulate rules, activities and artifacts by
applying SME. The main purpose of this framework is to provide an innovative and enriched
approach for practitioners. Furthermore, we compared our proposed approach to existing

related work, role of Meta model and 3C-SAME framework components and its capabilities.

Objective 4: To evaluate the situational framework in terms of improvements to usability and

effectiveness.

Coutributions: We have characterized the specification of the 3C-SAME framework, as a
prototype application (See Chapter 5) for the validation of situational methods. The point is
to draw the fact that prototype support for framework is an important and effective way of

proving the framework theory into practice, which is more practical and casier to use for
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software industry practitioners. We evaluated the 3C-SAME framework to directly address
the effectiveness, in order to formulate situational methods according to situations and also to
evaluate the ISO 9126-1 parameters (Sce Chapter 6) such as time behavior about the
framework. In addition to case study, experimental study is also used for evaluating the

framework.
7.3 Novelty of the Research:

It is vital to recognize the overall integration of the two popular trends in order to benefit
from combining Agile methods with GSD. Despite their significance, representations are not
the only success factor in software development process. It is generally acknowledged that it
is not feasible to have a universal method without any modifications used in all situations. The
Situational Method Engineering (SME) matures as a solution in order to formulate a new
situational method. It also arises as a solution when we want to combine two approaches for
formulating a new paradigm. Hence SME aims at providing method construction techniques
by reusing existing methods, practices, techniques and approaches. The newly developed

methods are more flexible and better adapted according to the distributed situations.

The 3C-SAME framework based approach is effective to handle situations is an agile
methodology under distributed development to fulfill the gap between research and practice.
In addition, the uniqueness of the 3C-SAME framework is that it is based on situational

taxonomy and basic generic model while other similar approaches such Emam et al.

Framework [49] is only based on literature review.

Furthermore, we evaluate the 3C-SAME framework with three methods: [SO based model,
experimental study and case study, whereas Emam are all. [49] Evaluated by case study only

and did not even apply SME to formulate the framework.

7.4 Future Research Dimensions
The current research may be applied and further extended in different dimensions in the future,

as given below:
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1. Although current research has presented a vital contribution such as proving conceptual
work framework into practice, in future the 3C-SAME framework can be extended and further

refined to include cloud computing [57, 58] as a service to support knowledge repository.

2. We have adopted the term Fragment for our proposed framework in accordance with
SEMDM and more specifically Agile Fragment. The main sources of agile fragments are
existing agile methodologies like Scrum and XP. These fragments are extracted from their
primary sources as per standard format. In the future, current research can add Lean fragment

as well, which is another popular agile methodology.

3. The current research can strengthen to support artificial intelligence techniques such as Case
Based Reasoning (CBR) [70], which is applied to reuse the existing knowledge repository and

also enhance the role experience factory.

4. The application of the framework is based on concepts and their associations. In our context,
we have preferred 1ISO/IEC-24744-SEMDM Meta model, in order to formulate a framework
for the tailoring and customization of Agile GSD methodologies. In future Meta model can

be designed to formulate new approaches.
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Appendix A

Situational Agile Framework Evaluation (Participants Feedback)

DISCLAMIMER: Information gathered from this questionnaire will strictly be confidential. Entire
information will be used for research purpose only and will not be shared with third party under any
circumstances. Responses shall not be disclosed in any output form from this research.

Objective of the Experimental Study: The purpose of the current study is to investigate Agile
situational framework, the knowledge level and understanding of the participants about the

situations handling during Agile GSD development.
Form#

DEMOGRAPHIC INFORMATION

‘This information is confidential and will be used for interpreting results.

1. Please provide approximate answers to the following questions.

a). Your present position - Title: b) Number of years in the company:

¢). Your experience in Agile software development related jobs Years

d). Highest level of education completed:

2. Is your company involved in developing Agile software development in GSD environment?

D Yes D No

3. Has your organization been adopted for pre development, development and post development Activities for

Agile GSD development?
E] Yes D No

4. How many (approximately) staff are employed by your organization?

[J<=10 [J11-s0 [Jsi1-100 [} 101-200 [ 200-500 [J »so00
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Terms (Glossary):

SME: Situational Method Engineering, GSD: Global Software Development.

Context: Agile Software Development Process Improvement in GSD.

Q1. Why did your company embark on Agile GSD process improvement programme? You may tick only one

option and rate the reasons on scale from 5-1 where 5 is the most important and 1 is the least important reason
for starting from Agile GSD developmen.

What are the main reason for starting Situational Agile 1 ) 3 4 5

GSD development in your organization?

To Reduce the cost in software development

Improvement of cycle times for software development

To shorten the time-te-market in GSD Environment

To cnhance productivity in Agile GSD software

development

To improve quality of the softwarc developed

To fullill customers’ needs as per specificalion

OO O0Ogao
oo Ccgod
ood god o
OOoOd 4goag d
OonOo OoOoOo o

To avoid the rework time and to make forecasting better

for schedule

Q2. OVERALL, HOW WOULD YOU ELABORATE SITUATIONAL AGILE METHOD PLAY
VITAL ROLE IN SOFTWARE PROCESS IMPROVEMENT AT YOUR COMPANY?

Issue 1 3 4 5
Selection of appropriate fragment is a lengthy process than ! ] L] ] ]
we expeeted
Designing of a ncw Agile framework in GSD is more costly | [] ! ] U ]
and training of manpower is required
Technical support and skill is required to assemble method ] ] ] ! [
frapments
Deploying a new framework is a difficult due to time and | [ ] ] 1 O U]
resources restrictions
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Q3. WILICII OF THE FOLLOWING SUCCESS FACTORS HAVE CONTRIBUTED TO THE
SUCCESS OF 3C-SAME FRAMEWORK?

Success Factor Level of contribution

1 2 3 4 5

Assignment of responsibility of Method Engineers and [ U] ] I:] UJ

GSD Managers

L3
O
O
O
[

Clear and relevant SME principles

O
O
O
D
[

Customer satisfaction is directly associated with

experienced staff

Defined Agile in GSD implementation methodology Ll ] L] ] L]
Encouraging communication and coordination among L] U] J U W]
GSD Teams

U
O
L
O
O

Light weight documentation

Highgr staff moral with encouragement and internal L] 'l U ] ]
leadership
Providing enhanced understanding between G5D Teams D |:] D D D
in order to provide logical order or theoretical steps

into practices
Standards and procedures for the construction of IR L] | U ]
situational methodology I
Tailoring improvement initiatives to customize the D D [] E] [:]

Agile GSD
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Q4. WHICH OF THE FOLLOWING CHALLENGES MAY HAVYE NEGATIVE EFFECT ON THE

SUCCESS OF 3C-SAME FRAMEWORK?

Barrier Level of effect

1 3 5
inexperienced staff/lack of domain knowledge D D L] D [:]
Lack of Agile awareness D U D I:I U
Lack of communication coordination and control ] L] J D D
Lack of defined SME implementation methodology ] L] O] U] L]
Lack of tools and training [j {:' D l:] D
Negative/Bad experience D U ] ] OJ
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Appendix B

Situational Agile Framework Evaluation {Interview Questions)

DISCLAMIMER: Information gathered from this questionnaire will strictly be confidential. Entire
information will be used for research purpose only and will not be shared with third party under any
circumstances. Responses shall not be disclosed in any output form from this research.

Objective of the Experimental Study: The purpose of the current study is to conduct interview from
the focused group to investigate Agile situational framework. Furthermore, we evaluate the
framework using 1SO 9126-7 quality model.

Q1. Do you consider 3C-SAME Framework a suitable approach to improving the quality of the sofiware
product?

[ Exist (] Partially Exist [ Does not Exist

Q2. Has the 3C-SAME Framework provided constructed situational methodology expected and clear benefits
to management?

(] Exist ] partially Exist ] Does not Exist

Q3. Does the 3C-SAME Framework is suitable in order to formulate the situational method to improve the
productivity?

{J Exist [ Partially Exist [ Does not Exist

Q4. How this 3C-SAME framework be applied in method construction to reduce work dependencies and
improve the accuracy?

[ Exist [ Partially Exist ] Does not Exist

05. Would the 3C-SAME framework provide mechanism for usability to the GSD managers in order to provide
the ease of use?

[ Exist {1 Partially Exist [] Does not Exist
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Q6. What kind of projects are more appropriate for customization which ultimately enhance overall quality in

terms of time behavior?

[] Exist ] Partially Exist [] Does not Exist

Q7. Does the 3C-SAME framework have the capability to method enactment for Agile GSD teams?

[ i:xist ] Partially Exist L1 Does not Exist

Q8. Does the meta model compatible for 3C-SAME framework in order to formulate new method?

[ Exist ] partially Exist ] Does not Cxist

Q8. Does tool provide a mechanism to support method engineer and GSD managers in order to facilitate
interactive communication within GSD teams?

7] Exist ] Partially Exist [ Does not Exist

Q10. Does joint retrospective facilitate the experience factory to reuse the existing fragment?

] Exist [ Partially Exist [C] Does not Exist
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Appendix G

Aappendix G

Protocol of the Systematic

T LA T 1 7 i £ R e

P N3

Plan e o
i - i o T R R R . a1 O E

Development of Research Questions

: aninilial search string _

EY Refine Search String

1 Test Search String

Identification of Search databases

Execution of Search String

Mapping Study Process:
Conduct Kovie e
Specify Inchision/exclusion criteria

Refine InchasionExclusion criteria

Select Papers on the basis of Title

Select Papers on the basis of Abstract

Select Papers on the basis of Complete Paper

Process of Finalizing the Search String

Srmnger Link Google Scholar

Search Sting Execution

Refine By

Retine By

lor RQIL. RQ2Z and RQ3

Abstract

Full Text
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