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ABSTRACT 
 

A Framework for Requirements Change Management in Distributed Agile Development 

Requirements engineering (RE) is a salient phase in any software development project. 

Requirements keep changing in today’s software industry due to increased size and 

complexities. Therefore, an efficient requirements change management (RCM) process is vital 

for the success of any project. Distributed software development (DSD) has become a norm 

now and agile methods are being widely used in DSD to counter changing requirements. Agile 

methods and DSD, being opposite in nature to each other, present new challenges when they 

are incorporated together in distributed agile development (DAD).  Therefore, an efficient RCM 

process is the need to today’s software industry. This research study has been conducted to fill 

this gap by presenting a framework for RCM in DAD. 

Systematic Literature Review (SLR) has been conducted to identify influencing factors that 

affect RCM process. Grounded theory is then applied for the analysis to categorize the resultant 

influencing factors. The resulting categories and the influencing factors for each category have 

been validated through expert review. After the expert review, a survey is conducted to 

prioritize the results according to their significance during the RCM process. Finally, a 

framework has been proposed to conduct the RCM process in DAD based on the prioritized 

categories and their prioritized influencing factors.  

The study concludes that RCM is vital for successful DAD projects and the proposed 

framework provides a systematic and scaled solution to conduct the RCM process in an 

effective manner. The application of proposed framework at a wider scale in the industry is a 

potential future work of this research study. Automating the framework is another interesting 

dimension for the future. 
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CHAPTER 1 

 

 

INTRODUCTION 

1.1  Overview 

Software development has been shifted from traditional in-house development to 

geographically distributed environment over the past couple of decades [1-4]. The reason of 

this transition is the bundle of benefits offered by global software development (GSD) including 

access to larger pool of highly skilled developers, increased working hours, cost savings, and 

reduced time to market [2-4]. However, along with these benefits, the software industry has 

faced new challenges which did not exist in traditional development; lack of communication, 

coordination and control being the fundamental reasons for those challenges [5-7]. Though the 

challenges faced by distributed development are huge, yet GSD is continuously gaining 

popularity [3,4,8]. According to statistics, investment on distributed development has increased 

from 100 billion US$ in 2010 [1] to 442 billion US$ in 2014 [9]. 

Requirement’s engineering is a fundamental phase of any software project and 

requirements keep changing throughout the development [10-11]. According to research, 20% 

to 50% requirements change till the software is ready for delivery [12]. In some cases, the 

percentage is alarmingly high to 90% if requirements engineering phase is not conducted 

properly [13-14]. 

Software size is getting huge in today’s products and with the increase in size, the 

complications have also increased [15]. This has added to the problem of managing 

requirements and the subsequent changes [15]. Thus, managing the changes in the requirements 

is a difficult task for collocated software development [8]. The difficulty level increases 

exponentially when the development teams are geographically dispersed in globally distributed 

software development environment [8]. According to the research, approximately 20% of the 
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distributed software projects get cancelled and 50% fail in the first year of their development 

[1]. Furthermore, 50% to 80% such projects fail to achieve the targeted objectives [16]. Such 

failures result in delayed delivery and loss of billions of dollars every year [17-18]. Literature 

states that inefficient management of changes in requirements is a significant reason of such 

failures [19-21].  

Agile methods are specifically designed to cope up with changes rapidly [22]. They 

have been developed for use in changing conditions [22]. Use of agile methods in global 

software development projects is increasing to deal with the rapid changes faced in GSD 

projects [23]. Software distribution to the global sites has become a norm to lessen the 

development costs and to choose the required remote teams in less budget from the developing 

countries [3,4]. In order to manage requirements change process in a better way, the software 

firms have started using agile methods [23]. Agile methods develop the product in parts with a 

continuous interaction among stakeholders that helps to make the changes in time [22].  This 

also helps to meet the continuously changing user and market demands [24]. However, when 

agile methods are used in GSD projects, the complexities of software distribution increase even 

further due to the contradicting nature of agile and GSD [25]. While GSD is mainly focused on 

explicit knowledge and more documentation, agile methods make use of tacit knowledge and 

less documentation [25]. There are certain factors which affect the software development in 

distributed agile development (DAD) thus hampering the efficient Requirements Change 

Management (RCM) in DAD projects [26]. It is important to find out a suitable way to mitigate 

those influencing factors which affect the software development in DAD [27]. Therefore, there 

is need of more research to efficiently manage requirements change in DAD setup [27-28]. 

1.2  Problem Statement 

Requirements Engineering is a critical and central part in any software project [16]. A 

software project’s realization is directly dependent on eliciting and implementing all the all the 

right requirements [16]. Software requirements keep changing throughout the software 

development process and therefore, an efficient and effective requirement change management 

process is required to guarantee the effective development of the software product [14]. This is 

a challenging task in traditional software development and the complexity increases even 
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further in GSD context [9]. GSD is a widely accepted trend for software industry with its 

underlying advantages but along with the benefits, it puts forth certain new challenges and 

increased complexities in completing different software development activities [8]. Many 

traditional methods and practices have proven inefficient in GSD because the GSD teams are 

dispersed at different locations with different time zones, language differences and cultural 

differences [8]. The complexities increase even further when agile methods are incorporated in 

GSD [11]. These issues directly affect the requirements change management process and there 

is a need of identifying suitable method for the process of RCM in DAD environment [23]. 

Therefore, this research study aims at investigating the influencing factors (IFs) that affect 

efficient RCM in DAD context to provide a framework for effective RCM in DAD. 

1.3  Aims and Objectives  

This research is aimed to scrutinize the influencing factors for requirements change 

management process in DAD to provide a suitable way of managing requirements change in 

DAD. Hence, the objectives of this research are, 

• To identify influencing factors from the literature which affect RCM in DAD 

• To categorize and prioritize the identified influencing factors for RCM in DAD 

• To present a framework for systematic and smooth RCM process in DAD by focusing 

on the most significant aspects based on the priority level of identified categories and their 

respective influencing factors. 

1.4  Research Questions 

Three research questions for the Requirement change management in distributed agile 

development are RQ1: What are the influencing factors which affect Requirements Change 

Management process in Distributed Agile Development? RQ2: How to categorize and prioritize 

the identified influencing factors for Requirements Change Management in Distributed Agile 

Development? RQ3: What is the suitable way to deal with the influencing factors to manage 

requirements change in Distributed Agile Development? presented with respective 

instrumentation and analysis in Table 1.1. 
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Table 1.1: Research Questions 

Research Questions Instrumentation Analysis 
RQ1: What are the influencing factors which affect 
Requirements Change Management process in 
Distributed Agile Development? 

SLR Grounded 
Theory 

RQ2: How to categorize and prioritize the identified 
influencing factors for Requirements Change 
Management in Distributed Agile Development? 

SLR, Survey Grounded 
Theory 

RQ3: What is the suitable way to deal with the 
influencing factors to manage requirements change in 
Distributed Agile Development? 

Derived Brainstorming 

	

 The table 1.1 lists down the three research questions devised for this study. Along with 

the research questions, the instruments which are used to answer each question as well as the 

analysis method incorporated for each question has also been shown in the Table 1.1. 

1.5  Scope of the research 

The identification of influencing factors during the process of Requirements Change 

Management in the context of Distributed Agile Development is the scope of this study.  

1.6  Contributions of the research 

Contributions of this research are as follows: 

• A categorized and prioritized list of influencing factors for RCM process in DAD. 

• A framework for Requirement Change Management process in Distributed Agile 

Development. 
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1.7  Significance of research  

This study is significant to the body of knowledge and software engineering practitioners as it 

provides. 

• A prioritized list of categories and their subsequent influencing factors to help 
practitioners manage the requirements changes in a better way. 

• The proposed framework to scale and systemize the RCM process in DAD projects. 

1.8  Layout of Thesis 

Outline of thesis is shown in Figure 1.1. 

Figure 1.1: Thesis Outline 

The thesis structure is divided into three main steps as shown in the Figure 1.1. In the 

first step Backgrounds and Discussions are presented, whereI ntroduction is explained in 

chapter 1 and chapter 2 Literature Review is explained. In the next section named as Research 

Design section, Chapter 3 Research methodology has been presented. In the Final section of 

Results, Chapter 4 SLR Results, Chapter 5 Survey Results and Chapter 6 Conclusion have been 

included. 

Background	
Discussions

Introduction

Literature	Review

Research	Design

Methodology

Results

SLR	Results

Survey	Results

Conclusion
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1.9  Summary 

 The thesis structure is divided into three main steps as shown in the Figure 1.1. In the 

first step Backgrounds and Discussions, chapter 1 Introduction and chapter 2 Literature Review 

is explained. In the next section named as Research Design section, Chapter 3 Research 

methodology has been presented. In the Final section of Results, Chapter 4 SLR Results, 

Chapter 5 Survey Results and Chapter 6 Conclusion have been included.



	

 

CHAPTER 2 

LITERATURE REVIEW 

2.1 Overview 

This chapter discusses the background study and literature review of the research areas 

of this thesis which are global software development, agile methods, requirements change 

management and distributed agile development.  

2.2 Distributed Software Development (DSD) 

The term distributed software development (DSD) also referred as distributed software 

engineering (DSE), globally distributed software development (GDSD), geographically 

dispersed software development (GDSD) or simply global software development (GSD) is 

based on team members geographically distributed at different locations working on the same 

project. The following subsections describe the domain of distributed software development in 

detail. 

2.2.1 History  

The term DSD has been devised later but IBM and other big giants of industry are 

distributing their software since 1960s [29]. Contract programming has been in existence since 

1970’s [30]. Evolution of personal computers has increased the distribution of software since 

1990s [31]. This transformation in the software industry has caused the distribution of software 

globally [32].  
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Crowdsourcing approach has been successfully applied to a wide range of applications 

such as Stack Overflow, Linux, YouTube, Wikipedia, Recaptcha, GoogleEarth and Yahoo 

Answers! [25], [31]. Another example is the creation of encyclopedia, which was developed by 

a pool of 70,000 participants which supports 290 languages with appropriately 35 million 

articles [5]. Moreover, famous software companies Facebook, Google, Microsoft, Apple and 

Netflix provides streamlined bug bounties regarding suspicious activities [32].  

2.2.2 What is DSD  

The concept of DSD is evolved from contract programming and outsourcing in the 

1970’s [30]. As defined by Sangwan et al [33], DSD is “software development that uses teams 

from multiple geographic locations” [33]. Outsourcing or offshore are two ways for 

collaboration between these development teams. Outsourcing or inter-organizations is the 

practise of contracting a process such as product development to a third-party or an external 

organisation while offshoring is moving the development processes by a corporation to another 

one [33].  

DSD is not the same as "normal" or "collocated" development [29]. DSD features 

qualities that are distinct from collocated development, aside from the many collaboration 

mechanisms. DSD has a set of characteristics known as distribution factors, which are the 

environmental aspects, exclusive to DSD. These include [34-35]: 

i. Multisource — participation in a collaborative project by several collaborative members 

involved in a joint project characterised by many collaboration partners. 

ii. Location Differences — partners are spread out at different locations. 

iii. Time differences - defined by the degree of overlap in working hours. 

iv. Cultural differences — the degree to which people are socially, ethnically, and culturally 

compatible. 
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v. Language differences is defined by the level of language proficiency. 

vi. Contextual differences – organisational fit level (diverse work practices and maturity in 

the process). 

vii. Legal and Political barriers – Laws and political situations of different countries. 

Fundamentally, DSD attributes the ecological distribution of people working on a 

production of a product involving lots of software [35]. That is why DSD is also referred as 

Global software development (GSD) or Globally distributed software development (GDSD) or 

Geographically dispersed software development (GDSD) or Global software engineering 

(GSE) which are all the alternate names of GSD.  

Furthermore, as the topographical distance surges, the possibility of temporal distance 

rises, ultimately resulting into more noticeable and evident cultural differences [35].  

2.2.3 GDSD Trends  

Offshoring has gained popularity in the late 1990s because of a shortage in labour in the 

United States with more than 30% companies developing their software in distribution [36]. 

The source of offshored work is still dominated by Europe and the United States. Offshoring in 

Europe, on the other hand, is lower than in the US. Only 5% of European enterprises are 

expected to be offshoring and seems like this pattern is not likely to alter over the next few 

years [36]. 

India is regarded as a big contributor with regards to providing personnel for 

development due to its huge pool of skilled workforce [37]. There are much lower wage 

expenses than in first-world countries such as the US [37]. Ma J. et al [38] found that software 

exports in India were higher than China. Russia, Ireland, Brazil, and Singapore have been stated 

to be the major players in exporting software as a part of GDSD [37-39]. Those in Eastern 

Europe, such as Estonia, Latvia, and Poland, as well as countries in South America, such as 
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Brazil, are increasingly participating as global suppliers of software development jobs [39]. 

However, compared to India or China [39], their skilful labour pool is not as big and low-priced.  

2.2.4 DSD Benefits  

The prospective benefits of DSD endeavours are highly enticing, which explains the 

massive increase of such projects throughout the twentieth century [40]. Literature has covered 

a wide range of reported benefits, from the most insignificant to the most major [37-40]. Lesser 

costs, timely deliveries and access to bigger pool of skilled workers as well as increased 

development hours are some major benefits of DSD [40].  

2.2.5 DSD Complexities  

Aside from the advantages, there are some disadvantages of using DSD. When 

compared to traditional development, issues in DSD are heightened to a bigger and broader 

scale [34-35]. These are mostly initiated by the difficulties faced by DSD setup. The global 

factors addressed in Section 2.1.2 are related to these complexities.  As noted in [41], these 

factors present problems to GDSD, particularly in communication, coordination, and control 

methods.  

Communication is an important part of any SDLC, but it is more significant in DSD 

because of the teams located at different locations [41-44]. It's the glue that holds “coordination” 

and “control” together [43]. 

Coordination is a process of incorporating charge with each structural division such that 

each division adds to the whole goal [43]. This process unites the entire organisation [45]. DSD, 

like any software development, needs coordination, but it necessitates it much more because 

activities are spread across time, geography, and cultural boundaries. 
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Mintzberg [46] debates three chief mechanisms of coordination: (1) mutual adjustment 

i.e., regular information exchange amongst members of a team (2) direct supervision, which is 

based on instructing and observing project activity by one person and (3) standardisation i.e., 

the implementation of certain protocols. It's challenging to select the right coordinating 

mechanisms in DSD. Carmel claims that standardization is the best strategy for DSD 

coordination [29]. 

The practice of conforming to methods, rules, regulations, and standards is referred to 

as control. [43]. The control process refers to the organization and presenting processes ready 

to ensure that a development project is on track to meet its objectives [43]. Control techniques 

might take formal (overt policies and application of standards) or informal (co-worker 

agreements) methods [41]. 

Keeping project control in DSD is complex [41]. When some portions of a software 

company's work are given to external bodies as a part of outsourcing, the company can face 

difficulties in regulating lose control of its corporate procedures [43]. Cultural differences can 

aggravate this problem [36]. Moreover, cultural distance might lead to differing perceptions, 

affecting control procedures [41]. 

2.3 Agile Methods 

Agile is a set of development practises aimed at increasing the efficacy of organizations 

[47]. It entails self-organizing and cross-functional teams working together with their clients to 

uncover necessities and build solutions [48-54]. It promotes flexible preparation, incremental 

growth, initial supply, and consistent enhancement, as well as it inspires flexible arrangements 

to alterations in needs, resource accessibility, and understanding of the difficulties to be 

resolved [50-55].  

The 2001 Manifesto for Agile Software Development proved vital in the popularity of 

agile. [51] The manifesto's ideas and concepts were originated from wide different development 

paradigms, including Scrum and Kanban. [52-53]. 
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2.3.1 History 

Iterative and Incremental Development Methodologies have started in 1957 [56]. 

Evolutionary Project Management [57-58] and Adaptive Development [59] have gained 

popularity in 1970s [60]. In 2005, the PM Declaration of Interdependence has been written as 

an update to PM principles to guide SPM using agile approaches [61]. The Agile movement 

has published the Guide to Agile Practices, calling it “the Agile Glossary” in 2016 [62]. 

Scott Ambler has summed up the guide as [63]: 

• Tools and procedures are necessary but having experienced individuals working 

together proficiently is more imperative.  

• Effective documentation is valuable, but it is secondary to the actual objective which is 

development.  

• A contract is necessary, but it is no alternative for working directly with clients to 

understand their requirements. 

• A project strategy is necessary, but it should be flexible enough to welcome changes at 

any stage of SDLC. 

The Agile movement, founded by some of the manifesto's writers, is an organisation 

that encourages development based on the manifesto's objectives [64].  

2.3.2 Agile software development principles 

“The Manifesto for Agile Software Development is based on twelve principles [65] 

• Customer satisfaction by early and continuous delivery of valuable software. 

• Welcome changing requirements, even in late development. 

• Deliver working software frequently (weeks rather than months) 

• Close, daily cooperation between businesspeople and developers 

• Projects are built around motivated individuals, who should be trusted 
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• Face-to-face conversation is the best form of communication (co-location) 

• Working software is the primary measure of progress 

• Sustainable development, able to maintain a constant pace 

• Continuous attention to technical excellence and good design 

• Simplicity—the art of maximizing the amount of work not done—is essential 

• Best architectures, requirements, and designs emerge from self-organizing teams 

• Regularly, the team reflects on how to become more effective, and adjusts accordingly” 

2.3.3 Iterative, incremental, and evolutionary 

All SDLC phases are performed by a cross-functional team during each iteration and 

results are shared with relevant stakeholders upon completing each iteration [66]. This reduces 

total risk and permits the product to respond swiftly to alterations [66]. The aim is to produce a 

ready-to-use release with few issues at the end of each one [67]. It is possible that releasing a 

product or adding new features will necessitate multiple revisions [68]. 

2.3.4 Face-to-face communication 

Co-location is a concept that states that colleagues in the same group should be located 

together to strengthen the team's identity and enhance communication. [70] This permits for in-

person engagement, ideally utilising a whiteboard, which reduces time consumption while 

responding to queries through other mediums such as phone, email, online chatting etc. [71].  

All groups ought to incorporate a client agent, regardless of whatever development technique 

is used. Stakeholders approve on this individual to perform on their behalf, and he or she makes 

a pledge to be accessible to developers for queries during the iteration [72]. Stakeholders and 

the clients’ agent analyse progress and re-examine objectives after each iteration to maximise 

return on investment (ROI) [73]. The technique is commonly referred to as a "Customer Centred 

Methodology" because of the significance of stakeholder satisfaction, as seen by recurrent 

engagement and review at each phase’s conclusion. [74]. 
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2.3.5 Very short feedback loop and adaptation cycle 

In a quick meeting, members of a team tell each other the activities of the preceding day 

to share their iteration objective, their intention and planning to today’s purposes and any 

obstructions they perceive in the way of the objective [75].  

2.3.6 Quality focus 

To enhance quality and accelerate product development, certain tools and techniques 

are frequently employed [76]. This is premised on including quality from the start and the ability 

to develop and establish software to clients at any time, or at each iteration’s conclusion [77].  

2.3.7 Philosophy 

Agile software development, in contrast to traditional software engineering, focuses on 

complicated systems and development with versatile and dynamic features. Early on, precise 

approximations, firm strategies, and projections can be difficult [78]. These fundamental ideas, 

as well as past manufacturing experiences gained through years of triumphs and malfunctions, 

have influenced agile development's preference [79].  

2.3.8 Adaptive vs. predictive 

Adaptive approaches concentrate on rapidly adapting to varying circumstances [80]. 

When a project's requirements alter, an adaptive team must adjust as well. It's tough for an 

adaptable team to predict the precise future events [80]. The more its far away, the more 

ambiguous an adaptive method's prediction is [80]. It is difficult for an adaptable team to predict 

their upcoming activities; they can only say what features they're planning in the next month 
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[81]. Predictive approaches, on the other hand, concentrate on thoroughly analyzing and 

planning the future while considering the known dangers [81]. 

2.3.9 Method tailoring 

'Method tailoring describes the concept of method adaptation. Methods can be adjusted 

utilising a variety of instruments in practise. To modify software development approaches, 

generic process modelling languages like Unified Modelling Language can be utilised [82]. 

2.4 Distributed Agile Development 

Distributed agile development (DAD) refers to the application of agile methods in a 

dispersed environment [83-84]. The idea is to take use of each methodology's distinct 

advantages [85-86]. Dispersed development permits companies to generate software by 

deliberately establishing groups in several locations throughout the world, effectively 

producing software around the clock [87-88]. Agile development instead provides more 

transparency, ongoing input, and tractability [89]. Agile software development principles give 

structures for improved communication, which is a critical component of working in a dispersed 

environment [89]. 

2.4.1 History 

Many organizations have begun to distribute software operations to more economically 

appealing places [90]. This process has commenced in the 1990s, but its strategic significance 

has been grasped in the 2000s [90].  Many early relevant investigations have also been 

conducted in this period [91]. 

The Agile Manifesto marks a shift away because of which, the question "Can remote 

software development be agile?" inevitably arises [92]. In 2006, one of the first inclusive 

reviews aiming at answering this question has been published. [93] They have discovered that 
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“Agile helps in addressing three C challenges of GSD as well as to build trust among GSD 

teams if applied correctly” after researching three firms. In 2014, a Systematic Literature 

Review has been conducted to recognize the major challenges in adapting agile to operate in a 

remote environment. [94] A similar SLR has been conducted in 2019 [95]. In addition, an 

overall review of the subject has been completed [96]. 

Overall, DAD is a fast-paced industry. Research on all aspects continues, revealing that 

it provides exclusive chances and benefits over more conventional ways, but not without its 

own set of obstacles and hazards. 

2.4.2 Opportunities 

Implementing agile principles tends to have a good impact on group communication 

[97]. Sprint reviews are considered as a great way to strengthen external correspondence while 

also allowing colleagues or stakeholders to divide data concerning structures and precursor 

requirements [97]. Agile approaches also promote constant communication and delivery of 

programming deliverables, which helps to develop trust between the many teams involved in 

the process [98]. In this vein, embracing agile methods in a dispersed setting has proven to be 

beneficial to the project's value and implementation [99]. 

2.4.3 Individuals with incapacities and mobility limitations 

As previously said, Distributed Agile Development environment places a higher value 

on efficiency than on physical attendance [99]. People with disabilities gain from this because 

they have the liberty to work in a setting that is relaxing for them while still contributing to the 

deliverable [99]. This situation also applies when a worker is unable to commit to the office 

hours; this way, they can accomplish duties from home without having a negative impact on 

the delivery [99]. 
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2.4.4 Increased levels of prosperity 

Operating in a dispersed agile environment warrants more profitability and welfare for 

both employees and organizations [99]. This is because the task is divided among several 

individuals throughout the world, so there is not much pressure on a single person to do it [99]. 

As a result, physical as well as mental health are ensured [99]. Furthermore, because several 

people do their share and the project goes through several revisions, the final work quality is 

improved, which is helpful to the organization [99]. Consequently, the scenario benefits both 

the corporation and its staff [99]. 

2.4.5 Extensive pool of HR 

Availability of choosing the team from larger pool of developers across the globe is a 

great benefit for organizations [99]. This highlights the importance of all HRs working together 

as a team to urge collaborations throughout the organizations, as well as communicating with 

stakeholders to prioritize deliverables [99]. 

2.4.6 Reduced office space 

Because the Distributed Agile Development encourages remote working, there is no 

longer a demand to enlarge office space to accommodate more personnel [99]. Time and 

geographic limits are no longer barriers. "For certain organisations, particularly service 

businesses, such constraints are no longer important, and in fact, they've been turned to their 

advantage." Having a worldwide 'distributed' workforce, for example, naturally permits 24-hour 

service and operation. Furthermore, other job-related issues are not a huge problem because 

employees have the freedom to work from wherever they like [99]. In some ways, this is 

advantageous because it saves a significant amount that would otherwise be spent on extra 

expenditures and Employees in Distributed workplaces spend less time and energy on mundane 

office tasks and more time with clients. [99]. 
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2.4.7 Challenges 

Because of the compatibility difficulties [100], DAD faces some significant challenges 

some of which are documentation, different time zones, pair programming, distribution of work 

and training [101]. 

2.5 Requirements Management Process 

Requirements management begins with preparation, which determines the level of 

management that is required [102]. Each need is given an exclusive ‘identifier' after 

development so that it can be matched with the requirements [102]. Following the identification 

of requests, requirements are traced [103]. Its goal is to guarantee that all needs are thoroughly 

understood and accounted for in test plans and test cases [104]. The following are some of the 

benefits of requirements tracing [105-106]. 

• It checks to see if user necessities have been applied and thoroughly tested. 

• It allows users to comprehend the implications of varying necessities. 

Traceability matrix is usually used for this purpose. It's worth noting that a traceability 

matrix is more useful when there are fewer requirements to manage. Traceability matrices, on 

the other hand, are costly to maintain when an enormous system with many needs is being 

constructed. This is because huge requirements are difficult to manage [105]. As a result, large 

systems tracked data is recorded in a "requirements database," where each prerequisite is 

overtly related to adjacent requirements. This allows you to see how a variation in one criterion 

impacts the various components of the system you're building [106]. 

2.5.1 Requirements Change Management 

When requirements change request is received, the process of requirements change 

management starts. This method has the benefit of ensuring that revisions to proposals are 
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handled uniformly and in an organized way. Many requirements management operations are 

related to software configuration management activities. 

For modifications to requirements, efficient requirements change management process 

goes through several stages. Below is a list of these stages [107]. 

• Problem analysis and change specification:  The whole procedure starts with the 

recognition of issues in relation to the needs. To determine whether the amendment is 

justified, the issue is examined. The results of the investigation are sent to the 'change 

requester,' who is then given a more detailed requirement change suggestion.  

• Change analysis and costing:  The impact of a requested alteration on the prerequisite 

is evaluated using traceable data. Following the analysis, a judgement is taken about 

whether variations should be implemented or not. 

• Change implementation:  Finally, the requirements document, system design, and 

implementation are updated. Changes to the requirements document can be made 

without considerable rewriting because it is organised in this way. Changeability in the 

document is achieved by reducing external references and making document portions 

modular. Separable portions of the document can be altered and replaced without 

affecting the rest of the content. 

2.6 RCM in DAD 

As eminent from the above discussion, DAD is exponentially increasing in today’s 

software industry and RCM is one of the most significant parts of any software project. Being 

much more challenging than traditional or collocated agile software development, RCM in 

DAD becomes even more challenging and that’s why this research studies focuses on the ways 

to efficiently conduct RCM in DAD [100-107]. 

2.7 Related Work 

There have been several systematic literature reviews presented in the literature 

targeting challenges or practices for Requirements Change Management or on Global Software 
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Development, but no single review exists in the domain of Requirement Change Management 

in DAD which was the focus of this research study. A summary of related work studies has 

been presented in Table 2.1. 

Table 2.1: Related Work Studies 

Year & 
Ref # 

Author Paper RCM Agile DAD 

2018 
[108] 

Jayatilleke et 
al. 

A systematic Review of 
Requirement Change 
Management 

No No Yes 

2016 
[109] 

Hussain et al. Current Challenges of 
Requirement Change 
Management 

No No Yes 

2015 
[110] 

Yaseen et al. Critical challenges for 
requirement 
implementation in 
context of global 
software development: A 
systematic literature 
review 

Yes No No 

2019 
[111] 

Jain et al. A systematic literature 
review on global 
software development 
life cycle 

Yes No No 

2019 
[112] 

Schon et al. Agile Requirements 
Engineering: A 
systematic literature 
review 

No Yes No 

2017 
[113] 

Inayat et al. A systematic literature 
review on Agile 
requirements engineering 
practices and challenges 

No Yes No 

2012 
[114] 

Bano et al. Causes of requirement 
change - A systematic 
literature review 

No No Yes 

2012 
[115] 

Juan et al. Preliminary Results of a 
systematic review on 
requirements evolution 

No No Yes 
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2010 
[116] 

Alves et al. Requirements 
engineering for software 
product lines: A 
systematic literature 
review 

No No Yes 

2009 
[117] 

Walia et al. A systematic literature 
review to identify and 
classify software 
requirement errors 

No No Yes 

2019 
[118] 

Akbar et al. Success factors 
influencing requirements 
change management 
process in global 
software development 

Yes No Yes 

2019 
[119] 

Akbar et al. Towards the Guidelines 
for Requirements 
Change Management in 
Global Software 
Development: Client-
Vendor Perspective 

Yes No Yes 

 

As shown in Table 2.1, Jayatilleke et al. [108] have presented a SLR in 2018 on 

requirements change management. They have discussed several techniques and practices for 

RCM, but the study does not identify the challenges. Also, the study does not target DAD 

environment. Hussain et al. [109], in 2016, have conducted a literature review and have 

presented the challenges of RCM. This study also does not focus on DAD as well as they do 

not present the practices to address the identified challenges.  

Yaseen et al. [110], in 2015, have conducted a SLR to identify critical challenges for 

requirements implementation in GSD. The study focuses on requirements implementation and 

not on RCM. 
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In 2015, Jain et al. [111] have conducted a SLR to identify challenges that occur during 

global software development life cycle (GSDLC). They have identified challenges in different 

phases of GSDLC and have presented practices or tools to address those challenges. Their 

research focus on the overall phases of GSD life cycle and not on the RCM in DAD.  

In 2016, Schon et al. [112] have conducted a SLR on agile requirements engineering. 

They have presented methodologies for requirements engineering in Agile and an overview to 

manage requirements in Agile software development. They do not discuss RCM or DAD. Inayat 

et al. [113], in 2015, have also conducted a similar systematic literature review to present 

challenges and practices for agile requirements engineering. Again, the authors focus on 

requirements engineering process in agile software development and not on RCM in DAD 

setup. 

Bano et al. [114], in 2012, have presented a systematic literature review in which the 

authors have identified causes of requirements change. They stress upon the need to further 

explore the area. Similarly, Juan et al. [115] in the same year have conducted another SLR 

targeting the area of requirements evolution. In 2010, Alves et al. [116] have conducted a SLR 

on RE for software product lines to identify problems and future research gaps. Another SLR 

has been conducted by Walia et al. [117] in 2009 to identify and classify errors during the SRE 

process. Again, these reviews do not discuss RCM processes or RCM in DAD.  

The closest literature review to this research study is conducted by Akbar et al. in 2019 

[118]. In their review, the authors have identified the influencing factors during RCM process 

in GSD setup which lead to the success of software development. The authors also suggest that 

there exists research on requirements changes but the area of requirements change management 

is still lacking attention and needs to be studied more as well as they do not discuss RCM in the 

context of DAD [118]. Their study differs from this one because this study aims to identify the 

influencing factors for RCM process in DAD context. Another relevant literature review, 

conducted by Akbar et al. in 2019, presents the guidelines for RCM in GSD [119]. The authors 

have found out several practices for RCM in GSD and then categorize them in client and vendor 

categories to help practitioners choose the practices. Again, the review only focuses on the 

practices and do not consider the challenges. Hence their review also differs from this study. 
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Although existing studies related to RCM in agile DAD are listed in Table 2.1, However 

there is less discuss done on RCM in Agile DAD. This leads to conduct a study on RCM in 

agile DAD. The method to conduct this study is reported in chapter 3. 

2.8 Summary 

This chapter has discussed the background study and the work related to this research. 

All the software engineering disciplines involved in this research study have been discussed 

starting from Global Software development and then discussing Agile methods, Distributed 

Agile development, and Requirements Change Management before eventually explaining the 

RCM in DAD which is the focus of this study. 



	

CHAPTER 3 

 

 

METHODOLOGY 

 

 

3.1 Overview 

 This chapter discusses the research methodology the authors adopted to conduct this 

research. This research study is conducted in three phases as shown in the Figure 3.1. A 

systematic literature review has been selected to review the literature for this study. Published 

research over the past five years has been examined in five different databases to answer the 

research questions. The results from searching the databases have been scrutinized using 

grounded theory approach to classify the influencing factors for RCM in DAD and the results 

have been validated through expert review. A survey is then conducted to prioritize the 

categories and elicited influencing factors for each category. Finally, a framework has been 

proposed based on the findings from SLR and Questionnaire survey. 

 

Figure 3.1: Phases of Research Methodology and it’s Respective Activities 

Phase 1: Identification of IFs 
for RCM in DAD

Activity1:SLR

Activity 2: Analysis 
through Gounded 

Theory

Output: IFs and 
Categories

Activity 3: Expert 
Review

Output:Reviewed list 
of Influencing Factors 

and Categories

Phase 2: Prioritization and 
Categorization of 

Identified IFs

Activity 4:  Survey 
Conduction to 
prioritize the 

categories and  
identified IFs.

Output:Prioritized 
List of Categories 

and their respective 
IFs

Phase 3: Formulation of 
framework

Activity 5: 
Integration of 

literature and survey 
findings

Output: Framework 
for RCM in DAD
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3.2 Phase 1: Identification of Influencing Factors for RCM in DAD 

For identification of RCM challenges in DAD, three activities have been performed. In 

the first activity, SLR is conducted to identify influencing factors from the literature. Next, 

grounded theory is applied to analyze and categorize the identified influencing factors. In the 

third activity of phase 1, expert review is performed to validate the identified influencing factors 

and their categories. 

3.2.1 Systematic Literature Review (SLR) 

Systematic Literature Review (SLR) is “a means of identifying, evaluating and 

interpreting all available research relevant to a particular research question, or topic area, or 

phenomenon of interest” [120]. It is commonly referred to as systematic review. The studies 

which are selected as the result of SLR are said to be the Primary studies while the process of 

SLR is considered as secondary study [120].  

SLR has been performed based on the guidelines of Kitchenham [120]. The three-step 

procedure includes [120]:  

• Planning the review  

o Develop Review Protocol 

• Conducting the review 

o Search primary studies 

• Reporting the review 

o Document the results  

Figure 3.2 explains the overview of the steps which have been performed in each part 

of the SLR. 
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Figure 3.2: Overview of SLR steps adopted from [120] 

Review Planning comprise of the clarification of need of an SLR as well as the 

development of a reviewing protocol as shown in figure 3.2, whose elements have been 

illustrated in Figure 3.3. 

Background of the study is the first step, which is used for Review Planning. To 

complete this step, the authors have performed the review of existing literature related to RCM 

in DAD. The related studies guide the authors to devise direction in Requirement change 

management for DAD environment. 

Review	Conduction	

	
7. Identification	of	research	
8. Selection	of	studies	
9. Study	quality	assessment	
10. Data	extraction	and	monitoring	progress	
11. Data	synthesis	

	

Result	Reporting	

	

Review	Planning	

	
• Background	
• Research	goal	and	research	questions	

identification	
• Identifying	the	keywords	
• Identifying	the	sources	
• Identifying	the	inclusion/exclusion	criteria	
• Identifying	the	data	extraction	strategy	
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 Research objectives and Research Question is the second step, which is used for 

Review Planning. This step clearly explains the research goal and research questions for which 

this SLR is conducted. For example, the goal of the research is to come up with categorized and 

prioritized influencing factors that have impact during requirement change management in 

DAD environment.  

 

Figure 3.3 Review Planning Elements [120] 

Thus, the research question for SLR is: “What are the influencing factors presented in 

the literature for RCM in DAD?” 

Identifying the Keywords is the next step, which has been performed under Review 

Planning. In this step, the authors have identified the relevant keywords of this research.  

Identifying major Terms from Research Question: Distributed agile development, 

Requirements change management, Influencing factors.  

•Understanding the background of this study as a rationale of the study
Background of the study

•Understanding and identifying the goal of this research with respect to the research 
questions 

Research goal and research questions

•Identification of the search terms to develop the query for this research
Identifying the keywords

•Identification of the resources to search i.e. databases, journals, conferences proceedings 
Identifying the resources

•Identifying criteria for including or excluding a study from SLR
Identifying the inclusion/exclusion criteria

•Identifying the criteria to obtain required information from the studies
Identifying the data extraction strategy
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Identifying Alternate Spellings and Acronym for Major Terms: Global software 

development, distributed software development, offshore software development, dispersed 

software development, global software engineering, agile global development.  

The final search string is formulated using all major terms and their synonyms separated 

by AND, OR operators as shown in Table 3.1. 

 

Table 3.1: Search Terms 

Search Terms 
1 Requirements 
2 Change 
3 Management 
4 Agile 
5 Global 
6 Dispersed 
7 Offshore 
8 Distributed 
9 Software 
10 Development 
11 Engineering 
12 1 AND 2 AND 3 
13 5 OR 6 OR 7 OR 8 
14 10 0R 11 
15 9 AND 14 
16 AND (4 AND 13 AND 15) 

 

Final Search term is Requirements AND Change AND Management AND (Agile AND 

Global OR Dispersed OR Offshore OR Distributed AND Software 

Identifying the Resources is the next step in Review Planning activity. In this step, the 

authors have identified the data sources to retrieve the relevant research papers as shown in the 

Table 3.2.  

Table 3.2: Databases 
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Search Resources (Databases) 
1 IEEE Explore 
2 ACM 
3 Springer Link 
4 Google Scholar 
5 Science Direct 

 

ACM Digital Library, Springer Link, IEEE, Science Direct and Google Scholar have 

been selected as the data sources. Studies form the past five years have been searched from the 

above-mentioned resources. The search activity is decomposed in two layers. First layer of 

search is the automated search which has been performed by using the queries in selected data 

sources and second layer of search is manual search in which the authors have searched the 

references of the papers manually to ensure the completeness of search.  

Identifying the Inclusion/Exclusion Criteria is the fifth step, which has been used for 

Review Planning. The inclusion criteria, based on three levels, is shown in the Table 3.3. 

Table 3.3: Inclusion Criteria 

Study Inclusion Criteria 
Step 1: 
Initial Criteria 

1 Study is peer reviewed 
2 Full text is available 
3 Study is in English 

Step 2 
Abstract Level 

1 Relevant by title 
2 Relevant by abstract 
3 Relevant by keywords 

Step 3 
Detailed Review 

1 The study discusses RCM influencing factors in 
DAD 

2 Or Proposes/ Applies a RCM method in DAD 
3 Or compares different RCM methods in DAD 

 

Studies in languages other than English, or not reviewed or not having full text available 

have been excluded in first level. After that the authors have checked the papers on basis of 
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their title, abstract and keywords. Papers which do not have any of the keywords Software 

Requirement Change Management, influencing factors and Agile Global Software 

Development have been excluded in second level. All the remaining papers have been studied 

in detail according to the third step of Table 3.3 at the third stage. The study exclusion criteria 

are based on the factors presented in Table 3.4. 

Table 3.4: Study Exclusion Criteria 

Study exclusion criteria 
1 Articles just showing table of contents 
2 OR the study that are repeated in our datasets 
3 OR the study doesn’t discuss RCM in DAD context in any way. 

 

The studies only showing table of contents have been excluded. Repetitive studies in 

multiple databases have been exclude and studies not discussing Requirements Change 

Management in DAD in any way have been excluded according to the criteria of Table 3.4. 

The primary studies have been selected after applying the above-mentioned inclusion/ 

exclusion criteria on the search results of every search resource. After the application of detailed 

study inclusion/ exclusion criteria, the remaining studies have been examined thoroughly. 

Finally, cross check has been performed by a secondary reviewer. This provides a final list of 

primary studies. 

The authors have adopted the quality assess criteria checklist provided by kitchenham 

guidelines [121]. It is consisted of seven questions e.g., question 1: Are the aims clearly stated? 

These questions Applied on primary studies to check the quality of studies by scaling 

Yes/No/Partially. It has been used to assess the quality of shortlisted primary studies. The 

checklist has been shown below in the Table 3.5. 

Table 3.5: Quality Assess Criteria 
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No. Question Answer 
1 Are the aims clearly stated? Yes/ No/ Partially 
2 Are the findings credible and important? Yes/ No/ Partially 
3 Are the used prediction techniques clearly 

described and their selection is justified? 
Yes/ No/ Partially 

4 Is the knowledge or understanding extended by 
research? 

Yes/ No/ Partially 

5 Has the diversity of perspective and context been 
explored? 

Yes/ No/ Partially 

6 Are the links between data, interpretation and 
conclusion clear? 

Yes/ No/ Partially 

7 Is the detail/ depth/ complexity of the data 
conveyed? 

Yes/ No/ Partially 

 

A scale specified by Azhar et al. has been used to analyse the results [122], who also 

adopted Kitchenham’s guidelines for quality assessment [121]. The scale is provided in the 

Table 3.6. 

Table 3.6: Score Criteria 

Answer Score 
Yes 1 
No 0 
Partially 0.5 

 

Studies with higher scores have been marked as more appropriate and relevant thus 

concluding to have greater quality for selection. 

Identifying the Data Extraction Strategy is the sixth step used for Review Planning. 

Table 3.7 shows the design of the form which has been used by the authors for showing the 

information of the study. The forms comprise of paper ID, title, author name, year of 

publication, publication type and selection status. 
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Table 3.7: Study Information Form 

Data Item Data Item Information Notes 
Id   
Title   
Author   
Year of Publication   
Publication Type Journal/ conference/un-

published 
 

Selection status Exclude/Included Reason of exclusion 
 

The table shows all the information that has been gathered about selected studies. 

Multiple reviewers have extracted data from each study and then the results have been 

compared and settled in case of disagreement to obtain finalized data. 

Once the Reviewing Protocol is completed and agreed by the reviewer (supervisor of 

the research) then the second step of SLR “Review Conduction” is initiated. The elements of 

Review Conduction are shown in Figure 3.4. 

Identification of Research is the seventh step, which has been performed for Review 

Conduction.  In this step, the authors have used the devised search terms to identify studies 

from the pre-selected search resources.  

Selection of studies is the eighth step of SLR, which has been performed for Review 

Conduction. Based upon the designed inclusion/exclusion criteria, the authors have selected the 

primary studies. 

Study Quality Assessment is the ninth step of SLR, which has been performed for 

Review Conduction. In this step, the authors have assessed the quality of the selected study by 

using check list provided in Table 3.5. Three experts have been selected to assess the quality of 
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each paper based on criteria shown in Table 3.5. Each paper is given a score according to the 

score scale of Table 3.6. The results are documented which have been presented in the next 

chapter. 

 
Figure 3.4: Review Conduction Elements 

Data Extraction is the tenth step of SLR, which has been performed for Review 

Conduction. In this step, the data extraction form as shown in Table 3.7 is used to record the 

data gathered from the studies. Once the influencing factors have been identified, they are 

reported in the form of a list. Result Reporting is important to communicate the results of SLR 

effectively. These results of each table have been presented in Appendix A. 

Data Synthesis is the eleventh step of SLR, which has been performed for Review 

Conduction. This step analyzes the data which has been extracted from the studies to address 

the research questions. Grounded Theory is used for this purpose. 

Identification	of	research

Generated	a	search	strategy	like	decomposing	of	research	question	
into	parts	and	drawing	the	synonyms,	 abbreviations	and	alternative	

spellings,	which	developed	search	strings	or	queries

Selection	of	studies

Based	upon	the	inclusion/	exclusion	criteria	
which	was	identified	in	Review	Planning,	studies	

were	selected	for	review

Study	quality	assessment

Assessed	the	quality	of	the	studies	selected	
based	upon	inclusion/	exclusion	criteria

Data	extraction	and	monitoring	progress
Designed	a	data	extraction	forms	in	order	to	
accurately	record	the	information	obtained	

from	the	studies

Data	synthesis

Summarized	the	results	of	the	included	
studies	in	descriptive	form
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3.2.2 Grounded Theory 

After the completion of data extraction from final studies, the next activity in first phase 

of this research is to analyse the results of SLR. The authors have chosen grounded theory for 

the analysis of the results. Grounded theory (GT) is a research approach that focuses on the 

development of theory that is 'grounded' in data that has been collected and analysed in a 

methodical manner.  It's utilised to figure out things like social interactions and collective 

behaviours, which are referred to as social processes [123]. Grounded theory is used on the 

qualitative research data for analysis purposes [123]. It is a systematic approach which involve 

different coding techniques like open coding, axial coding, or selective coding to code and 

categorize the extracted data [123]. In using this technique, the researchers traverse back and 

forth where they merge the similar data and keep adding data in the existing categories which 

are called themes [123]. The authors have used open coding for this research. 

During qualitative data analysis, open coding is the analytic process through which ideas 

(codes) are associated to the observed data and phenomena [123]. Open coding is an 

investigative process in grounded theory in which the data under observation is conceptualised 

(encoded) [123]. In this way, the data is classified under relevant naming conventions using the 

developed codes [123]. This classification is achieved by dividing the data into meaningful 

expressions in a single word or in a sequence of few words which usually become the category 

names [123]. Then the relevant codes are placed under each of the identified expressions [123]. 

The degree of application of open coding varies depending upon the nature of text and 

research [123]. For example, a code can be formed based on a line, sentence, a paragraph or a 

complete text [123]. However, the underlying objective of applying open coding is to analyse 

and to categorise the relevant text. Thus, the application of open coding process provides a 

characterised list of codes and categories relevant to the text which is exactly our requirement 

for this research study. Therefore, open coding is applied on the extracted data in this research 

study. During the process, each new relevant instance (codes) from the relevant text of selected 

studies has been encoded under a specific theme. Similar instances (codes) have been grouped 

together under the same theme (category). Each theme (category) as well as the codes have 

been assigned a name thus obtaining a set of categories and factors for each category. 
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3.2.3 Expert Review 

After the analysis and coming up with results, the next important step is to validate the 

naming conventions of each category as well as to validate the relevance of each influencing 

factor with its respective category. Another important task at this stage is to remove duplicate 

influencing factors and repetitions. These tasks are performed in Activity 3 of the phase 1 using 

Expert Review method. The expert opinion elicitation guideline proposed by Ayyub et al., [124] 

and Boring, et al., [125] has been adopted for expert opinion process. Their guideline is 

considered as a detailed and established guideline as well as it is published research so the 

authors have decided to base their expert opinion phase on those guidelines. 

The criterion for selection of experts is: 

• Must be Software Engineering professionals either from academia or from industry. 

• Must be specialized in Requirement Engineering (RE). 

• Must have knowledge of DAD. 

• Must have more than 5 years of experience. 

Three experts of the domain, one from the academia and two from the industry, have 

been selected to perform this activity. At the completion of this step, the authors have obtained 

the final categories along with relevant influencing factors for each category. This is the end of 

phase 1 of this study and results of this study are used to conduct survey which is phase 2 and 

the method has been explained in the next section. 

3.3 Survey 

The second phase of this research is to prioritize the results of first phase which has been 

achieved by performing survey. A survey is “a system for collecting information to describe, 

compare, or explain knowledge, attitude, and practices or behaviour” [126]. The reason of 

conducting surveys is to obtain the real-time picture of the subject under discussion [127].  The 

survey has been conducted by developing an online questionnaire using Google forms. 
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The reason of adopting questionnaire as the survey method is its ability to get data from 

many different individuals [128]. The results of SLR are used to develop the survey 

questionnaire. The participants of the survey are individuals involved in different software 

processes in DAD projects. The survey is performed to achieve two objectives:  

• To prioritize the identified categories. 

• To prioritize the identified influencing factors for each category.  

The survey design explained by Creswell has been used for this purpose [129]. The 

widely accepted and well recognized handbook to manage surveys in software engineering 

written by Mark Kasunic is used as guidance to conduct this survey [130]. 

The questionnaire is decomposed in different sections with each section representing 

one of the identified categories and under each section, one question represents one influencing 

factor. Five-point Likert scale has been used to get the answers. The results of survey have been 

used to prioritize the categories and influencing factors. This provides the authors with a real-

time picture of the severity of each of the influencing factor as well as the importance level of 

each category. The steps performed to complete this phase are illustrated in Figure 3.5 

Identify research objectives is the first step for survey conduction. In this step, the 

authors clearly describe the objective of conducting the survey. For example, the objective of 

conducting this survey is to prioritize the identified categories and influencing factors for RCM 

in DAD. 

Identify and Characterize the Target Audience is the second step for survey 

conduction. The target audience for this research is the software engineering practitioners and 

academicians who are working in the domain of DAD and related to RCM activities. The 

handbook guidance of Mark Kasunic has been utilized to devise the questions to choose the 

right participants [129]. 

Design Sampling Plan is the third step for Survey Conduction. In this step, the authors 

estimate a sample size of the target audience. Once the authors have the clear picture about the 

size of the population then they decide the size of sample. 
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Figure 3.5: Steps involved in Survey Conduction 

Table 3.8 shows the set of questions which are considered for identifying and 

characterizing the target audience. 

Table 3.8: Questions to Identify and Characterize Target Audience [129] 

Questions for Identifying and Characterizing the Target Audience 
How many people are in the population we are studying?  
What are their jobs and responsibilities?  
What is the most common education level? 
What relevant experience do they possess? 
What technical abilities do they possess?  
What is the age range of the respondent population?  
Do we anticipate that they would have difficulty with using a questionnaire that is:  
        − mailed to them?  
        − completed using a computer via the internet?  
        − handed to them?  
What can we assume about their knowledge of the domain we are studying in the survey? 
How much of their time can we assume they will spend completing the questionnaire? 

 

•Deals	with	identification	of	the	problem	
statement,	and	objectives

Step	1: Identify	research	
objectives

•Deals	with	identification	of	target	audience	
representation

Step	2: Identify	&	
characterize	target	

audience

•Deals	with	identification	of	the	respondents,	
their	knowledge	about	the	questions	and	
terminologies	they	understand.

Step	3: Design	sampling	
plan

•Deals	with	designing	a	carefully-worded	
questionnaire	base	upon	research	objectives

Step	4: Design	&	write	
questionnaire

•Deals	with	carefully	testing	the	questionnaire	
with	members	of	the	target	audience	in	
order	to	improve	and	remove	mistakes	of	the	
questionnaire

Step	5: Pilot	test	
questionnaire

•Deals	with	distribution	of	the	questionnaire	
to	selected	members	of	the	target	audience	
as	defined	by	the	sampling	plan

Step	6: Distribute	the	
questionnaire

•Deals	with	the	collection	and	translation	of	
results	in	to	appropriate	format	which	will	
facilitate	the	understanding

Step	7: Analyse	results	and	
write	report
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Design and Write Questionnaire is the fourth step for Survey Conduction. In this step, 

the authors design and write the questionnaire for the survey. The designing and writing the 

questionnaire has been done by considering the objectives and the characteristics of the target 

audience. For designing the questionnaire, the authors focus on addressing the questions 

adopted from [129]. Table 3.9 shows the questions which are considered while designing the 

questionnaire. 

Table 3.9: Questions for Designing Questionnaire, adopted from [129] 

Questions for Designing a Questionnaire 
How will the survey be mediated (e.g., via paper, email soft copy, Web)? 

How long should the questionnaire be?  

How should the questionnaire be structured and organized?  

What page design and formatting will be most effective? 

 

Pilot Test Questionnaire is the fifth step for Survey Conduction. In this step, the 

authors perform the questionnaire testing by sending the questionnaire to some of the members 

of the target audience (Requirement Engineers). This represents the weaknesses and the 

problems in the questions, layout of questionnaire and technology (Web-based questionnaire). 

Based upon the feedback from the members of the target audience (Requirement Engineers), 

the authors improve the questionnaire. 

Distribute the Questionnaire is the sixth step for Survey Conduction. In this step, the 

authors provide the questionnaire to the respondents after thorough testing of the questionnaire. 

The authors make sure that the respondents already know about the questionnaire to be filled 

by them and it is not going to become a surprise for them. 

Analyze Results is the seventh step for Survey Conduction. In this step, the authors 

organize the data and then report the data in form of prioritized list of influencing factors and 

their categories for RCM in DAD environment. The results of survey have been presented in 

Chapter 5. 
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3.4 Framework for RCM in DAD 

The third and final phase of this research is to present a framework to manage 

requirements change in DAD efficiently by effectively coping up with influencing factors and 

giving the required level of importance to the prioritized categories. This has been performed 

using derived methodology and by conducting brainstorming sessions to come up with the right 

framework. The devised framework has been presented in Chapter 5. 

3.5 Summary 

The research methodology adopted for this research study has been explained in this 

chapter. All three phases and their subsequent activities have been discussed. The next chapter 

presents the results of first phase of this study.  



	

CHAPTER 4 

 

 

 

RESULTS 
 

 

 

4.1 Overview 
 

 This chapter is based on the results of first phase of this study. As discussed in Chapter 

3, the first phase consisted of three activities: SLR, analysis using grounded theory and experts’ 

review. The next sections present the results of these activities. 

4.2 Results of SLR 
 

 The results of selected studies from each database after each step of inclusion/ exclusion 

criteria are shown in Table 4.1. 

Table 4.1: Results at each step for each database 

Search string IEEE Google 
scholar 

ACM Springer 
Link 

Science 
Direct 

((("Requirements change 
management" OR 
"Change requirements 
management" OR 
"requirements AND 
"Agile" AND (Global OR 
Distributed OR Offshore 
OR dispersed)) AND 
"Software" AND 
(Development OR 
Engineering OR Team)) 

Phase 
1: 617 
Phase 
2: 
232 
Phase 
3:  19 

Phase 1: 
870 
Phase 2: 
257 
Phase3: 
11 

Phase 1: 
13 
 
Phase 2: 5 
 
Phase3: 4 

Phase 1: 55 
 
Phase 2: 11 
 
Phase 3: 2 

Phase 1: 43 
 
Phase 2: 19 
 
Phase 3: 7 
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As shown in the Table 4.1, When query is applied to IEEE, 617 results have been 

displayed at the first phase. After applying criteria of phase 2, results have been shortlisted to 

232 and after phase 3, the included paper count is 19. Similarly, the three step criteria are applied 

on all databases to shortlist the results according to their relevance and significance. Once, the 

database search is complete and results of all phases have been gathered for all five databases, 

the quality assess criteria is applied on the shortlisted studies to obtain the final studies as shown 

in Table 4.2. 

Table 4.2: Quality Assessment Analysis 

 

The studies with score more than or equal to 11 are selected for the final list. Total 
number of selected studies after applying quality assessment criteria is twenty-six. The selected 

P	
#	

Respondent	1	 Respondent	2	 Respondent	3	 Out	
of	
21	

Q1	 Q2	 Q3	 Q4	 Q5	 Q6	 Q7	 Q1	 Q2	 Q3	 Q4	 Q5	 Q6	 Q7	 Q1	 Q2	 Q3	 Q4	 Q5	 Q6	 Q7	

1	 1	 1	 1	 1	 1	 .5	 .5	 1	 1	 1	 1	 .5	 1	 .5	 1	 1	 1	 1	 .5	 1	 .5	 18	
2	 1	 1	 1	 1	 .5	 1	 .5	 1	 1	 1	 1	 1	 .5	 .5	 1	 1	 1	 1	 .5	 1	 .5	 18	
3	 0	 .5	 1	 1	 0	 .5	 .5	 1	 0	 .5	 1	 .5	 0	 0	 1	 .5	 0	 1	 .5	 0	 0	 9.5	
4	 1	 1	 1	 1	 .5	 1	 .5	 1	 1	 1	 1	 1	 .5	 .5	 1	 1	 1	 1	 .5	 1	 .5	 18	
5	 0	 .5	 1	 1	 0	 .5	 .5	 1	 0	 .5	 1	 .5	 0	 0	 1	 .5	 0	 1	 .5	 0	 0	 9.5	
6	 1	 1	 1	 1	 .5	 1	 .5	 1	 1	 1	 1	 1	 .5	 .5	 1	 1	 1	 1	 .5	 1	 .5	 18	
7	 1	 1	 1	 1	 1	 .5	 .5	 1	 1	 1	 1	 .5	 1	 .5	 1	 1	 1	 1	 .5	 1	 .5	 18	
8	 1	 1	 1	 1	 .5	 1	 .5	 1	 1	 1	 1	 1	 .5	 .5	 1	 1	 1	 1	 .5	 1	 .5	 18	
9	 .5	 .5	 1	 1	 0	 .5	 .5	 1	 0	 .5	 1	 .5	 0	 0	 1	 .5	 0	 1	 .5	 0	 0	 10	
10	 1	 1	 1	 1	 1	 .5	 .5	 1	 1	 1	 1	 .5	 1	 .5	 1	 1	 1	 1	 .5	 1	 .5	 18	
11	 .5	 .5	 0	 1	 0	 .5	 1	 1	 0	 .5	 1	 .5	 0	 0	 1	 .5	 0	 1	 .5	 0	 0	 9.5	
12	 1	 1	 1	 1	 .5	 1	 .5	 1	 1	 1	 1	 1	 .5	 .5	 1	 1	 1	 1	 .5	 1	 .5	 18	
13	 0	 .5	 1	 1	 0	 .5	 .5	 1	 0	 .5	 1	 .5	 0	 0	 1	 .5	 0	 1	 .5	 0	 0	 9.5	
14	 1	 1	 1	 1	 .5	 1	 .5	 1	 1	 1	 1	 1	 .5	 .5	 1	 1	 1	 1	 .5	 1	 .5	 18	
15	 .5	 .5	 0	 1	 0	 .5	 1	 1	 0	 .5	 1	 .5	 0	 0	 1	 .5	 0	 1	 .5	 0	 0	 9.5	
16	 1	 1	 1	 1	 1	 .5	 .5	 1	 1	 1	 1	 .5	 1	 .5	 1	 1	 1	 1	 .5	 1	 .5	 18	
17	 0	 .5	 1	 1	 0	 .5	 .5	 1	 0	 .5	 1	 .5	 0	 0	 1	 .5	 0	 1	 .5	 0	 0	 9.5	
18	 1	 1	 1	 1	 .5	 1	 .5	 1	 1	 1	 1	 1	 .5	 .5	 1	 1	 1	 1	 .5	 1	 .5	 18	
19	 1	 1	 1	 1	 1	 .5	 .5	 1	 1	 1	 1	 .5	 1	 .5	 1	 1	 1	 1	 .5	 1	 .5	 18	
20	 .5	 .5	 0	 1	 0	 .5	 1	 1	 0	 .5	 1	 .5	 0	 0	 1	 .5	 0	 1	 .5	 0	 0	 9.5	
21	 0	 .5	 1	 1	 0	 .5	 .5	 1	 0	 .5	 1	 .5	 0	 0	 1	 .5	 0	 1	 .5	 0	 0	 9.5	
22	 1	 1	 1	 1	 .5	 1	 .5	 1	 1	 1	 1	 1	 .5	 .5	 1	 1	 1	 1	 .5	 1	 .5	 18	
23	 .5	 .5	 0	 1	 0	 .5	 1	 1	 0	 .5	 1	 .5	 0	 0	 1	 .5	 0	 1	 .5	 0	 0	 9.5	
24	 1	 1	 1	 1	 1	 .5	 .5	 1	 1	 1	 1	 .5	 1	 .5	 1	 1	 1	 1	 .5	 1	 .5	 18	
25	 1	 1	 1	 1	 1	 .5	 .5	 1	 1	 1	 1	 .5	 1	 .5	 1	 1	 1	 1	 .5	 1	 .5	 18	
26	 .5	 .5	 0	 1	 0	 .5	 1	 1	 0	 .5	 1	 .5	 0	 0	 1	 .5	 0	 1	 .5	 0	 0	 9.5	
27	 1	 1	 1	 1	 1	 .5	 .5	 1	 1	 1	 1	 .5	 1	 .5	 1	 1	 1	 1	 .5	 1	 .5	 18	
28	 1	 1	 1	 1	 .5	 1	 .5	 1	 1	 1	 1	 1	 .5	 .5	 1	 1	 1	 1	 .5	 1	 .5	 18	
29	 .5	 .5	 0	 1	 0	 .5	 1	 1	 0	 .5	 1	 .5	 0	 0	 1	 .5	 0	 1	 .5	 0	 0	 9.5	
30	 1	 1	 1	 1	 1	 .5	 .5	 1	 1	 1	 1	 .5	 1	 .5	 1	 1	 1	 1	 .5	 1	 .5	 18	
31	 1	 1	 1	 1	 .5	 1	 .5	 1	 1	 1	 1	 1	 .5	 .5	 1	 1	 1	 1	 .5	 1	 .5	 18	
32	 .5	 .5	 1	 1	 0	 .5	 .5	 1	 0	 .5	 1	 .5	 0	 0	 1	 .5	 0	 1	 .5	 0	 0	 10	
33	 1	 1	 1	 1	 1	 .5	 .5	 1	 1	 1	 1	 .5	 1	 .5	 1	 1	 1	 1	 .5	 1	 .5	 18	
34	 1	 1	 1	 1	 .5	 1	 .5	 1	 1	 1	 1	 1	 .5	 .5	 1	 1	 1	 1	 .5	 1	 .5	 18	
35	 0	 .5	 1	 1	 0	 .5	 .5	 1	 0	 .5	 1	 .5	 0	 0	 1	 .5	 0	 1	 .5	 0	 0	 9.5	
36	 1	 1	 1	 1	 .5	 1	 .5	 1	 1	 1	 1	 1	 .5	 .5	 1	 1	 1	 1	 .5	 1	 .5	 18	
37	 1	 1	 1	 1	 .5	 1	 .5	 1	 1	 1	 1	 1	 .5	 .5	 1	 1	 1	 1	 .5	 1	 .5	 18	
38	 1	 1	 1	 1	 1	 .5	 .5	 1	 1	 1	 1	 .5	 1	 .5	 1	 1	 1	 1	 .5	 1	 .5	 18	
39	 .5	 .5	 0	 1	 0	 .5	 1	 1	 0	 .5	 1	 .5	 0	 0	 1	 .5	 0	 1	 .5	 0	 0	 9.5	
40	 1	 1	 1	 1	 1	 .5	 .5	 1	 1	 1	 1	 .5	 1	 .5	 1	 1	 1	 1	 .5	 1	 .5	 18	
41	 1	 1	 1	 1	 .5	 1	 .5	 1	 1	 1	 1	 1	 .5	 .5	 1	 1	 1	 1	 .5	 1	 .5	 18	
42	 1	 1	 1	 1	 .5	 1	 .5	 1	 1	 1	 1	 1	 .5	 .5	 1	 1	 1	 1	 .5	 1	 .5	 18	
43	 .5	 .5	 0	 1	 0	 .5	 1	 1	 0	 .5	 1	 .5	 0	 0	 1	 .5	 0	 1	 .5	 0	 0	 9.5	
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studies include study number 1, 2, 4, 6, 7, 8, 10, 12, 14, 16, 18, 19, 22, 24, 25, 27, 28, 30, 31, 
33, 34, 36, 37, 38, 41 and 42. List of finalized results after QA are shown in Table 4.3. 

Table 4.3: List of Studies after QA 

Databases Phase 1 Phase 2 Phase 3 QA Total Final Studies 
IEEE 617 232 19 10  

 
26 

Google Scholar 870 257 11 6 
ACM 13 5 4 3 
Springer Link 55 11 2 1 
Science Direct 43 19 7 6 

 

Final studies with their unique paper IDs have been presented in Table 4.4. The first 
column “S. No.” in the Table represents the number count of final papers. Paper ID column 
shows the unique ID given to each final paper while paper title column describes the title of 
each final paper. 

Table 4.4: List of Final Studies 

S.NO Paper ID Paper Title 
01 P1 A Supporting Tool for Requirements Change Management in 

Distributed Agile Development 
02 P2 Moving from traditional to agile software development 

methodologies also on large, distributed projects. 
03 P3 Categorization of risk factors for distributed agile projects. 
04 P4 Scrum Requirements Engineering Practices and Challenges in 

Offshore Software Development. 
05 P5 Empirical studies of geographically distributed agile 

development communication challenges: A systematic review. 
06 P6 Improving offshoring of low-budget agile software 

development using the dual-shore approach: an auto 
ethnographic study 

07 P7 Quality Requirements in Large-Scale Distributed Agile 
Projects A Systematic Literature Review 

08 P8 Quality requirements challenges in the context of large-scale 
distributed agile: An empirical study 

09 P9 Toward successful agile requirements change management 
process in global software development: a client–vendor 
analysis 

10 P10 Identification and Prioritization of Agile Requirements 
Change Management Success Factors in the Domain of Global 
Software Development 

11 P11 Experiences from the Design of an Artefact Model for 
Distributed Agile Project Management 

12 P12 Adopting Scrum as an Agile Approach in Distributed Software 
Development: A Review of Literature 
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13 P13 Agile Software development in distributed team Enhancement 
Techniques 

14 P14 A Framework for Transitioning of Traditional Software 
Development Method to Distributed Agile Software 
Development 

15 P15 An Empirical Study on Lean and Agile Methods in Global 
Software Development  

16 P16 Systematic Review of Success Factors for Scaling Agile 
Methods in Global Software Development Environment: A 
Client-Vendor Perspective 

17 P17 Toward an Agile Approach to Managing the Effect of 
Requirements on Software Architecture during Global 
Software Development 

18 P18 Prioritizing challenges of agile process in distributed software 
development environment using analytic hierarchy process 

19 P19 A Novel Framework for Change Requirement Management 
(CRM) In Agile Software Development  

20 P20 An exploratory study in communication in Agile Global 
Software Development 

21 P21 Challenges in Distributed Agile Software Development 
Environment: A Systematic Literature Review 

22 P22 A systematic review of distributed Agile software engineering  
23 P23 An Empirical Investigation on Effort Estimation in Agile 

Global Software Development 
24 P24 Geographical Distance Challenges in Distributed Agile 

Software Development: Case Study of a global company 
25 P25 Communication Network in an Agile Distributed Software 

Development Team 
26 P26 A Risk Management Framework for Distributed Agile 

Projects 
 

Data extraction tables for each final study are created which have been provided in the 
Appendix. For each final study, the information recorded in the data extraction table include 
the Database from which the paper is taken, its unique ID, Title, its author (s) names, year of 
publication, publication type and influencing factors which are presented in that paper. 

 

4.3 Data Synthesis Result 

 Data synthesis is the next activity in the first phase of study. Once the data is extracted 

from the primary studies, it is then analysed and synthesized to help us answer certain questions 

like: 
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• What is the RCM influencing factors in DAD?  

• How the influencing factors can be categorized for RCM in DAD?  

This has been performed using grounded theory and the application of grounded theory to the 

extracted data is shown in the Table 4.5.  

Table 4.5: Application of Grounded Theory 

Paper # Coding  
 Text in Paper Themes (Categories) 
P1 P. 7, Section 5, Line 2-5. Understanding 

Requirements Change, 
Communication 

P2 P. 7, Section 3, Paragraph 
entitled as “Enhancement 
Requests and Content 
changes” 

Understanding 
Requirements Change, 
Impact Analysis, Progress 
Measure, Team Role 

P3 P. 5, Section 3.3.1.3, Line 
12-15 

Understanding 
Requirements Change, 
Progress Measure, 
Management Role 

P4 Pp 3-4, Sections 2.2.1, 
2.2.2, 2.2.4 

Communication, Progress 
Measure, Understanding 
Requirements Change 

P5 Pp 8-10, Section 4.5.1, 
Paragraphs entitled as 
“Team configuration, 
Customer communication, 
Organization factors, 
Human factors” 

Understanding 
Requirements Change, 
Impact Analysis, 
Communication 

P6 P.4, Section 2.1.4, P.6 
Section 2.3.3 
P.12, Section 4.5 

Understanding 
Requirements Change, 
Impact Analysis 

P7 P.6, Table 1, Row 2 Team Role, Progress 
Measure 

P8 P.5, Section 4.5.1 Understanding 
Requirements Change, 
Communication 

P9 P.4, Table 2 Communication, 
Management Role, Team 
Role, Progress Measure, 
Impact Analysis 

P10 Page 6, Table 1 Management Role, 
Communication, Progress 
Measure, Team Role, 

P11 P3, Figure 1 Understanding 
Requirements Change, 
Impact Analysis 
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P12 P1, Abstract, Line 6-9. 
Section 1, Line 5-7 

Progress Measure 

P13 P2, Section 4, Bullet 2. 
P4. Paragraph 1. 

Progress Measure, Team 
Role 

P14 P1, Abstract, Line 10. 
P2, Table 1, Row 3 and 4. 

Team Role, 
Communication, 
Management Role 

P15 P1, Section 1B, Line 16-22 
P2, Section 2, Paragraph 4, 
Line 7-14 

Impact Analysis, Team 
Role, Progress Measure 

P16 P1, Section 1, Paragraph 1, 
Line 5-11 
Section 1, Paragraph 2, 
Line 1-4 

Impact Analysis, 
Communication, Team 
Role 

P17 P.2, Section 2.1, Paragraph 
1 

Understanding 
Requirements Change, 
Impact Analysis, 
Management Role 

P18 P.1, Section 1, Paragraph 2, 
Line 3-5 

Team Role, Progress 
Measure 

P19 P.1, Section 1, Paragraph 1 Communication 
P20 P.1, Section 1, Paragraph 2 Communication 
P21 P.12, Section 5.4.1, Line 2-

4 
Communication 

P22 P.18, Section 6.2.1.2, 
Paragraph 2 

Management Role, 
Progress Measure 

P23 P.23, Section 4F, 
“Requirements Related 
Challenges” 

Communication 

P24 P.4, Section 4C, Paragraph 
2 

Team Role, Management 
Role 

P25 P4, Section 5, Last 
paragraph 

Communication 

P26 P9, Section 5.1.1, 
Paragraph 3, Line 5-7. 
Paragraph 5, Line 6-10 

Understanding 
Requirements Change, 
Impact Analysis, 
Management Role 

 

In the “paper #” section, unique paper ID of each paper is written. In the coding column, 

there are two subsections, text in paper and Themes (categories). Text in paper shows the 

instance of relevant text where it exists in the respective paper while themes are the derived 

categories to which the text of each paper belongs. It is important to note that there are more 

than one themes for a certain text in a paper. 
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Table 4.6: Study Wise Distribution of IFs 

Study # Influencing Factors 
P1 IF1: Different geographical locations of the development teams 

IF2: Communication between development team 
IF3: Knowledge management 

P2 IF 4: Enhancement Requests and Content Changes 
IF 5: Time Schedule 
IF 6: Project Cost 

P3 IF 7: Software Development Life Cycle 
IF 8: Project Management 
IF 9: Group Awareness 
IF 10: External Stakeholder Collaboration 
IF 11: Technology Setup 

P4 IF 12: Face to face communication  
IF 13: Customer Involvement and Interaction  
IF 14: Managing Requirement change 

P5 IF 15: Team Configuration 
IF 16: Customer Communication 
IF 17: Organizational Factors 
IF 18: Human Factors 

P6 IF 19: Responding to change over following a plan 
IF 20: Customer Collaboration 
IF 21: Cost Estimation and extra payment for changes 

P7 IF 22: Skilled developers 
P8 IF 23: Teams coordination and communication 
P9 IF 24: Effective communication 

IF 25: Trust building 
IF 26: Roles and responsibilities 
IF 27: Vision and goal for change 
IF 28: Training and monitoring 
IF 29: Geographically distributed CCB (change control block) 
IF 30: Resistance management 
IF 31: Formalised relationship between development teams 
IF 32: Skilled human resources 
IF 33: Overseas site response 
IF 34: Clear change management strategy 
IF 35: Requirement traceability 
IF 36: Change management process awareness 
IF 37: Governance and control of RCM activities 
IF 38: Standard and process for RCM 
IF 39: Change identification and validation 
IF 40: Continuous organisational support 
IF 41: Conducting social events 
IF 42: Synchronisation of work at different sites 
IF 43: Parallel project testing and feedback 

P10 IF 44: Project Administration 
IF 45: Coordination 
IF 46: Software Methodology 
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IF 47: HR management 
IF 48: Technology Factors 

P11 IF 49: Resources (Time and cost) 
IF 50: Change request 

P12 IF 51: Rapid response to changes in requirements rather than following a 
prescribed plan  
IF 52: Collaboration between the software developer and user 

P13 IF 53: Welcome requirements change, even at the end of development 
IF 54: Positive team role 

P14 IF 55: Support quick and flexible response to change 
IF 56: Team coordination 
IF 57: Project leader 

P15 IF 58: Autonomy and Decision-Making Power 
IF 59: Choosing the Right Method 

P16 IF 60: Tight Time and Constraint 
IF 61: Coordination 
IF 62: Communication 
IF 63: Lack of Tools 

P17 IF 64: Reporting the Change 
IF 65: Analysing the Possible Impact of the Change 
IF 66: Implementing the Change 

P18 IF 67: Importance of Individuals and their Interactions 
IF 68: Early Delivery 
IF 69: Collaboration with the customers 
IF 70: Effective responses to change requirements 

P19 IF 71: Communication 
IF 72: Documentation 

P20 IF 72: Tools for Communication 
P21 IF 73: Communication of changes in requirements 
P22 IF 74: Strong leadership 
P23 IF 75: Documentation of requirements 
P24 IF 76: Clearly defined team roles 
P25 IF 77: Communication in teams with large time difference 
P26 IF 78: Fixed Costs 

IF 79: Speed of communication 
IF 80: Ease of communication 

 

Study wise distribution of identified Influencing Factors for RCM in DAD from the 26 

final selected studies has been presented in Table 4.6. A total of 80 influencing factors have 

been identified after analysing the studies using grounded theory. 

  

Following six categories are devised after careful and detailed analysis of collected data 

from each paper. 
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Table 4.7: Resultant Categories 

Resultant Categories 
1: Understanding Requirements Change (URC) 
3: Management Role (MR) 
4: Team Role (TR) 
5: Progress Measure (PM) 
6: Communication (C) 

 

Category wise distribution of identified influencing factors for questionnaire and further 

analysis is presented in Table 4.8. 

Table 4.8: Category Wise Distribution of Identified Influencing Factors 

Study #  
 

Influencing Factors 

Category wise 
distribution 
and 
questionnaire 
formulation 

P1 IF1: Different geographical locations of the development 
teams 
IF2: Communication between development team 
IF3: Knowledge management 

URC  
C 

P2 IF 4: Enhancement Requests and Content Changes 
IF 5: Time Schedule 
IF 6: Project Cost 

PM 
TR 
URC 

P3 IF 7: Software Development Life Cycle 
IF 8: Project Management 
IF 9: Group Awareness 
IF 10: External Stakeholder Collaboration 
IF 11: Technology Setup 

URC 
PM 
MS 

P4 IF 12: Face to face communication  
IF 13: Customer Involvement and Interaction  
IF 14: Managing Requirement change 

C 
PM, TR 
URC 

P5 IF 15: Team Configuration 
IF 16: Customer Communication 
IF 17: Organizational Factors 
IF 18: Human Factors 

URC 
IA 

P6 IF 19: Responding to change over following a plan 
IF 20: Customer Collaboration 
IF 21: Cost Estimation and extra payment for changes 

URC 
IA 

P7 IF 22: Skilled developers URC, TR, PM 
P8 IF 23: Teams coordination and communication URC, C 
P9 IF 24: Effective communication 

IF 25: Trust building 
IF 26: Roles and responsibilities 
IF 27: Vision and goal for change 

C 
MR  
MR 
TR, MR, URC 
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IF 28: Training and monitoring 
IF 29: Geographically distributed CCB (change control 
block) 
IF 30: Resistance management 
IF 31: Formalised relationship between development 
teams 
IF 32: Skilled human resources 
IF 33: Overseas site response 
IF 34: Clear change management strategy 
IF 35: Requirement traceability 
IF 36: Change management process awareness 
IF 37: Governance and control of RCM activities 
IF 38: Standard and process for RCM 
IF 39: Change identification and validation 
IF 40: Continuous organisational support 
IF 41: Conducting social events 
IF 42: Synchronisation of work at different sites 
IF 43: Parallel project testing and feedback 

TR 
C 
C 
TR 
C 
 
TR 
C, PM 
IA, MR 
IA 
IA, URC 
MR, TR, IA 
IA 
IA 
MR 
MR 
C 
C, IA 

P10 IF 44: Project Administration 
IF 45: Coordination 
IF 46: Software Methodology 
IF 47: HR management 
IF 48: Technology Factors 

MR 
C, TR 
PM 
TR, MR 
C 

P11 IF 49: Resources (Time and cost) 
IF 50: Change request 

URC, IA 

P12 IF 51: Rapid response to changes in requirements rather 
than following a prescribed plan  
IF 52: Collaboration between the software developer and 
user 

PM 

P13 IF 53: Welcome requirements change, even at the end of 
development 
IF 54: Positive team role 

PM, TR 

P14 IF 55: Support quick and flexible response to change 
IF 56: Team coordination 
IF 57: Project leader 

TR, C, MR 

P15 IF 58: Autonomy and Decision-Making Power 
IF 59: Choosing the Right Method 

IA, TR, PM 

P16 IF 60: Tight Time and Cost Constraint 
IF 61: Coordination 
IF 62: Communication 
IF 63: Lack of Tools 

IA, C, TR 

P17 IF 64: Reporting the Change 
IF 65: Analysing the Possible Impact of the Change 
IF 66: Implementing the Change 

URC, IA, MR 

P18 IF 67: Importance of Individuals and their Interactions 
IF 68: Early Delivery 
IF 69: Collaboration with the customers 
IF 70: Effective responses to change requirements 

TR, PM 

P19 IF 71: Communication C 
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IF 72: Documentation 
P20 IF 72: Tools for Communication C 
P21 IF 73: Communication of changes in requirements C 
P22 IF 74: Strong leadership MR, PM 
P23 IF 75: Documentation of requirements C 
P24 IF 76: Clearly defined team roles TR, MR 
P25 IF 77: Communication in teams with large time difference C 
P26 IF 78: Fixed Costs 

IF 79: Speed of communication 
IF 80: Ease of communication 

URC, IA, MR 

 

Once the analysis is complete, the resultant categories and identified influencing factors 

are sent for expert review.   

4.4 Expert Review Results 

 After the categories are devised and all influencing factors have been distributed in their 

respective categories, the results are sent to the experts for expert review with an additional 

column of description where each identified factor is described for the better understanding of 

the experts as shown in the Table 4.9. This is done to validate the results and naming 

conventions as well as to eliminate the repetitions.  

Table 4.9: Results after Expert Review 

Categories Influencing Factors Description 
Understanding 
Requirements Change 
(URC) 
 
This category includes 
influencing factors related to 
the requirements change 
requests, processing the 
change, its implementation 
and reporting as well as the 
knowledge management 
between geographically 
dispersed teams and 
collaboration with all 

IF1: Different geographical 
locations of the 
development teams 

Teams are located at 
different geographical 
locations in distributed 
agile development (DAD). 
It is important to understand 
that which teams are 
involved/ will be affected 
during a specific 
requirement change 
request. 
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stakeholders. 
 IF2: Knowledge 

Management 
Knowledge management is 
also a salient aspect during 
SDLC. It is pertinent to 
focus on KM issues to 
clearly understand the 
requirements change 
process. 

 IF 3: Enhancement 
Requests and Content 
Changes 

Enhancement requests and 
content changes trigger 
requirements change 
process. So, it is necessary 
to clearly understand these 
requirement changes. 

 IF4: External Stakeholder 
Collaboration 

Stakeholders’ collaboration 
is one of the most important 
aspect to clearly understand 
requirements changes. 
Therefore, this IF falls in 
the category of URC. 

 IF 5: Managing 
Requirement change 

Before starting to 
implement the requirements 
change (RC) process, it is 
important to plan how the 
change will be managed 
throughout the SDLC and 
between the relevant 
distributed teams. This 
includes the collaboration 
of central management and 
the involved agile virtual 
teams. Therefore, this IF 
falls under the URC 
category. 

 IF 6: Vision and goal for 
change 

Defining the vision and 
goal for change is also an 
inevitable IF for smooth 
understanding of 
requirements change. 

 IF 7: Reporting the Change Reporting every change is a 
primary IF to understand 
RC during SDLC. 

 IF 8: Responding to change 
over following a plan 

An important IF during 
URC is to decide whether to 
respond to some specific 
change request or to 
continue sticking to the 
plan. 

 IF 9: Implementing the 
Change 

Once its decided to the 
respond to the change, how 
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the change will be 
implemented is also an 
important IF to understand 
requirements change. 

Impact Analysis (IA) 
 
This category belongs to the 
group of factors related to the 
impact analysis of the 
change. This includes human 
factors, organizational 
factors, resources (time, cost, 
tools) and response 
measures. 

IF 10: Human Factors Human factors to measure 
the impact analysis include 
the team members’ 
willingness to implement 
the change, their 
effectiveness in the change 
process, current project 
situation, managers-teams’ 
relations as well as inter-
teams and intra-teams’ 
relations. 

 IF 11: Organizational 
Factors 

Another important IF to 
measure the Impact 
analysis is the 
organizational behavior and 
attitude towards welcoming 
the changes. 

 IF 12: Cost Estimation and 
extra payment for changes 

One of the important IF for 
impact analysis is the 
additional cost estimation 
to implement the change as 
well as having the capacity 
to pay for the changes if 
required other than the 
already allocated budget. 

 IF 13: Parallel project 
testing and feedback 

Parallel project testing and 
feedback between the teams 
plays a vital role to analyze 
the impact of every 
requirements change. 

 IF 14: Resources (Time and 
cost) 

Availability of resources 
are vital for every change. 
Tight schedules often end 
up in failure to implement 
change or delays in delivery 
as well as increasing the 
overall project cost. Thus, 
this is an important IF in 
impact analysis. 

 IF 15: Analyzing the 
Possible Impact of the 
Change/ change request 

What kind of change/ 
change request has arrived 
and how it’s going to affect 
the overall project is a vital 
IF to measure IA. 
Therefore, analyzing the 
possible impact of every 
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change/ change request is 
important in every project. 
It must not be ignored. 

 IF 16: Lack of Tools Lack of tools hamper the 
smooth change 
implementation. 
unavailability of tools and 
their impact on the 
development is vital. 
Therefore, it is an important 
IF in IA category. 

 IF 17: Effective responses 
to change requirements 

Effective responses are 
very important to avoid 
delays and to implement 
changes. Therefore, the 
response time matters in 
impact analysis. 

 IF 18: Fixed Costs Sometimes projects have 
fixed costs. In such 
scenario, the impact 
analysis becomes vital to 
make decisions. 

Management Role (MR) 
 
All the management related 
influencing factors belong to 
this category including 
schedule and budget 
decisions, tools and 
technology decisions, 
assigning roles and 
responsibilities, choosing the 
right team and tools, and 
performing other 
administrative tasks. 

IF 19: Time Schedule Management needs to 
devise clear and practical 
time schedules including 
having margins for 
changes. 

 IF 20: Project Cost Management shall do the 
cost estimation keeping in 
view the possible additional 
changes during the 
development. 

 IF 21: Project Management Project management plays a 
vital role during RCM. 
Managers shall be flexible 
to adopt changes as well as 
they should provide the 
appropriate environment to 
the teams. 

 IF 22: Technology Setup Making sure to provide the 
necessary technology is 
also an important 
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management’s task 
 IF 22: Trust building Management shall play its 

role to build trust within 
teams and external 
stakeholders to implement 
changes. 

 IF 23: Roles and 
responsibilities 

Management shall clearly 
define roles and 
responsibilities of every 
individual. 

 IF 24: Training and 
monitoring 

Management shall provide 
proper training and 
monitoring. 

 IF 25: Resistance 
management 

Management shall cope up 
with resistance to the 
change at their level as well 
as at teams’ level. 

 IF 26: Skilled human 
resources 

Management shall provide 
required skilled human 
resources. 

 IF 27: Clear change 
management strategy 

Management shall devise 
clear and precise RCM 
strategy. 

 IF 28: Change management 
process awareness 

Management itself shall be 
aware about RCM process 
as well as it shall create 
awareness among teams 
and external stakeholders. 

 IF 29: Conducting social 
events 

Social events play positive 
role in collaboration. This 
impact positively on 
development including the 
implementation of changes 

 IF 30: Project leader Project leader shall be 
defined in time. In DAD, 
project is divided in small 
dispersed teams. Leaders 
shall be chosen in time for 
every task and module. 

 IF 31: Clearly defined team 
roles 

Just like leaders, roles of 
every team member shall be 
defined clearly. 

 IF 32: Tools for 
Communication 

Availability of tools 
required for proper 
communication shall be 
made available by the 
management. 

 IF 33: Project 
Administration 

Management shall 
administer the project 
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throughout during SDLC to 
effectively process 
changes. 

 IF 34: Overseas site 
response 

Management shall make 
sure the timely responses 
from overseas site during 
RCM. 

Team Role (TR) 
 
Team related influencing 
factors fall in this category 
which include SDLC 
activities, inter team 
relations, outside interaction 
and collaboration, choosing 
the right processes and 
performing respective tasks. 

IF 35: Software 
Development Life Cycle 

Teams shall be ready to 
implement the change if 
necessary, at any SDLC 
phase 

 IF 36: Group Awareness Different development 
groups shall be aware of 
changes. 

 IF 37: Customer 
Involvement and 
Interaction 

Teams shall be in 
continuous communication 
with customers with 
required level of 
involvement. 

 IF38: Formalized 
relationship between 
development teams 

Distributed teams shall 
have formal and working 
relationship with each 
other. 

 IF 39: Requirement 
traceability 

Teams shall trace 
requirements at every 
required level. 

 IF 40: Team Configuration Teams shall configure 
themselves according to the 
situations. 

 IF 41: Team coordination Team members shall 
continuously coordinate 
with each other while 
implementing changes. 

 IF 42: Governance and 
control of RCM activities 

Team members shall be 
given control RCM 
activities while 
implementing changes to 
the required level. 

 IF 43: Standard and process 
for RCM 

Teams shall follow 
standards and process 
requirements of RCM. 

 IF 44: Change 
identification and 

Team member shall 
identify the changes as well 
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validation as validate them for 
successful delivery. 

 IF 45: Synchronization of 
work at different sites 

Teams shall sync their work 
at different sites while 
making changes. 

 IF 46: Support quick and 
flexible response to change 

Team members shall 
support quick and flexible 
response to changes at 
every level of development. 

 IF 47: Choosing the Right 
Development Method 

Team members shall 
choose the right 
implementation methods. 

 IF 48: Importance of 
Individuals and their 
Interactions 

Every individual shall be 
given the due importance 
and respect in the team. 
Proper interaction must be 
made sure to smoothly 
implement changes at all 
required levels. 

 IF 49: Early Delivery Teams shall focus on timely 
delivery. 

Communication 
 
Communication methods, 
procedures and tasks related 
to the communication 
process between different 
teams, and with other 
stakeholders) 

IF 50: Face to face 
communication 

Face to face 
communication becomes 
impossible for agile virtual 
teams. Whenever possible, 
it shall be made sure. 

 IF 51: Customer 
Communication 

Communication with 
customers shall be 
maintained throughout the 
development. 

 IF 52: Effective 
communication 

Effective communication 
techniques and platforms 
must be adopted by agile 
virtual teams. 

 IF 53: Geographically 
distributed CCB (change 
control block) 

Change control block shall 
ensure communication 
between agile virtual teams. 

 IF 54: Communication in 
teams with large time 
difference 

Teams with larger 
differences in time zones 
face more difficulty in 
timely communications. 
Efficient means and 
communication methods 
shall be devised for such 
cases. 

 IF 55: Documentation of Requirement changes shall 
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requirements be documented and 
communicated in time. 

 IF 56: Speed of 
communication 

Communication between 
teams shall be speedy to 
avoid further delays. 

 IF 57: Ease of 
communication 

Communication methods 
shall be easy and formal in 
DAD. 

Progress Measure (PM) 
 
Factors related to measuring 
progress as well as those 
factors that influence the 
progress of the project are 
added to this category. 

IF 58: Skilled developers Having skilled developers 
increase the pace of project. 
Projects progresses in time. 

 IF 59: Continuous 
organizational support 

Continuous organization 
support helps in timely 
progress of project. 

 IF 60: IT platforms The timeline and 
effectiveness of 
requirements change 
implementation depend on 
the existing IT platforms an 
organization is using. 

 IF 61: HR management HR management is vital to 
measure progress of a 
project. 

 IF 62: Strong leadership Strong leadership makes 
timely decisions thus 
helping in better project 
progress. 

 IF 63: Welcome 
requirements change, even 
at the end of development 

Change shall be welcomed 
even late in the project if 
necessary. The progress 
shall be measured 
continuously. 

 IF 64: Positive team role Positive role of teams helps 
in better progress. 

 IF 65: Rapid response to 
changes in requirements 
rather than following a 
prescribed plan 

Rapid change responses 
increase project progress. 
Although this IF is relevant 
to IF 8, here it is being 
added to measure progress. 

 IF 66: Collaboration 
between the software 
developer and user 

Developer and user 
continuous collaboration 
helps in achieving better 
progress. 

 IF 67: Autonomy and 
Decision-Making Power 

Autonomy and decision-
making power shall be 
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given at required levels to 
avoid delays and failures. 
This increases the project 
progress. 

 

After the experts’ review, the final influencing factors are 67 for the six identified 

categories as shown in the Table 4.9. This is the end of phase 1 in this research. 

4.5 Summary 

This chapter presents results of all three activities of phase one of this research. The next 

chapter presents results of the next phases.  



	

CHAPTER 5 

SURVEY RESULTS 

5.1 Overview 

 This chapter presents the results of survey and the development of framework. 

5.2 Survey Results 

 The next phase of this research is survey, and this section presents the results of survey. 

91 participants take part in the online questionnaire survey which is conducted through google 

forms. The gender distribution is shown in Figure 5.1. 

 
Figure 5.1: Gender-wise Distribution 

 

As Shown in Figure 5.1, total 91 responses are gathered. Out of 91 respondents 27.5% are 

female and 72.5% are male. 

 5.2.2 Distribution of Participants against Organization Size 

 The distribution of participants against organization size is as follows: 
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Figure 5.2: Organization Size of the Participants 

 

As shown in Figure 5.2, total 91 responses are collected. Out of 91 respondents 34.1% 

have small (less than 15 persons) organization size, 49.5% have medium (15 to 30 persons) and 

16.5% have large (more than 30 persons) organization size. 

 

5.2.3 Distribution of Participants against Work Experience 

The distribution of participants against work experience is: 

 

 

Figure 5.3: Work Experience Distribution 

 

As shown in Figure 5.3, total 91 responses are collected. Out of 91 respondents 11% have less 

than 1 year of work experience, 46.2% have 1-3 years of work experience and 42.9% have more 

than 3 years of work experience. 
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5.2.4 Prioritization of Influencing Factors of Category 1: Understanding 

Requirements Change 

 There are nine influencing factors in this first category of understanding requirements 

change. Different geographical locations of the development teams, knowledge management, 

enhancement requests and content changes, external stakeholder collaboration, managing 

requirement change, vision and goal for change, reporting the change, responding to change 

over following a plan and responding the change. Total number of respondents for IF 

prioritization is 91. 

 
Figure 5.4: Different geographical locations of the development teams Results 

The next influencing factor in this category is Knowledge Management. Out of 91 

respondents, 52.2% participants have rated it as Very High while 32.2% have rated it as High 

influencing factor in this category as shown in Figure 5.5. 

 
Figure 5.5: Knowledge Management Results 
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The next influencing factor in this category is enhancement request and content 

changes. Out of 91 respondents, 52.2% participants have rated it as Very High while 37.8% 

have rated it as High influencing factor in this category as shown in Figure 5.6. 

 
 

Figure 5.6: Enhancement Requests and Content Changes Result 

The next influencing factor in this category is External Stakeholder Collaboration. 

37.8% participants have rated it as Very High while 47.8% have rated it as High influencing 

factor in this category as shown in Figure 5.7.  

 

Figure 5.7: External Stakeholder Collaboration 

The next influencing factor in this category is managing requirement change. 42.2% 

participants have rated it as Very High while 38.9% have rated it as High influencing factor in 

this category as shown in Figure 5.8. 
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Figure 5.8: Managing Requirement change Result 

The next influencing factor in this category is vision and goal for change. 54.4% 

participants have rated it as Very High while 30% have rated it as High influencing factor in 

this category as shown in Figure 5.9. 

 

Figure 5.9: Vision and goal for change Result 

The next influencing factor in this category is reporting the change. Out of 90 

respondents 48.9% participants have rated it as Very High while 38.9% have rated it as High 

influencing factor in this category as shown in Figure 5.10. 



	
	

	

64	

 

Figure 5.10: Reporting the Change Result 

The next influencing factor in this category is Responding to change over following a 

plan Result. Out of 90 respondents, 48.4% participants have rated it as Very High while 44% 

have rated it as High influencing factor in this category as shown in Figure 5.11. 

 

Figure 5.11: Responding to change over following a plan Result 

The next influencing factor in this category is implementing the change. Out of 90 

respondents, 48.4% participants have rated it as Very High while 44% have rated it as High 

influencing factor in this category as shown in Figure 5.12. 
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Figure 5.12: Implementing the Change Result 

Complete List of prioritized factors for URC category are shown in Figure 5.13. 

 

Figure 5.13: Prioritized List of URC Category 

Understanding Requirement Change

URC2 Enhancement Request 
and Content Changes

URC3 Knoledge Management

URC4 Reporting the Change

URC5 Implementing the change

URC6 Different geographical location of 
development teams

URC7 managing requirement change

URC8 Responding to change over following a plan

URC9 External stakeholder Collaboration

URC1 Vision and Goal 
for Change
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Based on the results of each influencing factor’s rating, a prioritized list is generated for this 

category which is shown in Figure 5.13. Each influencing factor has been given a new Id with 

initials of its category and its priority number in the list. This is done for the easy tracking of 

each influencing factor. For example, the column “New Id” in the Figure 5.13 represents the 

initials “URC” of the category Understanding Requirements Change and numbers represent the 

priority level from high to level low for each influencing factor.  

• Overall Category Rating: 71.07 

• Priority Number: 3 

 

5.2.5 Prioritization of Influencing Factors of Category 2: Impact Analysis 

 There are nine influencing factors in this category as well. Human factors, 

organizational factor, Cost Estimation and extra payment for changes Result, parallel project 

testing and feedback, resources (time and cost), Analysing the Possible Impact of the Change/ 

change request Result, lack of tool results, Effective Response to Change Requirements Result 

and Fixed Costs result. 

 

Figure 5.14: Human Factors Result 

The first influencing factor in impact analysis result category is human factors. Out of 

90 respondents, 60% participants have rated it as Very High while 32.2% have rated it as High 

influencing factor in this category as shown in Figure 5.14. 



	
	

	

67	

 

Figure 5.15: Organizational Factors Result 

The next influencing factor in this category is organizational factors. Out of 90 

respondents, 32.2% participants have rated it as Very High while 55.6% have rated it as High 

influencing factor in this category as shown in Figure 5.15. 

 

Figure 5.16: Cost Estimation and extra payment for changes Result 

The next influencing factor in this category is cost estimation for change. Out of 90 

respondents, 47.3% participants have rated it as Very High and 41.8% have rated it as High 

influencing factor in this category as shown in Figure 5.16. 
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Figure 5.17: Parallel project testing and feedback 

The next influencing factor in this category is parallel project testing and feedback. 

Out of 90 respondents, 39.6% participants have rated it as Very High while 38.5% have rated it 

as High influencing factor in this category as shown in Figure 5.17. 

 

Figure 5.18: Resources (Time and cost) Result 

The next influencing factor in this category is resources. Out of 90 respondents, 65.9% 

participants have rated it as Very High while 17.6% have rated it as High influencing factor in 

this category as shown in Figure 5.18. 
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Figure 5.19: Analysing the Possible Impact of the Change/ change request Result 

The next influencing factor in this category is analyzing the possible impact of the 

change/change request. Out of respondents 40.7% participants have rated it as Very High 

while 37.4% have rated it as High influencing factor in this category as shown in Figure 5.19. 

 

 

Figure 5.20: Lack of Tools Result 

The next influencing factor in this category is lack of tools. Out of 90 respondents, 56% 

participants have rated it as Very High while 30.8% have rated it as High influencing factor in 

this category as shown in Figure 5.20. 
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Figure 5.21: Effective Response to Change Requirements Result 

The next influencing factor in this category is effective response to change 

requirements results. Out of 90 respondents, 36.3% participants have rated it as Very High 

while 49.5% have rated it as High influencing factor in this category as shown in Figure 5.21. 

 

Figure 5.22: Fixed Costs result 

The next influencing factor in this category is fixed costs results. Out of respondents, 

48.4% participants have rated it as Very High while 36.3% have rated it as High influencing 

factor in this category as shown in Figure 5.22. 
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Figure 5.23: Prioritized Influencing Factors of Impact Analysis Category 

Based on the results of each influencing factor’s rating, a prioritized list is generated for 

this category which is shown in Figure 5.23. Each influencing factor has been given a new Id 

with initials of its category and its priority number in the list. This is done for the easy tracking 

of each influencing factor. For example, the column “New Id” in the Figure 5.23 represents the 

initials “IA” of the category Impact Analysis and numbers represent the priority level from high 

to level low for each influencing factor.  

• Overall Category Rating: 71.07 

• Priority Number: 2 

 

5.2.6 Prioritization of Influencing Factors of Category 3: Management Role  

There are 17 influencing factors in Management role category. Time schedule, project 

cost, project management, technology setup, trust building, roles and responsibilities, training 

and monitoring, skilled human resources, clear change management strategy, change 

management process awareness, conducting social events, clearly defined team roles, project 

leader, tools for communication results and overseas site response. 
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Figure 5.24: Time Schedule Result 

The 1st influencing factor in this category is time schedule. Out of 90 respondents, 

68.2% participants have rated it as Very High while 20.5% have rated it as High influencing 

factor in this category as shown in Figure 5.24. 

 

Figure 5.25: Project Cost result 

The next influencing factor in this category is project cost. Out of 90 respondents, 33% 

participants have rated it as Very High while 59.1% have rated it as High influencing factor in 

this category as shown in Figure 5.25. 

 

Figure 5.26: Project Management Result 
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The next influencing factor in this category is project management. Out of 90 

respondents, 45.5% participants have rated it as Very High while 44.4% have rated it as High 

influencing factor in this category as shown in Figure 5.26. 

 

Figure 5.27: Technology Setup Result 

The next influencing factor in this category is technology setup. Out of 90 respondents, 

37.8% participants have rated it as Very High while 52.2% have rated it as High influencing 

factor in this category as shown in Figure 5.27. 

 

Figure 5.28: Trust Building Result 

The next influencing factor in this category is trust building. Out of 90 respondents, 40% 

participants have rated it as Very High while 43.3% have rated it as High influencing factor in 

this category as shown in Figure 5.28. 
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Figure 5.29: Roles and Responsibilities Result 

The next influencing factor in this category is roles and responsibilities. Out of 90 

respondents, 48.3% participants have rated it as Very High while 37.1% have rated it as High 

influencing factor in this category as shown in Figure 5.29. 

 

Figure 5.30: Training and Monitoring Result 

The next influencing factor in this category is training and monitoring results. Out of 

90 respondents, 55.6% participants have rated it as Very High while 31.1% have rated it as High 

influencing factor in this category as shown in Figure 5.30. 
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Figure 5.31: Resistance Management Result 

The next influencing factor in this category is resistance management. Out of 90 

respondents, 33.3% participants have rated it as Very High while 48.9% have rated it as High 

influencing factor in this category as shown in Figure 5.31. 

 

Figure 5.32: Skilled Human Resources Result 

The next influencing factor in this category is skilled human resource. Out of 90 

respondents, 64.4% participants have rated it as Very High while 21.1% have rated it as High 

influencing factor in this category as shown in Figure 5.32. 

 

Figure 5.33: Clear Change Management Strategy Result 
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The next influencing factor in this category is clear change management strategy. Out 

of 90 respondents, 50% participants have rated it as Very High while 37.8% have rated it as 

High influencing factor in this category as shown in Figure 5.33. 

 

Figure 5.34: Change Management Process Awareness Result 

The next influencing factor in this category is change management process 

awareness. Out of 90 respondents, 43.3% participants have rated it as Very High while 45.6% 

have rated it as High influencing factor in this category as shown in Figure 5.34. 

 

Figure 5.35: Conducting Social Events Result 

The next influencing factor in this category is conducting social events. Out of 90 

respondents, 36.7% participants have rated it as Very High while 42.2% have rated it as High 

influencing factor in this category as shown in Figure 5.35. 
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Figure 5.36: Project Leader Result 

The next influencing factor in this category is project leader. Out of 90 respondents, 

49.4% participants have rated it as Very High while 37.1% have rated it as High influencing 

factor in this category as shown in Figure 5.36. 

 

Figure 5.37: Clearly defined Team Roles Result 

The next influencing factor in this category is clearly defined team roles. Out of 90 

respondents, 38.9% participants have rated it as Very High while 48.9% have rated it as High 

influencing factor in this category as shown in Figure 5.37. 

 

Figure 5.38: Tools for Communication Result 
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The next influencing factor in this category is tools for communication results. Out of 

90 respondents, 54.4% participants have rated it as Very High while 30% have rated it as High 

influencing factor in this category as shown in Figure 5.38. 

 

Figure 5.39: Project Administration Result 

The next influencing factor in this category is project administration. Out of 90 

respondents, 46.1% participants have rated it as Very High while 37.1% have rated it as High 

influencing factor in this category as shown in Figure 5.39. 

 

Figure 5.40: Overseas Site Response Result 

The next influencing factor in this category is overseas site response. Out of 90 

respondents, 43.3% participants have rated it as Very High while 41.1% have rated it as High 

influencing factor in this category as shown in Figure 5.40. 

Based on the results of each influencing factor’s rating, a prioritized list is generated for 

this category which is shown in Figure 5.41. Each influencing factor has been given a new Id 

with initials of its category and its priority number in the list. This is done for the easy tracking 
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of each influencing factor. For example, the column “New Id” in the Figure 5.41 represents the 

initials “MR” of the category Management Role and numbers represent the priority level from 

high to level low for each influencing factor. 

 

Figure 5.41: Prioritized Influencing Factors of Management Role Category 

• Overall Category Rating: 69.5 

• Priority Number: 4 

 

5.2.7 Prioritization of Influencing Factors of Category 4: Team Role 

 There are 15 influencing factors in team and role category are as follows: software 

development life cycle, group awareness, customer involvement and interaction, formalized 

relationship between development teams, requirement traceability, team configuration, team 

coordination, was governance and control of RCM activities, standard and process for RCM, 

change identification and validation, synchronization of work at different sites, support quick 

and flexible response to change, choosing the right development method, importance of 

individuals and their interactions and early delivery. 
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Figure 5.42: SDLC Result 

The 1st influencing factor in this category is software development life cycle. Out of 

90 respondents, 53.9% participants have rated it as Very High while 40.4% have rated it as High 

influencing factor in this category as shown in Figure 5.42. 

 

Figure 5.43: Group Awareness Result 

The next influencing factor in this category is Group awareness. Out of 90 respondents, 

33.7% participants have rated it as Very High while 57.3% have rated it as High influencing 

factor in this category as shown in Figure 5.43. 

 

Figure 5.44: Customer Involvement and Interaction Result 
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The next influencing factor in this category is customer involvement and interaction. 

Out of 90 respondents, 50% participants have rated it as Very High while 34.4% have rated it 

as High influencing factor in this category as shown in Figure 5.44. 

 

Figure 5.45: Formalized Relationship between Development Teams Result 

The next influencing factor in this category is formalized relationship between 

development teams. Out of 90 respondents, 47.7% participants have rated it as Very High 

while 37.5% have rated it as High influencing factor in this category as shown in Figure 5.45. 

 

Figure 5.46: Requirement Traceability Result 

The next influencing factor in this category is requirement traceability. Out of 90 

respondents, 51.7% participants have rated it as Very High while 36% have rated it as High 

influencing factor in this category as shown in Figure 5.46. 
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Figure 5.47: Team Configuration result 

The next influencing factor in this category is team configuration. Out of 90 

respondents, 48.3% participants have rated it as Very High while 34.8% have rated it as High 

influencing factor in this category as shown in Figure 5.47. 

 

Figure 5.48: Team Coordination Result 

The next influencing factor in this category is team coordination. Out of 90 

respondents, 57.3% participants have rated it as Very High while 29.2% have rated it as High 

influencing factor in this category as shown in Figure 5.48. 

 

Figure 5.49: Governance and Control of RCM Activities Result 
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The next influencing factor in this category is governance and control of RCM 

activities. Out of 90 respondents, 41.1% participants have rated it as Very High while 43.3% 

have rated it as High influencing factor in this category as shown in Figure 5.49. 

 

Figure 5.50: Standard and Process of RCM Result 

The next influencing factor in this category is standard and process for RCM. Out of 

90 respondents, 50% participants have rated it as Very High while 36.7% have rated it as High 

influencing factor in this category as shown in Figure 5.50. 

 

Figure 5.51: Change Identification and Validation Result 

The next influencing factor in this category is change identification and validation. 

Out of 90 respondents, 37.1% participants have rated it as Very High while 49.4% have rated it 

as High influencing factor in this category as shown in Figure 5.51. 
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Figure 5.52: Sync of Work at Diff Sites Result 

The next influencing factor in this category is synchronization of work at different 

sites. Out of 90 respondents, 40.4% participants have rated it as Very High while 43.8% have 

rated it as High influencing factor in this category as shown in Figure 5.52. 

 

Figure 5.53: Support Quick and Flexible Response to Change Result 

The next influencing factor in this category is support quick and flexible response to 

change. Out of 90 respondents, 47.2% participants have rated it as Very High while 40.4% have 

rated it as High influencing factor in this category as shown in Figure 5.53. 

 

Figure 5.54: Choosing the Right Dev Method Result 
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The next influencing factor in this category is choosing the right development method. 

Out of 90 respondents, 44.9% participants have rated it as Very High while 42.7% have rated it 

as High influencing factor in this category as shown in Figure 5.54. 

 

Figure 5.55: Imp of Individuals and Their Interactions Result 

The next influencing factor in this category is importance of individuals and their 

interactions. Out of 90 respondents, 43.8% participants have rated it as Very High while 36% 

have rated it as High influencing factor in this category as shown in Figure 5.55. 

 

Figure 5.56: Early Delivery Result 

The next influencing factor in this category is early delivery. 44.9% participants have 

rated it as Very High while 40.4% have rated it as High influencing factor in this category as 

shown in Figure 5.56. 

Based on the results of each influencing factor’s rating, a prioritized list is generated for 

this category which is shown in Figure 5.57. Each influencing factor has been given a new Id 
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with initials of its category and its priority number in the list. This is done for the easy tracking 

of each influencing factor. For example, the column “New Id” in the Figure 5.57 represents the 

initials “TR” of the category Team Role and numbers represent the priority level from high to 

level low for each influencing factor.  

 

Figure 5.57: Prioritized Influencing Factors of Team Role Category 

• Overall Category Rating: 69.2 

• Priority Number: 5 

 

5.2.8 Prioritization of Influencing Factors of Category 5: Communication 

 There are 8 influencing factors in communication category are as follow: face to face 

communication, customer communication, effective communication, geographical distributed 

change control block, documentation of requirements, communication in terms with large time 

difference, speed of communication and ease of communication. 
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Figure 5.58: F2F Communication Result 

The next influencing factor in this category is face to face communication. Out of 90 

respondents, 42.2% participants have rated it as Very High while 44.4% have rated it as High 

influencing factor in this category as shown in Figure 5.58. 

 

Figure 5.59: Customer Communication Result 

The next influencing factor in this category is customer communication. Out of 90 

respondents, 28.9% participants have rated it as Very High while 56.7% have rated it as High 

influencing factor in this category as shown in Figure 5.59. 
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Figure 5.60: Effective Communication Result 

The next influencing factor in this category is effective communication. Out of 90 

respondents, 50% participants have rated it as Very High while 43.3% have rated it as High 

influencing factor in this category as shown in Figure 5.60. 

 

Figure 5.61: Geographically Distributed Change Control Block Result 

The next influencing factor in this category is geographical distributed change control 

block. Out of 90 respondents, 48.9% participants have rated it as Very High while 36.7% have 

rated it as High influencing factor in this category as shown in Figure 5.61. 

 

Figure 5.62: Communication in Team with Large Time Diff Result 
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The next influencing factor in this category is communication in terms with large time 

difference. Out of 90 respondents, 38.9% participants have rated it as Very High while 43.3% 

have rated it as High influencing factor in this category as shown in Figure 5.62. 

 

Figure 5.63: Doc of Requirements Result 

The next influencing factor in this category is documentation of requirements. Out of 

90 respondents, 40% participants have rated it as Very High while 43.3% have rated it as High 

influencing factor in this category as shown in Figure 5.63. 

 

Figure 5.64: Speed of Communication Result 

The next influencing factor in this category is speed of communication. Out of 90 

respondents, 47.8% participants have rated it as Very High while 38.9% have rated it as High 

influencing factor in this category as shown in Figure 5.64. 
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Figure 5.65: Ease of Communication Result 

The next influencing factor in this category is ease of communication. Out of 90 

respondents, 42.2% participants have rated it as Very High while 40% have rated it as High 

influencing factor in this category as shown in Figure 5.65. 

 

Figure 5.66: Prioritized Influencing Factors of Communication Category 

Based on the results of each influencing factor’s rating, a prioritized list is generated for 

this category which is shown in Figure 5.66. Each influencing factor has been given a new Id 

with initials of its category and its priority number in the list. This is done for the easy tracking 
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of each influencing factor. For example, the column “New Id” in the Figure 5.66 represents the 

initials “C” of the category Communication and numbers represent the priority level from high 

to level low for each influencing factor. 

• Overall Category Rating: 63.54 

• Priority Number: 6 

 

5.2.9 Prioritization of Influencing Factors of Category 6: Progress Measure 

 There are 9 influencing factors in process measure category are as follow: skilled 

developers, continuous organization support, IT platforms, HR management, welcome 

requirements change, even at the end of development, positive team role, rapid response to 

change in requirements rather than following a prescribed plan and collaboration between the 

software developer and user.  

 

Figure 5.67: Skilled Developers Result 

The next influencing factor in this category is skilled developers. Out of 90 

respondents, 57.1% participants have rated it as Very High while 33% have rated it as High 

influencing factor in this category as shown in Figure 5.67. 

 

Figure 5.68: Continuous Organizational Support Result 
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The next influencing factor in this category is continuous organizational support. Out 

of 90 respondents, 35.6% participants have rated it as Very High while 47.8% have rated it as 

High influencing factor in this category as shown in Figure 5.68. 

 

Figure 5.69: IT Platforms Result 

The next influencing factor in this category is IT platforms. Out of 90 respondents, 

48.9% participants have rated it as Very High while 35.6% have rated it as High influencing 

factor in this category as shown in Figure 5.69. 

 

Figure 5.70: HR Management Results 

The next influencing factor in this category is HR management. Out of 90 

respondents,45.6% participants have rated it as Very High while 37.8% have rated it as High 

influencing factor in this category as shown in Figure 5.70. 
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Figure 5.71: Strong Leadership Result 

The next influencing factor in this category is strong leadership. Out of 90 respondents, 

48.9% participants have rated it as Very High while 41.1% have rated it as High influencing 

factor in this category as shown in Figure 5.71. 

 

Figure 5.72: Welcome Requirement Change Even at the End of Dev Result 

The next influencing factor in this category is welcome requirements change, even at 

the end of development. Out of 90 respondents, 52.2% participants have rated it as Very High 

while 34.4% have rated it as High influencing factor in this category as shown in Figure 5.72. 

 

Figure 5.73: Positive Team Role Result 



	
	

	

94	

The next influencing factor in this category is positive team role. Out of 90 respondents, 

28.9% participants have rated it as Very High while 50% have rated it as High influencing factor 

in this category as shown in Figure 5.73. 

 

Figure 5.74: Rapid Response to Change in Requirements rather than following a Prescribed 

Plan Result 

The next influencing factor in this category is rapid response to change in 

requirements rather than following a prescribed plan. Out of 90 respondents, 50% 

participants have rated it as Very High while 31.1% have rated it as High influencing factor in 

this category as shown in Figure 5.74. 

 

Figure 5.75: Collaboration between the Software Dev and the User Result 

The next influencing factor in this category is collaboration between the software 

developer and user. 37.8% participants have rated it as Very High while 47.8% have rated it 

as High influencing factor in this category as shown in Figure 5.75. 
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Based on the results of each influencing factor’s rating, a prioritized list is generated for this 

category which is shown in Figure 5.76. Each influencing factor has been given a new Id with 

initials of its category and its priority number in the list. This is done for the easy tracking of 

each influencing factor. For example, the column “New Id” in the Figure 5.76 represents the 

initials “PM” of the category Progress Measure and numbers represent the priority level from 

high to level low for each influencing factor. 

 

Figure 5.76: Prioritized Influencing factors of Progress Measure Category 

• Overall Category Rating: 75.5 

• Priority Number: 1 

After the categories are prioritized and a prioritized list of influencing factors for each 

category is developed, finally a complete prioritized list of all categories and their respective 

prioritized influencing factors is obtained which is illustrated in Table 5.1. 
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Table 5.1: Final Prioritized List of Categories and their Prioritized Influencing Factors 

Unique ID Prioritized Influencing Factors 
CATEGORY 1: PROGRESS MEASURE 

PM 1 Skilled developers 
PM 2 Welcome requirements change, even at the end of development 
PM 3 Strong leadership 
PM 4 IT platforms 
PM 5 HR management 
PM 6 Continuous organizational support 
PM 7 Positive team role 
PM 8 Rapid response to changes in requirements rather than following a 

prescribed plan 
PM 9 Collaboration between the software developer and user 

CATEGORY 2: IMPACT ANALYSIS 
IA 1 Resources (Time and cost) 
IA 2 Human Factors 
IA 3 Lack of Tools 
IA 4 Fixed Costs 
IA 5 Cost Estimation and extra payment for changes 
IA 6 Analyzing the Possible Impact of the Change/ change request 
IA 7 Parallel project testing and feedback 
IA 8 Effective responses to change requirements 
IA 9 Organizational Factors 

CATEGORY 3: UNDERSTANDING REQUIREMENTS CHANGE 
URC 1 Vision and Goal for change 
URC 2 Enhancement requests and Content changes 
URC 3 Knowledge Management 
URC 4 Reporting the change 
URC 5 Implementing the change 
URC 6 Different geographical locations of the development team 
URC 7 Managing Requirement Change 
URC 8 Responding to change over following a plan 
URC 9 External Stakeholder Collaboration 

CATEGORY 4: MANAGEMENT ROLE 
MR 1 Time Schedule 
MR 2 Skilled human resources 
MR 3 Training and monitoring 
MR 4 Tools for Communication 
MR 5 Clear change management strategy 
MR 6 Project leader 
MR 7 Roles and responsibilities 
MR 8 Project Administration 
MR 9 Project Management 
MR 10 Change management process awareness 
MR 11 Overseas site response 
MR 12 Trust building 
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MR 13 Clearly defined team roles 
MR 14 Technology Setup 
MR 15 Conducting social events 
MR 16 Resistance management 
MR 17 Project Cost 

CATEGORY 5: TEAM ROLE 
TR 1 Team coordination 
TR 2 Software Development Life Cycle 
TR 3 Requirement traceability 
TR 4 Standard and process for RCM 
TR 5 Customer Involvement and Interaction 
TR 6 Team Configuration 
TR 7 Formalized relationship between development teams 
TR 8 Importance of Individuals and their Interactions 
TR 9 Support quick and flexible response to change 
TR 10 Choosing the Right Development Method 
TR 11 Early Delivery 
TR 12 Governance and control of RCM activities 
TR 13 Synchronization of work at different sites 
TR 14 Change identification and validation 
TR 15 Group Awareness 

CATEGORY 6: COMMUNICATION 
C 1 Effective communication 
C 2 Geographically distributed CCB (change control block) 
C 3 Speed of communication 
C 4 Face to face communication 
C 5 Ease of communication 
C 6 Documentation of requirements 
C 7 Communication in teams with Large time difference 
C 8 Customer Communication 

 

 

5.3 Framework for RCM in DAD 

 The final step of this research is to propose a framework based on the findings of SLR 

and Survey to efficiently conduct RCM process in DAD environment. The Proposed framework 

is shown in Figure 5.76. 
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Figure 5.77: Framework for RCM in DAD 

The proposed framework is developed to help practitioners manage the requirements 

change process in a better way. It incorporates the results of this research study to let the 

software engineers focus on all the important aspects while doing the RCM process. When a 

requirement change request is received and RCM process is initiated, the practitioners shall 

look for the categories relevant to their part of work and then focus on the influencing factors 

of the category/ categories relevant to their task. If they are lacking at one or more factors, they 

shall take measures to cope up with the influencing factors to achieve their objective in a 

systematic manner. For example, if an individual is working as a project manager and (s)he 

wants to measure the progress to decide whether to go for the change or not, (s)he shall go to 

the Progress Measure category first. Then (s)he shall consider the influencing factors of this 

category one by one and decide what’s suitable for the project. So, (s)he shall examine; If (s)he 

has the skilled developers, if (s)he can afford to welcome the change at that stage of the 
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development, if (s)he has the strong leadership to support, if (s)he has required IT platforms 

available, etc. Once (s)he has considered the influencing factors, (s)he can now easily decide 

whether to go for the change or to reject it or to delay it for the time being. Every individual or 

team can make use of this framework in the similar manner by following the simple steps 

provided in the framework and by making use of its categories and influencing factors to 

perform the RCM process in a systematic and efficient manner. Thus, the framework helps its 

users to avoid problems, failure, or hassle later in the process by considering all the relevant 

factors. Therefore, this framework is quite useful for the practitioners to conduct RCM process 

in DAD environment. 

 

5.4 Discussion 

 The study proposed a framework for RCM process in DAD setup. The framework uses 

the categories and influencing factors found as the result of this research study (Table 5.2). 

There are six categories devised for the practitioners. Progress measure category is found out 

to be the most important one. There are nine influencing factors in this category. Out of those 

nine influencing factors, Skilled developers is rated as the most highly influencing factor while 

“welcome change even at the end of development” is the second most highly influencing factor 

for RCM process in this category.  

The category at the second priority in the list is Impact Analysis category. It also has 

nine influencing factors in total. Resources (cost and time) is the most highly influencing factor 

in this category which means that while deciding whether to go for change or not, the 

practitioners must consider if they have the required cost and time to incorporate change. 

Human factors and lack of tools are second and third most important influencing factors in this 

category respectively. This means that practitioners shall consider the human factors and the 

availability of tools to decide for the requirement change request. 

Understanding requirement change is the third important category with a total of nine 

influencing factors as shown in the Table 5.2. Vision and Goal for change is the topmost 

important influencing factor in this category. This means that when the requirements change 

process is initiated, the practitioners need to first understand the vision and goal for the 
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respective change. Enhancement requests and Content changes is the second important 

influencing factor which suggests that it is important to understand the enhancement and content 

changes request prior to practically starting the change in the development process. Knowledge 

management is the third highly influencing factor in this category suggesting that it is also vital 

to understand and incorporate efficient knowledge management mechanisms for RCM process 

to be successfully completed. 

The fourth important category is Management Role category. It has 17 influencing 

factors in total with “Time schedule” being the most important one. “Skilled human resources” 

and “Training and monitoring” are the second and third most significant influencing factors in 

this category. This means that the personnel involved in the management of a software project 

in DAD setting must consider the time schedule, available human resources and available 

training and monitoring mechanisms along with other succeeding influencing factors when 

deciding on a requirement change process. If they are lacking in one or more factors and if they 

consider that lacking in those factors may affect their project negatively, then they must take 

certain measures to cope up with the situation. For example, if they don’t have skilled human 

resources to meet the requirements of the project, they must hire new suitable individuals and 

if they think they must provide suitable training and monitoring mechanisms for the existing 

employees, they must arrange such sessions to deal with the situation. 

Team role is the fifth significant category in the findings with fifteen influencing factors 

in total as shown in Table 5.2. “Team coordination” is the most important factor in this category. 

“Software Development Life Cycle” and “Requirement traceability” are the next important 

factors in the list. Team members must focus on their coordination which becomes more 

complex in distributed agile development setting. They should incorporate proper coordination 

mechanisms to cope up with this factor. Teams need to keep track of requirements in entire 

software development life cycle and there should be proper traceability mechanisms to achieve 

RCM process in an efficient manner. 

The sixth important category as the results of this study is “Communication” category 

with eight influencing factors. “Effective communication”, “Geographically distributed CCB 

(change control block)” and “speed of communication” are the top three influencing factors in 

this category. This suggests that the teams distributed at different locations must incorporate 
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effective means of communication, a geographically distributed CCB and they must maintain 

desired speed while communicating with the distributed teams to avoid delays. 

The proposed framework uses these categories and influencing factors to guide the 

software development teams, managers as well as higher management and chief executives to 

carry out RCM process properly and systematically in any DAD project. The list of categories 

shall help them to look for the categories relevant to their roles and responsibilities only. This 

helps in saving efforts and to keep focus only on the required aspects. The influencing factors 

of each category help the practitioners to keep their focus on all required important aspects 

while completing their tasks. This framework provides a scaled and systematic approach for 

RCM in DAD setup by providing all the necessary aspects and saves lots of efforts and 

resources by limiting the focus on only the required factors at the same time.  

5.5 Summary  

The results of second and third phases of this study have been shown in this chapter. 

The outcome as well as detailed discussion has also been presented. The next chapter presents 

the conclusion to sums up this research study.  



	

CHAPTER 6 

CONCLUSION AND FUTURE WORK 

6.1 Overview 

 This chapter discusses the significance of this research and potential research areas 

relevant to this study for the future.it also presents the concluding remarks of the authors on 

this research study. 

6.2 Research Summary 

 This research is conducted to explore the requirements change management process in 

the domain of distributed agile development. The research is conducted to answer the following 

research questions: 

• What are the influencing factors which affect requirements change management process 

in distributed agile development? 

• How to categorize and prioritize the identified influencing factors for requirements 

change management in distributed agile development? 

• What is the suitable way to deal with the influencing factors to manage requirements 

change in distributed agile development? 

first research question. Survey is used to answer the second RQ and results of first two RQs 

were combined to obtain the eventual outcome which is a framework for RCM in DAD. 
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6.3 Fulfilment of Research Objectives 

This research has the following three objectives: 

• To identify influencing factors from the literature which affect RCM in DAD 

• To categorize and prioritize the identified influencing factors for RCM in DAD 

• To present a framework for efficient RCM in DAD 

All three objectives are achieved successfully. A categorized list of IFs is developed to fulfil 

objective one. Then, it is categorized to satisfy objective two and in the end a framework is 

proposed to address third objective. 

6.4 Limitations of this Research 

The SLR in this study is limited to the five databases over the past five years. Also, this research 

is based in the domain of software engineering and experts from the industry are chosen as the 

participants. Thus, the number of participants might be less. Covid-19 is another hindrance in 

getting more participants. Another limitation of this study is that the proposed framework is not 

validated in the industry due to the short of time and resources to conduct this research study. 

This might as well be a potential future work of this study. 

6.5 Significance and Future Work 

This research would be quite significant and useful for the software engineering professionals 

working in Distributed Agile Development environment to manage requirements change 

process in an efficient and systematic manner. The proposed framework, categories and 

influencing factors help to scale and systemize the RCM process for any DAD project at any 

phase of SDLC. The potential future work would be to validate the proposed framework in a 

real-time DAD project. A couple of case studies in DAD projects would reveal the uses and 

benefits of this research. Another potential future work in this domain would be the real-time 
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validation of the categories and its influencing factors in the industry. 

The research adds significant value to the area of requirements change management in the 

distributed agile development environment. The results of this study are novel and open many 

new dimensions for the researchers to work on in the coming years. 

6.6 Conclusion 

Distributed agile development has increased exponentially over the recent years round 

the globe. Companies all around the world, no matter what the size is, are making use of DAD 

to get aided from the benefits of DAD. Distributed software development has already become 

a norm for software industry and agile has always gained popularity in the software industry 

since its existence. Being different in the fundamental nature but having separate benefits, both 

agile and distributed software development have been the focus of attention in the academia as 

well as in the industry. That’s the prime reason for the increasing use of DAD in software 

development.  

Requirement’s engineering is one of the most salient and central phase of any modern 

day’s software development project. Software projects being built today are huge and extensive 

where requirements keep changing in the real time. Therefore, the need to have proper 

requirements change management mechanisms is inevitable. This becomes even more 

necessary and vital in DAD due to the very nature of DAD environment. This research study is 

an effort to fulfil this need by proposing a RCM framework for DAD as well as by scaling and 

systemizing the RCM process by providing categories and influencing factors which are to be 

used with the framework. This research study might be a tiny drop in the ocean but it sure is 

one step forward towards the advancement of modern days’ software engineering. 
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APPENDIX A 

 

List of Final Studies 

 

S.NO Paper ID Paper Title 

01 P1 A Supporting Tool for Requirements Change Management in 
Distributed Agile Development 

02 P2 Moving from traditional to agile software development 
methodologies also on large, distributed projects. 

03 P3 Categorization of risk factors for distributed agile projects. 

04 P4 Scrum Requirements Engineering Practices and Challenges in 
Offshore Software Development. 

05 P5 Empirical studies of geographically distributed agile development 
communication challenges: A systematic review. 

06 P6 Improving offshoring of low-budget agile software development 
using the dual-shore approach: an auto ethnographic study 

07 P7 Quality Requirements in Large-Scale Distributed Agile Projects – 
A Systematic Literature Review 

08 P8 Quality requirements challenges in the context of large-scale 
distributed agile: An empirical study 

09 P9 Toward successful agile requirements change management process 
in global software development: a client–vendor analysis 

10 P10 Identification and Prioritization of Agile Requirements Change 
Management Success Factors in the Domain of Global Software 
Development 

11 P11 Experiences from the Design of an Artefact Model for Distributed 
Agile Project Management 

12 P12 Adopting Scrum as an Agile Approach in Distributed Software 
Development: A Review of Literature 
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13 P13 Agile Software development in distributed team Enhancement 
Techniques 

14 P14 A Framework for Transitioning of Traditional Software 
Development Method to Distributed Agile Software Development 

15 P15 An Empirical Study on Lean and Agile Methods in Global Software 
Development 

16 P16 Systematic Review of Success Factors for Scaling Agile Methods 
in Global Software Development Environment: A Client-Vendor 
Perspective 

17 P17 Toward an Agile Approach to Managing the Effect of Requirements 
on Software Architecture during Global Software Development 

18 P18 Prioritizing challenges of agile process in distributed software 
development environment using analytic hierarchy process 

19 P19 A Novel Framework for Change Requirement Management (CRM) 
In Agile Software Development 

20 P20 An exploratory study in communication in Agile Global Software 
Development 

21 P21 Challenges in Distributed Agile Software Development 
Environment: A Systematic Literature Review 

22 P22 A systematic review of distributed Agile software engineering 

23 P23 An Empirical Investigation on Effort Estimation in Agile Global 
Software Development 

24 P24 Geographical Distance Challenges in Distributed Agile Software 
Development: Case Study of a global company 

25 P25 Communication Network in an Agile Distributed Software 
Development Team 

26 P26 A Risk Management Framework for Distributed Agile Projects 
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APPENDIX B 

 
Data Extraction Tables 

  
Data Source ACM Digital Library 
ID P1 
Title A Supporting Tool for Requirements Change Management in 

Distributed Agile Development 
Author Domia Lloyd, Ramadan Moawad, Mona Kadry 
Year of Publication 12 April 2017 
Publication Type Journal 
Influencing Factor IF1: Different geographical locations of the development teams 

IF2: Communication between development team 
IF3: Knowledge management 

 

Data Source Science Direct 
ID P2 
Title Moving from traditional to agile software 

development methodologies also on large, 
distributed projects. 

Author Georgios Papadopoulos 
Year of Publication 2015 
Publication Type Conference Paper 
Influencing Factor IF 4: Enhancement Requests and Content 

Changes 
IF 5: Time Schedule 
IF 6: Project Cost 

 

Data Source Science Direct 
ID P3 
Title Categorization of risk factors for 

distributed agile projects 
Author Suprika V. Shrivastava ⇑, Urvashi Rathod 

1 
Year of Publication 17 July 2014 
Publication Type Journal 
Influencing Factor IF 7: Software Development Life Cycle 

IF 8: Project Management 
IF 9: Group Awareness 
IF 10: External Stakeholder Collaboration 
IF 11: Technology Setup 
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Data Source Google Scholar 
ID P4 
Title Scrum Requirements Engineering 

Practices and Challenges in Offshore 
Software Development 

Author V. N. Vithana 
Year of Publication April 2015 
Publication Type Journal 
Influencing Factor IF 12: Face to face communication  

IF 13: Customer Involvement and 
Interaction  
IF 14: Managing Requirement change 

 

Data Source Science Direct 
ID P5 
Title Empirical studies of geographically 

distributed agile development 
communication challenges: A systematic 
review 

Author Yehia Ibrahim Alzoubi , Asif Qumer Gill 
Year of Publication 2016 
Publication Type Journal 
Influencing Factor IF 15: Team Configuration 

IF 16: Customer Communication 
IF 17: Organizational Factors 
IF 18: Human Factors 

 

Data Source Google Scholar 
ID P6 
Title Improving offshoring of low-budget agile 

software development using the dual-shore 
approach: an autoethnographic study 

Author Michael Thorkild, Nørgaard Jørgensen 
Year of Publication 2015 
Publication Type Conference Paper 
Influencing Factor IF 19: Responding to change over 

following a plan 
IF 20: Customer Collaboration 
IF 21: Cost Estimation and extra payment 
for changes 

 
Data Source Springer Link 
ID P7 
Title Quality Requirements in Large-Scale 

Distributed Agile Projects – A Systematic 
Literature Review 
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Author Wasim Alsaqaf(&), Maya Daneva 
Year of Publication 2017 
Publication Type Journal 
Influencing Factor IF 22: Skilled developers 

 
Data Source Science Direct 
ID P8 
Title Quality requirements challenges in the 

context of large-scale distributed agile: An 
empirical study 

Author Wasim Alsaqaf, Maya Daneva 
Year of Publication 2019 
Publication Type Journal 
Influencing Factor IF 23: Team’s coordination and 

communication 
 

Data Source Google Scholar 
ID P9 
Title Toward successful agile requirements 

change management process in global 
software development: a client–vendor 
analysis 

Author Nosheen Sabahat, Faiza Iqbal, Farooque 
Azam, Muhammad Younus Javed 

Year of Publication 2020 
Publication Type Journal 
Influencing Factor IF 24: Effective communication 

IF 25: Trust building 
IF 26: Roles and responsibilities 
IF 27: Vision and goal for change 
IF 28: Training and monitoring 
IF 29: Geographically distributed CCB 
(change control block) 
IF 30: Resistance management 
IF 31: Formalised relationship between 
development teams 
IF 32: Skilled human resources 
IF 33: Overseas site response 
IF 34: Clear change management strategy 
IF 35: Requirement traceability 
IF 36: Change management process 
awareness 
IF 37: Governance and control of RCM 
activities 
IF 38: Standard and process for RCM 
IF 39: Change identification and validation 
IF 40: Continuous organisational support 
IF 41: Conducting social events 
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IF 42: Synchronization of work at different 
sites 
IF 43: Parallel project testing and feedback 

 
Data Source IEEE 
ID P10 
Title Identification and Prioritization of Agile 

Requirements Change Management 
Success Factors in the Domain of Global 
Software 
Development 

Author Tahir kamal, qinghua zhang 
Year of Publication 13 March 2020 
Publication Type Journal 
Influencing Factor IF 44: Project Administration 

IF 45: Coordination 
IF 46: Software Methodology 
IF 47: HR management 
IF 48: Technology Factors 

 
Data Source IEEE Xplore 
ID P11 
Title Experiences from the Design of an Artefact 

Model for Distributed Agile Project 
Management 

Author Henning Femmer; Marco Kuhrmann 
Year of Publication 2015 
Publication Type Conference 
Influencing Factor IF 49: Resources (Time and cost) 

IF 50: Change request 
 

Data Source IEEE Xplore 
ID P12 
Title Adopting Scrum as an Agile Approach in 

Distributed Software Development: A 
Review of Literature 

Author Victor Temitayo Faniran; Abdulbaqi 
Badru 

Year of Publication 2017 
Publication Type Conference 
Influencing Factor IF 51: Rapid response to changes in 

requirements rather than following a 
prescribed plan  
IF 52: Collaboration between the software 
developer and user 
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Data Source IEEE Xplore 
ID P13 
Title Agile Software development in distributed 

team Enhancement Techniques 
Author Ivaturi Saikiran; Rajbala Simon 
Year of Publication 2019 
Publication Type Conference 
Influencing Factor IF 53: Welcome requirements change, 

even at the end of development 
IF 54: Positive team role 

 
Data Source IEEE XPLORE 
ID P14 
Title A Framework for Transitioning of 

Traditional Software Development 
Method to Distributed Agile Software 
Development 

Author Madan Singh; Naresh Chauhan 
Year of Publication 2020 
Publication Type Conference 
Influencing Factor IF 55: Support quick and flexible response 

to change 
IF 56: Team coordination 
IF 57: Project leader 

 
Data Source IEEE Xplore 
ID P15 
Title An Empirical Study on Lean and Agile 

Methods in Global Software Development 
Author Mohammad Abdur Razzak 
Year of Publication 2016 
Publication Type Conference 
Influencing Factor IF 58: Autonomy and Decision-Making 

Power 
IF 59: Choosing the Right Method 

 
Data Source IEEE Xplore 
ID P16 
Title Systematic Review of Success Factors for 

Scaling Agile Methods in Global Software 
Development Environment: A Client-
Vendor Perspective 

Author Mohammad Shameem; Chiranjeev Kumar 
Year of Publication 2017 
Publication Type Conference 
Influencing Factor IF 60: Tight Time and Constraint 

IF 61: Coordination 
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IF 62: Communication 
IF 63: Lack of Tools 

 
Data Source Google Scholar 
ID P17 
Title Toward an Agile Approach to Managing 

the Effect of Requirements on Software 
Architecture during Global Software 
Development 

Author Hameed Khan, and Sultan Alyahya 
Year of Publication 2016 
Publication Type Journal 
Influencing Factor IF 64: Reporting the Change 

IF 65: Analysing the Possible Impact of the 
Change 
IF 66: Implementing the Change 

 
Data Source Google Scholar 
ID P18 
Title Prioritizing challenges of agile process in 

distributed software development 
environment using analytic hierarchy 
process 

Author Mohammad Shameem, Rakesh Ranjan 
Kumar 

Year of Publication 2017 
Publication Type Journal 
Influencing Factor IF 67: Importance of Individuals and their 

Interactions 
IF 68: Early Delivery 
IF 69: Collaboration with the customers 
IF 70: Effective responses to change 
requirements 

 
Data Source ACM Digital Library 
ID P19 
Title A Novel Framework for Change 

Requirement Management (CRM) In Agile 
Software Development 

Author Zainab Shehzadi, Farouq Ahmed 
Year of Publication 2019 
Publication Type Conference 
Influencing Factor IF 71: Communication 

IF 72: Documentation 
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Data Source Science Direct 
ID P20 
Title An exploratory study in communication in 

Agile Global Software Development 
Author AgustinYagüe JuanGarbajosa 
Year of Publication 2016 
Publication Type Journal 
Influencing Factor IF 72: Tools for Communication 

 
Data Source Google Scholar 
ID P21 
Title Challenges in Distributed Agile Software 

Development Environment: A Systematic 
Literature Review 

Author Imran Ghani, Angelica Lim 
Year of Publication 2019 
Publication Type Journal 
Influencing Factor IF 73: Communication of changes in 

requirements 
 

Data Source ACM Digital Library 
ID P22 
Title A systematic review of distributed Agile 

software engineering 
Author Buturab Rizvi, Ebrahim Bagher 
Year of Publication 2015 
Publication Type Journal 
Influencing Factor IF 74: Strong leadership 

 
Data Source IEEE Xplore 
ID P23 
Title An Empirical Investigation on Effort 

Estimation in Agile Global Software 
Development 

Author Ricardo Britto; Emilia Mendes 
Year of Publication 2015 
Publication Type Conference 
Influencing Factor IF 75: Documentation of requirements 

 
Data Source IEEE Xplore 
ID P24 
Title Geographical Distance Challenges in 

Distributed Agile Software Development: 
Case Study of a global company 

Author Murat Dogus Kahya; Çağla Seneler 
Year of Publication 2018 
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Publication Type Conference 
Influencing Factor IF 76: Clearly defined team roles 

 
Data Source IEEE Xplore 
ID P25 
Title Communication Network in an Agile 

Distributed Software Development Team 
Author Paul T. Robinson 
Year of Publication 2019 
Influencing Factor IF 77: Communication in teams with large 

time difference 
 

Data Source Science Direct 
ID P26 
Title A Risk Management Framework for 

Distributed Agile Projects 
Author Suprika VasudevaShrivastava 
Year of Publication 2017 
Publication Type Journal 
Influencing Factor IF 78: Fixed Costs 

IF 79: Speed of communication 
IF 80: Ease of communication 
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APPENDIX C 

 

Study wise distribution of influencing factors 
 

Study # Influencing Factors 
P1 IF1: Different geographical locations of the development teams 

IF2: Communication between development team 
IF3: Knowledge management 

P2 IF 4: Enhancement Requests and Content Changes 
IF 5: Time Schedule 
IF 6: Project Cost 

P3 IF 7: Software Development Life Cycle 
IF 8: Project Management 
IF 9: Group Awareness 
IF 10: External Stakeholder Collaboration 
IF 11: Technology Setup 

P4 IF 12: Face to face communication  
IF 13: Customer Involvement and Interaction  
IF 14: Managing Requirement change 

P5 IF 15: Team Configuration 
IF 16: Customer Communication 
IF 17: Organizational Factors 
IF 18: Human Factors 

P6 IF 19: Responding to change over following a plan 
IF 20: Customer Collaboration 
IF 21: Cost Estimation and extra payment for changes 

P7 IF 22: Skilled developers 
P8 IF 23: Teams coordination and communication 
P9 IF 24: Effective communication 

IF 25: Trust building 
IF 26: Roles and responsibilities 
IF 27: Vision and goal for change 
IF 28: Training and monitoring 
IF 29: Geographically distributed CCB (change control block) 
IF 30: Resistance management 
IF 31: Formalised relationship between development teams 
IF 32: Skilled human resources 
IF 33: Overseas site response 
IF 34: Clear change management strategy 
IF 35: Requirement traceability 
IF 36: Change management process awareness 
IF 37: Governance and control of RCM activities 
IF 38: Standard and process for RCM 
IF 39: Change identification and validation 
IF 40: Continuous organisational support 
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IF 41: Conducting social events 
IF 42: Synchronisation of work at different sites 
IF 43: Parallel project testing and feedback 

P10 IF 44: Project Administration 
IF 45: Coordination 
IF 46: Software Methodology 
IF 47: HR management 
IF 48: Technology Factors 

P11 IF 49: Resources (Time and cost) 
IF 50: Change request 

P12 IF 51: Rapid response to changes in requirements rather than following a 
prescribed plan  
IF 52: Collaboration between the software developer and user 

P13 IF 53: Welcome requirements change, even at the end of development 
IF 54: Positive team role 

P14 IF 55: Support quick and flexible response to change 
IF 56: Team coordination 
IF 57: Project leader 

P15 IF 58: Autonomy and Decision-Making Power 
IF 59: Choosing the Right Method 

P16 IF 60: Tight Time and Constraint 
IF 61: Coordination 
IF 62: Communication 
IF 63: Lack of Tools 

P17 IF 64: Reporting the Change 
IF 65: Analysing the Possible Impact of the Change 
IF 66: Implementing the Change 

P18 IF 67: Importance of Individuals and their Interactions 
IF 68: Early Delivery 
IF 69: Collaboration with the customers 
IF 70: Effective responses to change requirements 

P19 IF 71: Communication 
IF 72: Documentation 

P20 IF 72: Tools for Communication 
P21 IF 73: Communication of changes in requirements 
P22 IF 74: Strong leadership 
P23 IF 75: Documentation of requirements 
P24 IF 76: Clearly defined team roles 
P25 IF 77: Communication in teams with Large time difference 
P26 IF 78: Fixed Costs 

IF 79: Speed of communication 
IF 80: Ease of communication 
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APPENDIX D 

 

Expert Evaluation Results 
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 APPENDIX E 

 

PROFILE DETAILS OF EXPERT REVIEWERS 

 

Name Domain Exp in Yrs Job Title Organization Email 
Zohaib 
Ahmed 

Academia 10+ Lecturer Numl, Ibd Pak zohaib.ah
med@nu
ml.edu.pk 

Salman 
Ahmed 

Industry 10+ Software 
Engineer 

Sourceability 
vertriebsgesel
lschaft mbH 
Germany 

Christian.
Meier@so
urceability
.com 

Qandeel 
Fatima 

Industry 5+ SQA 
Engineer 

Immentia, 
Pakistan 

Qandeelfat
ima6@gm
ail.com 

 


