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ABSTRACT 
 

 

 

Context. Agile software development has gained significant importance the recent years. Software 

practitioners have recognized the importance of agile development due to the benefits offered. 

Therefore, agile software development has been identified as the replacement to traditional or plan 

driven style of development. There are different frameworks or methods, which follow agile 

principles, known as agile methodologies. SCRUM and XP are the most popular and widely used 

agile methods or framework. There are different types of agile methodologies, each containing a set of 

practices, which can be adapted and implemented in an organization. However, there is still a need for 

empirical studies to understand the factors like requirements/modifications, challenges and mitigation 

strategies/techniques, which can enable successful implementation of agile practices in software 

organizations. 

 

Objectives. In this study, the primary objective is to provide a comprehensive model or framework to 

practitioners, which includes the list of important requirements/modifications, challenges and 

mitigation strategies/techniques while implementing agile, and also pertaining to 

adoption/implementation of individual agile practices specific to SCRUM and XP. This model also 

includes the categorization of the requirements/modifications and challenges into different levels of an 

organization, to which they mostly apply. This conceptual model or framework can aid the 

practitioners in understanding and implementing agile practices in a better way in their organizations.  

 

Methods. In this study, an industrial survey is conducted in order to identify the list of important 

requirements/modifications that are needed to implement agile, challenges faced during 

implementation, and mitigation strategies/techniques needed to address the challenges. Also, 

categorization of the identified lists into different levels of the organization is also performed using 

survey. A systematic literature review is performed in order to identify the primary lists of 

requirements/modifications, challenges and mitigation strategies/techniques, which are further 

validated and classified using survey. Also, systematic literature review is used to identify the list of 

requirements/modifications, challenges and mitigation strategies/techniques that are needed while 

implementing individual agile practices specific to SCRUM and XP.   

 

Results. Based on the systematic literature review, 53 primary studies were identified which are 

relevant to the research area. Upon analyzing the primary studies, the list of 

requirements/modifications, challenges and solutions are identified for generic agile 

adoption/implementation and also pertaining to individual practices specific to SCRUM and XP. 

Thereupon, an industrial survey is conducted where, identified list of requirements/modifications, 

challenges and mitigation strategies/techniques are provided to the respondents. Respondents were 

asked to classify the obtained aspects based on the level of importance. Also, they were asked to 

categorize the obtained requirements/modifications and challenges into different levels of an 

organization. The survey has obtained 48 responses from different parts of the world. From the results 

of survey, requirements/modifications, challenges and mitigation strategies/techniques are classified 

based on the level of importance. Also, requirements/modifications and challenges are categorized 

into different levels of an organization. Using the obtained factors, a conceptual model or framework 

was constructed for practitioners that can enable them to understand and implement agile practices in 

their organizations in a better way.  

 

Conclusions. To conclude this research, a comprehensive model or framework was constructed using 

the final list of important requirements/modifications, challenges and mitigation strategies/techniques 

while implementing/adopting agile and also pertaining to the individual agile practices, and also based 

on the categorization of the requirements and challenges into levels of an organization, where they are 

applicable. The final list of identified lists of requirements/modifications; challenges and mitigation 

strategies/techniques pertaining to individual agile practices can help practitioners to understand the 



 

 II 

implementation criteria of agile practices in software organizations. It was observed from the results 

of survey that perception of literature and practitioners are different in terms of usage of agile 

practices, as some practices, which were given high focus in the literature, were not given equal 

priority by the respondents. Empirical findings also help to identify change in policies and procedures 

and change to open workspace as most important requirements/modifications, organizational 

resistance and lack of motivated programmers as most critical challenges and proper training and 

inclusion of experts as most used mitigation strategies/techniques. Moreover, it was concluded that 

there is also a need for further full-scale empirical works on identifying the factors that effect adoption 

of agile. Practitioners can identify the benefits from this research and researchers can extend this work 

to remaining agile methodologies. 

 

Keywords: Agile software development, agile 

practices, SCRUM/XP/Extreme programming, agile 

practices adoption/implementation, agile practices 

categorization, Model, Framework, Survey 
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1 INTRODUCTION 
 

Modern day world has seen a significant upraise in the popularity and importance 

for software development, which has grown tremendously in the last 20 years [2]. This 

has called in for the use of different software development methodologies by the 

software engineering community. The process of evolution is continuous wherein; new 

methodologies are implemented in order to cope up with the ever-changing 

technologies and user preferences. Modern day business landscape has compelled the 

industries to be on their toes, emphasizing for structural and strategic compliance so 

that they could stay alive in the market [3][4][5]. Moreover, software itself is an 

intangible product, which changes rapidly, and the later it is changeable in a project 

phase, greater are the costs that an organization should bear. This has called in a need 

for agile development methods [6][7]. 

Agile methodologies and practices are primarily based on a set of principles laid 

down by a group of seventeen professionals and the agile manifesto, which was 

written in 2001 [2]. Many software developers welcome agile methodologies as their 

benefits have been recognized extensively by the software industry [8][9][10]. Many 

organizations have inclined towards agile methodologies as an alternative to the 

traditional development models (also called plan driven models), which they found to 

be unhandy and inflexible. Unlike traditional or plan driven software development 

methods, agile methodologies are adaptive to the swift changes in the markets and also 

help to cope with the constantly changing requirements and other factors in all the 

phases of software development [11][12][13].  Agile methodologies are different from 

traditional software development methods since they tend to deal with the unpredicted 

nature of software through their reliability on people than on the processes [14].  

As specified previously, the concept of Agile was developed by a group of 

seventeen professionals, who have proposed the principles of Agile or lightweight 

approaches for software development process. These principles were referred to as 

Agile manifesto which was provided in the year 2001. Based on the agile manifesto, 

the concept of agile software development was decided to encore the four fundamental 

values [15] 

 “Individuals and Interactions over processes and tools” 

 “Working software over comprehensive documentation” 

 “Customer collaboration over contract negotiation” 

 “Responding to change over following a plan” 

 

All the values advocate close collaboration between the teams of development and 

business areas rather than the traditional silo development by the teams in software 

development. The characteristics of agile methodologies include short iterative cycles 

of development driven by the features of the product, time for contemplation, decision-

making in a collective manner, inclusion of agile feedback and constant integration of 

the changes of the code into the development process [3]. Some of the agile 

methodologies introduced during the last decade are Extreme Programming (XP) [16], 

SCRUM [17], Dynamic System Development Methodology (DSDM) [18], Feature 

Driven Development (FDD), Agile Unified Process (AUP) and Crystal Development 

[19]. Each of the frameworks or approaches of agile have a set of prescribed practices, 

which practitioners follow in order to reap the benefits of implementing agile in their 

organizations. For example, XP has a set of prescribed practices which include 

continuous integration, pair programming, refactoring, 40 hour week and so on, 

SCRUM consists of practices like sprints/iterations, sprint planning meetings, sprint 

review meetings, daily standup meetings, and so on [20][21]. Majority of the research 

work has concentrated on SCRUM and XP, and even the organizations are empirically 

following the practices of SCRUM and XP mostly [1][22][23][24]. 
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However, organizations are facing a number of challenges in the process of 

migration from traditional or plan driven development methodologies to agile 

practices. In order to incorporate agile practices into their system, the organization has 

to make many changes in their management structure. In some cases, top-level 

management has some hesitance in incorporating agile practices due to people 

conflicts, development process conflicts and business process conflicts [2][25]. And 

also, agile practices require a change from command-and-control type of management 

to leadership-and-collaboration. For example, the basic role of a project manager is 

changed from a planner and controller to a facilitator who leads and also has to 

collectively work with the people involved in development to ensure that the 

suggestions and ideas of all the members are taken into account while taking the final 

decision [26]. Also, challenges are observed or studied in an abstract way rather than 

focusing on particular level where it is faced, which might result in wastage of time 

and resources so as to scan the whole organization for the problem and then searching 

for a relevant solution. 

There is also a need for incorporating new technological or organizational 

modifications or the removal of few features depending upon the nature of the 

organization. The teams must also be altered in bringing some subject experts because 

agile practices do not function effectively without competent individuals [27][28]. 

Thus, the main challenge that is faced by the organizations, the management and also 

the project managers is to select the most appropriate agile practices from the available 

ones [3]. Also, organizations need to identify the requirements and modifications that 

are necessary to incorporate the agile practices at each level, i.e. the top-level 

management, project manager, and the teams [2][29], in order to effectively implement 

agile practices in their context. Adoption of agile practices demand changes in the 

organizational structure, management style and the roles and responsibilities of 

individuals at each level of an organization.   

Hereon, top-level management or structural level of the organization will be 

referred to as organizational level, the managers and management body as 

management level and the teams and staff as staff level. The challenges faced at each 

level during the application of agile practices and their mitigation also should be 

identified so that these challenges would not cause any hindrances at any stage of the 

project, as in case of the occurrence of an impediment, organization need not have to 

make a background check at all the levels and spend the resources, which is a waste of 

time and resources. Instead, organization can concentrate on the specific level and 

provide the resources in order to mitigate the challenges. Also, some of the studies 

have urged the need for empirical studies in order to identify how a certain agile 

practice is implemented and which ones causes issues as majority of the studies focus 

on generic adoption of agile but not with respect to a detailed implementation 

[30][31][32].  

Therefore, this study is focused on the identification of requirements/modifications 

that are needed to implement/adopt agile, the challenges faced in 

implementation/adoption, and the mitigation strategies/techniques available to address 

the challenges faced, which can help in providing a clear idea about the 

implementation or the adoption of agile. By providing a detailed idea about the 

changes, it can help in increasing people’s motivation to change. The identified 

requirements/modifications and challenges will also be categorized into Organizational 

(structural and top level management), Managerial (management perspective) and 

Staff (staff/teams perspective) levels of an organization so as to provide a clear view 

about agile adoption. The mitigation strategies/techniques will not be categorized into 

different levels of an organization, as mitigations or solutions to challenges generally 

are not dependent on where they are applied, rather on for what they are applied or 

used. Also, this study focuses on identifying the requirements/modifications, 

challenges and mitigation strategies/techniques pertaining to individual agile practices. 

Due to the time constraint of the thesis, the two most popular and widely used agile 
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methodologies, SCRUM and XP (Extreme Programming) [7][23][33] and their 

practices only would be considered in this research. Therefore, the 

requirements/modifications while implementing/adopting agile practices specific to 

SCRUM and XP, challenges faced and the mitigation strategies/techniques to address 

the challenges for individual SCRUM and XP practices will also be identified in this 

research.  

In order to achieve the objectives of the study, a systematic literature review (SLR) 

would be conducted in order to identify the list of requirements/modifications, 

challenges faced and mitigation strategies/techniques while implementing/adopting 

agile and also pertaining to individual practices specific to SCRUM and XP. 

Thereupon, the identified lists of requirements/modifications, challenges and 

mitigation strategies/techniques are provided in a survey in order to validate, classify 

them based on the level of importance and to categorize the 

requirements/modifications into organizational, managerial and staff levels of an 

organization. Based on the results obtained from the survey, a comprehensive 

conceptual model or framework was constructed.  

The thesis is organized using the following sections. Section 2 focuses on 

providing the necessary theoretical background regarding agile software development, 

SCRUM and XP methods and their corresponding practices and the potential 

contribution of this thesis. Section 3 provides the research design, which includes the 

aims and objectives of the research, research questions, expected outcomes and the 

research methodology used in this research. Section 4 explains the process of SLR 

conduction, the results obtained from the SLR and the analysis of those results. Section 

5 provides the information about the survey, the planning and conduction of survey, 

overview of respondent’s demographics and the results of the survey and statistical 

analysis. Section 6 provides the discussion regarding the results obtained in the manner 

of answering the research questions. Section 7 provides the final conclusion of the 

thesis and recommendations for future work.  

 

 

 



 

 4 

2 BACKGROUND 

2.1 Agile Software Development 
 

Before the past two decades, nature of the software development projects was 

assessed with the help of traditional software development methods or waterfall model 

[34] and its variations as in the V-model. These methods basically advocate the linear 

process in which, the software development is performed through a series of steps like 

requirements elicitation, design, coding, testing and deployment. The waterfall model 

makes use of feedback loops between the immediate stages of software development 

and “prototyping” is specified as an independent stage that will be performed in 

parallel to stages like requirements elicitation and design, before the actual 

development of software. The waterfall model was a popular and extensively used 

method for many years. However, it was noticed that the needs and requirements of 

customer evolves alongside the software development process and the traditional 

waterfall model was not flexible to handle the changing requirements. Also, the latest 

trends in the markets have increased the volatility of requirements. As the waterfall 

model is plan and procedure driven, In order to correct the orientation of the project, 

one has to journey all the way through the development course and the extensive 

documentation associated with it until the delivery of the project, and this process was 

very slow and time consuming. In addition, extensive levels of documentation of the 

specifications that include some poorly understood applications were considered quite 

time consuming and unnecessary. Basically, dependence on procedure and hence, lack 

of flexibility was pointed out as one of the primary and important factors of the failure 

of this model [35]. Therefore, practitioners started to look into various methodologies 

and methods to overcome the problems faced in waterfall model.  

In order to overcome the limitations of plan driven methods, software development 

paradigm has undergone several stages of evolvement towards incremental 

development methods [36], which has further evolved to the emergence of agile 

development paradigm. Agile methodologies and practices are primarily based on a set 

of principles laid down by a group of seventeen professionals and the agile manifesto, 

which was written in 2001 [37], which consists of the following 

We are uncovering better ways of developing  

software by doing it and helping others do it. 

Through this work we have come to value: 

 

Individuals and interactions over processes and tools 

Working software over comprehensive documentation 

Customer collaboration over contract negotiation 

Responding to change over following a plan 

 

That is, while there is value in the items on the right, 

we value the items on the left more. 

 

The agile manifesto is based on 12 principles [37]. They are listed as follows 

 Our highest priority is satisfy the customer through early and continuous 

delivery of valuable software 

 Welcoming changing requirements, even late in development. Agile 

processes harness change even for the customer’s competitive advantage. 

 Deliver working software frequently, from a couple of weeks to a couple of 

months, with a preference to the shorter timescale  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 Business people and developers must work together daily throughout the 

project    

 Build projects around motivated individuals. Give them the environment 

and support they need, and   trust them to get the job done.    

 The most efficient and effective method of conveying information to and 

within a development team is face-to-face conversation.    

 Working software is the primary measure of progress.    

 Agile processes promote sustainable development. The sponsors, 

developers, and users should be able   to maintain a constant pace 

indefinitely.    

 Continuous attention to technical excellence and good design enhances 

agility.    

 Simplicity–the art of maximizing the amount of work not done–is essential.  

 The best architectures, requirements, and designs emerge from self-

organizing teams.    

 At regular intervals, the team reflects on how to become more effective, 

then tunes and adjusts its behavior accordingly.    

 

Unlike plan driven software development methods, agile methodologies are 

adaptive to the swift changes in the markets and cope with the constantly changing 

requirements and other factors in every phase of software development. Unlike the 

traditional methods, agile methodology provides more emphasis to people, 

communication, adapting to change, iterative and incremental style of development 

[11][12][13].  In order to adapt with the modern day volatile business environment, 

agile software development enables acceptance of requirements very late during the 

development process. Agile methodologies are different from traditional software 

development methods since they tend to deal with the unpredicted nature of software 

through their reliability on people than on the processes [14]. There are different 

frameworks or methodologies in agile, which include Extreme Programming (XP) 

[16], SCRUM [17], Dynamic System Development Methodology (DSDM) [18], 

Feature Driven Development (FDD), Agile Unified Process (AUP) and Crystal 

Development [19]. Each agile method or framework consists of a set of practices. 

However, neither of the agile methods is perfect for all the organizations and projects. 

Organizations need to select the methodology and adapt the practices to fit the culture, 

projects and individuals of their organization [38]. As specified earlier, due to the time 

constraint of the thesis being limited, all the agile methods are not considered for this 

research. This research is limited to the agile methods SCRUM and XP, and their 

related practices, which are the most concentrated in the literature and widely used 

methods in the industry [7][23][3].  

2.2 SCRUM 
 

SCRUM is one of the agile development frameworks. SCRUM basically is a 

framework that intends to subdue the complexity and uncertainty during the process of 

providing a product of high quality within the shortest time to market. It assists in 

providing ways of better organizing teams and getting the work done within a time 

frame, with increased quality [39][40]. Jeff Sutherland introduced the concept of 

SCRUM at Easel Corporation in 1993, and Ken Schwaber generalized this to software 

organizations in 1995. The term SCRUM was basically derived from the formation in 

the game Rugby. Takeuchi and Nonaka have given this term in the process of 

reviewing the best business practices in 1986 [41][40].  

SCRUM framework consists of three roles, three artifacts and four ceremonies. 

The different roles in SCRUM are Product Owner (PO), SCRUM Team and Scrum 

Master. The responsibilities of each role is as follows [41][40][42] 
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Team 

The model of a SCRUM team is developed in order to provide flexibility and 

increase productivity. SCRUM team is basically self-organizing, where the team itself 

chooses and decides the manner in which the work should be scheduled, divided and 

achieved, and cross-functional, in which the team members garner the necessary skills 

and competences that are needed to complete the work individually and not as a part of 

the team. SCRUM teams provide the delivery of products in iterative manner and this 

can enable more room for feedback and less lead-time for modifications.  Moreover, 

delivered product must be partially usable (even if not achieved) at all times, which is 

termed as Potentially Shippable.  

 

Product Owner 

The responsibility of the Product Owner is  

 To define and prioritize the task in order to achieve the product (in the 

definition and maintaining of product backlog) 

 Validating the quality of work which is complete 

 Making sure that the members of the team have a constant vision of the 

product, which is under development.  

 

Scrum Master 

The responsibility of Scrum Master is as follows 

 Making sure that the concept of SCRUM is understandable to the whole 

team and the team respects the SCRUM principles.  

 Making interactions with the people outside the team and eliminating the 

impediments to productivity (resources, budget constraints etc.) 

 Provide proper coaching to the team members regarding self-organization 

and cross-functionality.  

 Identifying the techniques that can improve the process.   

 

SCRUM artifacts 

There are three artifacts used in SCRUM which are the following [40][42] 

 

Product Backlog 

Product Backlog is a list of requirements of system, which are specified by the 

team, whose contents are chosen and are prioritized by the Product Owner. During the 

project-planning phase, product backlog is utilized as the initial estimation of 

requirements. Product backlog can be changed in order to identify the factors that can 

make product valuable and competitive.  

 

Sprint Backlog 

Sprint backlog refers to the list of tasks that are selected from the product backlog 

along with the plans to achieve them that has to be implemented during the sprint. 

Only the Product Owner can change it. 

 

Burn Down Chart 

It is a tool using which the team can complete a sprint successfully on time 

through the delivery of working and shippable software product. It also denotes the 

tasks that are left to be done from the Sprint Backlog.  

 

 

SCRUM Ceremonies 

SCRUM ceremonies mentions about number of events or meetings, that helps to 

improve regularity and reduce the issues related to logistics and also the unproductive 
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time spent in the meetings. Each event is time boxed: that means every event will be 

allocated a maximum time in the schedule that has to be followed. This is to enable an 

easy workflow and meeting scheduling [43][40][42]. 

 

Sprints 

A Sprint is basically a time box in which, team works in order to produce a 

potentially shippable product. All the works are performed in a sprint which is a 

iteration time boxed for maximum one month. Sprints consists of a sprint planning 

meeting, daily scrum meetings, sprint review meetings and sprint retrospective 

meetings. 

   

Sprint planning meetings  

Sprint planning meetings are meetings, which are time boxed where the goals of 

sprint are decided. Goals of sprint provide the information about what is to be 

delivered at the end of sprint and how the tasks can be made clear. The Product Owner 

provides Product Backlog or the prioritized upcoming tasks, with high priority to the 

team and the team selects a number of the tasks that they think they can deliver. The 

numbers of tasks that are selected are based on the self-analysis of the team on its own 

capability of delivering the product at the end of sprint. The set of selected tasks along 

with the plans to achieve them are termed as Sprint Backlog.  

 

Daily Scrum Meetings 

Daily scrum meetings are meetings that are time boxed to 15 minutes, where the 

members of the team discuss their activities and plan the work for next 24 hours. Each 

member of the team answer the following questions during a daily scrum meeting 

 What has been achieved since the previous meeting? 

 What will be done before the next meeting? 

 What obstacles are faced in the way? 

 

Sprint review meetings 

Sprint review meetings are performed where, scrum team, along with the 

stakeholders examine the increment and adapt the product backlog.  

 Product owner examines the finished and unfinished tasks during the 

previous sprint.  

 Members of the team discuss about the impediments faced and how they 

are solved.  

 Team shows the work that was completed.  

 Product Owner represents the state of the Product Backlog 

 The people who have attended the meeting collaborate on the definition of 

the task and refactor the Product Backlog 

 

Sprint Retrospective Meetings 

Sprint retrospective meetings are committed to the self-analysis of the team with 

respect to the relationships, process and tools. The purpose of sprint retrospectives is to 

recognize the positive practices and impediments and to design an action plan for 

improvements.  
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2.3 Extreme Programming (XP) 
 

XP is one of the important methods that were suggested as an alternative to plan 

driven methods. Kent Beck and Ward Cunningham, in their book “Extreme 

Programming explained”, proposed and explained this, which was published in 1999 

[16][44]. XP mainly focuses on the aspects of programming, communication and 

teamwork. The basic idea of XP is to perform the simple things in order to perform the 

job. The main aim of XP is to address the needs of software development, which are 

performed by small teams facing volatile requirements, which are difficult to manage 

using traditional development. XP was proposed as a method that can help in 

developing software of high quality using key values communication, simplicity, 

feedback and courage [16][31]. The values are achieved using the following practices, 

which are provided as follows [16][31] 

 

Planning Game 

Planning game is a process used in order to assess the effort by the developer that 

is required for the completion of customer stories. Customers decide the final scope of 

the stories and the time of release. 

 

Small releases 

It is a process of providing the software in the form of small and incremental form 

to the customer. The cycles should be as short as possible in the process of providing 

set of complete stories. 

 

Metaphors 

Metaphors is a simple picture or story that is shared between customers and 

developers in order to facilitate the communication about the system 

 

Simple Design 

The system needs to be as simple as possible and constantly evolving in order to 

add flexibility.  

 

Test Driven Development/Testing 

Testing involves the writing of unit tests by the developers for each of production 

features and the provision of an acceptance test by the customer for each functionality. 

Test Driven Development is the process where test cases are written first and the 

coding is done later to satisfy the test cases. 

 

Refactoring 

Programmers must try and find ways to better the code and make it simpler 

through the behavior by removing duplicates and complexity from the code.  

 

Pair Programming 

It is a process where the production code is programmed by a pair of programmers 

instead of one. One of the programmers writes the code while the other provides 

review it simultaneously for understandability and accuracy. 

 

Collective Ownership 

Everyone in the teams has an access to all parts in the code and can modify it if 

necessary.  

 

Continuous Integration 

The code that is programmed is integrated and subjected to testing daily 
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40-hour week 

Programmers should not work for more than 40 hours in a week and should not 

work overtime for consecutive weeks in a row. 

 

Onsite customer 

Teams should include the customer who can work with the development team in 

tandem and is available for full time in order to answer the queries regarding the 

product. 

 

Coding Standards 

Whole team must define and implement a set of coding standards in order to 

standardize the code. 

 

2.4 Related Work 
 

Lagerberg and Skude [45] studied the implications of applying agile practices in 

large-scale software development projects. The authors have conducted a multiple case 

study on two projects in Ericsson, the first project is plan driven and the second project 

follows agile methodology. The impact of application of agile practices on both the 

projects were studied mainly on the aspects of internal software documentation, 

knowledge sharing, project visibility, pressure and stress, productivity, software 

quality and project success rate. The effects of the application of agile practices on the 

mentioned areas were studied and conclusions were drawn on the effectiveness of 

agile practices on a large-scale software development project.  

Nerur et al. [3] presented the challenges for the organizations while migrating from 

traditional software development methodology to agile methodology. The study was 

conducted in the managerial and organizational perspective during the change. A 

comparison between the traditional software development methods and agile 

development along with the challenges in adopting the agile methodologies was 

presented.   

Muram and Baig [2] studied about the problems that the teams, people and 

processes face when agile practices are introduced into traditional plan driven projects. 

The problems were identified and an effort was made to provide the solutions for those 

problems. And also, some guidelines were provided introducing agile practices in 

organizations. 

Abrantes and Travassos [32] conducted a systematic literature review (SLR) in 

order to identify the practices, which organizations include to incorporate agility in 

software process. The results of SLR yielded 12 agile practices, which are more 

commonly used in software projects. 

Pikkarainen et al. [46] proposed a framework, which helps an organization with 

the procedures and methods for supporting the selection and the application of agile 

practices, and for modifying them to suit the requirements of the organization. This 

framework also enables rapid feedback from the projects to organization. 

Thomas [47] enlightened a process where agile practices were introduced to an 

existing development team rather than implementing agile on a new project. The 

author has discussed about the problems that were faced in the teams during 

implementation, selling the ideas to upper management and the communication to the 

customers and tried to provide some suggestions. 

Laanti [48] presented a way to provide scaling up SCRUM to several teams in an 

organization and have concentrated on the changes that were done in the front end of 

the process. The author has also proposed a policy for deployment of agile in large-

scale industries.  
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Elwer [49] provided a method where SCRUM practices were used in several teams 

to improve their approach to product development in order to overcome the challenges 

like scope, requirements and deliverables. The process and the results of involving 

SCRUM in the approach were studied and presented. 

The authors in [50][33][51][52][53] have also identified some factors and 

appropriate ways for introducing agile into their organizations 

 

2.5 Potential Contribution 
 

The novelty of this research is that it examines agile adoption through lenses of 

different sizes. In the organizational level, the problem is viewed more abstractly, and 

the details increases going down to the management and the staff levels. This way, 

there is a possibility to explore the area more comprehensively because achieving 

success in agile adoption depends on facilitating requirements at all levels. For 

example, if the director of company assigns resources and budget for this purpose, but 

the staff (i.e. team members) is involved in some other commitments, the adoption 

would fail. Furthermore, data would be collected from both literature and practitioners 

to broaden the view on the problem. Also, this research focuses on categorizing 

requirements/modifications and challenges into different levels of an organization 

(Organizational, Managerial and Staff), which was not concentrated previously. 

Primary benefit of this is that by providing complete details and overall idea about the 

changes, motivation of individuals towards agile adoption can be increased. It also 

helps in increasing researchers’ and practitioners’ perspective towards adopting 

individual agile practices of SCRUM and XP.  

Ultimate outcome of this thesis is the list of important requirements/modifications, 

critical challenges faced during agile adoption categorized into different levels of an 

organization, and important mitigation strategies that are used to address challenges 

and also, the list of practice specific requirements/modifications, challenges and 

mitigation strategies/techniques for individual practices of SCRUM and XP. The 

obtained lists are used to construct a conceptual framework, which can be used by 

manager to gain awareness of their potential in adopting agile, i.e. to understand what 

requirements and resources are already there and what needs to be provided in order to 

minimize the risk of failure. Also, the list of practice specific aspects for individual 

practices of SCRUM and XP would also be identified through this research, which can 

help the organizations in understanding and selecting the practices, which are suitable 

for them. Using obtained lists, Due to the time constraint of the thesis, two most 

popular and widely used agile frameworks or methodologies, SCRUM and XP 

(Extreme Programming) [7][23][54] and their practices would be considered in this 

research.  
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3 RESEARCH DESIGN AND METHODOLOGY 
 

The primary objective of this section is to identify a suitable methodology in order 

to answer research questions and pursue this research. Objective of this research is to 

identify implementation criteria of agile practices. This can be achieved by identifying 

requirements or modifications/changes that are needed while implementing/adopting 

agile, challenges faced and possible mitigation strategies/techniques that can be used 

to address challenges. Aspects specified previously should also be identified for 

individual agile practices specific to SCRUM and XP. Identified aspects should be 

classified based on level of importance, so that practitioners can identify important 

requirements/modifications that are needed while implementing agile, important or 

critical challenges that can be faced while implementing agile and important mitigation 

strategies/techniques possible to address the challenges, and can give high priority to 

these factors while implementing/adopting agile. Also, identified 

requirements/modifications and challenges should be categorized into Organizational 

(structural and top-level management), Managerial (management perspective) and 

Staff (staff/team perspective) levels of an organization, in order to have a clear and in 

depth analysis of agile practices and their implementation in an organization. Based on 

obtained list of requirements/modifications, challenges and mitigation strategies 

pertaining to each level of an organization, and also pertaining to individual agile 

practices specific to SCRUM and XP, this research aims to provide a conceptual 

model for practitioners, which can enable them to understand and implement agile 

practices in their organization in a better and successful way. Mitigation 

strategies/techniques will not be categorized into different levels of an organization, as 

mitigations or solutions to challenges generally are not dependent on where they are 

applied, rather on for what they are applied or used. 

3.1 Aims and Objectives 
 

In order to achieve research objective, aims and objectives of this thesis are 

defined as follows 

 To identify important requirements/modifications that are needed to 

implement/adopt agile in software organizations at organizational, 

managerial and staff levels of an organization. 

 To identify critical challenges faced while implementing/adopting agile in 

software organization at each level of an organization.  

 To identify important mitigation strategies/techniques that are needed to 

address the challenges faced while implementing/adopting agile in the 

specified levels of a software organization.  

 To identify requirements/modifications, challenges and mitigation 

strategies/techniques those are pertaining to individual agile practices 

specific to SCRUM and XP.  

 To provide a conceptual model or framework with the help of obtained 

results, that can help practitioners in understanding and implementing 

agile practices in a better way.  

3.2 Research Questions 
 

In order to achieve objectives of this research, author had formulated following 

research questions to continue with the research. Each research question is sub divided 

into several research questions based on requirement.  
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RQ.1. What are the important requirements or modifications/changes that are 

needed while implementing agile in software organizations? 

 

RQ.1.1. How can the obtained list of requirements or modifications/changes be 

categorized into organizational, managerial and staff levels of an organization? 

 

RQ.1.2. What are the requirements or modifications/changes that are needed to 

implement/adopt individual agile practices specific to SCRUM and XP, specified in 

literature? 

 

RQ.2. What are the important challenges or challenges that cause the greatest 

impediment, which are faced while implementing agile in software organizations? 

 

RQ.2.1. How can the obtained list of challenges be categorized into 

organizational, managerial and staff levels of an organization? 

 

RQ.2.2. What are the challenges faced while implementing/adopting individual 

agile practices specific to SCRUM and XP, specified in literature? 

 

RQ.3. What are the important or the efficient mitigation strategies/techniques that 

can be used to address the challenges faced while implementing agile in software 

organization? 

 

RQ.3.1. What are the mitigation strategies/techniques that can be used to address 

the challenges faced while implementing/adopting individual agile practices specific to 

SCRUM and XP, specified in literature? 

 

RQ.4. How can agile practitioners implement agile practices in a better and 

successful manner? 

3.3 Expected Outcomes 
 

Expected outcomes of this master thesis are specified as follows 

 

 List of important requirements/modifications that are needed to 

implement/adopt agile in software organizations 

 List of critical challenges faced while implementing/adopting agile in 

software organizations. 

 List of important mitigation strategies/techniques that can be used to 

address the challenges faced while implementing/adopting agile in 

software organizations.  

 Categorization of obtained list of requirements/modifications and 

challenges into organizational, managerial and staff levels of an 

organization. 

 List of practice specific requirements/modifications, challenges and 

mitigation strategies/techniques for individual practices of SCRUM and 

XP.   

 A conceptual model or framework using the obtained results, which can 

help practitioners in understanding and implementing agile practices in a 

better and successful manner.  
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3.4 Research Methodology 
 

In order to answer research questions and to achieve the objectives of this 

research, proper research methodology should be selected. After a careful analysis of 

the available research methodologies, author has decided to perform a Systematic 

Literature Review (SLR) and a survey. The research plan was selected in order to 

collect and analyze qualitative data, which is followed by the collection and analysis of 

quantitative data [55]. In order to analyze the mean ranks of each data point with 

respect to data obtained from the survey, statistical analysis was chosen to. The 

overview of steps in research design is provided in Figure 1. 

 
 

Figure 1 Research Design Overview 
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3.4.1 Systematic Literature Review (SLR)  
 

In order to identify requirements/modifications, challenges and mitigations while 

implementing/adopting agile, a Systematic Literature Review (SLR) was conducted 

based on guidelines specified by Kitchenham et. al [55]. As specified by Kitchenham 

et. al, systematic literature review intends to identify, evaluate and interpret research 

that is present on the particular research question, topic area, phenomenon or interest. 

A systematic literature review is performed in order to achieve many objectives. It can 

be used to provide a summary of existing evidence that is present regarding a 

treatment or technology, to identify research gap that is present regarding current 

research in order suggest further research and to offer a background so as to position 

the newer research activities in an appropriate manner and so on [55]. An SLR 

provides steps and activities in a systematic manner, and a set of procedures in order to 

achieve reliable and valid results.  

In order to perform this research, systematic mapping study can be used as an 

alternative for systematic literature review. Systematic mapping study is also used to 

summarize available literature on a specific topic. This type of study can be used when 

the scope of selected area of research is very broad and extensive. However, the results 

obtained from the systematic mapping are ad hoc and cannot be completely attributed 

as evidence based and therefore, a SLR was selected instead, which is a 

methodologically rigorous review of the available research. Also, a traditional 

literature review can also be conducted instead of SLR. However, SLR helps in 

identifying reliable and valid data, which might not be possible using traditional 

literature review, as it does not contain steps for data analysis and quality assessment. 

Also, the list of requirements, challenges and mitigation strategies identified for 

individual practices corresponding to SCRUM and XP will not be provided in the 

survey, which makes it essential to identify relevant and valid data of high quality, 

which is possible using an SLR. 

The conduction of SLR follows systematic procedure and activities, which help us 

to identify the required literature in the form of primary studies, providing a pre 

defined set of instructions for data extraction and quality assessment so as to chose the 

proper and high quality studies, which can provide more accurate and reliable results 

and also helps in minimizing the selection bias. 

In this study, SLR is used to answer the research questions RQ.1, RQ.1.2, RQ.2, 

RQ.2.2, RQ.3, RQ.3.1.  

3.4.2 Industrial Survey 
 

In order to validate and identify the level of importance of the identified 

requirements/modifications, challenges and mitigation strategies/techniques from the 

literature, and to obtain the categorization of the identified aspects into organizational, 

managerial and staff levels of an organization, a Survey was selected as the research 

method. As specified in [56], a survey provides a “quantitative description of trends, 

attitudes or opinions by studying a sample of population”. A web-based questionnaire 

was selected in order to perform the survey. 

Survey was chosen as the research method for this thesis as it offers a suitable 

manner to collect the responses from respondents present all over the world. Since the 

objective of this thesis is to provide an implementation of agile practices to the 

practitioners, this method can help in identifying the state of practice in the industries. 

Furthermore, processing the results is easy, low cost and saves time, which very much 

assists in the faster completion of analysis and research. The results of the survey can 

be tested using statistical analysis to identify the variance in the level of importance 

and categorization of each requirement/modification, challenge and mitigation 

strategy/technique, which can help in the reliability of the results. 



 

 15 

An alternate method for this method is a case study. Case studies can be used to 

provide rich description, however with limited aspect of generalizability. Case studies 

can be performed best in order to identify or explore a single situation in deep insight 

[57] or a particular solution or challenge. The results that can be analyzed from a case 

study can be mostly specific to a particular case or situation or setting, which provide a 

hindrance in generalizing the results. However, this research is intended to provide 

generalizable list of requirements and solutions, which can apply to a large set of 

software settings rather than a single or limited cases. A survey can better help in this 

regard as it can provide an opportunity to obtain information about agile development 

from all parts of the world, which can help in generalizing the results. 

Interviews are another method of research, which can be used for data collection. 

However, interviews are more costly, time consuming and are very difficult to cover 

large population. Moreover, conducting interviews for the number of aspects in this 

research would demand a time frame of around 100-120 minutes, which is difficult to 

conduct and might result in the participant losing his patience and interest in answering 

the questions. A survey can help in reaching out to large population set from different 

areas of the world, which can help in understanding practitioner’s perspective on 

various aspects of agile adoption from various parts of world.  

Experiments are another method of research, which can be used to obtain the 

results. Usually, experiments are conducted in the cases where the state of variables is 

changed in order to make it a controlled experiment. Moreover, experiments are 

performed mostly using the manner of simulations and it is very difficult to simulate 

the setting of a large organization, which is the type of setting that is required for this 

research [58]. Furthermore, such simulated results do not depict the actual results and 

understanding of a real large industry environment. Also, it is very hard to collect data 

from a large set of people in a very limited time frame while performing an 

experiment. Experiments that are controlled in a laboratory setting also are recorded to 

be performing poorly sometimes when dealing and evaluating perspectives of 

scientific relevance [59].  

Therefore, a survey method was considered for validating the 

requirements/modifications, challenges and mitigations obtained from the literature, 

and to classify the obtained aspects based on the level of importance and categorizing 

them into organizational, managerial and staff levels. The survey will be conducted by 

developing a questionnaire and posting it in the web. Survey method has several 

benefits in comparison with the remaining methods [60]. Firstly, it makes use of the 

available technology in reaching out to different parts of the world, thereby increasing 

the reach of the questionnaire. Online option of distributing the questionnaire was 

selected, which is very easy, low cost option, takes less time for development and 

analysis and the respondents to provide their responses.  

Survey method was used to answer the questions RQ.1, RQ.1.1, RQ.2, RQ.2.1, 

RQ.3.  

3.4.3 Statistical Analysis 
 

In order to identify the variance of the requirements/modifications and challenges 

with respect to the level of importance, a statistical analysis was performed. Statistical 

analysis is used for analyzing the obtained data with respect to variables and statistical 

methods [61]. There are two main statistical methods that are used for data analysis: 

descriptive and inferential. Descriptive statistics is used to provide a summary to the 

population data obtained from the sample, either numerically or graphically, using 

indexes like mean and standard deviation. Descriptive statistics were used for this 

research as the objects represent a non-probabilistic sample. Statistical analysis can be 

used to analyze the each requirement/modification and challenge with respect to the 

importance of usage in an organization and also with respect to the different levels of 
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an organization. Also, standard descriptive statistical procedure involves developing 

two hypotheses.  

A default position or Null hypothesis where it is assumed that there is no 

significant difference between the requirements/modifications and challenges with 

respect to the level of importance and categorization levels.  

An alternate hypothesis where it is assumed that there is a significant difference 

between the requirements/modifications and challenges with respect to the level of 

importance and categorization levels.  

In order to perform descriptive statistics, Frideman test was performed to test the 

variance between the aspects and the levels and categories. Frideman test is generally 

used for generalizing the overall variance, but not with respect to which aspect differs 

particularly with each other. In order to perform Frideman test, indexes like number of 

respondents (N), Chi Square and degree of freedom are used.  

Comparative analysis was not used in this research as, SLR and survey methods 

chosen would be used such that, data obtained from SLR would be used in survey on 

different aspects. Therefore, not many comparisons were made in results of SLR and 

survey. Therefore comparative analysis was not used. Even though there are some 

open-ended questions in survey, since the primary objective of survey is to classify 

and categorize lists obtained through SLR and since open-ended questions are very 

less, statistical analysis was chosen over descriptive analysis in order to obtain mean 

ranks of each data point with respect to importance and categorization, which can help 

in complementing the results from heat maps and thus, can bring more validity to 

results. 

 

3.4.4 Why SLR and Survey? 
 

The question that arises during the research conduction is the primary reason for 

choosing SLR and survey as research methods as there are many SLRs and surveys in 

this area. Due to the increasing importance of agile methodologies, many SLRs and 

surveys have been published in the recent years. The primary reason for not 

performing a review of existing SLRs is that, the aspects studied in this research were 

different from what was done previously. Previous research has not focused much on 

the identification of mitigation strategies for the challenges faced during agile 

adoption. Also, there were no SLRs, which have focused on the identification of 

requirements/modifications, challenges and mitigation strategies for individual 

practices corresponding to SCRUM and XP. Also, as specified previously, aspects 

identified for individual practices corresponding to SCRUM and XP were not used in 

survey. Therefore, an SLR was selected for this research as it can help in identifying 

high quality studies, which can help in obtaining relevant and reliable results. 

 Also, there are numerous surveys that have been published or that are being 

published on agile and its adoption. However, not many surveys have focused on 

identifying the importance levels of requirements and challenges. Moreover, the 

concept of categorizing the requirements and challenges faced while 

adopting/implementing agile into different levels of an organization was not done in 

any of the previous surveys. Therefore, SLR and survey were considered for this 

research where, the requirements/modifications, challenges and mitigation strategies 

identified through SLR will be used in the survey for categorization. Also, 

requirements, challenges and mitigation strategies for individual practices of SCRUM 

and XP would be identified through SLR. 
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4 SYSTEMATIC LITERATURE REVIEW 
 

4.1 Structure of SLR 
 

In order to perform a Systematic Literature Review, a review protocol must be 

designed and the review must be planned accordingly. An SLR consists of several 

stages that are to be implemented. The SLR was performed based on the guidelines 

specified by Kitchenham et.al [55]. Conduction of SLR requires steps like search string 

generation, retrieval of documents, defining study selection criteria, finalizing the 

primary studies, assessing the quality of primary studies, data extraction and analysis. 

In order to ensure study coverage, snowball sampling technique was used. Snowballing 

technique was performed by searching the relevant references in primary studies 

obtained after the automated search, and including the references in the primary 

studies. The sequential steps of SLR are presented in the Figure 2.  

 

 
Figure 2 Conduction of SLR 
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4.2 Review Protocol Development 
 

In this research, Systematic Literature Review was conducted to answer the 

research questions RQ.1, RQ1.2, RQ.2, RQ.2.2, RQ.3 and RQ.3.1 

RQ.1 was formulated in order to identify the requirements/modifications that are 

required in order to implement or adopt agile practices in software organizations. The 

research question RQ.1.2 was framed specifically to identify the 

requirements/modifications specific to individual practices of SCRUM and XP.  

Research Question RQ.2 was formulated in order to identify the challenges that are 

faced by software organizations while implementing or adopting agile. Research 

question RQ.2.2 was framed specifically for identifying the challenges or risks that are 

faced while implementing or adopting individual practices of SCRUM and XP. The 

tools and technologies, if any for implementing/adopting agile practices are also 

identified.  

Research Question RQ.3 was formulated in order to identify the mitigation 

strategies or techniques that are utilized by software organizations in order to mitigate 

the challenges faced while implementing or adopting agile. Research question RQ.3.1 

was framed specifically for identifying the mitigation strategies or techniques, tools or 

practices that can be used to mitigate the challenges faced while implementing 

individual practices specific to SCRUM and XP.  

 

4.2.1 Search Strategy 
 

For this SLR, the search strategy is formulated based on the following criteria: 

selection of keywords, formulation of search string and determining resources. The 

keywords selected for this research are classified based on three criteria of PICOC: 

Population, Intervention and Outcome [55]. The population is the studies that focus 

their ideas on agile software development, SCRUM and XP in software organizations 

or industries. Intervention is the methods of agile practices SCRUM and XP. The 

Outcome is the requirements, modifications, changes, challenges, risks and mitigation 

strategies or techniques. The context of this research is software engineering or 

software development. The PICOC and its description for this research are provided in 

Table 1. 

 

Table 1 PICOC criteria 

 

The following steps were followed in order to develop the search terms for this 

SLR. 

 The necessary terms from the research questions were taken using the 

PICOC criteria.  

 Keywords are searched from the articles of pilot search.  

 The possible synonyms are listed out for each search term. 

 Boolean operators “OR” for synonyms and “AND” are used for 

combination of search terms. 

Population Agile, SCRUM, XP, Agile software development, Software 

Organizations or industries 

Intervention Practices, requirements/modifications, challenges and mitigation 

strategies/techniques in agile implementation/adoption 

Outcomes Agile practices, requirements/modifications, challenges, mitigation 

strategies/techniques in agile implementation/adoption 

Context Software engineering, Software development 
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The keywords are also formulated following the PICOC criteria: agile software 

development, SCRUM, XP, modifications, requirements, challenges and mitigation 

techniques. 

The following databases were selected for the search of relevant articles, papers, 

and conference papers, journals, which are scientifically and technically peer-

reviewed.  

 Inspec 

 Scopus 

These databases were selected as they cover most of the other databases as well. 

The database Engineering Village covers the articles from Inspec, IEEE, ACM and 

Springer. Therefore, the selected databases can ensure the coverage of most of the 

articles from different databases.  

The search string was primarily defined and then piloted in order to eliminate the 

papers that are not relevant. The search string was formulated by breaking down the 

research questions into different sets of keywords and listing the synonyms, and the 

essential keywords and synonyms are selected and combined to formulate the search 

string. Along with the search on electronic databases, the references of selected articles 

were searched manually. 

The search strings for advanced search in the selected databases is presented in 

Table 2.  

 

Table 2 Search string for automated search 

Database Search String 

Inspec ((((((((($Agile) WN KY) OR (($SCRUM) 

WN KY)) OR (($XP OR $XP2 OR 

{extreme programming}) WN KY)) AND 

(1969-2015 WN YR)) AND 

(((((modification* OR implement* OR 

requirement* OR change* OR $adaptation 

OR specification* OR tool* OR 

condition* OR $adoption OR adapt*) WN 

KY) AND (1969-2015 WN YR)) OR 

((((challenge* OR problem* OR threat* 

OR risk*) WN KY) OR ((solution* OR 

mitigat* OR technique* OR strateg* OR 

$solving OR $alleviation OR $resolution) 

WN KY)) AND (1969-2015 WN YR)))))) 

AND ((($software AND (industr* OR 

$engineering OR company* OR project* 

OR stud*)) WN KY) AND (1969-2015 

WN YR)))) AND ((($practical OR 

$industrial OR $SLR OR {systematic 

literature review} OR $LR OR {literature 

review} OR {case study} OR {experience 

report} OR {action research}) WN KY) 

AND (1969-2015 WN YR)) 

Scopus (((TITLE-ABS-KEY(agile) OR (TITLE-

ABS-KEY(scrum) OR TITLE-ABS-

KEY(xp OR xp2 OR "extreme 

programming"))) AND ((TITLE-ABS-

KEY(modification* OR implement* OR 

requirement* OR change* OR adaptation 

ORspecification* OR tool* OR condition* 

OR adoption OR adapt*)) OR ((TITLE-

ABS-KEY(challenge* OR problem* OR 
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threat* OR risk*) OR TITLE-ABS-

KEY(solutions OR mitigat* OR 

technique* ORstrateg* OR solving OR 

alleviation OR resolution))))) AND 

(TITLE-ABS-KEY(software AND 

(industr* OR engineering OR company* 

OR project* OR stud*)))) AND (TITLE-

ABS-KEY(practical OR industrial OR 

SLR OR "systematic literature review" 

OR "literature review" OR LR OR "case 

study" OR "experience report" OR "action 

research")) 

 

 

4.2.2 Selection Criteria for Primary Studies  

4.2.2.1 Inclusion and Exclusion Criteria 

In order to filter the primary studies from the studies retrieved in the search 

process, the following inclusion and exclusion criteria was followed. The goal behind 

defining inclusion and exclusion criteria is to eliminate the duplicate studies and 

studies that are not relevant which are obtained from the database search. The 

inclusion and exclusion criteria that are followed are as follows 

4.2.2.1.1 Inclusion Criteria    

 Studies that are published from 2000 to 2014 are included as agile adoption gained 

significance from 2000 [120] and agile manifesto was written in 2001 [15]. 

 Only studies that are published in English are included. 

 Duplicates are filtered at the database level and then based on authors, titles and 

venues. 

 Studies that are not relevant are excluded based on title and abstract. 

 Studies that are available in full text are only included. 

 Studies that are focused on agile practices are included. 

 Studies that are focused on the requirements/modifications/changes while 

adopting/implementing agile practices are included. 

 Studies that are focused on challenges/risks/problems, mitigation 

techniques/strategies/solutions related to implementation of agile practices are 

included. 

 Literature reviews regarding adoption or implementation of agile practices, 

challenges faced and mitigation strategies for those challenges are included. 

 Peer-reviewed articles that include surveys, case studies and experience reports are 

included. 

4.2.2.1.2 Exclusion Criteria 

 Studies published in languages other than English are excluded. 

 The articles that discuss about agile adoption in non-software sector or 

manufacturing domain are excluded. 

 The articles that do not describe about adoption/implementation of agile practices, 

challenges or solutions in their implementation are excluded.  

 The articles that describe only about the basic concepts of agile are excluded.  

 The articles that describe about agile methods other than SCRUM and XP are 

excluded.  
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 Books and articles which are not peer-reviewed, summaries, templates etc. are 

excluded.  

4.2.2.2 Data Extraction Strategy 

The primary studies are filtered after inclusion and exclusion criteria. In order to 

identify the type of data that is obtained through the primary studies, a data extraction 

process is followed. In order to perform data extraction, a data extraction checklist is 

formulated to extract the data relevant to the research questions. The detailed data 

extraction and data analysis checklist is presented in the Table 3 and the data analysis 

is provided in Appendix B.  

 

Table 3 Data Extraction strategy 

Title  

Author/s  

Publication Year  

Research Method  

Agile Methods mentioned  

Does the study specify the 

Modifications/Requirements 

while adopting/implementing 

agile practices? 

 

Does the study specify the 

challenges while 

implementing/adopting agile 

practices 

 

Does the study specify the 

specific practice along with the 

challenges? 

 

Does the study specify the 

mitigation strategies/techniques? 

 

Does the study specify the 

mitigating strategies/techniques 

with the corresponding 

challenges? 

 

Data Analysis 

The requirements/modifications 

while implementing/adopting 

agile practices are properly 

specified (yes/no/partially) 

 

Challenges while 

adopting/implementing agile 

practices are properly mentioned 

(yes/no/partially) 

 

Mitigation strategies/techniques 

are properly mentioned 

(yes/no/partially) 

 

Practice specific 

requirements/modifications while 

implementing/adopting agile 

practices are properly specified 

(yes/no/partially) 

 

Practice specific challenges or 

mitigation strategies while 

implementing/adopting agile 
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practices are properly specified 

(yes/no/partially) 

4.2.2.3 Quality Assessment Criteria   

Alongside the process of data extraction, the analysis of primary studies must be 

carried on along with the quality assessment. The quality assessment of primary 

studies must be in order to minimize the bias and maximize internal and external 

validity [62]. The quality criteria and the scale of measurement are presented in the 

Table 4. The detailed quality assessment of primary studies can be found in Appendix 

B. 

Table 4 Quality assessment checklist 

No Quality Criterion Option 

Yes No Partially 

1 Has the methodology been clearly specified?    

2 Are the motivations and validations for the research 

clearly provided? 

   

3 Are the results of the research clearly specified?    

4 Are the validity threats clearly mentioned?    

 

4.3 Conducting the SLR 
 

The automated search is conducted using the databases provided by BTH library in 

order to acquire the relevant literature. The search string that was formulated 

previously was applied on the specified databases. The search string was applied 

individually on Inspec and Scopus databases. The selected databases contain 

duplicates from the databases like IEEE, ACM and Springer, which were excluded. 

Also, specific limitations were applied to the database to filter the studies which 

includes selecting papers published only English, selecting papers between 2000 to 

2014, filtering irrelevant papers based on title and abstract and selecting papers which 

are available in full text. 

After application of search string in the databases, the search returned 2412 

articles. After removing the duplicates at the database level and applying the inclusion 

and exclusion criteria, excluding the irrelevant articles on manufacturing, architecture, 

aerospace, chemical, production and so on, 1631 relevant articles were filtered. These 

articles were searched if they provide the access to full text or not, and the articles 

containing full text were only considered. The remaining articles were filtered further 

on the basis of title and then abstract which resulted in 187 relevant articles and by 

reading the introduction and conclusion, which yielded 134 relevant articles. Reading 

the full text filtered these articles. After the full text reading, 46 articles were selected 

which were relevant to the research.  

In order to obtain the articles that are further relevant to the articles and to ensure 

study coverage, snowball sampling technique was used. Snowball sampling technique 

was performed by examining the references of the obtained primary studies. The 

references are then selected on the basis of the title, year and by studying the context in 

which the reference was used. The snowball sampling process has resulted in the 

identification of 7 relevant articles, which were essential for this research. These 7 

studies were included in the list of primary studies.  

The automated search process and snowball technique have resulted in the 

identification of 53 relevant studies, which were considered as the primary studies for 

this research. The process of primary studies selection is provided in the Figure 3. 
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Figure 3 Process of Primary Study Selection 

 

4.4 SLR Results 
 

After the conduction of SLR, 53 primary studies that were relevant to this research 

were obtained. The primary studies selected and along with their ID are provided in 

Appendix A. 

4.4.1 Overview of Primary Studies 
 

After conducting the automated search and filtering the studies based on the 

inclusion and exclusion criteria, title, abstract and full text reading, 53 primary studies 

were identified which are relevant to this research. The primary studies were 

considered from the year 2000 to 2014. The year wise distribution of primary studies 

according to the year of publication is presented in the Figure 4 and Appendix A. It 

was observed that most of the primary studies (10) were published in the year 2008 
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and the least number of studies were published in the period of 2000 to 2002 and the 

year 2004 (2 and 1 respectively). 

 

 
Figure 4 Year-wise distribution of primary studies 

 

The review of primary studies was considered based on the research questions. Out 

of the identified 53 primary studies, 14 studies have reported on the generic agile 

methods and practices without mentioning any specific agile method or practice. 12 

studies have reported specifically about the SCRUM methodology and its related 

practices. 18 studies have considered the methodology XP and its related practices. 9 

studies have specifically concentrated on both of the methods SCRUM and XP. The 

list of primary studies and the method on which they have reported is provided in 

Appendix. The classification of primary studies based on the methods, which they 

have studied, is provided in the Figure 5 and Appendix A.  

 

 
Figure 5 Classification of studies based on method reported 
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The acquired 53 primary studies were also classified based on their contribution 

towards this research. Based on the research questions, there are three types of 

contributions possible towards this research. The contributions could be towards 

identifying the requirements/modifications that are essential while 

implementing/adopting agile practices, the challenges that are faced while 

implementing the agile practices and the mitigation strategies/techniques that are used 

to mitigate the challenges faced. The primary studies are classified into the respective 

contributions as follows. Out of the obtained 53 primary studies, 23 studies have 

reported about the requirements/modifications that are necessary while 

implementing/adopting agile practices. 28 studies have reported about the challenges 

that are faced while implementing agile practices. 18 studies have identified the 

challenges and mitigation strategies/techniques. Also, 22 studies have reported on both 

the modifications/requirements and the challenges and mitigation 

strategies/techniques. The list of primary studies and their contribution towards this 

research is provided in Appendix. The classification of primary studies based on their 

contribution towards this research is provided in the Figure 6 and Appendix A.  

 

 
Figure 6 Classification of Primary studies based on contribution towards this 

research 

 

4.4.2 Analysis of Literature regarding the 

Requirements/Modifications that are required for 

implementing/adopting agile practices 
 

In this section, the analysis of primary studies is done regarding the 

requirements/modifications/changes that are needed while implementing/adopting 

agile practices are presented according to the published literature. One of the important 

aspects of this research is to identify the generic aspects of requirements/modifications 

that are needed to adopt/implement agile and also to identify the 

requirements/modifications that are needed to adopt/implement individual practices 

specific to SCRUM and XP.  

The studies [P1][P2][P3][P4][P5][P6][P13][P32][P49] discuss about the different 

kinds of requirements that are needed or the changes/modifications an organization 

needs to undergo in order to adopt/implement agile practices. Nerur et.al [P3] has 

performed a literature review in order to study the organizational and people 

perspectives in agile adoption. The study has primarily concentrated on identifying the 
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challenges faced while adopting agile methodologies in the organizational and 

managerial perspective of the change, and has also identified some requirements in 

order to incorporate the change. Misra et.al [P5] has performed a survey in order to 

identify the requirements that are needed or the changes/modifications that are needed 

to adopt/implement agile methodology. They have also identified some of the 

challenges in adopting agile methodology. The identified requirements/modifications 

and challenges were also categorized into Organizational, Process, and people 

categories based on the literature. The study [P4] has also identified some 

requirements and challenges in order to adopt agile practices. The authors in [P4] have 

also used the survey method to obtain the empirical idea behind the adoption of agile 

methodologies.  

Vijaysarathy and Turk [P6] have also performed a survey in order to identify the 

requirements or factors that affect the adoption/ implementation of agile 

methodologies. The survey comprised of many factors of agile implementation 

including the factors influencing the use of agile, the benefits of using agile methods 

and the challenges that are faced while adopting agile methods. Through the survey, 

authors have pointed out the important factors that should be considered while 

adopting agile methods. Antonino et.al [P32] in their experience report have reported 

the factors and requirements that are needed while adopting agile methodologies. 

Authors have primary focused on the changes and traceability challenges that are faced 

while adopting agile methodologies. These primary studies have focused on the 

generic requirements and changes/modifications that are needed while 

adopting/implementing agile methodologies. These primary studies have not 

mentioned any particular practice that was considered while listing out the 

requirements. Some of the primary studies have mentioned if they were using the agile 

framework they were using, i.e. SCRUM or XP. Some of the primary studies have 

mentioned some requirements or modifications/changes partially and not as a primary 

focus. The identified requirements, modifications/changes were categorized into four 

categories namely Organizational, People, Process and tools based on their 

applicability.  

The requirements and modifications/changes needed while adopting/implementing 

agile methodologies are [P1][P2][P3][P4][P5][P6][P13][P24][P27][P32][P36][P49] 

 The organizational culture needs to be changed from policy and procedure 

based culture to a culture where more freedom of development and 

management is provided to the team members.  

 The solitary style of development and programming activities by the 

developers should be changed to more emphasis on teamwork.  

 Effective team work, high competence levels, customer relationship with 

respect to commitment, proximity, knowledge and trust are some of the 

areas where organizations should consider while adopting or implementing 

agile methodologies. 

 Change to customer centric style of development as many of the agile 

practices ask for the involvement of customer along with the developers. 

 Change to minimum competency requirements of team composition. 

 Change in the style of management from command and control type to 

leadership and collaboration style. As the role of managers in traditional 

style shifts from chalking out a pre defined documented plan and controlling 

them to a role of facilitating the overall development of the projects, 

working equally, coordinating and collaborating with the other team 

members to make sure that the project works smoothly. 

 Also, the managerial style should be changed to collaborative and dualist style 

where the members of development team are provided with equal 

importance in making the decisions from a definitive authoritative style.  

 Change in documentation style to less documentation. 
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 More emphasis should be made on tacit knowledge and the heavy 

documentation process should be replaced with more tacit knowledge 

management, which lies in the agile developers. As the agile methodologies 

call for less documentation, the knowledge lies within the developers.  

 Implementing agile methodologies call in for more importance to people 

centric style of development. This change is required as the traditional style 

of development is based on heavy processes, which are lesser in agile 

philosophy. 

 Change in development processes to iterative, test driven and people centric 

style of development.  

 Adopting agile methodologies requires inclusion of development under 

uncertainty and change tolerant style of development. A change is required 

from traditional standard compliance and measurement driven style of 

development. 

 Change from development style based on lifecycles to  an evolutionary 

and iterative style of development.  

 Adopting agile methodologies requires validating if the existing technologies 

are appropriate to implement the practices or not.  

 Requires inclusion of new skill sets, refactoring, configuration management 

and technology like JUnits etc. 

 Shifting to high bandwidths, inclusion of open workspaces and burn-down 

charts. 

 Informal style of communication such as story cards, story boards, white 

boards etc are used. 

 Software tools such as xPlanner, CaliberRM, Confluence etc which are web 

based are used to manage and track the changes in requirements and team 

foundation server 2010 for tracking project tracking and management of the 

scrum. 

 Tools like doc tools, Microsoft excel and office tools, oracle open office etc 

are used for requirements specification.  

 Cards and colored stickers are generally used to update the progress of stories: 

red for unfinished stories, yellow for developer finished stories, etc.  

 Informal type of communication and face-to-face communication is 

encouraged rather than formal type of communication.  

 

These are the identified requirements or modifications/changes that are identified 

through primary studies. As mentioned previously, these aspects cover the 

requirements and modifications that are needed while implementing/adopting agile 

methodologies in general without considering any specific practice. These are the 

basic requirements or modifications that are needed for an organization in order to 

change their style from traditional heavy weight methodologies to agile 

methodologies. This constitutes to one of the parts of the framework proposed in this 

research.  

The obtained literature is also analyzed in order to identify the 

requirements/modifications that are needed for each agile practice that is specific to 

the agile frameworks SCRUM and XP. The lists of practices that come under the 

selected frameworks are identified in the previous section. The identified primary 

studies were also analyzed individually to list out any requirements or 

modifications/changes are specified pertaining to the corresponding agile practice. It 

was observed in the literature that a complete list of practices and the corresponding 

requirements and modifications/changes that are essential for their implementation was 

not mentioned. Some of the primary studies have provided some requirements for 

practices specific to a single agile methodology, either SCRUM or XP.  
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Bailey et. al [P16], in their experience report have specified the requirements and 

challenges for stakeholders in implementing the practices of XP. Some of the 

requirements or changes needed for implementing each practice corresponding to XP 

like continuous integration, pair programming, Test Driven Development etc. are 

provided collectively.  

Wang et. al [P53] have performed interviews with several practitioners from four 

different organizations and have collected the requirements and modifications/changes 

that are needed for the adoption and adaptation of some of the agile practices practiced 

in their organizations, which include sprints, planning game, standup meetings, 

retrospectives, 40 hour week, simple design, pair programming, testing first and 

collective ownership. The factors for assimilation, which includes adoption, adaption, 

acceptance, and such factors were collected and were presented.  

Similarly, Meyer [P41] in his experience report has presented the agile practices in 

a managerial perspective. The experience report was concentrated specifically on 

SCRUM practices and the requirements that are needed to implement them. Each 

SCRUM practice was elaborated and the implementation requirements were 

mentioned in a managerial perspective.  

Bowers et. al [P20] has performed a survey in order to study the adoption of XP 

practices in the industry. The authors have performed a survey to understand how the 

XP practices are adopted in the industry and what are the problems faced in adopting 

them. Some of the requirements and modifications that are needed to adopt the XP 

practices were also identified. The study was mainly concentrated on identifying the 

most used XP practices in the industry and also on identifying the problems that are 

faced in adopting XP practices.  

Similarly, Elshamy and Elssamadisy [P37] in their experience report have studied 

the challenges of implementing agile practices in large organizations. The experience 

report has primarily focused on the problems that organizations face while 

implementing agile methodologies particularly in case of a large organization. 

Alongside the challenges, some requirements and modifications were also mentioned 

to the corresponding agile practices like stories, continuous integration, refactoring and 

unit tests. Some of the challenges that are faced while implementing the practices were 

also mentioned.  

Abrantes and Travassos [P42] have performed a systematic review in order to 

identify the common practices that are mentioned in the literature, which bring agility 

to the software processes. The authors have primarily focused on identifying the agile 

practices that are specified the most in the literature, which are practiced in software 

processes. The study has also provided some requirements or modifications/changes 

that are necessary for some practices like Planning game, sprints and daily standup 

meetings. The systematic review was conducted and 51 studies that have mentioned 

the practices that are associated with the concept of agility were identified out if 

which, 17 practices that incorporate agility were identified.  

Similarly, the primary studies were analyzed for the requirements or 

modifications/changes for particular practices that incorporate agile principles and the 

identified requirements were collected to their corresponding practice. As mentioned, 

the practices specific to the frameworks SCRUM and XP are presented and the 

corresponding requirements or modification/changes that are needed for their 

adoption/implementation are presented.  

The practices and their corresponding requirements or modifications/changes for 

their implementation/adoption are presented in Table C1 in Appendix C. The 

requirements/modifications are identified through the articles 

[P16][P20][P21][P26][P29][P35][P37][P38][P39][P40][P41][P42][P53][108][109] 

[110][111][112][113] 
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4.4.3 Analysis of Literature regarding the Challenges faced and the 

Mitigation Techniques  

4.4.3.1 Challenges faced while implementing/adopting Agile practices 

In this section, primary studies were analyzed in order to identify the challenges or 

risks that are faced while implementing/adopting agile practices specific to the agile 

frameworks SCRUM and XP. Identification of the challenges faced while 

implementing agile practices is one of the areas of this research. The analysis was done 

two fold- first for the challenges or problems that are faced while implementing agile 

methodologies in general and then for the challenges that are faced while 

implementing individual SCRUM and XP practices.  

Many of the authors have tried to provide the challenges faced while 

implementing/adopting agile practices. Misra et.al [P5] have performed a survey in 

order to identify the challenges that are faced while adopting agile methodologies into 

a traditional style of development. The emphasis was not made on the agile 

methodologies used rather on the challenges that were faced while 

implementing/adopting agile methodologies. Similarly, Vijaysarathy and Turk [P6] 

have performed a survey to identify the factors affecting the adoption of agility into 

the organization. The survey was used to understand the factors influencing agile 

adoption, the benefits, and the challenges faced while implementing/adopting agile 

methodologies. It was observed that personal interest is one of the major driving forces 

in agile adoption and the organizational resistance is the biggest inhibitor and 

challenge. Asnawi et. al [P7] have studied the different factors that are in play while 

implementing agile practices, specially SCRUM. Authors have performed interviews 

with participants from seven different organizations in Malaysia and have identified 

the key challenges that are faced while implementing agile practices. The possible 

solutions to some of the addressed challenges were also presented. Peterson and 

Wohlin [P11] have performed a case study to compare the issues and benefits while 

implementing incremental approach using agile practices between the state of art and 

state of practice. The case study was performed at Ericsson and the study was mostly 

focused on the practices of SCRUM and XP. The study has identified that the benefits 

are comparable both in the state of art and state of research while the issues or 

challenges are more while using agile in large scale.  

Similarly, the studies [P12][P13][P14][P15][P16][P18][P19] 

[P21][P25][P28][P35][P36] have reported some of the challenges faced while 

implementing/adopting agile methodologies. Almost all these studies have provided 

some of the challenges while adopting agile in general and most of them have focused 

on the agile methods SCRUM and XP.  

The challenges or risks that are faced while implementing/adopting agile are 

[P5][P6][P7][P10][P11][P12][P13][P14][P15][P16][P18][P19][P21][P25][P28][P35][

P36] 

 Developer or programmer resistance to change 

 Developers perceptions about micromanagement and freedom 

 Productivity differences between members of the team 

 Decrease in productivity during transition or adoption. 

 Upper management or Organizational resistance to change 

 Challenges in terms of the management in the perception of new roles 

 Differences in lifecycles and in the development process 

 Differences in performance measurements and benchmarks 

 Differences in attitude towards the success of the project 

 Problems with the scalability of team size 

 Lack of detailed cost evaluation and assessment 
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 The requirement of the presence and involvement of onsite customer for a 

significant period of time. 

 Lack of competent and motivated developers and managers 

 Increased risk of failure of the project 

 Lack of formal guidelines and peer support 

 Lack of knowledge and proper training 

 Lack of resources 

 Cultural, communication and coordination problems 

 Lack of personnel with necessary skills 

 Developer fear due to skill deficiencies 

 No risk management 

 Lack of documentation 

 Challenges due to adopting new culture and practices 

 Handover from requirements to design takes time due to complex decision 

processes 

 Configuration management requires high effort to coordinate the high 

number of internal releases 

 Not appropriate for large enterprises 

 Module integration issues 

 Test environments for different versions have to be recreated 

 Product packaging effort is increased as it is still viewed from a technical 

point of view, but not from a commercial point of view 

 Teams are highly coherent which means that the communication within 

the team works well, but inter-team communication suffers. 

 The priority list is essential in the company’s model to work and is hard to 

create and maintain 

 

As mentioned previously, the primary studies were also analyzed in order to 

identify the challenges that are faced while implementing/adopting individual agile 

practice, which are specific to SCRUM and XP. Upon analysis of the literature, it was 

observed that not much focus was done on presenting the challenges while 

adopting/implementing individual agile practices. Some of the literature has mentioned 

the challenges pertaining to one or two agile practices. Some authors have 

concentrated on some more practices and their challenges. Also, some of the papers 

have addressed the practices of either SCRUM or XP and the challenges faced while 

implementing them. The primary studies were analyzed and any challenges pertaining 

to individual agile practices were collected. As mentioned previously, some of the 

SCRUM and XP practices were given very less attention in the research. The empirical 

studies and data on the agile practices are limited to few in number and therefore, the 

data on the mentioned practices was collected.  

The challenges faced while adopting/implementing agile practices specific to 

SCRUM and XP, specified in the literature are identified through 

[P12][P16][P17][P18][P19][P21][P29][41][114][115] and are presented in Table C2 in 

Appendix C. 

 

4.4.3.2 Mitigation Techniques/Strategies to address the challenges faced while 

implementing/adopting agile practices 

 

As the challenges faced while implementing agile methods were listed previously, 

the primary studies were analyzed in order to identify the solutions or mitigation 

strategies/techniques that are employed to address the challenges faced. Identification 

of mitigation strategies/techniques is the final part of the research and the final aspect 
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to complete the specified framework. As was the case with the challenges, the primary 

studies were analyzed two fold, firstly to list the mitigation techniques/strategies that 

are used to address the generic challenges that are faced while implementing agile 

practices, and finally to identify the mitigation strategies to counter the challenges 

faced for individual agile practices specific to SCRUM and XP.  

Upon analysis of the literature, it was observed that the aspect of specifying the 

mitigation strategies or techniques to address the challenges faced while implementing 

agile practices was given very less focus by the researchers. When compared to 

identification of requirements and challenges, solutions and mitigation strategies was 

given less focus in the literature. Many of the studies have partly mentioned some 

mitigation techniques or strategies pertaining to some challenges and only few studies 

have tried to provide some mitigation strategies in a collective manner. Peterson and 

Wohlin [P10] in their case study have provided some mitigation techniques to some of 

the challenges identified through their case study. The study has suggested that 

designing an anatomy plan that helps to structure the system and the dependencies 

helps the organization in minimizing the challenges like management overhead. Akif 

[P14] has performed a survey to identify the issues and challenges that are faced while 

implementing SCRUM. The survey has identified several issues and challenges that 

are faced during SCRUM implementation. The study has also tried to provide some 

mitigation strategies to address the challenges that are identified. The study has 

identified that proper training to the individuals is one of the most important solutions 

that helps in minimizing the challenges that are faced during SCRUM implementation. 

Similarly, Bailey et. al [P16] have provided an experience report that has provided 

some challenges that are faced by the stakeholders in implementing XP. The report has 

also tried to provide some solutions to the identified challenges. Conboy et. al [P28] 

have performed a case study in order to study the impact of people factor in 

implementing agile methodology. The study has identified several challenges that are 

related to the people factor in implementing agile methodologies. Alongside the 

challenges, the possible solutions and mitigation strategies to mitigate those challenges 

were also specified. Similarly the studies [P19][P27][P51][P52] have also specified 

some solutions or mitigation strategies/techniques.  

The solutions or mitigation strategies/techniques that are specified in the literature 

to address the challenges faced while implementing/adopting agile practices in general 

are [P10][P14][P16][P19][P27][P30][P51][P52] 

 Proper agile training 

 Inclusion of agile experts into the organization and project 

 Ensure cross team observation and validation of agile practices 

 Assess agility in terms of agile values and not practice adherence 

 Designing a proper anatomy plan that helps structure the system and its 

dependencies 

 Integrate people from the release project already in the requirements 

engineering phase 

 Providing special attention to quality related items 

 More time on testing internal release 

 Dedicate a full sprint on projects having tightly coupled modules for 

testing 

 Division of tasks into subtasks 

 Re-scoping tasks that are missing deadlines 

 Scrum masters and project managers can avoid interfering in team work 

 Set sprint duration to the rate at which the requirements change and the 

rate at which the team can deliver its functionality 

 Avoiding addition of “high priority” work to disrupt flow 

 Providing better policies and ensuring their enforcement 

 Frequent informal meetings 
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 Introducing extra curricular activities like debates, conferences and 

relocation. 

 Define effective policies that help in reducing social and cultural issues 

 Changes should be tractable from scrum backlog 

 Allowing minimal and sufficient documentation after the backlog 

 Educating the customer in what is developed and when 

 Better Tools and Simulators 

 Better Testing and Estimation 

 Encouraging task self-assignment to let developers work in different areas 

and learn new skills 

 Include motivated developers on each team 

 Build a sharing and learning environment to empower team decision 

making 

 Ensure performance evaluations, apply higher weighting for mentoring, 

voluntary contributions, and so on 

 

Similarly, analysis was performed in order to identify the solutions or mitigation 

strategies/techniques that are used to mitigate the challenges faced while implementing 

individual agile practices. It was observed that this aspect was not given much focus in 

the literature. Very few articles have described some mitigation strategies 

corresponding to the challenges pertaining to individual agile practices. For example, 

Mohammadi et. al [P17] have performed a survey in order to study the implementation 

of the practice “onsite customer”. The study has provided an idea on the 

implementation of onsite customer practice in an organization and the challenges that 

are faced while implementing the practice. The study has also provided some 

mitigation strategies/techniques corresponding to each challenge. Similarly, Anderson 

[P40] in his experience report has provided an idea on the XP practice “coding 

standards”. The study has identified some challenges during the implementation of the 

practice and also has suggested some mitigation strategies/techniques. Similarly 

Vanhanen and Korpi [P38] in their case study have mentioned the experiences of using 

pair programming in an agile project and have provided some challenges along with 

few mitigation techniques. As mentioned previously, there are very few studies that 

have identified the mitigation strategies/techniques for individual agile practices. 

Therefore, the identified mitigation strategies/techniques for individual agile practices 

are listed.  

The mitigation strategies/techniques used to address the challenges faced while 

implementing individual agile practices are identified through the articles  

[P10][P14][P16][P17][P19][P20][P34][P38][P51][P52] and are presented in Table C2 

in Appendix C.  

 

4.4.4 Discussion and Conclusion of SLR 

4.4.4.1 Overview of Results of SLR 

 

Out of the 53 primary studies that were obtained through the search criteria of the 

SLR, 14 studies were identified from generic agile methodologies, 12 were focusing 

on SCRUM and 18 studies were focusing on XP methodologies. 9 studies have 

focused on both SCRUM and XP. Therefore, it could be observed that XP has received 

more attention in the research than SCRUM. Since the research has focused only on 

SCRUM and XP, and the search criteria were adjusted only to filter the articles related 

to SCRUM and XP practices, a comparison with the remaining agile methods was not 

made. As mentioned previously, the practices specific to SCRUM and XP frameworks 

were considered for the further aspects of this research which include XP practices like 
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pair programming, Test Driven Development (TDD), continuous integration, 

collective ownership, onsite customer, 40 hour week, coding standards etc. and 

SCRUM practices like sprints, sprint planning/review meetings, retrospectives, daily 

standup meetings etc.  

Similarly, it was observed that pair programming has received much attention in 

the research and was mentioned by the highest number of studies. The XP practices 

continuous integration, Test Driven Development (TDD), refactoring, small releases, 

collective ownership etc are followed next and these practices were also mentioned 

much in the research. The SCRUM practices were relatively less discussed in the 

literature and daily sprint meetings, retrospectives and sprints are the most discussed 

practices in literature.  

Based on the research questions, the research is based on three factors. 

Identification of the requirements or modifications/changes needed while 

implementing/adopting agile methods and while implementing individual agile 

practices is the primary aspect of this research. Based on this aspect, the primary 

studies were analyzed and the requirements or modifications/changes that are needed 

to implement agile methodologies were identified. As mentioned by [P5], the change 

of style from process and procedure oriented to iterative style of development and 

change to open work space are some of the important changes that are to be 

incorporated in order to adopt/implement agile methodologies. 21 requirements or 

modifications/changes were identified from the primary studies that are needed to 

adopt/implement agile methodologies. 

Similarly, the requirements or modifications/changes that are needed to implement 

individual agile practices specific to SCRUM and XP were also identified from the 

literature. The primary studies were analyzed based on the data extraction form and the 

requirements for individual agile practices specific to SCRUM and XP were listed out. 

Some of the articles have mentioned the requirements/modifications for either 

SCRUM or XP practices, and some of the articles have only mentioned one or two 

practices and their requirements. The collected requirements were listed in Appendix 

C. 

Secondly, this study is focused on the identification of the challenges that are 

faced while implementing agile. As it was done in the case of requirements, this aspect 

of this research was also done two fold, firstly to identify the generic challenges that 

are faced and then to identify the practice specific challenges that are faced while 

implementing practices specific to SCRUM and XP. Based on the data extraction 

strategy designed on the basis of research questions, the studies were analyzed to 

identify the generic challenges that are faced. Studies like [P5] have provided some 

challenges without mentioning the agile method they have used and some studies like 

[P7] have provided the generic challenges that are faced while implementing the 

methodology SCRUM. In most of the studies, developer’s resistance and upper 

management resistance were mentioned as the most significant challenge that is faced 

by the organizations while adopting/implementing agile practices. Similarly, the 

studies were analyzed and the generic challenges that are faced while 

implementing/adopting agile practices are identified.  

The challenges that are faced while implementing individual agile practices are 

also analyzed. As mentioned previously, relatively less focus was given in the 

literature regarding the identification of challenges that are faced while implementing 

individual practices. Some of the studies like [P17][P38][P40] have focused on 

specific practices, and have provided the factors that affect their implementation. 

Studies like [P19] have provided some challenges regarding one or two practices 

specific to SCRUM or XP. Therefore, the studies were analyzed and the challenges 

pertaining to individual challenges were collected and listed in Appendix C.  

Thirdly, the research is focused on the identification of solutions or mitigation 

strategies/techniques that are used to address the challenges faced while adopting agile 

practices. There was very less focus in the literature regarding reporting the mitigation 
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strategies/techniques that are used in the organizations to mitigate the challenges. 

Studies like [P14] and [P16] have provided some mitigation techniques/strategies that 

are used to mitigate the challenges faced while implementing specific methodologies 

SCRUM or XP. Similarly, [P28] have mentioned some mitigation strategies to the 

people and process related challenges that are faced while adopting agile 

methodologies. Some articles like [P17][P38][P40] have focused on individual 

practices like onsite customer, coding standards etc. and have provided some 

challenges and mitigation strategies/techniques. As the studies reported are less, the 

available studies are analyzed and the available techniques for the practices are 

identified and collected. The list of mitigation strategies to address the challenges 

faced while implementing individual practices specific to SCRUM and XP are also 

identified and listed in Appendix C.  

 

4.5 SLR Validity Threats 
 

During the process of the conducting a Systematic Literature Review, there could 

be some threats to the validity of SLR, which have to be mitigated in order to ensure 

that the data obtained is near to precise. In this section, the validity threats to this SLR 

and the mitigation to those threats are provided. 

One of the possible validity threats to this SLR is the possibility of missing 

relevant and important literature due to the usage of improper keywords and incorrect 

formulation of the search string. In order to mitigate this threat, the author has taken 

the help of librarian of BTH library, supervisor and expert researchers in the 

formulation of search string and their suggestions were taken in correcting the 

keywords and improvising the search string. The final search string has helped the 

author in obtaining the relevant number of articles for pursuing the research. In 

addition to that, snowballing technique was also employed by tracking the references 

of the obtained primary studies, which helped to extend the final list of primary studies 

and obtain more information.  

After the formulation of search string, another possible validity threat that could 

affect the SLR is the quality of acquired primary studies. There is a possibility that 

irrelevant studies and studies having low quality may also appear when the search 

string is applied which might lead to incorrect results. In order to mitigate this threat, 

the author has formulated a quality criteria and a data extraction checklist, which helps 

to understand the contribution of the obtained studies and also evaluate the quality of 

the obtained studies.  

One of the possible threats that could emerge in this research is the applicability of 

the domain. Since agile methodologies and agile framework is applicable in vast 

number of domains including manufacturing, sciences, healthcare and so on, the 

search string might return some of the studies from those domains. Since the study is 

focused only on the agile development in software domain, the search string was 

framed accordingly by including a keyword for software domain and development so 

as to include the studies only from software domain.  

Also, after the completion of search process and documenting the results, there is a 

threat of missing the relevant information and results. This might occur in a case where 

the author has missed some information or some articles during the process of 

documentation and might lead to the documentation of incomplete results. In order to 

mitigate this threat, the author has constructed an excel sheet with each and every 

primary study with its relevant information. The information about each primary study 

was carefully documented and the referencing was provided. Zotero and Mendely 

tools were used to document the references. 
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5 SURVEY 
 

An industrial survey is performed using the requirements or 

modifications/changes, challenges and mitigation strategies/techniques that were 

obtained from the results of SLR. The survey was used to understand the classification 

of the obtained requirements and challenges into Organizational (Structural and top-

level management), managerial (management perspective) and staff (teams and people 

perspective) levels, which is one of the important aspects of this research. The survey 

is also used to gain knowledge about the aspects that were not covered in the literature. 

5.1 Methodology Validation 
 

There are different methods that can be used to empirically perform the research, 

which includes case study, interviews and experiments [56].  

Case study is not considered for this research due to the time and resources 

constraint. In order to perform a case study in this research, author has to study the 

case of a particular organization for a period of time while they are implementing and 

adopting agile practices. The process might take few months of time and since the time 

constraint of this research is limited, case study was not considered for this research. 

Also, the results obtained from a case study might be specific to that organization or 

the project where the research was performed. Since the research focuses on the results 

applicable to a generic body of practitioners, the method was not used for this 

research. However, case study can be used while considering the applicability of the 

framework suggested in this research. Experiments were also not considered as a 

possible method for this research. Since the scenario of experiments deals with 

studying the cause and effects of a situation under controlled scenario [56], the idea of 

controlled setup might not depict a generic organizational situation. Therefore, 

experiment was also not considered for this research.  

Therefore, the survey method was used in this research. As specified in [56], a 

survey provides a “quantitative description of trends, attitudes or opinions by studying 

a sample of population”. A structured survey, which is conducted with the help of a 

formalized questionnaire, is used in this research [112].  

 As specified by [112], personal survey, phone survey, mail and electronic survey 

are different types of approaches through which a survey can be conducted. A survey 

using mail and electronic media was used in this research. A questionnaire was 

constructed and was posted in electronic media and social networks, including the 

groups on agile, SCRUM and XP. The social networks and groups comprise of an 

active set of practitioners working in various aspects of agile development. The 

primary reason for selecting an online or electronic survey is to obtain the responses 

on a wider scale of practitioners and respondents as the practitioners work in different 

organizations distributed in various parts of the world. Online or electronic survey is 

an efficient method to perform a survey as it helps us to cater to large number of 

respondents in very less time, take less time to prepare and publish, easy to analyze 

and to manage the data. The questionnaire was prepared using Google Docs1, which is 

a convenient and easy to use tool for questionnaire development and analysis. It also 

provides free and easy access to create and develop the questionnaire, which can be 

distributed among various networks.  

 

                                                      
1 http://docs.google.com 
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5.2 Survey Planning and Execution 
 

The steps followed in order to conduct the survey are provided in the Figure. The 

process is broken down into the following steps: planning, survey design and 

execution of the survey. Planning the survey stage includes the objective definition, 

checking for the scheduling and planning the resources that are necessary for the 

survey. Survey design deals with the development of the questionnaire, questionnaire 

validation and sample selection. Execution of the survey includes collecting the survey 

responses and processing the obtained results. The steps followed in order to perform 

the survey are shown in the Figure 7. 

 

 
Figure 7 Steps followed to perform the survey 

 

5.2.1 Planning the Survey 

5.2.1.1 Objectives of the Survey 

In order to conduct a survey, the objectives of conducting the survey must be 

identified primarily. Identification of the objectives of the survey helps us to define the 

scope of the survey and thereafter, helps to define the sample of respondents, which is 

essential to obtain relevant data. The objectives of this survey are based on the 

research questions of this research. They are 

 To identify the agile practices which are widely used in organizations 

 To identify the requirements or modifications/changes those are used 

mostly in the organizations while implementing/adopting agile practices. 

 To identify the challenges those are faced mostly while 

adopting/implementing agile practices and the mitigation 

strategies/techniques that are used to address them.  

 To obtain the classification or categorization of the obtained 

requirements/challenges into Organizational, Managerial and staff levels 

of an organization.  
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5.2.1.2 Scheduling the Survey 

 

As the objective of the survey is defined in the previous section, the survey 

scheduling has to be done. The author has scheduled the survey for a period of three 

weeks. The time frame was selected based on the results of the SLR and also the time 

constraint of the research. The responses were turned off after three weeks owing to 

the time constraint of the thesis.  

 

5.2.1.3 Planning the Resources 

 

As specified previously, the survey was conducted using online and electronic 

media. It is important to plan and mark the resources before posting the link to the 

questionnaire. The resources have to be identified so as to extend the reach of the 

questionnaire to all the interested practitioners in agile, SCRUM and XP. Therefore, 

the following sites and social networks were selected for posting the questionnaire 

 Linkedin 

 Google Groups 

 Yahoo Groups 

 Facebook 

 Twitter 

 Agile author’s blogs 

 Individual Agile groups 

 

In addition to the above sites, author has also sent the questionnaire link to the 

admins of different agile sites and requested them to forward the questionnaire to their 

respective members, as the members were not visible to general public. The social 

networks were searched in order to identify the relevant groups in order to post the 

questionnaire. The following groups were searched in Linkedin, google groups, yahoo 

groups and twitter 

 Agile groups 

 Agile project management groups 

 Agile practices groups 

 SCRUM groups 

 XP or Extreme Programming groups 

 Groups on individual practices related to SCRUM or XP (eg: Pair 

Programming groups, TDD groups etc.) 

 

5.2.2 Survey Design and Execution 

5.2.2.1 Development of the Questionnaire 

 

As the objectives of the survey are mentioned in the previous sections, the survey 

questionnaire is constructed in order to achieve the specified objectives. There are two 

types of questions that are included in the survey, open ended and close ended [116]. 

The survey questionnaire is primarily constructed in four parts.  

The first part deals with collecting the general demographics of the respondent, 

which include the size of the organization, type of projects the organization deals with 

and the country where the organization is located. The questions in this part also 

include the questions about the respondent’s role in his/her organization, his/her work 

experience in general and experience working with agile development. The author has 

also included a question in this part, which asks the respondent to select the agile 

practices that the respondent uses, or has used in his organization.  
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The second part deals with the requirements or modifications/changes needed 

while implementing/adopting agile practices. This part consists of the questions that 

ask the respondent to choose their level of agreement with respect to the usage or 

importance of each requirement or modification/change. The respondents were also 

asked to categorize the obtained requirements or modifications into Organizational 

(Structural and top-level management), Managerial (management perspective) and 

Staff (people and teams perspective) levels in an organization. In addition to that, 

open-ended questions were provided to the respondents, where they were asked to 

provide any practice specific requirements/modifications. The open-ended questions 

were provided in the form of a text box where, the respondents can provide their 

answers in the form of text or numbers. 

The third part deals with the challenges that are faced and the mitigation 

strategies/techniques that are employed to address the challenges. This part consists of 

the questions that ask the respondents to choose their level of agreement with respect 

to the usage or importance of each challenge or each mitigation technique/strategy. In 

addition to that, the respondents were also asked to categorize the challenges into 

Organizational (Structural and top-level management), Managerial (management 

perspective) and Staff (people and teams perspective) levels in an organization. In 

addition, open-ended questions were also provided for the respondents, where they 

were asked to provide practice specific challenges and mitigation techniques/strategies 

while implementing/adopting agile practices.  

After finishing the survey, a text box was provided for the respondents, where the 

interested respondents can provide their name and email id in order to receive the 

overview of the results of the survey. The survey questionnaire is provided in 

Appendix E.  

 

5.2.2.2 Questionnaire Validation 

 

After the development of the questionnaire, the questionnaire must be validated in 

order to check its reliability and thus ensuring that the survey can be performed 

smoothly. If there is any problem for the respondents in understanding or answering 

the questionnaire, the survey cannot provide the required and reliable answers. As 

mentioned by Kitchenham and Pfleeger [117], the questionnaire has to be pre tested so 

as to check the understandability of the questions, assessing the response rate, 

evaluating the reliability and validity and ensuring the data analysis techniques match 

the expected responses. The process of questionnaire validation is depicted with the 

help of following Figure 8. 
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Figure 8 Questionnaire validation 

 

The pilot study was conducted with some previous students and a subject expert. 

The previous students were selected as they had prior experience of working with the 

survey method and they have learnt the process during their time. The iterations 

include the understandability of the questions in the questionnaire, time taken and the 

reliability. The iterations applied are provided in the Table 5.  

 

Table 5 Questionnaire Validation 

Criteria Iteration 1 Iteration 2 Iteration 3 

Understandability 

of questions 

Respondents felt 

the survey to be 

too long and 

tedious. Some of 

the questions 

were not 

understandable 

Respondents felt that 

some of the questions 

are not necessary and 

cause some confusion 

Respondents felt 

the questionnaire 

to be completely 

understandable 

Number of 

questions 

31 24 20 

Time to complete 30 minutes 19 minutes 14 minutes 
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31 questions were provided in the questionnaire initially, which included separate 

questions for individual practices as well. However, the questionnaire took around 30 

minutes to answer which was pretty big and time consuming. The expert researcher 

and the previous students have suggested that such big survey would be tedious for 

strangers who would be asked to spare 30 minutes of their time with no motivation, so 

other than just to be nice and helpful. For the second iteration, the practice specific 

questions were kept as open-ended questions and the number of questions was reduced 

to 24. As per the suggestions of the expert researcher and the pilot respondents, the 

related open-ended questions were grouped and during the third iteration, the questions 

were reduced to 20. As the questions were absolutely necessary and are required in 

order to pursue this research, the questions were not reduced further. A couple of 

respondents felt that even the 14 minutes time can be reduced, but the expert 

researcher suggested that the author can choose between obtaining trivial data with 

short questions garnering high number of responses and better data with a little less 

number of respondents. As there is a need to ask these questions in the survey, author 

has decided to retain the final number of questions. Moreover, all the questions in the 

survey were understandable and satisfactory for the respondents. Therefore, the final 

questionnaire was selected for the survey. The questionnaire is provided in the 

Appendix E. 

 

5.2.2.3 Sample Selection 

 

Before the distributing the questionnaire over the Internet, it is essential to finalize 

the set of respondents or the sample relevant to the area of this research, for answering 

the survey. As specified by Kitchenham and Pfleeger [118], a valid sample is a 

representative subset of the targeted population. Since the research deals with agile 

practices and their implementation in industries, the target population for this research 

is the set of employees working in various organizations, who are involved in various 

stages of agile development, or have practiced agile methodology and practices 

previously. The sampling methods are categorized into two types: probabilistic and 

non probabilistic [118]. A probabilistic sample is the type of sampling where the 

members of the targeted population are known and have non-zero probability in being 

involved in the sample set.  A non-probabilistic sample is the type of sample where 

“respondents are chosen because they are easily accessible or the researchers have 

some justification for believing that they are representative of the population” [118]. 

This type of sampling includes the methods of convenience sampling, snowball 

sampling, quota sampling and focus groups. The type of sample used in this research is 

a non-probabilistic sample, as the target population for this research is specific. The 

author has used convenience-sampling method, which “involves obtaining responses 

from those people who are available and willing to take part” [118].  

The participants who can take part in this survey can be programmers, analysts, 

software architects, project managers, team leaders, functional managers, event 

managers, and agile coaches, directors etc.  

 

5.3 Results of the Survey 

5.3.1 Analysis of the general information about the participants 
 

As specified previously, survey was organized and constructed using Google 

Docs. The author had received 57 responses out of which, 48 complete responses were 

considered. This implies that rate of completion of survey is 84%, which is a high 

enough percentage of completion as specified in [118]. This could help in implying 
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that questionnaire is of good quality and was understandable to the participants, and 

therefore, results can be used for further processing.  

The geographical location of respondents is analyzed and provided in Figure 9. 

Respondents are distributed across various parts of the globe. Participants from over 

13 countries have given their response to the survey. Participants from India (38%) 

and various parts of Europe including Sweden, Germany, Belgium, Italy and France 

(17%) have provided majority contribution in this survey (55% collectively). USA 

(11%) and China (8%) are the next in the list. The remaining countries had provided 

relatively lesser responses for this survey. The percentage distribution of respondents 

on the basis of their geographical location is provided in the Figure 9. 

 

 
Figure 9 Distribution of respondents based on geographical location 

 

The survey has targeted individuals working in different roles and responsibilities 

of organizations. Therefore, author has asked respondents to mention their roles in 

their organization or development process. It was observed that majority of the 

respondents (31%) were programmers which include developers and testers, followed 

by team leaders (17%), business analysts and quality analysts (14%) and project 

managers (13%). Scrum masters and agile coaches (15%) were also present amongst 

the respondents. The respondents also include functional managers and event 

managers (10%). The roles of the respondents are presented in the Figure 10. 
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Figure 10 Roles of the respondents 

 

Author has asked respondents to mention size of teams in which they are working 

in terms of number of people. Author has given a basic classification for team size 

based on number of members. The classification is provided in Table 6. 

 

Table 6 Categorization of team size based on members 

Number of Members Team Size 

Less than 5 Very Small 

5 to 10 Small 

11 to 30 Medium 

31 to 50 Large 

Greater than 50 Very Large 

 

Based on the obtained responses, it was observed that most of respondents (33%) 

were working in large teams, followed by medium teams (25%). Very less percentage 

of respondents (10%) was working in very large teams and very small teams (15%). 

The team size of respondents is provided in Figure 11.  

 

 

 
Figure 11 Size of the teams of respondents 
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Also, respondents were asked to mention experience in years of working in the 

software industry, which is an important factor in determining the quality of the 

responses obtained in the survey. Based on the responses obtained, it was observed 

that most number of respondents (22) have 3 to 5 years of work experience. Also, 16 

respondents have work experience of more than 5 years. Therefore, 79% of the 

respondents have more than 3 years of work experience out of which, 33% of the 

respondents have more than 5 years of work experience which is good percentage of 

the sample in order to make the results more trust worthy. The work experience of the 

respondents is provided in the Figure 12. 

 

 
Figure 12 Experience of respondents in software industry (percentage) 

 

As the research is focused on agile practices and agile development, knowledge in 

agile software development is also very important, which makes the experience in 

agile development an essential factor in this research. Therefore, author has included a 

question which has asked the respondents to mark their experience with agile 

development in years. It was observed that most number of respondents (22) have 3 to 

5 years of experience of working with agile development. Also, 8 respondents have an 

experience of more than 5 years of working with agile development. Therefore, it 

could be seen that 63% of the respondents have an experience of more than 3 years in 

agile development which helps to validate that the results can be of good quality. The 

experience of the respondents with agile development is provided in the Figure 13. 

 

 
Figure 13 Experience of respondents with agile development (percentages) 
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5.3.2 Usage of Agile Practices in Industry 
 

The primary idea behind this research is to identify the usage of agile practices 

related to SCRUM and XP in the industry. Therefore, respondents were asked to 

choose the agile practice, which they have practiced or are practicing in their 

organizations. The practices that were identified through the literature for both 

SCRUM and XP frameworks were provided in the questionnaire and respondents were 

asked to choose the practices that they have used or they are using in their 

organizations. An additional option was also provided for the respondents, where they 

can provide any additional practices that they use in their organizations, which were 

missing from the list provided. The main purpose of this question is to identify the 

agile practices specific to SCRUM and XP that are widely used or adopted in 

organizations.  

Upon analyzing the responses from survey, it was observed that daily standup 

meetings or daily scrum meetings practice was used by 71% of the respondents (34). 

The practices like Sprints or iterations, sprint planning and review meetings and Test 

automation/testing are amongst the most used practices from the list as they were 

selected by more than 65% of the respondents. Practices like Retrospectives, 40-hour 

week, continuous integration, refactoring, coding standards and Test driven 

development/Test first development (TDD) are moderately used practices from the list 

as they were selected by 42% to 56% of the respondents. Practices like pair 

programming, onsite customer, collective ownership, simple design, planning game, 

planning poker and metaphors are the less used practices from the list as they were 

specified by less than 39% of the participants. Most of the respondents have not opted 

for the practices like planning game, metaphors and simple design, which has given 

them the low percentage in the overall frequency of usage. This could imply that the 

practices were not utilized fully in industries.  

The usage of agile practices in the industry, as analyzed from the results of survey 

are provided in the Figure 14. The percentage of responses obtained is provided.  

 

 



 

 45 

 
Figure 14 Usage of agile practices in industry as specified by respondents 

 

The respondents have also mentioned some practices in the “others” option 

provided in the questionnaire, where they were asked to provide the practices which 

they use in their organization, that were not present in the specified list. Amongst the 

practices specified by the respondents, Open workspace, Continuous Deployment and 

Release Planning were specified by more number of respondents. Some of the 

respondents have specified using digital taskboards, burndown charts, progress 

tracking, change management and short release as the practices that they were using in 

their organizations apart from the practices specified in the list. Therefore, it could be 

seen that daily standup meetings/daily scrum meetings practice is the mostly used 

practice in the industry. Sprint/iteratins, sprint review/planning meetings and test 

automation are also used mostly by the respondents. Practices like metaphors, planning 

game, planning poker were not used much in the industries as per the responses 

obtained.  
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5.3.3 Importance of the identified requirements/modifications, 

challenges and mitigation strategies/techniques 
 

In order to identify the level of usage of the requirements or 

modifications/changes, challenges and mitigation strategies/techniques that are 

identified through the literature, corresponding questions are asked in the 

questionnaire, which has asked the respondents to mark the level of importance of a 

particular requirement/modification or challenge or mitigation strategy/technique.  

Firstly, the respondents were asked to specify the level of importance of the 

requirements or modifications/changes that are needed while adopting/implementing 

agile practices. The lists of requirements or changes/modifications that are identified 

through the literature are provided to the respondents and they were asked to specify 

their perspective on the level of importance of each requirement/modification. The 

obtained responses were analyzed and the perspective of the respondents is provided in 

the form of heat maps. The heat maps depict the number of responses obtained by each 

requirement/modification with respect to the level of importance as specified by the 

respondents. In the provided heat maps, the strongest value of importance is shown 

with the help of dark color and the lowest value of importance is shown in light color. 

The heat map for the level of importance of the identified requirements or 

modifications/changes can be shown in Table 7. 

 

Table 7 Importance of requirements/modifications that are needed in adopting 

agile 
Requirement/Modification Very 

Important 

Important Somewhat 

Important 

Not 

Important 

Don’t 

Know 

Change in policies and procedures 16 23 9 0 0 

Emphasis on team work rather than 

individuals 

26 22 0 0 0 

More freedom of development and 

management by team members 

14 22 12 0 0 

Inclusion of minimum competency 

requirements 

7 27 10 4 0 

Change to customer centric development 17 22 6 1 2 

Change from traditional work environment 

to open work space environment 

24 19 1 3 1 

Change in managerial style from 
authoritative to collaborative style 

16 24 8 0 0 

Less documentation 4 29 14 1 0 

Emphasis on tacit knowledge management 

rather than documenting tasks 

19 24 4 0 1 

Heavy process centric style of 
development to short, iterative style 

17 27 3 1 0 

Reduction in standard compliance 5 11 21 7 4 

Change from contract compliant to change 
tolerant development 

5 31 7 2 3 

Inclusion of evolutionary iterative 

development  

23 20 3 0 2 

Checking appropriateness of existing 
technology and tools 

10 25 10 3 0 

New skill sets, refactoring, configuration 

management, Junits etc  

10 24 12 1 1 

Changing to high band width, newer 
communication tools, whiteboards etc. 

7 34 3 3 1 

 

It can be observed from the heat maps that requirements or changes like emphasis 

on teamwork rather than individuals, change from traditional workspace to open 

workspace and inclusion of iterative style of development are the most important 

requirements or modifications/changes that are needed while implementing/adopting 

agile practices. Reduction in standard compliance was mentioned by most of the 

respondents as somewhat or not important.  

Similarly, the respondents were asked to specify their perception on the occurrence 

of challenges or risks that are faced while implementing/adopting agile practices. 
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Challenges or risks that were identified from literature were provided to the 

respondents, where they were asked to provide their perspective of the level of 

importance of each challenge or risk. The results are provided with the help of heat 

maps. The heat map for depicting the respondent’s perspective of the level of 

importance of challenges or risks that are faced while implementing/adopting agile 

practices is provided in Table 8.  

 

Table 8 Heat map for Importance of challenges that are faced while adopting 

agile 
Challenges/Risks Very 

Important 

Important Somewhat 

Important 

Not 

Important 

Don’t 

Know 

Developer resistance 32 15 1 0 0 

Developer perceptions of 

micromanagement and freedom 

12 30 5 1 0 

Productivity differences between members 12 19 14 3 0 

Decrease in productivity during transition 12 23 5 8 0 

Upper management/Organizational 

resistance 

37 9 0 0 2 

Variability in subsystems and teams 11 31 3 3 0 

Differences in lifecycles and in 

development processes 

10 12 24 2 0 

Differences in performance measurements 
and benchmarks 

6 17 19 5 1 

Problems with team-size scalability 9 28 11 0 0 

Need for significant on-site customer 

involvement 

6 26 14 2 0 

Lack of competent and motivated 
managers and developers 

35 10 3 0 0 

Increased Risk of Project Failure 9 21 11 7 0 

Lack of Formal Guidelines and peer 
support 

10 29 7 0 2 

Inadequate Training and lack of 

knowledge and resources 

35 8 3 2 0 

Cultural, communication and coordination 
problems 

32 12 4 0 0 

Lack of personnel with necessary skills  18 28 1 1 0 

No risk management 9 22 13 4 0 

Lack of Documentation 5 21 14 7 1 

Module integration issues 7 13 24 3 1 

Not appropriate for large enterprises 5 20 17 5 1 

Configuration management requires high 

effort to coordinate the  

high number of internal releases 

5 22 15 2 4 

Test environments for different versions 
have to be recreated 

4 16 19 7 2 

Handover from requirements to design 

takes time due to complex 
 decision processes 

5 22 16 4 1 

Product packaging effort is increased as it 

is still viewed from a technical point of 

view, but not from a commercial  

3 25 14 4 2 

Teams are highly coherent which means 

that the communication within the team 

works well, but inter-team communication 
suffers 

9 34 3 1 1 

 

It can be observed from Table 9 that Challenges like developer resistance, upper 

management/organizational resistance, lack of competent and motivated managers and 

developers, inadequate training and lack of resources, cultural, communication and 

coordination problems are the mostly faced challenges while implementing/adopting 

agile practices, while challenges like module integration issues and differences in 

lifecycles and development were the less faced challenges.  

Similarly, the respondents were asked to specify their perception on the 

importance of the mitigation strategies/techniques that are used to address the 

challenges faced while implementing/adopting agile practices. The mitigation 
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strategies/techniques to the challenges, identified from the literature were provided in a 

list to the respondents, where they were asked to specify their perspective on the level 

of importance of each mitigation strategy/technique. Based on the responses, the 

results are provided with the help of a heat map. The heat map for the importance of 

the mitigation strategies/techniques for addressing the challenges faced while 

implementing agile practices is provided in the Table 9. 

 

Table 9 Heat map for importance of mitigation strategies/techniques while 

adopting agile  

 

 

It could be observed from the result of the heat map that mitigation 

strategies/techniques like proper training, inclusion of experts, setting sprint duration 

at the rate at which requirements change, defining affective policies to reduce social 

and cultural issues are the most used and important ones to address the challenges 

faced while implementing/adopting agile practices. The mitigation technique/strategy 

integrate people from the release project already in the requirements phase, dedicate a 

full sprint on tightly coupled modules are the least used and not important ones.  

 

5.3.4 Categorization of Requirements and Challenges into Levels 
 

The categorization of the requirements and challenges into different levels of an 

organization is one of the important aspects of this research. In order to achieve this, 

the respondents are asked to categorize the obtained requirements or 

modifications/changes and challenges, which are obtained from the literature into three 

levels: Organizational level (structural and top-level management related), Managerial 

Mitigation strategies/techniques Very 

Important 

Important Somewhat 

Important 

Not 

Important 

Don’t 

Know 

Proper Training 39 7 1 1 0 

Inclusion of Experts 27 19 2 0 0 

Ensure cross-team observation and validation of 

agile practices 

6 18 21 3 0 

Assess agility in terms of agile values not 
practice adherence 

13 25 7 3 0 

Anatomy plan that helps to structure the system 3 16 22 5 2 

Integrate people from the release project already 

in the requirements engineering phase 

3 7 18 19 1 

Special attention to quality related items 4 24 17 3 0 

More time on testing internal release 2 21 19 4 2 

Dedicate a full sprint on projects having tightly 

coupled modules for testing 

4 7 22 14 1 

Division of tasks into sub-tasks 14 29 4 1 0 

Re-scoping tasks which are missing deadlines 14 30 3 1 0 

Scrum masters and project managers can avoid 

interfering in team work 

5 19 20 4 0 

Set sprint duration to the rate at which the 

requirements change 

30 13 3 0 2 

Avoiding addition of “high priority” work 8 21 16 2 1 

Better policies and enforcement 20 23 4 1 0 

Frequent informal meetings 16 28 2 2 0 

Define effective policies that help in reducing 

social and cultural issues 

28 18 2 0 0 

Allowing minimal and sufficient documentation 

after the backlog 

4 33 10 0 1 

Educating the customer in prioritizing what is 

developed when 

12 23 11 2 0 

Better Tools and Simulators 7 34 4 2 1 

Better Testing 11 29 3 3 2 

Encouraging task self-assignment 11 25 9 1 2 

Include motivated developers on each team 32 13 1 2 0 

Build a sharing and learning environment  12 29 7 0 0 

Ensure performance evaluations 6 24 13 5 0 
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(Management related) and Staff (People/Team related). The requirements or 

modifications/changes from the literature are provided to the respondents and they 

were asked to select the level to which each requirement/modification or challenge is 

pertaining to. Based on the responses obtained, the categorization is made for the 

obtained requirements/modifications and challenges.  

Firstly, the respondents were asked to provide their perspective on the 

requirements or modifications/changes that are needed to implement/adopt agile 

practices on the aspect of which level they are pertaining to. Respondents were asked 

to select a level for each requirement/modification, which they feel the 

requirements/modifications are most applicable at. Based on the responses obtained, 

the results are provided with the help of heat maps. The heat map for the 

categorization of the requirements or modifications/changes that are needed for 

adopting/implementing agile practices into different levels of an organization is 

provided in Table 10. 

 

Table 10 Heat map for categorization of requirements/modifications into 

levels 

 

 

As can be seen from the heat maps, the respondents categorized the individual 

requirements or modifications/changes into different levels. Most of the respondents 

have mentioned that some of the requirements or modifications/changes are applicable 

at all the levels. They have selected a particular level where the impediment to change 

can be mostly visible. The categorization is analyzed and the categorized 

requirements/modifications are used in the framework. 

Similarly, the challenges that are faced while implementing/adopting agile 

practices also are to be categorized into Organizational, Managerial and Staff levels. In 

order to obtain this categorization, respondents were asked to categorize the challenges 

according to their perspective, into the levels where the effects of the challenge are 

more. The list of challenges identified from the literature is provided to the 

respondents and they were asked to categorize each challenge into the respective levels 

to which the challenges cause the greatest impediment. The obtained responses are 

analyzed and are presented with the help of heat maps. The heat map for the 

Requirement/Modification 

Organizational Managerial 

Staff/ 

People 

Don’t 

Know 

Change in policies and procedures 31 16 0 1 

Emphasis on team work rather than individuals 4 12 32 0 

More freedom of development and management 

by team members 3 7 38 0 

Inclusion of minimum competency requirements 4 17 25 2 

Change to customer centric development 24 17 7 0 

Change from traditional work environment to 

open work space environment 36 7 4 1 

Change in managerial style from authoritative to 

collaborative style 5 42 1 0 

Less documentation 0 6 42 0 

Emphasis on tacit knowledge management 

rather than documenting tasks 0 7 41 0 

Heavy process centric style of development to 
short, iterative style 11 21 13 3 

Reduction in standard compliance 10 21 14 3 

Change from contract compliant to change 

tolerant development 11 18 18 1 

Inclusion of evolutionary iterative development  18 24 6 0 

Checking appropriateness of existing technology 

and tools 1 18 28 1 

New skill sets, refactoring, configuration 

management, Junits etc  1 3 44 0 

Changing to high band width, newer 

communication tools, whiteboards etc. 3 8 34 3 
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categorization of the challenges faced while implementing/adopting agile practices is 

provided in Table 11. 

 

Table 11 Heat map for categorization of challenges into levels 

 

As can be seen from the heat map, respondents categorized the individual 

challenges into the levels according to their perception. As was with 

requirements/modifications, most of the respondents have opined that some of the 

challenges affect all the levels equally. However, they have selected the level where 

the impediment of the challenge is high. Based on the responses, the obtained 

challenges are categorized into their respective levels. The categorization is used to 

construct the framework.  

 

5.3.5 Analysis of obtained results based on statistics 
 

In order to analyze the importance of the requirements or modifications/changes, 

challenges and mitigation strategies/techniques, statistical analysis using descriptive 

statistics for non-parametric statistics using Frideman test. The importance of 

individual requirement/modification, challenge or solution is based upon the 

agreement levels of the respondent. In order to calculate the importance of each 

requirement/modification, challenge and mitigation strategy/technique, the average 

agreement level of the options provided, which are very important, important, 

somewhat important, not important and don’t know are included. The importance or 

Challenges Organizational Managerial Staff/ 

People 

Don’t 

Know 

Developer resistance 3 1 44 0 

Developer perceptions of micromanagement and freedom 0 4 44 0 

Productivity differences between team members 1 1 46 0 

Decrease in productivity during transition 6 21 19 2 

Upper management/Organizational resistance 43 1 4 0 

Variability in subsystems and teams 3 36 8 1 

Differences in lifecycles and in development processes 7 6 34 1 

Differences in performance measurements and benchmarks 2 12 34 0 

Problems with team-size scalability 0 5 43 0 

Need for significant on-site customer involvement 1 31 14 2 

Lack of competent and motivated managers and developers 0 13 34 1 

Increased Risk of Project Failure 8 22 18 0 

Lack of Formal Guidelines and peer support 8 8 31 1 

Inadequate Training and lack of knowledge and resources 3 17 28 0 

Cultural, communication and coordination problems 1 4 42 1 

Lack of personnel with necessary skills  3 7 35 3 

No risk management 1 32 14 1 

Lack of Documentation 1 3 43 1 

Module integration issues 2 26 18 2 

Not appropriate for large enterprises 37 5 5 1 

Configuration management requires high effort to 
coordinate the  

high number of internal releases 

3 26 17 2 

Test environments for different versions have to be 
recreated 

0 6 40 2 

Handover from requirements to design takes time due to 

complex 

 decision processes 

1 21 25 1 

Product packaging effort is increased as it is still viewed 

from a technical point of view, but not from a commercial 

point of view 

4 27 17 0 

Teams are highly coherent which means that the 
communication within the team works well, but inter-team 

communication suffers 

3 1 44 0 
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non-importance of each aspect is calculated. As specified previously, Frideman test 

was performed to calculate the mean variance of each aspect. In order to perform the 

Frideman test, the degree of freedom, Chi Square and assumption significant for Null 

hypothesis are also calculated. Frideman test consists of the number of respondents 

(N), Chi Square Value, and degree of freedom, which is the number of variable 

subtracted by 1.  

The Null hypothesis is as follows 

H1: µ1=µ2 

For each Null hypothesis, an alternative hypothesis, which contradicts the Null 

hypothesis, should be constructed. The alternative hypothesis is as follows 

H2: µ1≠ µ2  
The importance of each requirement/modification, challenge and mitigation 

strategy/technique is calculated using the mean rank obtained.  

Chi Square test is performed using the formula that is provided below.  

 

                

		
X 2 =

(Observedvalues - E xpectedvalues)2

Expectedvalues
å   

 

The difference or the variance in the values of each aspect is obtained by knowing 

the mean rank. Here, the median value of each requirement/modification, challenge 

and mitigation strategy/technique with respect to the importance of each aspect is 

considered. In the statistical tests, the significant difference between the statistics with 

respect to each requirement/modification, challenge and mitigation strategy/technique 

can be observed. The complete statistics with respect to each 

requirement/modification, challenge and mitigation strategy/technique, along with 

mean, median and standard deviation is provided in Appendix D. 

 

5.3.5.1 Analysis of the Importance of Requirements/Modifications and Challenges 

5.3.5.1.1 Statistics for the Importance of Requirements/Modifications 

As mentioned previously, respondents were asked to provide their perception in 

selecting the importance levels of each requirement or modification/changes needed 

while implementing agile practices. The levels of importance provided were Very 

important (5), Important (4), Somewhat Important (3), Not Important (2) and don’t 

know (1). Based on the responses obtained for each level, the statistical analysis was 

performed in order to identify the most important requirements/modifications that are 

needed while implementing agile practices. The output of Frideman test for the 

requirements or modifications/changes needed while implementing agile practices 

specific to SCRUM or XP, with respect to the level of importance is provided in Table 

12.  

 

Table 12 Statistical analysis for requirements/modifications for adopting agile 
Requirements Chi- 

Square 

D

f 

Mean Standard 

Deviation 

Assumption 

Significant 

Change in policies and procedures 5.878 15 9.6000 
10.06479 

.982 

Emphasis on team work rather than 

individuals 

5.878 15 9.6000 
13.22120 

.982 

More freedom of development and 

management by team members 

5.878 15 9.6000 
9.52890 

.982 

Inclusion of minimum competency 

requirements 

5.878 15 9.6000 
10.40673 

.982 

Change to customer centric 

development 

5.878 15 9.6000 
9.39681 

.982 
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Change from traditional work 

environment to open work space 

environment 

5.878 15 9.6000 
11.03630 

.982 

Change in managerial style from 

authoritative to collaborative style 

5.878 15 9.6000 
10.43072 

.982 

Less documentation 5.878 15 9.6000 
12.17785 

.982 

Emphasis on tacit knowledge 

management rather than 

documenting tasks 

5.878 15 9.6000 
11.10405 

.982 

Heavy process centric style of 

development to short, iterative style 

5.878 15 9.6000 
11.90798 

.982 

Reduction in standard compliance 5.878 15 9.6000 
6.91375 

.982 

Change from contract compliant to 

change tolerant development 

5.878 15 9.6000 
12.11610 

.982 

Inclusion of evolutionary iterative 

development  

5.878 15 9.6000 
10.96814 

.982 

Checking appropriateness of 

existing technology and tools 

5.878 15 9.6000 
9.65919 

.982 

New skill sets, refactoring, 

configuration management, Junits 

etc  

5.878 15 9.6000 
9.50263 

.982 

Changing to high band width, 

newer communication tools, 

whiteboards etc. 

5.878 15 9.6000 
13.81304 

.982 

 

 

The Frideman test was performed by calculating the Chi-Square test, mean, 

standard deviation along with the assumption significant. Based on the values, the 

mean rank for each requirement is calculated. The mean ranks for each 

requirement/modification is calculated and is provided in the Appendix D. The 

complete statistics for each requirement/modification is also provided in the Appendix 

D. The statistical analysis was done for identifying the variance in the requirements 

with respect to the importance factor. As can be seen from the results obtained, the 

variance can be observed, for example: change in policies and procedures has obtained 

a mean rank of 6.90, inclusion of minimum competency requirements 9.60, change to 

open work space 8.50, change in managerial style 7.10 and so on. The detailed 

statistical data is provided in Appendix D. 

5.3.5.1.2 Statistical Analysis for the Importance of Challenges 

 

Similarly, respondents were asked to provide their perceptions regarding the 

importance of challenges faced while implementing/adopting agile practices specific to 

SCRUM and XP. The scale of importance levels provided were Very Important (5), 

Important (4), Somewhat Important (3), Not Important (2), Don’t Know (1). Based on 

the responses obtained, statistical analysis was performed in order to observe the 

variance of responses regarding the importance of individual challenge faced. The 

Frideman test for the challenges faced while implementing/adopting agile practices 

specific to SCRUM and XP is provided in Table 13. 

 

Table 13 Statistical analysis for challenges adopting agile 
Challenges Chi- 

Square 

D

f 

Mean Standard 

Deviation 

Assumption 

Significant 

Developer resistance 11.763 24 9.6000 
14.04635 

.982 

Developer perceptions of 

micromanagement and freedom 

11.763 24 9.6000 
12.34099 

.982 
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Productivity differences between 

team members 

11.763 24 9.6000 
7.89303 

.982 

Decrease in productivity during 

transition 

11.763 24 9.6000 
8.67756 

.982 

Upper management/Organizational 

resistance 

11.763 24 9.6000 
15.75754 

.982 

Variability in subsystems and teams 11.763 24 9.6000 
12.64120 

.982 

Differences in lifecycles and in 

development processes 

11.763 24 9.6000 
9.52890 

.982 

Differences in performance 

measurements and benchmarks 

11.763 24 9.6000 
7.92465 

.982 

Problems with team-size scalability 11.763 24 9.6000 
11.45862 

.982 

Need for significant on-site 

customer involvement 

11.763 24 9.6000 
10.62073 

.982 

Lack of competent and motivated 

managers and developers 

11.763 24 9.6000 
14.77498 

.982 

Increased Risk of Project Failure 11.763 24 9.6000 
7.60263 

.982 

Lack of Formal Guidelines and peer 

support 

11.763 24 9.6000 
11.54556 

.982 

Inadequate Training and lack of 

knowledge and resources 

11.763 24 9.6000 
14.50172 

.982 

Cultural, communication and 

coordination problems 

11.763 24 9.6000 
13.44619 

.982 

Lack of personnel with necessary 

skills  

11.763 24 9.6000 
12.73970 

.982 

No risk management 11.763 24 9.6000 
8.50294 

.982 

Lack of Documentation 11.763 24 9.6000 
7.92465 

.982 

Module integration issues 11.763 24 9.6000 
9.26283 

.982 

Not appropriate for large 

enterprises 

11.763 24 9.6000 
8.35464 

.982 

Configuration management requires 

high effort to coordinate the  

high number of internal releases 

11.763 24 9.6000 
8.56154 

.982 

Test environments for different 

versions have to be recreated 

11.763 24 9.6000 
7.50333 

.982 

Handover from requirements to 

design takes time due to complex 

 decision processes 

11.763 24 9.6000 
8.96103 

.982 

Product packaging effort is 

increased as it is still viewed from a 

technical point of view, but not 

from a commercial point of view 

11.763 24 9.6000 
9.86408 

.982 

Teams are highly coherent which 

means that the communication 

within the team works well, but 

inter-team communication suffers 

11.763 24 9.6000 
14.02854 

.982 

 

Frideman test was performed for the challenges faced by calculating the Chi 

Square, mean, median, Standard deviation with the assumption significant. Based on 

the values, mean ranks for each challenge is calculated. The mean ranks for each 

challenge and the complete statistical data is provided in the Appendix D. Statistical 

analysis was performed to identify the variance between individual challenges with 

respect to the level of importance. As can be observed from the results of statistical 

analysis, developer resistance has obtained a mean rank of 8.40, developer’s 

perception of micromanagement and freedom 13.20, productivity differences between 
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team members 13.40, decrease in productivity during transition 15.40 and so on. The 

complete statistical analysis is provided in the Appendix D. 

 

5.3.5.2 Statistical Analysis for the Categorization of Requirements/Modifications and 

Challenges into Levels 

5.3.5.2.1 Statistics for the Categorization of Requirements/Modifications into Levels 

 

As mentioned previously, the categorization of the obtained requirements or 

modifications/changes and challenges faced into Organizational (structural and top-

level management), Managerial (Management perspective) and Staff (people/team 

perspective) levels is one of the important aspects of this research. The respondents 

were provided with the list of requirements/modifications that were identified through 

literature, and were asked to provide their perception on to which level each 

requirement is most applicable to. The options provided to the respondents were 

Organizational (4), Managerial (3), Staff (2), and don’t know (1). Based on the 

responses obtained, statistical analysis was performed for the 

requirements/modifications needed for implementing agile practices specific to 

SCRUM and XP with regard to their categorization. The Frideman test for the 

requirements/modifications is provided in Table 14. 

 

Table 14 Statistical analysis for categorization of requirements/modifications into 

levels 
Requirements Chi- 

Square 

Df Mean Standard 

Deviation 

Assumption 

Significant 

Change in policies and 

procedures 

8.747 15 
12.0000 14.62874 

.890 

Emphasis on team work rather 

than individuals 

8.747 15 
12.0000 14.23610 

.890 

More freedom of development 

and management by team 

members 

8.747 15 
12.0000 17.56891 

.890 

Inclusion of minimum 

competency requirements 

8.747 15 
12.0000 10.92398 

.890 

Change to customer centric 

development 

8.747 15 
12.0000 10.61446 

.890 

Change from traditional work 

environment to open work space 

environment 

8.747 15 
12.0000 16.18641 

.890 

Change in managerial style 

from authoritative to 

collaborative style 

8.747 15 
12.0000 20.11633 

.890 

Less documentation 8.747 15 
12.0000 20.19901 

.890 

Emphasis on tacit knowledge 

management rather than 

documenting tasks 

8.747 15 
12.0000 19.61292 

.890 

Heavy process centric style of 

development to short, iterative 

style 

8.747 15 
12.0000 7.39369 

.890 

Reduction in standard 

compliance 

8.747 15 
12.0000 7.52773 

.890 

Change from contract compliant 

to change tolerant development 

8.747 15 
12.0000 8.04156 

.890 

Inclusion of evolutionary 

iterative development  

8.747 15 
12.0000 10.95445 

.890 
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Checking appropriateness of 

existing technology and tools 

8.747 15 
12.0000 13.34166 

.890 

New skill sets, refactoring, 

configuration management, 

Junits etc  

8.747 15 
12.0000 21.36976 

.890 

Changing to high band width, 

newer communication tools, 

whiteboards etc. 

8.747 15 
12.0000 14.85485 

.890 

 

 

Frideman test was performed by calculating the Chi Square, mean, median, 

standard deviation with respect to assumption significant. Based on the values, mean 

ranks for each requirement/modification is calculated. The mean ranks and complete 

statistics for each requirement/modification are provided in the Appendix D. The 

statistical analysis was done for identifying the variance in the requirements with 

respect to the categorization into different levels. As can be seen from the results 

obtained, the variance can be observed, for example: change in policies and procedures 

has obtained a mean rank of 8.63, inclusion of minimum competency requirements 

7.50, change to open work space 6.75, change in managerial style 9.75 and so on. The 

detailed statistical data is provided in Appendix D.  

5.3.5.2.2 Statistics for Categorization of challenges faced into levels 

 

Similarly, the list of challenges faced while implementing/adopting agile practices 

specific to SCRUM and XP, obtained from literature were provided to the respondents. 

Respondents were asked to provide their perception on the levels to which the affect of 

the specified challenges is mostly visible. The categorization levels provided to the 

respondents were Organizational (4), Managerial (3), Staff (2) and don’t know (1). 

Based on the responses obtained, statistical analysis was performed for the challenges 

faced while implementing/adopting agile practices specific to SCRUM and XP. The 

Frideman test for categorization of challenges into levels is provided in Table 15. 

 

Table 15 Statistical analysis for categorization of challenges 
Challenges Chi- 

Square 

Df Mean Standard 

Deviation 

Assumption 

Significant 

Developer resistance 10.817 24 12.0000 
21.8689

3 

.990 

Developer perceptions of 

micromanagement and freedom 

10.817 24 12.0000 
21.4165

0 

.990 

Productivity differences between 

team members 

10.817 24 12.0000 
22.6715

7 

.990 

Decrease in productivity during 

transition 

10.817 24 12.0000 
9.41630 

.990 

Upper management/Organizational 

resistance 

10.817 24 12.0000 
20.7364

4 

.990 

Variability in subsystems and 

teams 

10.817 24 12.0000 
16.2685

8 

.990 

Differences in lifecycles and in 

development processes 

10.817 24 12.0000 
14.8996

6 

.990 

Differences in performance 

measurements and benchmarks 

10.817 24 12.0000 
15.5777

6 

.990 
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Problems with team-size scalability 10.817 24 12.0000 
20.8006

4 

.990 

Need for significant on-site 

customer involvement 

10.817 24 12.0000 
13.9761

7 

.990 

Lack of competent and motivated 

managers and developers 

10.817 24 12.0000 
15.8113

9 

.990 

Increased Risk of Project Failure 10.817 24 12.0000 
9.93311 

.990 

Lack of Formal Guidelines and 

peer support 

10.817 24 12.0000 
13.0894

4 

.990 

Inadequate Training and lack of 

knowledge and resources 

10.817 24 12.0000 
12.9871

7 

.990 

Cultural, communication and 

coordination problems 

10.817 24 12.0000 
20.0499

4 

.990 

Lack of personnel with necessary 

skills  

10.817 24 12.0000 
15.4488

4 

.990 

No risk management 10.817 24 12.0000 
14.6742

4 

.990 

Lack of Documentation 10.817 24 12.0000 
20.6881

6 

.990 

Module integration issues 10.817 24 12.0000 
12.0000

0 

.990 

Not appropriate for large 

enterprises 

10.817 24 12.0000 
16.7729

9 

.990 

Configuration management 

requires high effort  

10.817 24 12.0000 
11.5758

4 

.990 

Test environments for different 

versions have to be recreated 

10.817 24 12.0000 
18.8326

0 

.990 

Handover from requirements to 

design takes time  

10.817 24 12.0000 
12.8062

5 

.990 

Product packaging effort is 

increased  

10.817 24 12.0000 
12.3558

4 

.990 

Teams are highly coherent  10.817 24 12.0000 
21.3697

6 

.990 

 

Frideman test was performed for the challenges faced by calculating the Chi 

Square, mean, media, Standard deviation with the assumption significant. Based on the 

values, mean ranks for each challenge is calculated. The mean ranks for each challenge 

and the complete statistical data is provided in the Appendix D. Statistical analysis was 

performed to identify the variance between individual challenges with respect to the 

categorization into different levels. As can be observed from the results of statistical 

analysis, developer resistance has obtained a mean rank of 11.88, developer’s 

perception of micromanagement and freedom 9.25, productivity differences between 

team members 10.13, decrease in productivity during transition 17.38 and so on. The 

complete statistical analysis is provided in the Appendix D.  
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5.3.6 Results from the Open Ended Questions 
 

As specified in the previous sections, author has also included open-ended 

questions for the respondents in order to enable them to provide the options, which 

were not specified in the questionnaire. The open-ended questions were included for 

requirements or modifications/changes, challenges and mitigation strategies/techniques 

that were faced while implementing agile practices specific to SCRUM and XP. The 

responses were collected and analyzed in order to include them in the final list.  

Firstly, an open-ended question was provided to the respondents, which has asked 

them to specify the requirements or modifications/changes that are needed while 

implementing/adopting agile practices that were not specified in the list provided to 

them. This question was intended to collect the requirements or modifications/changes 

that are not specified in the literature, but are used in the organizations to 

implement/adopt agile practices specific to SCRUM or XP. Respondents have 

provided some requirements/modifications, while some of them have intercepted with 

the list that was provided, some of them are not specified in the list. Some of the 

respondents have provided some basic principles, based on which the transition to 

agile development can be fruitful. For example, one of the respondents opined that  

 

“the need for communication decreases with the new type of structure (agile) built 

for the project. In projects with a lot of specialization in the task, communication is 

very large and the need for the project manager was enormous” 

 

“Agile transition is a continuous effort, because this is not only about a process to 

be followed, but it is about a philosophy to be imbibed, a way of living to be adopted.” 

 

“ Although it may seem counter intuitive, agile is an extremely disciplined 

approach to working. Agile teams work in rhythm to attain sustainable pace. It needs 

discipline” 

 

Similarly, most of the respondents have provided some requirements or 

modifications that are needed for implementing/adopting agile practices. The 

responses were analyzed and the most cited requirements/modifications were 

collected. They are 

 Usage of tools like bug trackers, index cards, spread sheets etc.  

 Implementing agile roles and identifying those best for these roles.  

 Pre-assessing stakeholder buy-in and engagement. 

 Executive sponsorship should be educated on agile and it must be 

committed to supporting the teams, to help them meet their goals.  

 

Secondly, respondents were provided with an open-ended question to specify the 

requirements or modifications/changes that are needed to implement/adopt the agile 

practices, which they follow in their organizations. This question was intended to 

collect the practice specific requirements/modifications for the agile practices, which 

respondents have used or are using in their organization. Most of the respondents have 

provided some practice specific requirements/modifications. For example, one of the 

respondents specified the following regarding product backlog. 

 

“each backlog item can have 3 pieces of information (and ideally no more except 

perhaps when close to sprint planning): 1. An indication for the PO as to how valuable 

the item is to the business so the PO can prioritize it appropriately 2. An indication of 

who wants the feature so the team knows who to have a conversation with when its 

time comes, and 3. An indication of what the feature is so we know what to talk about 

when its time comes.” 
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Also, one more respondent has provided the following regarding retrospectives 

 

“If team does not have anything to add to a retro, that may mean that either there 

is no problem or team does not trust that by raising a problem here things will 

change.. Show them that all their retro points are important and act to implement it. 

Objective of retro is not to just make a note of points but to improve each sprint by 

acting on those retro points.” 

 

Similarly, responses were analyzed and the most cited requirements/modifications 

were collected. They are 

 Use tools like JIRA, Rally etc. for creating efficient burn down charts. 

 Use tools like JIRA, Version 1, etc for retrospectives.  

 Put old points in retrospective point lists so that people can choose 

between what to implement and what not to.  

 Use a technique called “swarming” to work on items/features so as to get 

them to done as soon as possible. The developers on the team work on one 

item as much as possible and once the item is done, the item can be seen in 

the burn down chart.  

 Goal of a sprint backlog must be “stop starting and start finishing”. Try to 

get together complete the existing stories and features as many as possible, 

before implementing the next story.  

 Use a cumulative flow diagram metric to observe the progress of stories in 

the sprint backlog. This can show the manner in which the stories are 

worked, and if they are all going in the progress at the beginning of the 

sprint.  

 The backlog items need not be in the form of fine defined definitions. The 

product backlog can be groomed further as development progress 

 SCRUM master must ensure that the team is well aware of what the 

standup meeting is for, apart from sharing what is done, what each 

member is going to do and any impediments faced.  

 It is better to make a list of points (if any one has) to be discussed after the 

stand-up meeting where in we can involve only those members for a 

detailed discussion / clarification and at the same time not impacting other 

team members schedule 

 The points of discussion can be shared to all the remaining members 

through email. 

The respondents were provided with an open-ended question, where they were 

asked to provide the challenges that are faced while implementing/adopting agile 

practices, which were not specified in the list to them. This question was intended to 

identify the challenges that are not specified in the literature. Most of the respondents 

have provided the challenges, which they feel are faced while implementing/adopting 

agile practices. Some of the respondents have provided the basic challenges that are 

faced while transitioning to agile development. For example, some of the respondents 

has opined that 

 

“Any change or adaptation will occur in phases, which include chaos and 

confusion as well. When processes, methods, tools are changed, there is a period of 

transition when the old is abandoned and the new is not yet working; people don't 

quite know what to do and how; they are constantly double-checking ourselves and 

each other, trying to unlearn their old habits while working out the new ones. This is 

painful for everyone, efficiency drops and everyone is frustrated. Yet this is normal 

and inevitable for any meaningful change to happen. People must be clear about this 

in advance, otherwise they will likely mistake the chaos and confusion as failure, so 
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they can easily panic and revert back to their tried and familiar old patterns 

(regardless of whether these actually work or not)” 

 

A transition becomes difficult for traditional project managers who feel they are 

entitled to boss others around, write pointless reports and waste their days in meeting 

rooms without doing any meaningful work - as well as for developers who are already 

used to being told what to do rather than why to do stuff. 

 

Similarly, respondents have provided their perceptions on the challenges faced 

while implementing/adopting agile practices. After analyzing the responses, the most 

cited responses were collected. The challenges that are collected from the responses 

are  

 The level of “readiness” of the organization must be assessed before 

planning to shift to agile paradigm. 

 Organizational culture and philosophies going against agile principles and 

values is one of the major challenges in implementing agile.  

 Lack of planning upfront is one of the major challenges that the present 

day organizations face while implementing agile. 

 Haphazard manner in which organizations try to force agility into their 

systems.  

 In general teams claim ceremonies eat up valuable time and like to scurry 

back to what they were doing earlier. 

 One of the main reason why agile can fail is due to the lacking of enough 

product backlog. Good agile practice should start with proper planning and 

minimum two-month worth of product backlog.  

 Beginning an agile journey can be very painful because it involves 

mindset change, work culture change and that does not come easy. 

Especially, the part where hierarchy or the management structure is not 

needed anymore. Letting go of that control (that some people think they 

have/had) is hard. 

 

Similarly, respondents were asked to specify some mitigation 

strategies/techniques, which were not provided in the list, that they feel can address the 

challenges faced while implementing/adopting agile practices. This question intends to 

identify any additional mitigation strategies/techniques that are not identified in the 

literature. The most cited responses are collected and they are 

 Have a full time agile coach that can help the organizations in hoax 

situations 

 Let the team members suggest solutions first, and guide them with 

questions to consider the (probably already known) weak spots in the 

traditional approaches. That would most likely help them find more agile 

approaches themselves 

 The best way to adopt agile is to adopt it into a single project or team and 

make it successful. These success factors and stories can be shared by the 

team to the other teams and motivate them as well. 

 Rather than depending on the coach or experts for every issue, try 

coaching the team through the situation by analyzing the issue, the options 

the team has in dealing with it, the pros and cons of each and based on 

these, select the best way to proceed. 

 

Similarly, the respondents were provided with an open-ended question, where they 

were asked to specify the practice specific challenges that would be faced in an 

organization. The question was intended to collect the practice specific challenges that 

are faced while implementing specific practice in an organization. Respondents have 
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provided some challenges applicable to specific agile practices. However, most of the 

challenges that were specified were related to the challenges that are identified through 

literature. Therefore, the challenges, which were not identified through literature were 

collected and are presented as follows.  

 If first code is dirty, refactoring is rendered ineffective and inefficient. 

First code dirty is the massive source of technical debt.  

 The most common mistake while implementing standup meetings is that 

team members get into specifics of an issue and drag the meeting for a 

while when two individuals can take the same conversation offline 

 Too many discussions dragging the meeting out 

 Team members reporting to the Scrum Master instead of exchanging 

information between themselves 

 Product Owners participating and interfering with the meeting (e.g. 

making negative statements about team members). 

 If the scrum master is not coaching the team through how to take action on 

items in backlog, people could be demotivated toward actually 

participating in the retrospective 

 The challenge while implementing refactoring is getting automated 

regression tests in place and having principles of Simple Design 

 The main issue while implementing standups is bogging down in 

'excessive' detail. The most common cause is that the Scrum master has 

not conveyed the process for taking conversations offline (which can be as 

simple as nodding agreement that this will happen.) So in essence, lack of 

(distributed and understood) ground rules is the key mistake (and made by 

the Scrum master). 

 

Similarly, an open-ended question was provided to the respondents, where they 

were asked to specify the mitigation strategies/techniques that can be used to address 

the practice specific challenges faced while implementing/adopting agile. This 

question was intended to collect the mitigation strategies/techniques that are not 

identified through literature. Respondents have provided some mitigation 

strategies/techniques and upon analysis, it was found that most of the mitigation 

strategies/techniques mentioned have matched with the results of the literature. 

However, some of the mitigation strategies/techniques have not been identified in the 

literature and therefore, such mitigation strategies/techniques are collected and are 

provided as follows. 

 Hiring an effective agile coach can mitigate most of the problems.  

 Add Clean Code practice: "You build the simplest thing that can possibly 

work.” should be reformulated as “You build the simplest clean thing that 

can possibly work”. 

 Standup meetings must be time boxed without any exceptions. Points 

should be specific and without any drag. 

 Teams must be made to realize the value that each ceremony brings. 

Standups are NOT status meets, instead it's a healthy team time to kick 

start the day. Grooming sessions are not " doesn't matter to me" sessions. 

Instead they help to bring in the big picture on the table and connect the 

dots. Retrospectives are not " people blaming " sessions. 

 Stick to the agenda. No brain blooming or brainstorming of ideas or 

problem to be solved. Talk about what happened yesterday and what to do 

today. 

 Even if not agile the things like continuous integration, coding standards, 

testing, collective ownership etc. should be just plain common sense 

today. An organization needn't be agile to adopt these practices for a more 
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stable product. For the most part, mitigation simply happens by forcing 

people to be aware that these things even exist. 

 

5.3.7 Summary Of the Results of the Survey 
 

In order to understand the perception of practitioners regarding the 

requirements/modifications, challenges and mitigation strategies/techniques while 

implementing/adopting agile practices specific to SCRUM and XP, the survey was 

conducted. After the analysis of general demographics of the survey responses, it 

could be observed that almost 80% of the respondents have an experience of 3 years or 

more in the industry. It could also be seen that almost 65% of the respondents have an 

experience of 3 years or more in the field of agile software development. The level of 

experience of the respondents is a positive sign and influence on the results of the 

survey, as the respondents can have high enough experience to answer the questions of 

the survey, which adds to the reliability of results. Also, respondents are from different 

levels and roles in the industry and therefore, it helps the area of categorization of 

aspects into different levels of an organization, which is one of the key areas of this 

research. It can also be observed that 68% of the respondents are working in medium 

and large teams of an organization, which helps in providing the necessary idea about 

the implementation of agile practices specific to SCRUM and XP in medium and large 

organizations.  

It was observed from the research that practices like Daily standup meetings 

followed by sprints/iterations, sprint planning/review meetings and test 

automation/testing are the most used practices in the industry. Practices like Planning 

game/planning poker and metaphors are very less used in the industry. After a careful 

analysis, it was observed that SCRUM practices are more widely used in the industry 

than XP practices.  

The next step in the survey was to identify the practitioner’s perspective on the 

important requirements or modifications/changes, challenges and mitigation 

strategies/techniques for implementing/adopting agile practices specific to SCRUM or 

XP. In order to achieve this, respondents were provided with the list of 

requirements/modifications, challenges and mitigation strategies/techniques, which are 

identified through the literature and were asked to mark the level of importance of 

each aspect according to their perception. Based on the responses obtained, analysis 

was performed. Respondents were also asked to categorize the identified requirements 

into Organizational (structural and top-level management), Managerial (management 

perspective), and staff (people/teams perspective). Based on the perception of the 

respondents, this question is intended to obtain the categorization of identified 

requirements into different levels of an organization, which is an important aspect of 

this research.   

Based on the responses obtained, it was observed that the 

requirements/modifications like emphasis of teamwork than individuals, change to 

open workspace environment, inclusion of evolutionary iterative development, 

emphasis on tacit knowledge and heavy process centric style to short iterative style of 

development are the most important requirements/modifications that are needed while 

implementing/adopting agile practices. In addition to the identified list from the 

literature, respondents have also specified some requirements/modifications, which 

were necessary for implementing agile. These were also included into the final list of 

requirements/modifications, which will be utilized for the framework. The list of 

requirements/modifications that are needed in order to implement agile practices 

specific to SCRUM and XP, categorized into organizational, managerial and staff 

levels of an organization, in the order of importance from high importance to low, is 

provided in the Table 16. The requirements/modifications are presented in the 
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decreasing order of importance, i.e., most important requirements/modifications are 

presented first, followed by the lesser important ones and so on.  

 

Table 16 Categorized list of requirements/modifications presented in the order of 

importance 

Requirements/Modifications Organizational Managerial Staff 

Emphasis on team work rather than individuals     X 

Change from traditional work environment to open 

work space environment 

X     

Inclusion of evolutionary iterative development    X   

Emphasis on tacit knowledge management rather than 

documenting tasks 

    X 

Heavy process centric style of development to short, 

iterative style 

  X   

Change to customer centric development X     

Change in managerial style from authoritative to 

collaborative style 

 where all the team members get equal importance in 

decision making 

  X   

Change in policies and procedures X     

More freedom of development and management by 

team members 

    X 

Checking appropriateness of existing technology and 

tools 

    X 

New skill sets, refactoring, configuration 

management, Junits etc  

    X 

Changing to high band width, newer communication 

tools, whiteboards etc. 

    X 

Inclusion of minimum competency requirements     X 

Change from contract compliant to change tolerant 

development 

  X   

Reduction in standard compliance   X   

Less documentation     X 

 

Similarly, respondents were provided with the list of challenges that are faced 

while implementing/adopting agile practices specific to SCRUM and XP. The list of 

challenges was identified through literature. Respondents were asked to provide their 

perception on the level of importance based on the impact or affect of a particular 

challenge. Analysis was performed based on the responses obtained. Also, respondents 

were asked to categorize the challenges faced into organizational, managerial and staff 

levels of an organization, where the impediment of occurrence of a particular 

challenge can be seen more. Based on the respondent’s perception, this question was 

intended to obtain the categorization of challenges faced into different levels of an 

organization.  

Based on the responses obtained, analysis was performed in order to identify the 

challenges which are most important or the affect of which is more during the 

adoption/implementation of agile practices specific to SCRUM and XP. It was 

observed that challenges like organizational resistance, lack of competent and 

motivated managers and developers, inadequate training, lack of knowledge and 

resources are the most commonly and important challenges that are faced while 

implementing/adopting agile practices. In addition to the identified list from the 

literature, respondents have also specified some challenges, which were necessary for 
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implementing agile. These were also included into the final list of challenges, which 

will be utilized for the framework. The list of challenges that are faced while 

implementing/adopting agile practices specific to SCRUM and XP, categorized into 

organizational, managerial and staff levels of an organization, in the order of 

importance from high importance to low, is provided in the Table 17. The challenges 

are presented in the decreasing order of importance, i.e., most important challenges are 

presented first, followed by the lesser important ones and so on. 

 

Table 17 Categorized list of challenges presented in the order of importance 

Challenges Organizational Managerial Staff 

Upper management/Organizational resistance X     

Lack of competent and motivated managers and 

developers 
    X 

Inadequate Training and lack of knowledge and 

resources 
    X 

Developer resistance     X 

Cultural, communication and coordination problems     X 

Lack of personnel with necessary skills      X 

Developer perceptions of micromanagement and 

freedom 
    X 

Decrease in productivity during transition   X   

Productivity differences between team members     X 

Variability in subsystems and teams   X   

Lack of Formal Guidelines and peer support     X 

Teams are highly coherent which means that the 

communication within the team works well, but inter-

team communication suffers 

    X 

Problems with team-size scalability     X 

No risk management   X   

Increased Risk of Project Failure   X   

Need for significant on-site customer involvement   X   

Configuration management requires high effort to 

coordinate the  

high number of internal releases 

  X   

Handover from requirements to design takes time due 

to complex 

 decision processes 

    X 

Lack of Documentation     X 

Not appropriate for large enterprises X     

Product packaging effort is increased as it is still 

viewed from a technical point of view, but not from a 

commercial point of view 

  X   

Test environments for different versions have to be 

recreated 
    X 

Differences in performance measurements and 

benchmarks 
    X 

Differences in lifecycles and in development 

processes 
    X 

Module integration issues   X   
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Also, the third objective of the survey is to identify the mitigation 

strategies/techniques that are used to address the challenges faced while 

implementing/adopting agile practices specific to SCRUM and XP. In order to achieve 

this, respondents were provided with the list of mitigation strategies/techniques that 

were identified from the literature, where they were asked to provide their perception 

on the importance of each mitigation strategy/technique regarding their efficiency and 

usage. Based on the responses obtained, the results are analyzed and the importance 

levels of mitigation strategies/techniques were identified. It could be observed from 

the results that mitigation strategies/techniques like proper training, inclusion of 

motivated developers in each team, setting sprint duration at the rate at which 

requirements change, defining effective policies to reduce social and cultural issues 

and inclusion of experts are the most important or the most used mitigation 

strategies/techniques in order to address the challenges faced while 

implementing/adopting agile practices. In addition to the identified list from the 

literature, respondents have also specified some mitigation strategies/techniques, 

which were necessary for addressing the challenges. These were also included into the 

final list of mitigation strategies/techniques, which will be utilized for the framework. 

The list of mitigation strategies/techniques according to the level of importance are 

provided in Table 18. The mitigation strategies/techniques are presented in the 

decreasing order of importance, i.e., most important strategies are presented first, 

followed by the lesser important ones and so on.  

 

Table 18 List of mitigation strategies presented in the order of importance 

Mitigation strategies/techniques 

Proper Training 

Include motivated developers on each team 

Set sprint duration to the rate at which the requirements change and the rate at 

which the team can deliver its functionality 

Define effective policies that help in reducing social and cultural issues 

Inclusion of Experts 

Better policies and enforcement 

Frequent informal meetings 

Re-scoping tasks which are missing deadlines 

Division of tasks into sub-tasks 

Assess agility in terms of agile values not practice adherence 

Build a sharing and learning environment to empower team decision making 

Educating the customer in prioritizing what is developed when 

Better Testing 

Encouraging task self-assignment to let developers work in different areas and learn 

new skills 

Avoiding addition of “high priority” work to disrupt flow 

Better Tools and Simulators 

Ensure performance evaluations, apply higher weighting for mentoring, voluntary 

contributions, and so on 

Ensure cross-team observation and validation of agile practices 

Scrum masters and project managers can avoid interfering in team work 

Allowing minimal and sufficient documentation after the backlog 

Special attention to quality related items 

Anatomy plan that helps to structure the system and the dependencies 

More time on testing internal release 

Dedicate a full sprint on projects having tightly coupled modules for testing 

Integrate people from the release project already in the requirements engineering 

phase 
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5.4 Validity threats of the Survey 
 

There are four types of validity threats that could affect the survey. They are 

external validity, internal validity, construct validity and conclusion validity [119]. 

External validity to the survey is the risk where the representatives are from the 

same sample. As this is an anonymous survey, one cannot guarantee if the respondents 

are from same organization or different, different projects or different teams or not. 

This might cause bias in the results and therefore, can lead to biased outputs. In order 

to mitigate this threat, the survey link was posted only in the groups on agile, SCRUM, 

XP and individual practices of SCRUM or XP. Such groups in social networks and 

dedicated agile groups have practitioners and professionals from nook and corner of 

the world, where they participate actively and provide their views on various topics 

related to agile, SCRUM and XP.  

Internal validity to the survey is the threat related to the questionnaire and the 

content present in it, as in the type of questions presented in the survey. This type of 

threat might occur when respondents do not like to answer any particular question of 

the survey, as they might not practice it or they might not feel comfortable answering 

such question. In order to mitigate this threat, the questionnaire was designed in the 

simplest way possible. The option, don’t know was provided for each close ended 

question, in case the respondents do not like to answer to a particular aspect. Also, 

personal information of the respondents was not requested, an additional open-ended 

question was provided for the interested respondents to provide their email, so as to 

enable them to receive the abstract results of the survey.  

Construct validity is defined as the “the degree to which a test measures what it 

claims, or purports, to be measuring” [119]. This type of threat occurs when the 

questionnaire might not provide the necessary or essential for the research. This might 

occur when the questions in the survey are provided in an abstract way, without having 

a proper idea, or if the questionnaire contains irrelevant or inappropriate questions. In 

order to mitigate this risk, results of SLR are used and the aspects identified through 

SLR are analyzed and presented in the survey questionnaire. The questions were 

framed in the order of the research idea and presented in the questionnaire. Some of 

the practice specific results of the SLR are not included in the survey as they were 

increasing the size and time of survey enormously, and this can affect the number of 

responses. In addition to this, the survey questionnaire was tested with a pilot group to 

ensure the understandability of the questions in the survey.  

Conclusion validity of this survey is the threat of usefulness and trustworthiness of 

the results. In order to mitigate this threat, responses were analyzed carefully, and the 

results were constructed using heat maps and statistical analysis. The open ended 

questions of the survey were analyzed by the author by listing them in an excel sheet 

and excluding the commonalities. Factors like importance levels of the 

requirements/modifications, challenges, categorization of the 

requirements/modifications and challenges into levels were analyzed using heat maps 

and also by measuring statistics of the obtained data. Statistical analysis was used to 

observe mean ranks of each aspect with respect to importance or categorization.  
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6 DISCUSSION 
 

In this section, observations and analysis from the results obtained will be used to 

answer research questions. Results that are obtained collectively will be presented 

along with each research question and research aim. Also, based on obtained results 

and data, a comprehensive model or framework will be presented which can be useful 

for industries or organizations who are planning to implement/adopt or are already 

implementing agile practices to identify the requirements/modifications, challenges 

and mitigation strategies/techniques, which can help them in better implementation of 

the agile practices.   

6.1 Answering the Research Questions 
 

Research questions along with results that can help in answering the research 

questions are provided in this section.  

 

R.Q.1 and R.Q.1.1 

This research question is intended to identify important 

requirements/modifications that are needed to implement/adopt agile practice. In order 

to answer this research objective, Systematic Literature Review was conducted and the 

related literature was analyzed in order to identify the requirements/modifications. The 

obtained list is provided in the survey and the respondents were asked to provide the 

importance level of each requirement/modification. Also, R.Q.1.1 intends to identify 

the level (Organizational, Managerial or Staff) to which each requirement/modification 

is applicable. In order to achieve this, the respondents were asked to categorize the 

requirements/modifications into Organizational, Managerial and Staff levels of an 

organization. Based on the responses obtained, the results were analyzed and the final 

categorized list of requirements/modifications based on the importance is prepared. 

The list is provided in the decreasing level of importance. i.e. most important 

requirements/modifications are provided first followed by the lesser important ones 

and so on. The final list of requirements/modifications is provided in Table 19. Also, 

some of the respondents have provided some requirements/modifications, and they 

were included at the end of the list, as their importance level was not assessed. 

 

Table 19 Final list of Requirements/modifications 

Requirements/Modifications Organizational Managerial Staff 

Emphasis on team work rather than individuals 
  

X 

Change from traditional work environment to 

open work space environment 
X 

  

Inclusion of evolutionary iterative development 
 

X 
 

Emphasis on tacit knowledge management rather 

than documenting tasks   
X 

Heavy process centric style of development to 

short, iterative style  
X 

 

Change to customer centric development X 
  

Change in managerial style from authoritative to 

collaborative style where all the team members 

get equal importance in decision making 
 

X 
 

Change in policies and procedures X 
  

More freedom of development and management 

by team members   
X 

Checking appropriateness of existing technology 
  

X 
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and tools 

New skill sets, refactoring, configuration 

management, Junits etc   
X 

Changing to high band width, newer 

communication tools, whiteboards etc.   
X 

Inclusion of minimum competency requirements 
  

X 

Change from contract compliant to change 

tolerant development  
X 

 

Reduction in standard compliance 
 

X 
 

Less documentation 
  

X 

Usage of tools like bug trackers, index cards, 

spread sheets etc. 

  

X 

Requirements/Modifications Identified through Survey 

Implementing agile roles and identifying those 

best for these roles 

 

X 

 Pre-assessing stakeholder buy-in and 

engagement 

 

X 

 Executive sponsorship should be educated on 

agile and it must be committed to supporting the 

teams, to help them meet their goals X 

  Agile teams work in rhythm to attain sustainable 

pace. It needs discipline 

  

X 

The need for communication decreases with the 

new type of structure (agile) built for the project 

  

X 

Agile transition is a continuous effort, because 

this is not only about a process to be followed, 

but it is about a philosophy to be imbibed, a way 

of living to be adopted X 

   

R.Q.2 and R.Q.2.1 

This research question is intended to identify the important or the most occurring 

challenges faced that are faced while implementing/adopting agile practices. In order 

to answer this research objective, literature from SLR was analyzed and the challenges 

faced while implementing agile practices were collected. The obtained list of 

challenges is provided to the respondents in the survey, where they were asked to mark 

the level of importance or based on the affect caused by a particular challenge. The 

obtained results are analyzed and the challenges are listed based on the level of 

importance. R.Q.2.1 intends to identify the categorization of obtained challenges into 

organizational, managerial and staff levels of an organization. In order to answer this 

research objective, respondents were asked to categorize the challenges to the level at 

which the affect of challenge can be more. Based on the responses, the results were 

analyzed and the categorization was obtained. The categorized list of challenges faced 

while implementing/adopting agile practices provided in the decreasing level of 

importance are provided in Table 20. The challenges are provided in decreasing level 

of importance, i.e, most important challenge is provided first followed by the lesser 

important challenge and so on. Also, some of the respondents have provided some 

challenges faced, and they were included at the end of the list, as the importance level 

of such challenges was not assessed.  
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Table 20 Final list of challenges 

Challenges Organizational Managerial Staff 

Upper management/Organizational resistance X 
  

Lack of competent and motivated managers and 

developers   
X 

Inadequate Training and lack of knowledge and 

resources   
X 

Developer resistance 
  

X 

Cultural, communication and coordination problems 
  

X 

Lack of personnel with necessary skills 
  

X 

Developer perceptions of micromanagement and 

freedom   
X 

Decrease in productivity during transition 
 

X 
 

Productivity differences between team members 
  

X 

Variability in subsystems and teams 
 

X 
 

Lack of Formal Guidelines and peer support 
  

X 

Teams are highly coherent which means that the 

communication within the team works well, but 

inter-team communication suffers 
  

X 

Problems with team-size scalability 
  

X 

No risk management 
 

X 
 

Increased Risk of Project Failure 
 

X 
 

Need for significant on-site customer involvement 
 

X 
 

Configuration management requires high effort to 

coordinate the high number of internal releases 

 

 

X 

 

 

 

Handover from requirements to design takes time 

due to complex decision processes 

 

 

 

 

X 

 

Lack of Documentation 
  

X 

Not appropriate for large enterprises X 
  

Product packaging effort is increased as it is still 

viewed from a technical point of view, but not from 

a commercial point of view 
 

X 
 

Test environments for different versions have to be 

recreated   
X 

Differences in performance measurements and 

benchmarks   
X 

Differences in lifecycles and in development 

processes   
X 

Module integration issues 
 

X 
 

Challenges identified through Survey 

Organizational culture and philosophies going 

against agile principles X 

  Lack of planning upfront X 

  Haphazard manner in which organizations try to 

force agility into their systems X 

  In general teams claim ceremonies eat up valuable 

time and like to scurry back to what they were doing 

earlier 

  

X 

Lack of enough product backlog 

  

X 

Involves change in mindset, work, culture and 

letting go of the hierarchy or management structure 

and the control, which people had earlier. 

 

X 
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Developer’s mindset: who are already used to being 

told what to do rather than why to do stuff. 

  

X 

 

R.Q.3 

This research question is intended to identify the important mitigation 

strategies/techniques that can be used to address the challenges faced while 

implementing/adopting agile practices.  In order to achieve this research objective, the 

literature obtained through SLR was analyzed and the mitigation strategies/techniques 

were collected. The obtained list of mitigation strategies/techniques was provided to 

the respondents in the survey, where they were asked to provide their perception on the 

level of importance, or the efficiency of individual mitigation strategies/techniques in 

addressing the challenges faced. Based on the obtained responses, the list of mitigation 

strategies/techniques in the decreasing level of importance was provided in the Table 

21. The list was provided in the decreasing level of importance, i.e. most important 

requirements are provided first followed by the lesser important ones and so on. Also, 

some of the respondents have provided some mitigation strategies/techniques, and they 

were included at the end of the list, as their importance level was not assessed. 

 

Table 21 Final list of mitigation strategies/techniques 

Mitigation Strategies/Techniques 

Proper Training 

Include motivated developers on each team 

Set sprint duration to the rate at which the requirements change and the rate at 

which the team can deliver its functionality 

Define effective policies that help in reducing social and cultural issues 

Inclusion of Experts 

Better policies and enforcement 

Frequent informal meetings 

Re-scoping tasks which are missing deadlines 

Division of tasks into sub-tasks 

Assess agility in terms of agile values not practice adherence 

Build a sharing and learning environment to empower team decision making 

Educating the customer in prioritizing what is developed when 

Better Testing 

Encouraging task self-assignment to let developers work in different areas and learn 

new skills 

Avoiding addition of “high priority” work to disrupt flow 

Better Tools and Simulators 

Ensure performance evaluations, apply higher weighting for mentoring, voluntary 

contributions, and so on 

Ensure cross-team observation and validation of agile practices 

Scrum masters and project managers can avoid interfering in team work 

Allowing minimal and sufficient documentation after the backlog 

Special attention to quality related items 

Anatomy plan that helps to structure the system and the dependencies 

More time on testing internal release 

Dedicate a full sprint on projects having tightly coupled modules for testing 

Integrate people from the release project already in the requirements engineering 

phase 

Mitigation strategies identified through Survey 

Have a full time agile coach that can help the organizations in hoax situations 

Let the team members suggest solutions first, and guide them with questions to 

consider the (probably already known) weak spots in the traditional approaches 

The best way to adopt agile is to adopt it into a single project or team and make it 
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successful. These success factors and stories can be shared by the team to the other 

teams and motivate them as well 

Rather than depending on the coach or experts for every issue, try coaching the 

team through the situation by analyzing the issue, the options the team has in 

dealing with it, the pros and cons of each and based on these, select the best way to 

proceed 

 

 

R.Q.1.2, R.Q.2.2 and R.Q.3.1 

 

Research questions R.Q.1.2, R.Q.2.2 and R.Q.3.1 were formulated in order to 

identify the requirements/modifications, challenges and mitigation 

strategies/techniques pertaining to individual agile practices specific to SCRUM and 

XP. In order to achieve these research objectives, literature obtained from the SLR was 

analyzed individually and the requirements/modifications, challenges and mitigation 

strategy/technique pertaining to individual agile practice specific to SCRUM and XP 

were collected. Due to the limited space available for typing in this document, the final 

list of requirements/modifications that are needed, the challenges that are faced, and 

the mitigation strategies/techniques that can address the challenges faced while 

implementing/adopting individual agile practices specific to SCRUM and XP are 

provided in the Appendix C. Also, some of the respondents have mentioned some 

requirements/modifications, challenges and mitigation strategies/techniques pertaining 

to individual agile practices and these were also included in the final list.  

 

6.2 Conceptual Model for Practitioners 
 

R.Q.4 

This research question is formulated in order propose a theoretical and conceptual 

model or framework for the practitioners that can help them in understanding and 

implementing agility in their organizations. In order to construct this framework, the 

results from R.Q.1, R.Q.2, and R.Q.3 are used. The identified lists of important 

requirements/modifications, challenges and mitigation strategies/techniques that are 

needed at organizational, managerial and staff levels of an organization in order to 

implement/adopt agile practices in an organization, and for the individual agile 

practices specific to SCRUM and XP are used in this model. The theoretical and 

conceptual model or framework that was constructed using the results obtained from 

the previous research questions is provided in Figure 15. 

As shown in the Figure 15, the theoretical model for organizations that are ready to 

implement/adopt agile practices is provided. The model can help the organizations 

planning to implement agile practices in the following way. Before starting the 

implementation, the basic requirements/modifications that are needed should be 

checked by the organization, which can help them in assessing their readiness and in 

calculating the resources for transition into agile development and implement agile 

practices. Simultaneously, organization can also look into the list of 

requirements/modifications that are needed to implement individual agile practices 

specific to SCRUM and XP, and can select the practices which they can implement 

with their available resources, or can plan to amass the resources later if they plan to 

implement a particular practice in the later stages. Also, the requirements are 

categorized into Organizational, Managerial and Staff levels of an organization. 

Therefore, industries can identify the possible requirements/modifications at a 

particular level of an organization and therefore, can focus on the resources for that 

particular level instead of investigating the whole organization for the possible 

resources, which can save time and resources for the organization. 
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Figure 15 Conceptual model for practitioners 

 

If an organization is already implementing agile practices and are planning to 

implement more practices in order to increase their productivity, they can also study 

the list of requirements/modifications for individual practices and can decide if they 

want to implement them or not.  

For startup organizations or the industries that are planning to implement agile 

practices for the first time, the list of important challenges that can be faced while 

implementing agile practices can help them in an extensive manner. After the 

identification of the important requirements that are needed to implement/adopt agile 

practices, organizations can study the list of important challenges that could be faced 

while implementing agile practices and can prepare themselves to avoid or reduce 

those challenges. They can also study the list of challenges faced while implementing 

individual agile practices specific to SCRUM and XP, and can educate their staff and 

managerial people, in order to reduce the affect or to minimize the challenges. The 

categorization of challenges into organizational, managerial and staff levels of an 

organization is also one of the important contributions of this framework. Industries 

can look into the list and identify the particular impediments that can occur at each 

level and can plan their resources and training accordingly, i.e. if the important 

challenge or the challenge that causes the major impediment occurs at a particular 

level, the organization can focus more on mitigating the particular challenge first and 

therefore can save the resources and time on investigating the level where the 

challenge could occur.  



 

 72 

Organizations that are already implementing agile can also look into the list of 

challenges faced while implementing individual agile practices specific to SCRUM or 

XP, in order to understand the challenges faced if they want to implement a particular 

agile practice, and can plan accordingly to minimize the affect of those challenges.  

After the identification of challenges faced, organizations can study the list of 

important mitigation strategies/techniques and can mitigate the challenges faced while 

implementing agile practices. If the organization is planning to implement agile 

practices for the first time, they can look into the list of mitigation 

strategies/techniques available, and can plan the necessary resources or can start 

practicing the strategies so as to minimize or mitigate the challenges that can be faced 

while implementing agile practices. Also, startup organizations can look into the 

mitigation strategies/techniques for individual agile practices and can choose the 

resources beforehand, in order to mitigate the challenges that might occur when they 

implement a particular practice.  

If an organization is already implementing agile practices and are facing the 

generic challenges or the challenges while implementing a particular practice specific 

to SCRUM or XP, they can look into the list of important mitigation 

strategies/techniques or the list of mitigation strategies/techniques for individual agile 

practices and choose the mitigation strategies/techniques that can help them in 

mitigating the challenges.  

 

6.2.1 Limitations of the conceptual model or framework 
 

As specified in previous sections, the conceptual model or framework was 

constructed using obtained lists from SLR and survey. The list of requirements, 

challenges and mitigation strategies for both generic agile adoption and also specific to 

individual practices of SCRUM and XP were obtained through systematic literature 

review. Importance level of requirements, challenges and mitigation strategies for 

generic agile adoption and categorization into levels was identified through survey. 

Since respondents of the survey are from different roles in software development, it 

was ensured that sample consists of individuals from different areas in software 

development so as to represent the population set. Also, primary contribution of survey 

was to classify and categorize aspects obtained through systematic literature review. 

The conceptual model or framework was constructed using data from both literature 

review and survey.  

Even though response rate of survey is 84%, which is high [118], however, since 

number of respondents of survey is 48 which is reasonably sufficient, data points were 

limited and the generalizability of suggested framework could be further validated 

through a case study, which was planned for a future work. The primary objective of 

this research is to provide a startup insight or an idea towards research in the specified 

orientation, which can help in increasing motivation of individuals towards agile 

adoption. Using the data points available, the pattern that was observed amongst 

practitioners regarding classification and categorization of aspects was identified and 

was in this manner. This framework can be used as a startup idea for researchers and 

practitioners to understand the need for identifying and presenting a comprehensive 

collection of aspects related to agile adoption, especially related to individual practices 

of SCRUM and XP which was less focused till now. Providing a complete 

understanding regarding agile adoption can reduce ambiguity in individuals and can 

motivate them in adopting agile in an effective manner, which can help in overall 

process improvement. Also, the framework stresses importance of categorizing aspects 

into different levels, which can help an organization in saving time and resources. The 

aspect of categorization into different levels of an organization was not focused in 

previous research. 
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7 CONCLUSION AND FUTURE WORK 
 

Agile software development is an area that has received a lot of attention in the last 

decade. Many organizations and developers are inclining towards agile as their 

benefits have been recognized extensively in the software industry [8][9][7]. 

Therefore, this research has focused on contributing towards a better understanding 

and implementation criteria of the agile practices to the software development 

community.  

In order to identify the implementation criteria, the study has intended to identify 

requirements or modifications/changes that are needed while implementing/adopting 

agile practices, challenges that are faced during the implementation and mitigation 

strategies/techniques that can be used to mitigate the challenges. The study has also 

focused on identification of requirements/modifications, challenges, mitigation 

strategies/techniques pertaining to individual agile practices specific to SCRUM and 

XP as they are the two most popular and widely used frameworks [1][22][23].  

A Systematic Literature Review (SLR) was conducted in order to obtain the 

answers for research questions R.Q.1, R.Q.2, R.Q.3, R.Q.1.1, R.Q.2.1 and R.Q.3.1. 

Results identified through literature have helped in the identification of the agile 

practices specific to SCRUM and XP, which have more attention in the research. Also, 

analysis of the literature has provided the answers to the research questions R.Q.1, 

R.Q.2 and R.Q.3, which were used for the conduction of a survey. It was observed that 

most of the literature has focused more on the identification and presentation of 

challenges and problems faced in industry rather than trying to identify solutions for 

those problems. So, not much of literature was focused on identification of mitigation 

strategies or solutions to challenges faced. Similarly, it was interesting to observe that 

literature has not focused on identifying factors related to adoption of individual 

practices of SCRUM and XP. Survey was conducted for identifying importance levels 

of requirements/modifications, challenges and mitigation strategies/techniques. Survey 

was also used to identify categorization of requirements/modifications and challenges 

obtained from literature, into Organizational (structural and top-level management), 

Managerial (management perspective) and Staff (staff/teams perspective) of an 

organization. This aspect has answered research questions R.Q.1.1 and R.Q.1.2. In 

order to understand the variance in answers obtained through survey, statistical 

analysis was performed.  

Results of survey has identified that there is a variance in the perception of 

literature and practitioners in terms of usage of agile practices specific to SCRUM and 

XP. Practitioners have specified daily standup meetings as the most used agile practice 

with respect to SCRUM and XP. It was also identified from results of the survey that 

SCRUM practices were used more in comparison with XP practices. Some practices 

like metaphors have received very less attention in literature as well as from 

practitioners.  

Results from survey also helped in identifying important 

requirements/modifications, challenges and mitigation strategies/techniques while 

implementing/adopting agile practices. As per the results of survey, 

requirements/modifications like emphasis on teamwork rather than individuals, change 

to open workspace have been selected by respondents as most important 

requirements/modifications. Organizational resistance and lack of competent and 

motivated managers and developers were specified as important or the challenges with 

more impact on functioning of agile practices. Respondents have specified proper 

training, inclusion of experts and including motivated developers in each team as 

important mitigation strategies/techniques.  
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Respondents have also mentioned some requirements/modifications, challenges 

and solutions while implementing agile practices in open-ended questions provided in 

survey. Most cited options were selected and were included in final lists.  

Results of survey have also helped in categorizing obtained 

requirements/modifications and challenges into organizational, managerial and staff 

levels of an organization. Individual lists were categorized into these levels and finally, 

list was presented for each aspect along with categorization and importance.  

It was observed that most of the respondents have opined regarding some of the 

requirements and challenges, as they are equally applicable at other levels as well. For 

example, modifications like changing to iterative style of development; challenges like 

lack of agile knowledge, cultural and communication challenges are equally applicable 

at other levels as well. Respondents have mentioned that they have selected the level 

where the particular aspect has the maximum impact or implication.  

Also, respondents have provided some requirements/modifications, challenges and 

mitigation strategies/techniques pertaining to individual agile practices specific to 

SCRUM and XP, which were included in final list of individual practices.  

Finally, using results obtained from the SLR and survey, a conceptual model or 

framework was suggested to practitioners, which can help them to implement agile 

practices specific to SCRUM or XP in a better way. Model can help organizations that 

implement agile for the first time in preparing a road map to implement agile practices 

successfully. Requirements and challenges were categorized into different levels of an 

organization, which can help them in understanding requirements or challenges that 

are possible at a particular level and therefore, can focus on that level. This can help 

organization in saving time and resources on focusing on allocation of resources for a 

particular level instead of scanning whole system and remaining levels in order to 

identify the impediment. Model also can help organizations that are already 

implementing agile practices in understanding the possible challenges that are faced 

while implementing a particular agile practice specific to SCRUM and XP, and in 

identifying the mitigation strategies/techniques that can be used in case of the 

challenges faced during the implementation.  

However, due to time constraint of this thesis, practical importance of the 

constructed model was not assessed using an industrial setting. Even though response 

rate is 84%, which is high enough, still overall number of responses of survey is 48, 

and generalizability of the proposed model could have to be assessed using a case 

study, which was planned for future work. However, this model can still be used as a 

startup idea for understanding agile adoption in a detailed manner, which can be 

extensively researched further. Also, practitioners can use this model to assess their 

readiness in adopting agile, and to understand the adoption of individual practices in a 

detailed manner, which was not focused much in previous research. Overall, this 

research helps in providing a different viewpoint of agile adoption, which can reduce 

ambiguity and can help in an increase in motivation of individuals towards agile 

adoption. Also, a segregated set of all the aspects in one place can provide all the 

necessary details for adopting agile, which can help in decreasing fear of change. Also, 

details about agile adoption at each level of an organization help in better 

implementation of agile practices, which can in turn improve process improvement. 

More empirical studies are still required in this area as agile is a continuous process to 

be embarked into an organization.  
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7.1 Future Work 
 

In spite of the number of studies presented annually, it was observed from the 

literature that there is still astounding need for empirical works on agile practices. 

Much of the focus in the literature was kept on SCRUM and XP and their related 

practices. This research work can be extended to the remaining agile frameworks like 

FDD, DSDM, Crystal, Kanban etc. and their practices, in order to understand the 

implementation or application in the industry.  

The aspects like requirements, challenges and mitigation strategies identified in 

this research were studied under the general cases of agile adoption. Since agile 

adoption is context dependent and organizations adapt practices according to their 

need and nature of their project, some of the requirements and challenges are context 

dependent. Due to the time constraint of this thesis, a study on the cause effect and 

context factors of each aspect was not considered in detail. Therefore, it would be 

interesting to conduct an empirical study on understanding cause effect factors that 

would influence the aspects identified through this research. For example, the effect of 

the type or nature of a project on the requirements, the relation between the 

organizational culture and people on the challenges faced and so on, can be studied.  

The lists of requirements/modifications, challenges and solutions identified for 

individual practices of SCRUM and XP were not validated in an industry setting 

owing to the time frame of this thesis. Therefore, an industrial study can be performed 

to validate the identified set of aspects.  

Owing to the time constraint of this research, the conceptual model or framework 

constructed could not be validated in an industry setting. Therefore, a case study can 

be conducted so as to understand the importance of this model in a real time industrial 

setting. 

The aspect of mitigation strategies/techniques was not given much focus in the 

literature. The study could identify the mitigation strategies/techniques to challenges 

faced with respect to individual SCRUM and XP practices. More focus can be laid 

upon this aspect as a further research area. Studies can provide mitigation strategies to 

challenges specified rather than just identifying the challenges.  

 

 

 



 

 76 

REFERENCES 
 

[1] P. Diebold and M. Dahlem, “Agile practices in practice: a mapping study,” in 

Proceedings of the 18th International Conference on Evaluation and Assessment in 

Software Engineering, 2014, p. 30. 

[2] F. U. L. Muram and A. Baig, “Agile Practices in the Industrial Context.” 

[3] S. Nerur, R. Mahapatra, and G. Mangalaraj, “Challenges of migrating to agile 

methodologies,” Communications of the ACM, vol. 48. pp. 72–78, 2005. 

[4] V. E. Jyothi and K. N. Rao, “Effective Implementation of Agile Practices Ingenious 

and Organized Theoretical Framework,” Int. J. Adv. Comput. Sci. Appl., vol. 2, pp. 

41–48, 2011. 

[5] D. P. Truex, R. Baskerville, and H. Klein, “Growing systems in emergent 

organizations,” Communications of the ACM, vol. 42. pp. 117–123, 1999. 

[6] M. Coram and S. Bohner, “The impact of agile methods on software project 

management,” 12th IEEE Int. Conf. Work. Eng. Comput. Syst., 2005. 

[7] J. Highsmith and A. Cockburn, “Agile software development: the business of 

innovation,” Computer (Long. Beach. Calif)., vol. 34, 2001. 

[8] M. Laanti, O. Salo, and P. Abrahamsson, “Agile methods rapidly replacing traditional 

methods at Nokia: A survey of opinions on agile transformation,” Inf. Softw. 

Technol., vol. 53, pp. 276–290, 2011. 

[9] M. Laanti, “Agile transformation study at Nokia - One year after,” in Lecture Notes in 

Business Information Processing, 2010, vol. 65 LNBIP, pp. 3–19. 

[10] R. C. Martin, Agile Software Development, Principles, Patterns, and Practices. 2002, 

p. 529. 

[11] M. Lindvall, D. Muthig, A. Dagnino, C. Wallin, M. Stupperich, D. Kiefer, J. May, 

and T. Kahkonen, “Agile software development in large organizations,” Computer 

(Long. Beach. Calif)., vol. 37, pp. 26–34, 2004. 

[12] S. Jalali and C. Wohlin, “Global software engineering and agile practices: a 

systematic review,” J. Software-Evolution Process, vol. 24, pp. 643–659, 2012. 

[13] J. Erickson, K. Lyytinen, and K. Siau, “Agile modeling, agile software development, 

and extreme programming: the state of research,” J. Database Manag., pp. 88–90, 

2005. 

[14] A. Cockburn and J. Highsmith, “Agile software development: The people factor,” 

Computer (Long. Beach. Calif)., vol. 34, pp. 131–133, 2001. 

[15] A. Alliance, “Agile manifesto,” Online http//www. Agil. org, 2001. 

[16] K. Beck, Extreme programming explained: embrace change. Addison-Wesley 

Professional, 2000. 

[17] K. Schwaber, “Scrum: It’s About Common Sense,” 2009. 

[18] J. Stapleton, “Dsdm: Dynamic systems development method,” in Technology of 

Object-Oriented Languages and Systems, 1999. Proceedings of, 1999, p. 406. 

[19] a. Ahmed, S. Ahmad, N. Ehsan, E. Mirza, and S. Z. Sarwar, “Agile software 

development: Impact on productivity and quality,” 2010 IEEE Int. Conf. Manag. 

Innov. Technol., pp. 287–291, 2010. 

[20] M. Pikkarainen, J. Haikara, O. Salo, P. Abrahamsson, and J. Still, “The impact of 

agile practices on communication in software development,” Empir. Softw. Eng., vol. 

13, pp. 303–337, 2008. 

[21] D. E. Strode, S. L. Huff, B. Hope, and S. Link, “Coordination in co-located agile 

software development projects,” J. Syst. Softw., vol. 85, pp. 1222–1238, 2012. 

[22] M. Hummel, “State-of-the-Art: A Systematic Literature Review on Agile Information 

Systems Development,” in 2014 47th Hawaii International Conference on System 

Sciences, 2014, pp. 4712–4721. 

[23] V. O. APLN, “8th Annual Survey. The State of Agile,” VersionOne website, 2013. 



 

 77 

[24] S. L. Pfleeger and J. M. Atlee, Software engineering: theory and practice. Pearson 

Education India, 1998. 

[25] B. Boehm and R. Turner, “Management challenges to implementing agile processes 

in traditional development organizations,” IEEE Softw., vol. 22, pp. 30–39, 2005. 

[26] J. Highsmith, “Agile project management: Principles and Tools,” Agil. Proj. Manag. 

Advis. Serv. Exec. Rep., 2003. 

[27] B. Boehm, “Get ready for agile methods, with care,” Computer (Long. Beach. Calif)., 

vol. 35, pp. 64–69, 2002. 

[28] B. Boehm and R. Turner, Balancing Agility and Discipline: A Guide for the 

Perplexed, vol. 22. 2003, p. 266. 

[29] G. Azizyan, M. K. Magarian, and M. Kajko-Mattson, “Survey of agile tool usage and 

needs,” in Proceedings - 2011 Agile Conference, Agile 2011, 2011, pp. 29–38. 

[30] Y. Ghanam, F. Maurer, and P. Abrahamsson, “Making the leap to a software platform 

strategy: Issues and challenges,” Inf. Softw. Technol., vol. 54, pp. 968–984, 2012. 

[31] A. N. Bowers, R. S. Sangwan, and C. J. Neill, “Adoption of XP practices in the 

industry - A survey,” Software Process Improvement and Practice, vol. 12. pp. 283–

294, 2007. 

[32] J. F. Abrantes and G. H. Travassos, “Common Agile Practices in Software 

Processes,” 2011 Int. Symp. Empir. Softw. Eng. Meas., pp. 355–358, 2011. 

[33] T. Chow and D.-B. Cao, “A survey study of critical success factors in agile software 

projects,” Journal of Systems and Software, vol. 81. pp. 961–971, 2008. 

[34] W. W. Royce, “Managing the development of large software systems: concepts and 

techniques,” in 9th International Conference on Software Engineering (ICSE 1987), 

1987, pp. 328–338. 

[35] C. Jones, “Social and technical reasons for software project failures,” STSC 

Cr0ssTalk June, 2006. 

[36] D. D. McCracken and M. A. Jackson, “Life cycle concept considered harmful,” ACM 

SIGSOFT Softw. Eng. Notes, vol. 7, no. 2, pp. 29–32, 1982. 

[37] K. Beck, M. Beedle, A. Van Bennekum, A. Cockburn, W. Cunningham, M. Fowler, 

J. Grenning, J. Highsmith, A. Hunt, R. Jeffries, and others, “Manifesto for agile 

software development,” 2001. 

[38] M. Cohn, Succeeding with Agile: Software Development Using Scrum. 2009, p. 475. 

[39] K. Schwaber and J. Sutherland, “The scrum guide,” Scrum. org, Oct., 2011. 

[40] J. Sutherland and K. Schwaber, “The Scrum Papers : Nuts , Bolts , and Origins of an 

Agile Process,” Origins, pp. 1–202, 2007. 

[41] K. Schwaber and M. Beedle, Agile Software Development with Scrum, vol. 18. 2001, 

p. 158. 

[42] K. Schwaber, Agile Project Management with Scrum, vol. 7. 2004, p. 163. 

[43] A. Claude, “SCRUM: Le guide pratique de la m{é}thode agile la plus populaire.” 

Dunod, 2010. 

[44] A. Cockburn, “Agile software development,” Cockburn* Highsmith Ser. Ed., 2000. 

[45] L. Lagerberg and T. Skude, “The impact of agile principles and practices on large-

scale software development projects: A multiple-case study of two software 

development projects at Ericsson,” 2013. 

[46] M. Pikkarainen, O. Salo, and J. Still, Deploying Agile Practices in Organizations: A 

Case Study, vol. 3792. 2005, pp. 16–27. 

[47] J. Thomas, “Introducing agile development practices from the middle,” in 

Proceedings - Fifteenth IEEE International Conference and Workshops on the 

Engineering of Computer-Based Systems, ECBS 2008, 2008, pp. 401–407. 

[48] M. Laanti, “Implementing program model with agile principles in a large software 

development organization,” in Proceedings - International Computer Software and 

Applications Conference, 2008, pp. 1383–1391. 

[49] P. Elwer, “Agile Project Development at Intel: A Scrum Odyssey,” Danube Case 

Study Intel Corp., 2008. 



 

 78 

[50] A. Qumer and B. Henderson-Sellers, “A framework to support the evaluation, 

adoption and improvement of agile methods in practice,” J. Syst. Softw., vol. 81, pp. 

1899–1919, 2008. 

[51] F. K. Y. Chan and J. Y. L. Thong, “Acceptance of agile methodologies: A critical 

review and conceptual framework,” Decis. Support Syst., vol. 46, pp. 803–814, 2009. 

[52] L. Vijayasarathy and D. Turk, “Drivers of agile software development use: Dialectic 

interplay between benefits and hindrances,” Inf. Softw. Technol., vol. 54, pp. 137–

148, 2012. 

[53] S. C. Misra, V. Kumar, and U. Kumar, “Identifying some important success factors in 

adopting agile software development practices,” J. Syst. Softw., vol. 82, pp. 1869–

1890, 2009. 

[54] A. A. Lorber and K. D. Mish, “How we successfully adapted agile for a research-

heavy engineering software team,” in Proceedings - AGILE 2013, 2013, pp. 156–163. 

[55] B. Kitchenham and S. Charters, “Guidelines for performing Systematic Literature 

Reviews in Software Engineering,” Engineering, vol. 2, p. 1051, 2007. 

[56] J. W. Creswell, Qualitative inquiry and research design: Choosing among five 

approaches. Sage publications, 2012. 

[57] C. Larman and V. R. Basili, “Iterative and incremental developments. a brief 

history,” Computer (Long. Beach. Calif)., vol. 36, 2003. 

[58] C. Wohlin, P. Runeson, M. Höst, M. C. Ohlsson, B. Regnell, and A. Wesslén, 

Experimentation in software engineering: an introduction, vol. 15. 2000, p. 228. 

[59] M. Ivarsson and T. Gorschek, “A method for evaluating rigor and industrial relevance 

of technology evaluations,” Empirical Software Engineering, vol. 16. pp. 365–395, 

2011. 

[60] P. Middleton and D. Joyce, “Lean software management: BBC Worldwide case 

study,” Eng. Manag. IEEE Trans., vol. 59, no. 1, pp. 20–32, 2012. 

[61] M. Mehta, D. Anderson, and D. Raffo, “Providing value to customers in software 

development through lean principles,” in Software Process Improvement and 

Practice, 2008, vol. 13, pp. 101–109. 

[62] R. M. Belbin, Team roles at work. Routledge, 2012. 

[63] M. Cohn and D. Ford, “Introducing an agile process to an organization,” Computer, 

vol. 36. pp. 74–78, 2003. 

[64] S. C. Misra, U. Kumar, V. Kumar, and G. Grant, “The organizational changes 

required and the challenges involved in adopting agile methodologies in traditional 

software development organizations,” in 2006 1st International Conference on 

Digital Information Management, ICDIM, 2006, pp. 25–28. 

[65] L. R. Vijayasarathy and D. Turk, “Agile software development: A survey of early 

adopters,” J. Inf. Technol. Manag., vol. XIX, pp. 1–8, 2008. 

[66] A. L. Asnawi, A. M. Gravell, and G. B. Wills, “Emergence of agile methods: 

Perceptions from software practitioners in Malaysia,” in Proceedings - Agile India 

2012, AgileIndia 2012, 2012, pp. 30–39. 

[67] S. Bartsch, “Practitioners’ perspectives on security in agile development,” in 

Proceedings of the 2011 6th International Conference on Availability, Reliability and 

Security, ARES 2011, 2011, pp. 479–484. 

[68] K. Petersen and C. Wohlin, “The effect of moving from a plan-driven to an 

incremental software development approach with agile practices: An industrial case 

study,” Empir. Softw. Eng., vol. 15, pp. 654–693, 2010. 

[69] K. Petersen and C. Wohlin, “A comparison of issues and advantages in agile and 

incremental development between state of the art and an industrial case,” J. Syst. 

Softw., vol. 82, no. 9, pp. 1479–1490, 2009. 

[70] V. Vinekar, C. W. Slinkman, and S. Nerur, “Can Agile and Traditional Systems 

Development Approaches Coexist? An Ambidextrous View,” Information Systems 

Management, vol. 23. pp. 31–42, 2006. 

[71] J. Cho, “Issues and Challenges of Agile Software Development with Scrum,” Issues 

Inf. Syst., vol. 9, pp. 188–195, 2008. 



 

 79 

[72] R. Akif and H. Majeed, “Issues and Challenges in Scrum Implementation,” Int. J. Sci. 

Eng. Res., vol. 3, no. 8, pp. 1–4, 2012. 

[73] L. C. L. Cao, K. Mohan, P. X. P. Xu, and B. Ramesh, “How extreme does extreme 

programming have to be? Adapting XP practices to large-scale projects,” 37th Annu. 

Hawaii Int. Conf. Syst. Sci. 2004. Proc., 2004. 

[74] P. Bailey, N. Ashworth, and N. Wallace, “Challenges for stakeholders in adopting 

XP,” in Proc. 3rd International Conference on eXtreme Programming and Agile 

Processes in Software Engineering-XP, 2002, pp. 86–89. 

[75] S. Mohammadi, B. Nikkhahan, and S. Sohrabi, “An analytical survey of ‘on-site 

customer’ practice in extreme programming,” in Proceedings - International 

Symposium on Computer Science and Its Applications, CSA 2008, 2008, pp. 1–6. 

[76] G. Mueller, “Extreme embedded a report from the front line,” in OOPSLA 2002 

Practitioners Reports, 2002, pp. 1–17. 

[77] Z. A. Amiri, “[S123] (GOS-E1-065) Challenges and Weaknesses of Agile Method in 

Enterprise Architecture,” Int. J. Comput. Sci. Eng. Surv., vol. 3, pp. 37–45, 2012. 

[78] H. Jonsson, S. Larsson, and S. Punnekkat, “Agile practices in regulated railway 

software development,” in Proceedings - 23rd IEEE International Symposium on 

Software Reliability Engineering Workshops, ISSREW 2012, 2012, pp. 355–360. 

[79] H. Guang-Yong, “Study and practice of import Scrum agile software development,” 

in 2011 IEEE 3rd International Conference on Communication Software and 

Networks, ICCSN 2011, 2011, pp. 217–220. 

[80] R. Shankarmani, S. S. Mantha, and V. Babu, “Performance assessment of ASD team 

using FPL football rules as reference,” in Proceedings - 2011 Annual IEEE India 

Conference: Engineering Sustainable Solutions, INDICON-2011, 2011. 

[81] J. Sutherland, “Future of scrum: Parallel pipelining of sprints in complex projects,” in 

Proceedings - AGILE Confernce 2005, 2005, vol. 2005, pp. 90–99. 

[82] P. A. Rottier and V. Rodrigues, “Agile Development in a Medical Device Company,” 

Agil. 2008 Conf., pp. 218–223, 2008. 

[83] K. Conboy, S. Coyle, X. Wang, and M. Pikkarainen, “People over process: Key 

challenges in agile development,” IEEE Softw., vol. 28, pp. 48–57, 2011. 

[84] E. F. Collins and V. F. de Lucena, “Software Test Automation practices in agile 

development environment: An industry experience report,” in 2012 7th International 

Workshop on Automation of Software Test (AST), 2012, pp. 57–63. 

[85] D. Mishra and A. Mishra, “Effective communication, collaboration, and coordination 

in eXtreme programming: Human-centric perspective in a small organization,” Hum. 

Factors Ergon. Manuf., vol. 19, pp. 438–456, 2009. 

[86] R. L. Nord and J. E. Tomayko, “Software architecture-centric methods and agile 

development,” IEEE Softw., vol. 23, pp. 47–53, 2006. 

[87] P. O. Antonino, T. Keuler, N. Germann, and B. Cronauer, “A Non-invasive Approach 

to Trace Architecture Design, Requirements Specification and Agile Artifacts,” in 

Software Engineering Conference (ASWEC), 2014 23rd Australian, 2014, pp. 220–

229. 

[88] M. Angioni, D. Carboni, S. Pinna, R. Sanna, N. Serra, and A. Soro, “Integrating XP 

project management in development environments,” J. Syst. Archit., vol. 52, pp. 619–

626, 2006. 

[89] R. Noël, G. Valdes, M. Visconti, and H. Astudillo, “Deconstructing agile processes: 

Would planned design be helpful in XP projects?,” in Proceedings - International 

Conference of the Chilean Computer Science Society, SCCC, 2008, pp. 42–51. 

[90] F. Glaiel, A. Moulton, and S. Madnick, “Agile project dynamics: A system dynamics 

investigation of agile software development methods,” in 31st International 

Conference of the System Dynamics Society, 2013. 

[91] C. Schindler, “Agile Software Development Methods and Practices in Austrian IT-

Industry: Results of an Empirical Study,” in 2008 International Conference on 

Computational Intelligence for Modelling Control & Automation, 2008, pp. 321–326. 



 

 80 

[92] A. Elshamy and A. Elssamadisy, “Applying agile to large projects: new agile 

software development practices for large projects,” Agil. Process. Softw. Eng. …, pp. 

46–53, 2007. 

[93] J. Vanhanen and H. Korpi, “Experiences of Using Pair Programming in an Agile 

Project,” in 2007 40th Annual Hawaii International Conference on System Sciences 

(HICSS’07), 2007, p. 274b–274b. 

[94] H. Koehnemann and M. Coats, “Experiences applying agile practices to large 

systems,” in Proceedings - 2009 Agile Conference, AGILE 2009, 2009, pp. 295–300. 

[95] P. Anderson, “Coding standards for high-confidence embedded systems,” in 

Proceedings - IEEE Military Communications Conference MILCOM, 2008. 

[96] B. Meyer, “Agile practices: managerial,” in Agile! SE  - 6, Springer International 

Publishing, 2014, pp. 89–102. 

[97] K. Conboy and B. Fitzgerald, “Method and developer characteristics for effective 

agile method tailoring,” ACM Transactions on Software Engineering and 

Methodology, vol. 20. pp. 1–30, 2010. 

[98] H. Robinson and H. Sharp, “XP culture: why the twelve practices both are and are not 

the most significant thing,” Proc. Agil. Dev. Conf. 2003. ADC 2003, 2003. 

[99] H. Svensson and M. Host, “Introducing an agile process in a software maintenance 

and evolution organization,” in Proceedings of the European Conference on Software 

Maintenance and Reengineering, CSMR, 2005, pp. 256–264. 

[100] B. Upender, “Staying agile in government software projects,” in Proceedings - 

AGILE Confernce 2005, 2005, vol. 2005, pp. 153–159. 

[101] F. S. Silva, F. S. F. Soares, A. L. Peres, I. M. de Azevedo, A. P. L. F. Vasconcelos, F. 

K. Kamei, and S. R. de Lemos Meira, “Using CMMI together with agile software 

development: A systematic review,” Inf. Softw. Technol., vol. 58, pp. 20–43, 2015. 

[102] T. J. Gandomani, H. Zulzalil, A. Azim, and A. Ghani, “How Human Aspects Impress 

Agile Software Development Transition and Adoption,” Int. J. Softw. Eng. Its Appl., 

vol. 8, pp. 129–148, 2014. 

[103] M. Senapathi and A. Srinivasan, “An empirical investigation of the factors affecting 

agile usage,” in Proceedings of the 18th International Conference on Evaluation and 

Assessment in Software Engineering, 2014, p. 10. 

[104] T. Dybå and T. Dingsøyr, “Empirical studies of agile software development: A 

systematic review,” Information and Software Technology, vol. 50. pp. 833–859, 

2008. 

[105] K. Sureshchandra and J. Shrinivasavadhani, “Moving from waterfall to agile,” in 

Proceedings - Agile 2008 Conference, 2008, pp. 97–101. 

[106] H. Hajjdiab and A. S. Taleb, “Agile adoption experience: A case study in the U.A.E,” 

in ICSESS 2011 - Proceedings: 2011 IEEE 2nd International Conference on Software 

Engineering and Service Science, 2011, pp. 31–34. 

[107] X. Wang, K. Conboy, and M. Pikkarainen, “Assimilation of agile practices in use,” 

Inf. Syst. J., vol. 22, no. 6, pp. 435–455, 2012. 

[108] A. Cockburn, Crystal clear: a human-powered methodology for small teams. Pearson 

Education, 2004. 

[109] R. Urdangarin, P. Fernandes, A. Avritzer, and D. Paulish, “Experiences with agile 

practices in the Global Studio Project,” in Proceedings - 2008 3rd IEEE International 

Conference Global Software Engineering, ICGSE 2008, 2008, pp. 77–86. 

[110] C. Larman, Agile and iterative development: a manager’s guide. Addison-Wesley 

Professional, 2004. 

[111] G. Vanderburg, “A simple model of agile software processes--or--extreme 

programming annealed,” in ACM SIGPLAN Notices, 2005, vol. 40, no. 10, pp. 539–

545. 

[112] N. Malhotra and M. Peterson, “Basic Marketing Research; a decision-making 

approach,” New Jersey, vol. 7458, 2006. 

[113] J. A. Highsmith, Adaptive Software Development: A Collaborative Approach to 

Managing Complex Systems, vol. 12. 2000, p. 392. 



 

 81 

[114] E. C. Lee, “Forming to performing: Transitioning large-scale project into agile,” in 

Proceedings - Agile 2008 Conference, 2008, pp. 106–111. 

[115] A. Elssamadisy, “Patterns of Agile Practice Adoption,” 2007. 

[116] B. A. Kitchenham and S. L. Pfleeger, “Principles of Survey Research Part 3: 

Constructing a Survey Instrument,” ACM SIGSOFT Softw. Eng. Notes, vol. 27, p. 20, 

2002. 

[117] B. Kitchenham and S. L. Pfleeger, “Principles of survey research part 4,” ACM 

SIGSOFT Software Engineering Notes, vol. 27. p. 20, 2002. 

[118] B. Kitchenham and S. L. Pfleeger, “Principles of Survey Research Part 5: Populations 

and Samples,” ACM SIGSOFT Softw. Eng. Notes, vol. 27, p. 17, 2002. 

[119] M. S. Thambirajah, Psychological basis of psychiatry. Churchill Livingstone, 2005.  

[120] M. Coram and S. Bohner, “The impact of agile methods on software project 

management,” 12th IEEE Int. Conf. Work. Eng. Comput. Syst., 2005 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



 

 

APPENDIX A 
 

 

Table A1 Primary Studies with their ID’s 
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Table A2 year wise distribution of Studies 

Year Number of Studies 

2000-2002 2 

2003 2 

2004 1 

2005 5 

2006 4 

2007 3 

2008 10 

2009 3 

2010 3 

2011 6 

2012 7 

2013 2 

2014 5 

 

 

 

 

Table A3 Classification of primary studies based on methods 

Method Number of Studies 

Generic agile 17 

SCRUM 12 

XP 18 

SCRUM & XP 9 

 

 

 

Table A4 Classification of primary studies based on contribution 

Contribution Number of Studies 

Requirements/Modifications 23 

Challenges 28 

Mitigation strategies/techniques 18 

Practice specific aspects 22 
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Table B1 Data Analysis of the Primary Studies 

ID           The 

requirement

s/modificati

ons while 

implementin

g/adopting 

agile 

practices 

are properly 

specified 

(yes/no/parti

ally) 

Challenges 

while 

adopting/im

plementing 

agile 

practices are 

properly 

mentioned 

(yes/no/parti

ally) 

Mitigation 

strategies/te

chniques are 

properly 

mentioned 

(yes/no/parti

ally) 

Practice 

specific 

requirement

s/modificati

ons while 

implementin

g/adopting 

agile 

practices 

are properly 

specified 

(yes/no/parti

ally) 

Practice 

specific 

challenges 

or 

mitigation 

strategies 

while 

implementin

g/adopting 

agile 

practices are 

properly 

specified 

(yes/no/parti

ally) 

[P1] Yes Yes Partially No No 

[P2] Yes Yes Partially No No 

[P3] Partially Yes Partially No No 

[P4] Yes Yes No Partially No 

[P5] Yes Yes No Partially No 

[P6] Partially Yes Partially No No 

[P7] Partially Partially Partially Partially Partially 

[P8] No Partially Partially Partially Yes 

[P9] No Partially Partially No No 

[P10] No Yes Yes Yes Yes 

[P11] No Yes No Yes Yes 

[P12] Partially Yes Partially No Yes 

[P13] Yes Yes No Partially Yes 

[P14] Partially Yes Yes Partially Partially 

[P15] Partially Yes Partially Partially Partially 

[P16] No Yes Yes Yes Yes 

[P17] No Yes No Yes Yes 

[P18] Partially Yes Partially Partially Yes 

[P19] No Yes Yes No Yes 

[P20] Partially No Partially Yes Yes 

[P21] No  Yes Partially Yes Yes 

[P22] No Partially Partially Yes No 

[P23] Partially Partially Partially No No 

[P24] Yes Partially No Partially No 

[P25] Partially Yes Partially No No 

[P26] No No Yes Yes No 

[P27] Yes No Yes No Yes 

[P28] No Yes Yes No No 

[P29] No No No Yes Yes 

[P30] No No Yes Yes Yes 

[P31] Partially No No Partially Partially 

[P32] Yes No No Partially Partially 



 

 

[P33] Yes No No Partially No 

[P34] Partially Partially No Yes Yes 

[P35] Partially Yes Yes Yes No 

[P36] Yes Yes Yes No No 

[P37] No Partially Yes Yes Yes 

[P38] No No Partially Yes Yes 

[P39] Yes No No Yes Partially 

[P40] Partially Yes Yes Yes Yes 

[P41] Partially Partially Partially Yes No 

[P42] No Partially Partially Yes No 

[P43] Partially Partially No Yes Partially 

[P44] No No Partially Partially No 

[P45] Partially No Yes No No 

[P46] Partially No Yes No Partially 

[P47] Yes Partially No No  No 

[P48] No Yes No Partially Partially 

[P49] Yes Partially No No Partially 

[P50] Partially Yes No No Partially 

[P51] Partially Yes Yes No Yes 

[P52] No Partially Yes No Yes 

[P53] No No Yes Yes No 

 

 

 

 

Table B2 Quality assessment of Primary studies 

ID Methodology 

clearly 

mentioned 

Motivations and 

method 

appropriateness 

Results properly 

specified 

Validity threats 

clearly 

mentioned 

[P1] Yes Partially Yes Yes 

[P2] Partially Partially Yes Yes 

[P3] Yes Yes Yes Yes 

[P4] Yes Yes Partially Yes 

[P5] Yes Partially Yes No 

[P6] Yes Partially Partially Yes 

[P7] Yes Yes Partially Yes 

[P8] Yes Partially Yes No 

[P9] Yes Yes Yes Yes 

[P10] Yes Yes Yes Yes 

[P11] Yes Yes Yes Yes 

[P12] Yes Partially Yes No 

[P13] Yes Partially Yes No 

[P14] Yes Partially Yes No 

[P15] Yes Yes Yes Partially 

[P16] Partially Yes Yes Partially 

[P17] Yes Yes Yes No 

[P18] Yes Yes Yes No 

[P19] Partially Yes Yes Partially 

[P20] Yes Partially Yes Yes 

[P21] Yes Partially Yes Partially 

[P22] Yes Yes Partially No 

[P23] Partially Yes Yes Partially 

[P24] No Yes Yes No 



 

 

[P25] No Partially Yes Partially 

[P26] Yes Yes Yes No 

[P27] Partially Yes Yes No 

[P28] Yes Yes Yes Yes 

[P29] Yes Partially Partially No 

[P30] Yes Yes Yes Partially 

[P31] No Yes Yes Partially 

[P32] No Yes Yes Partially 

[P33] No Yes Yes No 

[P34] Yes Partially Yes Yes 

[P35] No Yes Yes No 

[P36] Yes Partially Yes No 

[P37] No Yes Yes No 

[P38] Yes Yes Yes Yes 

[P39] Partially Yes Yes No 

[P40] No Yes Yes No 

[P41] Yes Yes Yes No 

[P42] Yes Yes Yes Yes 

[P43] Yes Yes Yes Partially 

[P44] Yes Partially Yes No 

[P45] Yes Yes Yes Yes 

[P46] Partially Partially Yes Partially 

[P47] Yes Yes Yes Yes 

[P48] Yes Yes Yes Yes 

[P49] Yes Yes Yes Yes 

[P50] Yes Yes Yes Yes 

[P51] Partially Yes Partially No 

[P52] Yes Yes Yes No 

[P53] Yes Yes Yes No 
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Table C1 List of practice specific requirements/modifications that are needed to 

implement/adopt practices specific to SCRUM and XP 
Practice Requirements/Modifications 

40 Hour 

week/Sustainable 

Pace 

 Programmers can work only for 8 hours a day and their work timings must be limited to 40 
hours a week and not more than that 

 In case of any imbalance in work, a new programmer could be recruited. 

 In case of working overtime, programmers should not work overtime for a second week in a 
row. The work should be balanced that another programmer can take his place in case of an 

overtime work.  

 Requirements should be selected as such so that the developers need not put in overtime 
efforts.  

Coding Standards  Develop coding standards compliant to the organization or follow the coding standards 

from standard language vendors (example code conventions for java language specified by 

sun etc.) 

 Follow specific standards specified by researchers (ex: Misra-C 5.7, JSF 63, JPL 8.2 etc) 

 Follow pre declared standards like nesting of IF statements for a depth of three, avoiding 

GOTO statements or using them only for error handling, avoiding setjmp/longjmp, and 

checking the return value of non-void functions. 

Collective 

Ownership 
 Ensure all the members of the development team participate during the development. 

 Ensure the changes made in the code are visible to all the members of the team 

 The members can implement automated build tools like Maven, Cruise control etc.  

 Make sure that all the members of the team can edit and debug all parts of the code 

Continuous 

Integration/Regular 

Builds 

 Code must be integrated daily 

 During the process of integration, it must be made sure that the integration and development 

teams work together. 

 Data should be stored in the repository, which is the same for all the team members. 

 Automated tools like Git, Subversion, Perforce etc. can be used for repositories. 

 Integration servers like Jenkins, TeamCity, Bamboo etc. can be used for integration.  

 The builds can be automated and automated tests can be included in the build process. 

Metaphors  A simple analogy or an image should be provided to provide communication about the 

system, its components and its interrelationships to guide the development process and 

facilitate the communication about the architecture. 

 Metaphors are used if there is any ambiguity in the terms for either the customers or the 

team 

 Metaphors should be made understandable to all the members of the team during standup 

meetings. 

 A regular check should be done to see if the metaphor finally transform to the idea it 

originally meant.  

Pair Programming  A pair of people, one thinking strategically, and the other thinking tactically should program 

production code.  

 Pairs should be formed based on experiences, competencies and personalities, and should 

be formed between the same language and culture group. 

 Roles of navigator and driver can be switched for some times in a day to increase 

productivity.  

 The same pair can be continued till the completion of a task, and can be switched after the 



 

 

task completion. 

 If the task is not completed as a pair, the programmers can work separately.  

 Daily meetings and web conferencing can be used for pair programming, and face-to-face 

communication must be used when separated.  

 Experience of the members of a team is an important factor to be considered and at least 

one member has to have more experience.  

Refactoring  The code must be refactored in order to make it simpler. 

 The system should be refactored continuously for simple design. 

 Customer feedback should be considered while refactoring the code and system design 

 Automated tools for refactoring can be used if possible.  

Retrospectives  Sprint retrospectives or retrospective meetings should be conducted to discuss about the 

improvements for a practice in the upcoming sprints based on the experiences of a previous 

sprint 

 A specific time boxing should be allotted to each sprint retrospective 

 The discussions about what was working and what did not work should be documented. 

 Customer can be allowed to participate in the retrospectives and their opinion along with 

the opinion of all the stakeholders and their suggestions must be asked and documented 

during the retrospective. 

 If team does not have anything to add to a retrospective that may mean that either there is 

no problem or team does not trust that by raising a problem here things will change. Show 

them that all their retro points are important and act to implement it. Objective of retro is 

not to just make a note of points but to improve each sprint by acting on those retro points 

 Use tools like JIRA, Version 1, etc for retrospectives 

 Put old points in retrospective point lists so that people can choose between what to 

implement and what not to 

Simple Design  The system should be kept as simple as possible using high level of cohesion and by 

minimizing the classes and methods 

 Duplicate logics and class hierarchies must be eliminated. 

 The system design must be continuously monitored and altered during development and the 

parts of a design that was previously successful, can be re-used. 

 The simple and re-usable designs are documented.  

Test Driven 

Development/Test 

First Development 

(TDD) 

 In TDD, test cases are written first and coding is done later. 

 Refactoring must be done to the test code to make it as simple as possible while ensuring 

that all tests pass 

 The product manager, testing team, development team, interface and designer and the 

customer must be present during TDD. 

 Designs are made through UML diagrams before the code is started. 

 The customers’ requirements are translated into specific steps using the test cases. The 

technical feasibility of the requirements must be discussed.  

 Tools like xUnit(SUnit for SmallTalk, JUnit for java and NUnit for .NET), HttpUnit, 

JwebUnit for web user interface, Fit tools from FitLibrary, FitNesse framework for 

separating tests from the code that executes them can be used. 

Test 

Automation/Testing 
 The programmer for each production feature must write an automated unit test and the 

customer, for every functionality that is implemented in the system, must provide an 

acceptance test.  

 Unit tests must be implemented during each sprint. 



 

 

 Automated functional tests and regression testing must be performed.  

 The tests must be automated and only just enough manual testing must be performed while 

considering the release time, difficulty and risk.  

 Regression testing must be performed with each build. 

 Functional verification tests must be performed in order to verify if the developed system 

conforms to its original functional specifications. 

 New code must be always tested 

Sprints/Iterations  Product backlog is used as an artifact for pre-sprint planning 

 The sprints are time boxed and the time boxes generally last up to a month.  

 The product backlog cannot be altered during a sprint or once a sprint has started. Product 

owner can change it under some circumstances only after consulting with the members of 

the team and the scrum master 

 If the ongoing sprint is not viable to the plan, scrum master can terminate it and initiate the 

sprint-planning meeting.  

 The sprint backlog is kept up to date and visible to all the members of the team. 

 If the sprint cannot meet the estimated time boxed period and deadlines, the scope of the 

current sprint should be reduced and the sprint backlog is minimized. 

 In case the scope cannot be reduced, sprint duration is increased beyond the time-boxed 

period. 

 Each backlog item can have 3 pieces of information (and ideally no more except perhaps 

when close to sprint planning): 1. An indication for the PO as to how valuable the item is to 

the business so the PO can prioritize it appropriately 2. An indication of who wants the 

feature so the team knows who to have a conversation with when its time comes, and 3. An 

indication of what the feature is so we know what to talk about when its time comes 

 Use tools like JIRA, Rally etc. for creating efficient burn down charts 

 Use a cumulative flow diagram metric to observe the progress of stories in the sprint 

backlog. This can show the manner in which the stories are worked, and if they are all going 

in the progress at the beginning of the sprint.  

 The backlog items need not be in the form of fine defined definitions. The product backlog 

can be groomed further as development progress 

Sprint 

Planning/Review 

Meetings 

 The sprint planning and review meetings are time boxed to few hours.  

 Sprint planning meeting is scheduled in two segments, one for deciding the product backlog 

and the second for the preparation of sprint backlog. 

 Stakeholders should be made to participate in the planning and review meetings 

 Team members must be encouraged to discuss openly to avoid ambiguities. 

 Scrum master can act as the product owner in his absence.  

 The team members prepare for the sprint review before the meetings and explain their role 

and the functionality developed during the meeting. 

 During the review meeting, the product owner discusses the stories (features) with the team 

and they rearrange the product backlog based on the feedback.  

 The product owner can reject the stories which he feels can disrupt the velocity to the 

delivery cycle. This can happen when the stories are not even completed to one percent of 

the remaining work.  

 Additional meetings can be conducted if there is more discussion left when the time box of 

the meeting is finished. 

Standup 

Meetings/Scrum 

Meetings/Daily 

Standup Meetings 

 Standup meetings are conducted at the during each sprint 

 The time boxing standard for a standup meeting is 15 minutes and scrum meetings can be 



 

 

conducted twice or thrice per week. 

 The presence of all the team members is mandatory and web conferencing can be used for 

distributed teams 

 Open communications are encourage during standup meetings 

 Generally, a scrum master initiates and monitors the meetings. A member from the 

programming team can also initiate the scrum meetings. 

 The mode of meetings are formal and the pace is maintained the same throughout the 

project 

 SCRUM master must ensure that the team is well aware of what the standup meeting is for, 

apart from sharing what is done, what each member is going to do and any impediments 

faced.  

 It is better to make a list of points (if any one has) to be discussed after the stand-up meeting 

where in we can involve only those members for a detailed discussion / clarification and at 

the same time not impacting other team members schedule 

 The points of discussion can be shared to all the remaining members through email. 

Planning 

Game/Planning 

Poker 

 The customer must be available on-site 

 Developers and customer play the planning game where the customer chooses the stories 

that consists of the important content for a short, incremental deliverable 

 Customers are asked to try each short implementation increment and the remaining user 

stories are re-examined for possible requirement/priority changes. The planning game is 

replayed for the next implementation increment.  

 Spikes (simple prototypes) are used and difficult stories are split into a set of short stories 

based on workload.  

 The stories are categorized based on risk factor. 

 The stories are documented and approval is obtained from stakeholder for the final list of 

stories.  

 

Table C2 List of practice specific challenges and mitigation strategies/techniques in 

implementing practices specific to SCRUM and XP 
Practice Challenges Mitigation Strategies 

Pair  

Programming 
 Pair programming is generally 

perceived as too expensive and 
exhaustive 

 Lack of experience for the 
programmers for programming 

in pairs 

 Management and developers 
resistance to change 

 It is challenging to find the 
pair with right combination of 

experience. Improper pairing 

could result in decrease in 
productivity. 

 Use pair programming and pair rotation to 

distribute knowledge and facilitate learning 

 Pair weaker developers with more 

experienced developers, giving them joint 
responsibility for requirements 

 Assign mentors to new staff 

Onsite Customer  Despite the reported benefits 

of the practice, onsite 
customer is still only partially 

implemented.  

 Frequent changes in 

requirements. 

 The management and 
customers face a semantic gap 

during interactions 

 Hard to convince the top-level 

management as it is expensive. 

 Time limitation of the 

customer  

 Varying motivation of the 
customer during the 

 Construct a customer team in which it is 

clear by whom each stake holder is 
represented 

 Find a way to teach the customer the costs 
of incoherence 

 Have a part-time customer or to have a 
technical manager role-play as the customer 

 Explicitly introduce a training process, 
concerning customer involvement, both for 

the customers and the developers 

 Project Management Team (PMT) can 
introduce a representative from itself to 

perform customer’s tasks. 

 Asking for use cases may be a way to make 
the customer think more detailed 



 

 

development process 

Test Driven 

Development/Test 

First Development 

(TDD) 

 Overhead in establishing the 

automated unit testing 

framework and lack of 
automation. 

 Learning how to write 
effective unit tests 

 Programmer or developer 
resistance due to old habits 

 Reluctance in testing old bits 
of code 

 Ineffective test cases can result 

in reduction in productivity as 
test cases are written first and 

coding is done later. 

 If the developer 
misunderstands the 

requirements, and the 
developer writes the tests, then 

the tests will reflect that 

misunderstanding, yet the tests 
will pass 

 Involves maintaining a large 
set of tests, which introduce a 

kind of impedance to change 

 TDD can also impact the 
group process: it is generally 

not feasible in a shared code 

ownership environment to 
have some people using TDD 

and others not. Thus, TDD 
really needs to be a team-level 

decision 

 Inviting experts in motivation sessions and 

sharing successful adoption stories and 

positive experiences 

 Provide test features that returns different 

objects at different states 

 Test cases can be analyzed by different 

developers to ensure quality 

 Proper training can be provided to the 

developers before perfroming TDD 

  Separate people need to write a story’s 

acceptance tests and the story’s 

implementation.  

Metaphors  Translating ideas into code is 
challenging 

 Lack of details regarding the 

communication of the system. 

 Non-conformance of the 

metaphors to the intended 
functionality of the system 

 Implementing sample working prototypes 

 Regular check must be made to ensure if 

the metaphors are conforming to the 

original system or not.  

Planning 

Poker/Planning 

Game 

 Difficulty in writing accurate 

stories 

 Lack of proper estimation 

 Resistance from the 
management 

 Increased overhead and cost 

 Changing requirements makes 

it difficult to plan accurate 
stories 

 Assign a developer who is not responsible 

for doing the actual work, but ensures that 

the stories are complete and accurate 

 Management can consult with the teams 
and provide feedback during the estimation. 

 Proper training should be povided before 
getting into the estimation process 

Coding Standards  Resistance from developers 

and management 

 Difficulty in understanding a 

second person’s code 

 Setting compliant coding 

standards for a group is 
difficult 

 Management can confer with the teams 

before the start of the project and can 
discuss the compliant standards that could 

be implemented amongst all the teams 

 If the teams have difficulties in following a 
purticular standards, members from other 

teams can exchange roles and provide some 
training.  

Daily Standup/Sprint 

Review Meetings 
 Increase in team size may lead 

to non reporting of stories in 
sprint backlog 

 Late arrivals and long 
durations 

 Lack of focus of the attendees 

 Low attendance of 

stakeholders managers and 

members from scrum teams 

 Problem in choosing user 

stories 

 Uncertainties in heterogeneous 

teams regarding backlog 

 Challenges in providing the 

correct level of detail to the 

audience 

 The most common mistake 

 Each story in sprint backlog must be 

discussed during the standup meetings 

 The daily standup meetings must start at 

time and end at time with no exceptions. 
Points should be specific without any drag 

 Discussions that are too long in the daily 
standups can be discussed in the “parking 

lot” for discussion after standups 

 Ensure that the people responsible in the 
modification of code attend stand up 

meetings every day 

 Allow feedback outside stand-ups to 
document any fears, issues, or concerns 

inappropriate for discussion in open forum 

 Stick to the agenda. No brain blooming or 

brainstorming of ideas or problem to be 
solved. Talk about what happened 



 

 

while implementing standup 
meetings is that team members 

get into specifics of an issue 

and drag the meeting for a 
while when two individuals 

can take the same conversation 

offline 

 Too many discussions 

dragging the meeting out 

 Team members reporting to 

the Scrum Master instead of 
exchanging information 

between themselves 

 Product Owners participating 
and interfering with the 

meeting (e.g. making negative 

statements about team 
members). 

yesterday and what to do today 

Product 

Backlog/Writing User 

Stories 

 Challenges related to the scope 
of backlog 

 Challenges in writing proper 

sprint stories 

 Backlog management issues 

 If the scrum master is not 
coaching the team through 

how to take action on items in 
backlog, people could be 

demotivated toward actually 

participating in the 
retrospective 

 If a story is in a danger of not being 
completed, the team can tell the product 

owner as early as possible during the sprint 

which might result in renegotiation 

 A user story is not completed until there is a 

written summary of the work 

Refactoring  Unfamiliarity to the practice 

 Takes more time 

 Adds rework to the process 

though changes to the existing 
code interfaces 

 If first code is dirty, 
refactoring is rendered 

ineffective and inefficient. 

First code dirty is the massive 
source of technical debt.  

 The challenge while 
implementing refactoring is 

getting automated regression 

tests in place and having 
principles of Simple Design 

 Add Clean Code practice: "You build the 

simplest thing that can possibly work.” 
should be reformulated as “You build the 

simplest clean thing that can possibly 

work”. 
 

Collective Ownership  Loss of identifiable single 

point responsibility for any 
point the system as collective 

ownership advocates that all 

the members in the 
development team can edit the 

code. 

 In practice, only few 
programmers participate in the 

development process.  

 Programmers or developers 

resistance 

 Programmers or developers 

sometimes feel offended or 

protective towards their code 
when someone tries to modify 

the code, which was written by 

them. 

 Even if not agile, the things like continuous 

integration, coding standards, testing, 
collective ownership etc. should be just 

plain common sense today. An organization 

needn't be agile to adopt coding standards, 
or practice continuous integration. 

Automated testing and collective ownership 

of the product(s) make for a more stable 
product. For the most part, mitigation 

simply happens by forcing people to be 

aware that these things even exist. 
 

Test 

Automation/Testing 
 Programmer’s attitude towards 

change 

 Hump of pain in automating 
the manual test cases 

 Learning curve for testers to 
learn about new tools and code 

 Initial investment 

 Code for legacy systems isn’t 

designed for testability 

 Developer fear due to old 

habits 

 



 

 

 Manual regression tests 
instead of automating the 

regression suite 

Continuous 

Integration 
 Designing the best build 

strategy is challenging as the 

requirements vary frequently 

 Selection of proper automation 

tools is challenging as 
improper tools may cause 

problems during integration 

 Proper allocation of resources 

 

40-hour week  Longer working hours may 

lead to loss of interest and 
productivity. 

 Pressure in case of overwork 

due to incomplete schedules 

 Programmers should be allotted with 

specific shifts where each programmer 
works for the required number of hours and 

should be shifted without working for 

excess hours 

 

 

 



 

 

APPENDIX D 
 

Descriptive Statistics for Statistical Analysis 

 

Table D1 Requirements/modifications and their ID’s 

Requirements/modifications ID 

Change in policies and procedures R1 

Emphasis on team work rather than individuals R2 

More freedom of development and management by team members R3 

Inclusion of minimum competency requirements R4 

Change to customer centric development R5 

Change from traditional work environment to open work space environment R6 

Change in managerial style from authoritative to collaborative style R7 

Less documentation R8 

Emphasis on tacit knowledge management rather than documenting tasks R9 

Heavy process centric style of development to short, iterative style R10 

Reduction in standard compliance R11 

Change from contract compliant to change tolerant development R12 

Inclusion of evolutionary iterative development  R13 

Checking appropriateness of existing technology and tools R14 

New skill sets, refactoring, configuration management, Junits etc  R15 

Changing to high band width, newer communication tools, whiteboards etc. R16 

 

Table D2 Challenges and their IDs 

Challenges ID’s 
Developer resistance C1 

Developer perceptions of micromanagement and freedom C2 

Productivity differences between team members C3 

Decrease in productivity during transition C4 
Upper management/Organizational resistance C5 
Variability in subsystems and teams (challenges in terms of team management and the 

perception of the roles) 
C6 

Differences in lifecycles and in development processes C7 

Differences in performance measurements and benchmarks C8 

Problems with team-size scalability C9 

Need for significant on-site customer involvement C10 

Lack of competent and motivated managers and developers C11 

Increased Risk of Project Failure C12 
Lack of Formal Guidelines and peer support C13 
Inadequate Training and lack of knowledge and resources C14 
Cultural, communication and coordination problems C15 
Lack of personnel with necessary skills  C16 
No risk management C17 
Lack of Documentation C18 
Challenges due to adopting a new culture, attitude and practices C19 



 

 

Module integration issues C20 

Not appropriate for large enterprises C21 

The priority list is essential in the company’s model to work and is hard to create and maintain C22 

Configuration management requires high effort to coordinate the high number of internal 

releases 
C23 

test environments for different versions have to be recreated C24 

Handover from requirements to design takes time due to complex decision processes C25 
Product packaging effort is increased as it is still viewed from a technical point of view, but 

not from a commercial point of view 

C26 

Teams are highly coherent which means that the communication within the team works well, 

but inter-team communication suffers 
C27 

 

 

 

D1 Descriptive statistics for classifying the 

Requirements/modifications 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ranks 

 
Mean Rank 

R1 
6.90 

R2 
6.00 

R3 
6.90 

R4 
9.60 

R5 
9.10 

R6 
8.50 

R7 
7.10 

R8 
8.60 

R9 
8.40 

R10 
8.20 

R11 
10.30 

R12 
10.30 

R13 
7.60 

R14 
9.30 

R15 
9.60 

R16 
9.60 

Test Statisticsa 

N 5 

Chi-Square 5.878 

df 15 

Asymp. Sig. .982 

a. Friedman Test 



 

 

 

 

 

 

D2 Descriptive Statistics for Classifying the challenges based on 

Importance level 

Descriptive Statistics for importance of challenges 

 
N Mean Std. Deviation Minimum Maximum 

C1 
5 9.6000 14.04635 .00 32.00 

C2 
5 9.6000 12.34099 .00 30.00 

C3 
5 9.6000 7.89303 .00 19.00 

C4 
5 9.6000 8.67756 .00 23.00 

C5 
5 9.6000 15.75754 .00 37.00 

C6 
5 9.6000 12.64120 .00 31.00 

C7 
5 9.6000 9.52890 .00 24.00 

C8 
5 9.6000 7.92465 1.00 19.00 

C9 
5 9.6000 11.45862 .00 28.00 

C10 
5 9.6000 10.62073 .00 26.00 

C11 
5 9.6000 14.77498 .00 35.00 

C12 
5 9.6000 7.60263 .00 21.00 

C13 
5 9.6000 11.54556 .00 29.00 

 

 

 

Descriptive Statistics for importance of requirements 

 
N Mean Std. Deviation Minimum Maximum 

R1 
5 9.6000 10.06479 .00 23.00 

R2 
5 9.6000 13.22120 .00 26.00 

R3 
5 9.6000 9.52890 .00 22.00 

R4 
5 9.6000 10.40673 .00 27.00 

R5 
5 9.6000 9.39681 1.00 22.00 

R6 
5 9.6000 11.03630 1.00 24.00 

R7 
5 9.6000 10.43072 .00 24.00 

R8 
5 9.6000 12.17785 .00 29.00 

R9 
5 9.6000 11.10405 .00 24.00 

R10 
5 9.6000 11.90798 .00 27.00 

R11 
5 9.6000 6.91375 4.00 21.00 

R12 
5 9.6000 12.11610 2.00 31.00 

R13 
5 9.6000 10.96814 .00 23.00 

R14 
5 9.6000 9.65919 .00 25.00 

R15 
5 9.6000 9.50263 1.00 24.00 

R16 
5 9.6000 13.81304 1.00 34.00 



 

 

C14 
5 9.6000 14.50172 .00 35.00 

C15 
5 9.6000 13.44619 .00 32.00 

C16 
5 9.6000 12.73970 .00 28.00 

C17 
5 9.6000 8.50294 .00 22.00 

C18 
5 9.6000 7.92465 1.00 21.00 

C19 
5 9.6000 9.26283 1.00 24.00 

C20 
5 9.6000 8.35464 1.00 20.00 

C21 
5 9.6000 8.56154 2.00 22.00 

C22 
5 9.6000 7.50333 2.00 19.00 

C23 
5 9.6000 8.96103 1.00 22.00 

C24 
5 9.6000 9.86408 2.00 25.00 

C25 
5 9.6000 14.02854 1.00 34.00 

 

 

 

 

 

 

Test Statisticsa 

N 5 

Chi-Square 11.763 

df 24 

Asymp. Sig. .982 

a. Friedman Test 

Ranks 

 
Mean Rank 

C1 
8.40 

C2 
13.20 

C3 
13.40 

C4 
15.40 

C5 
10.80 

C6 
13.60 

C7 
12.50 

C8 
15.40 

C9 
11.10 

C10 
12.40 

C11 
8.60 

C12 
13.40 

C13 
14.70 

C14 
9.80 

C15 
9.00 

C16 
11.70 

C17 
13.20 

C18 
14.80 

C19 
14.40 

C20 
14.90 

C21 
15.00 

C22 
15.60 

C23 
15.00 

C24 
15.20 

C25 
13.50 



 

 

 

 

 

D3 Descriptive statistics for the categorization of requirements into 

different levels of an organization 
 

 

 

Descriptive Statistics for categorization of requirements/modifications 

 
N Mean Std. Deviation Minimum Maximum 

R1 
4 12.0000 14.62874 .00 31.00 

R2 
4 12.0000 14.23610 .00 32.00 

R3 
4 12.0000 17.56891 .00 38.00 

R4 
4 12.0000 10.92398 2.00 25.00 

R5 
4 12.0000 10.61446 .00 24.00 

R6 
4 12.0000 16.18641 1.00 36.00 

R7 
4 12.0000 20.11633 .00 42.00 

R8 
4 12.0000 20.19901 .00 42.00 

R9 
4 12.0000 19.61292 .00 41.00 

R10 
4 12.0000 7.39369 3.00 21.00 

R11 
4 12.0000 7.52773 3.00 21.00 

R12 
4 12.0000 8.04156 1.00 18.00 

R13 
4 12.0000 10.95445 .00 24.00 

R14 
4 12.0000 13.34166 1.00 28.00 

R15 
4 12.0000 21.36976 .00 44.00 

R16 
4 12.0000 14.85485 3.00 34.00 

 

Ranks 

 
Mean Rank 

R1 
8.63 

R2 
7.50 

R3 
6.75 

R4 
9.75 

R5 
8.25 

R6 
8.38 

R7 
7.88 

R8 
5.75 

R9 
6.00 

R10 
11.50 

R11 
11.38 

R12 
10.38 

R13 
9.13 

R14 
8.88 

R15 
6.25 

R16 
9.63 

Test Statisticsa 

N 4 

Chi-Square 8.747 

df 15 

Asymp. Sig. .890 

a. Friedman Test 



 

 

D4 Descriptive Statistics for Categorization of Challenges faced into 

different levels of an organization 

 
 

 

 

Descriptive Statistics for Categorization of challenges 

 
N Mean Std. Deviation Minimum Maximum 

C1 
4 12.2500 21.86893 .00 45.00 

C2 
4 12.0000 21.41650 .00 44.00 

C3 
4 12.0000 22.67157 .00 46.00 

C4 
4 12.0000 9.41630 2.00 21.00 

C5 
4 12.0000 20.73644 .00 43.00 

C6 
4 12.0000 16.26858 1.00 36.00 

C7 
4 12.0000 14.89966 1.00 34.00 

C8 
4 12.0000 15.57776 .00 34.00 

C9 
4 12.0000 20.80064 .00 43.00 

Ranks 

 
Mean Rank 

C1 
11.88 

C2 
9.25 

C3 
10.13 

C4 
17.38 

C5 
8.50 

C6 
14.63 

C7 
15.38 

C8 
11.50 

C9 
9.25 

C10 
14.25 

C11 
11.88 

C12 
13.88 

C13 
15.88 

C14 
12.25 

C15 
12.00 

C16 
17.38 

C17 
12.75 

C18 
12.00 

C19 
15.63 

C20 
12.38 

C21 
16.13 

C22 
13.25 

C23 
12.75 

C24 
13.25 

C25 
11.50 

Test Statisticsa 

N 4 

Chi-Square 10.817 

df 24 

Asymp. Sig. .990 

a. Friedman Test 



 

 

C10 
4 12.0000 13.97617 1.00 31.00 

C11 
4 12.0000 15.81139 .00 34.00 

C12 
4 12.0000 9.93311 .00 22.00 

C13 
4 12.0000 13.08944 1.00 31.00 

C14 
4 12.0000 12.98717 .00 28.00 

C15 
4 12.0000 20.04994 1.00 42.00 

C16 
4 12.0000 15.44884 3.00 35.00 

C17 
4 12.0000 14.67424 1.00 32.00 

C18 
4 12.0000 20.68816 1.00 43.00 

C19 
4 12.0000 12.00000 2.00 26.00 

C20 
4 12.0000 16.77299 1.00 37.00 

C21 
4 12.0000 11.57584 2.00 26.00 

C22 
4 12.0000 18.83260 .00 40.00 

C23 
4 12.0000 12.80625 1.00 25.00 

C24 
4 12.0000 12.35584 .00 27.00 

C25 
4 12.0000 21.36976 .00 44.00 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

APPENDIX E 
Survey Questionnaire 

 

Hello, 

I am Phani Srikara Sastry Madhira pursuing Master Thesis in Software 

Engineering at Blekinge Institute of Technology, Sweden. As a part of my Master Thesis, 

this research is conducted to understand the applicability of agile practices in Software 

Organizations. This research primarily aims at understanding the implementation of agile 

practices at different levels of an organization, namely Organizational (Structural and top 

level management), Managerial (Management Perspective) and Staff/People (Teams and 

people perspective). The research intends to identify the requirements/changes that are 

needed for implementing or adopting agile practices, the challenges faced during their 

implementation and the solutions for those challenges at each level of an organization.  

 

This Questionnaire is a part of an extensive survey that is designed to understand the 

perception of practitioners in the implementation of agile practices. By participating in this 

survey, you can help in contributing your knowledge to the global body of software 

practitioners and help them in improving their perception and understanding about agile 

practices. 

 

This Questionnaire can be completed by any software practitioner, eg: CEO, Director, 

Functional Manager, Senior Manager, and Software architect, Team Leader, 

Developer/Tester or Researcher in agile software development, who has experience in 

practicing Software Development using both traditional and agile methodologies. 

 

I request you to kindly participate in this survey by answering the questionnaire which 

takes around 14-15 minutes to fill out. I would also request you to kindly forward the 

questionnaire link to other members of your software groups or the organization in which 

you work, and encourage them to participate as well.  

            

All your responses would be kept strictly confidential. The final results of the survey 

would be segregated in such a way that an individual person, team or an organization will 

not be identified. Interested participants can also provide their email, so that the survey 

results can be sent to you once it is summarized. If you have further questions regarding the 

survey, you are more than welcome to contact me through my email provided below.  

 

Thank you very much in advance for your co-operation and participation in this survey. 

 
1. Primary Identity of your organization * 

 (Select relevant options)     

    Hardware  

    Medical/Health care 

    Telecommunications/Mobile applications 

    Banking/Insurance 

    Automotive 

    Government 

     Embedded Systems 

    Education/Research 

    Others Please Specify ________ 

2. Geographical Location of your organization * 

 

 

 

 

 



 

 

 

3. Size of your organization * 

(Select any one option)     

    Less than 10 

    10-30          

    31-50       

    51-100      

    101-500     

    500-1000       

    Greater than 1000 

4. Size of your team * 

(Select any one option)     

    Less than 5          

    5-10    

    11-30    

    31-50   

    Greater than 50 

5. Role in the organization * 

(Select any one option)    

    Director 

    Functional Manager 

    Event Manager 

    Project Manager 

    Team leader 

    Developer/Tester 

    Quality analyst 

    Business analyst 

     others please specify 

6. Work Experience * 

(Select any one option)     

    Less than 1 year       

    1-2 years     

    3-5 years    

    greater than 5 years 

7. Experience with Agile development * 

(Select any one option)    

    Less than 1 year       

    1-2 years     

    3-5 years    

    greater than 5 years 

8. What Agile practices do you implement in your organization * 

(Select relevant option)    

    40 hour week 

    Coding standard 

    Collective ownership 

    Continuous integration 

    Metaphors 

    Pair programming 

    Refactoring 

    Retrospectives 

    Simple design 

    Test driven development 

    Test automation 

    Sprints 

    Sprint planning/review meetings 

    Stand up meetings/daily meetings/scrum meetings/ daily standups 

    Planning game 

    Others please specify _________ 

 

 



 

 

9. According to you, please specify if the following changes/requirements are needed for 

adopting/implementing agile software development (please select the level of importance) * 

(Select one option for each row) 
Requirement/modification Very  

important 

Important Somewhat  

important 

Not  

important 

Don’t 

 

know 

Change in policies and procedures      

Emphasis on team work rather than individuals      

More freedom of development and management by team members      

Inclusion of minimum competency requirements      

Change to customer centric development      

Traditional to open work space environment      

Change in managerial style from authoritative to collaborative      

Less documentation      

Emphasis on tacit knowledge management rather than documenting 

tasks 

     

Heavy process centric style of development to short, iterative style      

Reduction in standard compliance      

Change from contract compliant to change tolerant development      

Inclusion of evolutionary iterative development      

Appropriateness of existing technology and tools      

New skill sets, refactoring, configuration management, Junits etc      

High band width, open work spaces, communication tools, 

whiteboards etc. 

     

 

10. Please Categorize the identified requirements/Changes to the levels where they are 

applicable * 

(Select one option for each row) 
 Organizational Managerial Staff/People Don’t 

know 

Change in policies and procedures     

Emphasis on team work rather than individuals     

More freedom of development and management by team 

members 

    

Inclusion of minimum competency requirements     

Change to customer centric development     

Traditional to open work space environment     

Change in managerial style from authoritative to collaborative     

Less documentation     

Emphasis on tacit knowledge management rather than 

documenting tasks 

    

Heavy process centric style of development to short, iterative 

style 

    



 

 

Reduction in standard compliance     

Change from contract compliant to change tolerant development     

Inclusion of evolutionary iterative development     

Appropriateness of existing technology and tools     

New skill sets, refactoring, configuration management, Junits etc     

High band width, open work spaces, communication tools, 

whiteboards etc. 

    

 

11. Please specify any other changes, which were not specified in the previous list, which you feel 

are important while adopting/implementing agile 

 

 

12. Please specify the practice specific requirements/modifications that are needed to 

implement/adopt the agile practices, which you implement in your organization 

 

 

13. Please specify if the following challenges are faced in an organization while 

adopting/implementing agile. (Please specify the level of importance) * 

(select one option for each row) 
 Very 

Important 

Important Somewhat 

Important 

Not 

important 

Don’t  

know 

Developer resistance      

Developer perceptions of micromanagement and freedom      

Productivity differences between team members      

Decrease in productivity during transition      

Upper management/Organizational resistance      

Variability in subsystems and teams (challenges in terms of 

team management and the perception of the roles) 

     

Differences in lifecycles and in development processes      

Differences in performance measurements and benchmarks      

Problems with team-size scalability      

Need for significant on-site customer involvement      

Lack of competent and motivated managers and developers      

Increased Risk of Project Failure      

Lack of Formal Guidelines and peer support      

Inadequate Training and lack of knowledge and resources      

Cultural, communication and coordination problems      

Lack of personnel with necessary skills       

No risk management      

Lack of Documentation      

Challenges due to adopting a new culture, attitude and 

practices 

     

Module integration issues      

Not appropriate for large enterprises      

 

 



 

 

The priority list is essential in the company’s model to work 

and is hard to create and maintain 

     

Configuration management requires high effort to coordinate 

the high number of internal releases 

     

test environments for different versions have to be recreated      

Handover from requirements to design takes time due to 

complex decision processes 

     

Product packaging effort is increased as it is still viewed from 

a technical point of view, but not from a commercial point of 

view 

     

Teams are highly coherent which means that the 
communication within the team works well, but inter-team 

communication suffers 

     

 

14. Please Categorize the identified challenges to the levels where they are applicable * 

(Select one option for each row) 
 Organizational Managerial Team/People Don’t 

know 

Developer resistance     

Developer perceptions of micromanagement and freedom     

Productivity differences between team members     

Decrease in productivity during transition     

Upper management/Organizational resistance     

Variability in subsystems and teams (challenges in terms of team 
management and the perception of the roles) 

    

Differences in lifecycles and in development processes     

Differences in performance measurements and benchmarks     

Problems with team-size scalability     

Need for significant on-site customer involvement     

Lack of competent and motivated managers and developers     

Increased Risk of Project Failure     

Lack of Formal Guidelines and peer support     

Inadequate Training and lack of knowledge and resources     

Cultural, communication and coordination problems     

Lack of personnel with necessary skills      

No risk management     

Lack of Documentation     

Challenges due to adopting a new culture, attitude and practices     

Module integration issues     

Not appropriate for large enterprises     

The priority list is essential in the company’s model to work and is 

hard to create and maintain 

    

Configuration management requires high effort to coordinate the 

high number of internal releases 

    

test environments for different versions have to be recreated     

Handover from requirements to design takes time due to complex 

decision processes 

    

Product packaging effort is increased as it is still viewed from a 

technical point of view, but not from a commercial point of view 

    

Teams are highly coherent which means that the communication 
within the team works well, but inter-team communication suffers 

    

 

 



 

 

15. Please specify any other challenges that were not specified previously which you feel are 

faced while adopting/implementing agile 

 

 

 

16. Please specify if the following Mitigation Strategies or solutions are used in an organization 

to mitigate the challenges while adopting/implementing agile practices. (Please specify the level 

of importance) * 

(select one option for each row) 
 Very 

Important 

Important Somewhat 

Important 

Not  

Important 

Don’t 

Know 

Proper Training      

Inclusion of Experts      

Ensure cross-team observation and validation of agile practices      

Assess agility in terms of agile values not practice adherence      

Anatomy plan that helps to structure the system and the 

dependencies 

     

Integrate people from the release project already in the 

requirements engineering phase 

     

Special attention to quality related items      

more time on testing internal release      

Dedicate a full sprint on projects having tightly coupled modules 
for testing 

     

Division of tasks into subtasks      

Re-scoping tasks which are missing deadlines      

Scrum masters and project managers can avoid interfering in 

team work 

     

Set sprint duration to the rate at which the requirements change 

and the rate at which the team can deliver its functionality 

     

Avoiding addition of “high priority” work to disrupt flow      

Better policies and enforcement      

Frequent informal meetings      

Introducing extracurricular activities like debates, conferences 

and relocation 

     

Define effective policies that help in reducing social and cultural 

issues 

     

Changes should be tractable from scrum backlog      

Allowing minimal and sufficient documentation after the 

backlog 

     

Educating the customer in prioritizing what is developed when      

Better Tools and Simulators      

Better Testing and Estimation      

Encouraging task self-assignment to let developers work in 

different areas and learn new skills 

     

Include motivated developers on each team      

Build a sharing and learning environment to empower team 

decision making 

     

Ensure performance evaluations apply higher weighting for 

mentoring, voluntary contributions, and so on 

     

 



 

 

17. Please specify any other mitigation strategies/techniques that were not specified previously 

which you feel can address the challenges faced while adopting/implementing agile 

 

 

 

18. Please specify the practice specific challenges that are faced while implementing/adopting 

the agile practices, which you implement in your organization 

 

 

19. Please specify the practice specific mitigation strategies/techniques that can address the 

challenges faced while implementing/adopting agile practices, which you implement in your 

organization 

 

 

20. Please provide your email if you wish to have the results of the survey. Your details will not 

be disclosed elsewhere 

Name: _______________  

Email: _______________ 

 

 

 

 

 

 

 

 

 

 


