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ABSTRACT

Context: Software requirements negotiation is a valuable area of interest in the field of 

software engineering. There is a lack of cumulative empirical knowledge of best requirements 

negotiation practiccs in the field of requirements engineering.

Objective: The objective of this study is to identify evidence-based requirements negotiation 

practices, their strengths and limitations. The review finds out and classifies the types of 

requirements conflicts which arc addressed by these practices.

Methods: A systematic literature review has been carried out to answer the review questions, 

hiitialiy data was retrieved from electronic databases using a query. Then study selection 

criteria were applied for filtering papers. The quality assessment criteria were applied on the 

previously selected 79 studies. In the resiilt of quality assessment we obtained only 18 

empirical studies. The data was extracted from these 18 studies afler reading frill text of all 

articles.

Results: The results showed that winwin theory acts like a backbone in the field of 
requirements negotiation. Most of the practices have been originated from Theory-W. There 
are very rare negotiation practices which are not winwin based. The evidence collected in the 
study showed that winwin based practices were only 7% used in all type of industries and the 
most widely used negotiation style in the industries was accommodating (87%).

Conclusion:»It was observed that collaborative behavior was not possible all the times 
especially in threatening issues. There is no’approach in the field of software engineering 

which can guide what to do if winwin does not work. The research projects in industrial 
setting are less as compared to academia therefore need for conducting more studies in 
industrial setting.

Keywords: Systematic review, systematic literature review, software requirements 

negotiation and software requ irements negotiation practices.
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CHAPTER 1 

INTRODUCTION



1. Introduction

This chapter introduces the thesis message to the audience. It provides a clear 

description of problem statement, research question, scope of research work and 

contextual background information. The chapter will also give a brief detail of 

research methods used to answer the research question. In the end, the outline of 

chapters will provide a quick glance for the thesis audience,

1.1. Background

Conflicts play a significant role in the field of software engineering although people 

avoid them and the existing practices handle them inadequately (Griinbacher & Seyff, 

2005). Conflicts are inevitable and hard to manage in software projects when the 

number of rccjuircnicnls and sUikclioldurs increase in size. 'I'he problem arises when 

we need to satisfy all project stakeholders because their concerns vary from one 

another (B. Boehm, Port, & Al-Said, 2000). For instance, the interests of users, 

developers, testers, maintainers and customers are entirely different (Griinbacher & 

Seyff, 2005). The user needs more features and high response time whereas customer 

requires minimizing the budget and schedule while the developer forces for increase 

in budget and schedule. All these situations cause serious conflicts which need to be 

managed systematically. The evidence shows that conflict is massive in the field of 

software engineering (Curtis, Krasner, & Iscoe, 1988). Therefore, it is essential to 

handle these conflicts to ensure the success of software projects.

The primary goal of requirements negotiation is identification and resolution of 

requirements conflicts among project stakeholders. It has been realized as a success- 

critical factor in various disciplines like management, social sciences, politics, etc 

(Easterbrook, 1994). The requirements negotiation is a significant activity carried out 

during requirements analysis phase of requirements engineering (RE). RE is a field of 

software engineering which is responsible for acquiring negotiated requirements from 

project stakeholders. There are several requirements negotiation tools, techniques and 

methodologies which are used for handling requirements conflict. Some of these 

methods nrc also available for coninicrcial purpose (Grilnbachcr & Seyff, 2005). The 

negotiation practices have been widely studied by the researchers and praclitioiicrs 

these days (Griinbacher & Seyff, 2005) therefore sufficient evidence is available and 

accessible in this area of interest.



1.2. Problem Identification and Motivation

There is a lack of cumulative empirical knowledge of best practices of requirements 

negotiation. Such type of work does not exist in the literature which can increase the 

knowledge of researchere and guide practitioners to choose a requirements negotiation 

practice in a particular conflict under certain conditions in software projects.

1.3. Aim of Research

The aim of research is to find out kinds of conflicts which are addressed in the 

literature. Which requirements negotiation practices resolve these conflicts? In the 

end, wc will find pros and cons of these pracliccs reported in the literature. No now 

practice will be created.

1.4. Scope of Research

Only conflicts of requirements engineering phase of software development life cycle 

will be part of this research work. The conflicts of other phases of SDLC will not be 

included. The negotiation in general is also not a part of scope of this research. 

Therefore, negotiation will be studied only in the context of software requirements. 

We will include only those requirements negotiation practices which are evidence- 

based. We will collect only few types of evidence like field/case studies, experiments 

and industrial/experience reports. The other types of evidences will not be included 

like expert opinion, survey, etc. The requirements negotiation practice means any 

framework, methodology, tool, technique, process or model available in the literature 

will be included.

1.5. Research Question

1. What requirements negotiation practices are used to resolve requirements conflicts 

in software projects?
; j

1.1. What kinds of conflict exist in literature that is resolved by requirements 
negotiation in software projects?

1.2. What are the reported strengths of existing requirements negotiation 

practices?



1.3. What are the reported weaknesses of existing requirements negotiation 

practices?

1.6. Research Methods

We need at least two research methods to answer this research question because some 

parts of question are evidence-based while only one sub question i.e. 1.1 is not 

evidence-based. To answer evidence-based questions, we will use evidence-based 

method while other question will be answered through literature review. The 

evidence-based questions are similar to the question type addressed by Kitchenham 

and Charters in his guidelines (B. Kitchenham & Charters, 2007). Therefore, 

systematic literature review is the most suitable method for addressing evidence- 

based research questions in the field of software engineering.

The other research methods like case study, experiment, simulation, surveys, 

ethnography, action research, benchmarking are not appropriate. All these methods 

are not applicable to do such kind of research because these methods are not 

evidence-based. We need a method , that should be evidence-based in nature. 

Therefore, systematic review is an appropriate research method for this kind of 

research work.

1.7. Chapters Outline

This section will provide a brief detail of next chapters included in the thesis. This 

scclion will help Ihc readers to umtursland the lindy of the the.sis in brief.

C hapter 1; Iniroduciion

This chaptcr introduces the thesis message to the audience. It provides a clear 

description of problem statement, research question, aim of research, scope of 

research work and contextual background information. The chapter also gives a brief 

detail of research methods used to answer the research question.

Chapter 2: Requirements Negotiation and Requirements Conflicts

The purpose of this chapter is to introduce the importance of requirements negotiation 

in the field of requirements engineering (RE). It will also provide the concept of 

requirements conflicts and then classification of conflicts will be explained to support 

the answer of research question which has been answered through literature review.



Chapter 3: Systematic Review Process
This chapter explains the concept of evidence based software engineering (EBSE). 

This chapter also describes proccss of systematic review with its three phases and 

rcspcctivc aclivitics oflhcsc phases. This chapter Ibciiscs the first phase ofsyslcmalic 

review i.e. planning the review. The major contribution of this chapter is 

identification of the need for systematic review and development of a review protocol. 

All the contents of review protocol are explained individually. Threats to the validity 

of review protocol design are also explained.

Chapter 4: Conducting the Review
This chapter focuses on the execution of review protocol design which is the second 

phase of SLR. This chapter explains the results of all steps included in the execution 

of SLR which are identification of research, study selection, study quality assessment, 

data extraction and data synthesis. In the end, the results of the systematic review are 

compiled.

Chapter 5: Conclusion

This chapter explains what the thesis said. The chapter concludes the whole research 

work and the major findings of the systematic review are discussed. The strengths and 

weaknesses of the research work arc also reporlcd. Tlien future research directions are 

proposed for future work.



CHAPTER 2

REQUIREMENTS NEGOTIATION AND 
REQUIREMENTS CONFLICTS



2, Requirements Negotiation and Requirements Conflicts

The purpose of this chapter is to introduce the role of requirements negotiation in 

requirements conflicts handling. The chapter will also categorize different types of conflicts 

available in the literature.

2.1. Requirements Negotiation

Requirements negotiation is an integral part of Requirements Engineering. The main aim of 

requirements negotiation is to increase customer satisfaction and product quality as much as 

possible. The evidence shows that most of the software projects fail due to ill defined and 

poorly negotiated requirements (M, P. In, Olson, & Rodgers, 2002).

In 1995 Standish group chaos report; the three major reasons for challenging projects were 

lack of including all stakeholders, incomplete and volatile requirements and specifications 

{The Standish group CHAOS report, 1995). All these factors show that the major concem of 

software development is how to deal with the issues of requirements or requirements 

conflicts. Requirements negotiation is the most success-critical factor for software projects. 

The outcome of the negotiation enhances the system’s value extensively (B. Boehm & 

ligycd, 1998), Tom Dc Marco (DcMarco, 1996) said, "How requirements were negotiated is 

far more important than how the requirements were specified'',

Thomas (K W Thomas, 1976) proposed few conflict handling strategies based on the conflict 

behavior model in organizational psychology. He said that stakeholders have two concerns: 

one is to satisfy their own needs and second is to satisfy the needs of others. The five 

dominant strategies are the following:

• Competing (forcing) shows win~lose situation in which one stakeholder wins while 

the other loses.

• Accommodating (smoothitig) shows lose-win situation in which one stakeholder 

sacrifices for the interest of other.

• Collaborating (jjroblem-solving) shows win-win situation in which all the 

stakeholders are satisfied.

• ' Avoiding (withdrawing from) shows lose-lose situation in which nobody wins.

• Compromising (sharing) shows a relationship in which both the parties look for a 

middle ground.

The discussion shows that requirements conflicts are inevitable and it is necessary to handle 

them effectively. Resolving these conflicts can surely increase the chances of software



project success considerably. Software Requirements Negotiation (SRN) plays a significant 

role to solve these problems. Requirements negotiation encourages the inclusion of all 

stakeholders. In the result of requirements negotiation we get mutually satisfactory 

requirements which address the concerns of all stakeholders. Requirements conflict handling 

is the csscnce of requirements negotiation (Griinbachcr & Seyff, 2005). SRN addresses most 

of the requirements, issues and resolve them through its several tradeoff practices. 

Requirements negotiation practices are widely used techniques, frameworks, tools, processes, 

models and methods or methodologies. Requirements negotiation can be performed in 

different ways. There arc several practiccs reported in the literature which are available for 

executing the negotiation process. The main objective of the underlying study is to identify 

requirements negotiation practices in the literature which are empirically evaluated with their 

strengths and limitations. We will explore the degree of requirements conflict handling of 

these practices as well.

2.2. Software Requirements Conflicts

Software requirements conflicts are inevitable in the field of software development. They 

possess a significant importance in the field of requirements engineering. Often requirements 

conflicts are avoided in software engineering. There is a little evidence that describes 

handling these conflicts effectively (Easterbrook, 1994).

.There is no particular definition of requirements conflict which creates a kind of confusion as 

nobody knows what exactly conflict between requirements means? Most requirements 

negotiation techniques handle binary conflicts i.e. conflict between two requirements, but it is 

problematic because there can be conflict,among three or more requirements (van 

Lamsweerde, Darimont, & Letier, 1998).

Easterbrook (Easterbrook, 1994) defined conflict from interference point of view:

“Conflict can be a disagreement among problem owners. ”

Another definition of requirements conflict is that ""requirements conflict is a disagreement 

among requirements which adversely affects the outcome” (Bowen, et al., 1989). 

Requirements conflict may also arise = "'when multiple stakeholders bring about an 

inconsistency i.e. a situation in which two parts o f a requirements specification show 

mismatching behavior” (Robinson & Volkov, 1999).



2.3. Classification of Software Requirements Conflicts

R.Q.1.1. What kinds of conflict exist in literature that is resolved by requirements 

negotiation in software projects?

There is a little work done on the classification of requirements conflicts. There is no proper 

and standard classification of these conflicts that exists in the literature. Several authors 

(Herrmann, Paech, & Plaza, 2006; Kassab, Constantinides, & Ormandjieva, 2005; 

Mussbacher, Whittle, & Amyot, 2009) proposed different types of conflicts and most of these 

conflicts overlap one another. Therefore, there is a need for classification of these conflicts 

and there is a great need for such kinds of work in future. We will identify and then classify 

only those requirements conflicts which will support the underlying research work rather than 

identifying and categorizing all kinds of requirements conflicts because this is not the 

objective of this thesis. Some of the significant conflict types are as follows:

2.3.L Requirements Contradiction
Requirements contradict (Herrmann, et al., 2006) with each other when more than one

requirement refers to the same requirements concept but require conflicting values. For 

example Rl: A report Y needs to represent all patients" address while R2: Report Y should 

coMlaii) Djily Nan»c dT IIjc piUiciil aotl I’osla! coilc. Now thcsi; arc coiilradicling requirements 

demanding for opposing values.

2.3.2. Requirements Terminology Conflicts
Terminology conflicts (Rashid, et al., 2007) occur when different terminologies do not match

with concepts. For exam ple, a tem iinolngy may have different m eanings in various domains.

2.3.3. Quality Attributes Conflicts
Quality attributes conflicts are (Al-Naeem, Gorton, Babar, Rabhi, & Benatallah, 2005;

Chitchyan, Sampaio, Rashid, & Rayson, 2006; Kim, Park, Sugumaran, & Yang, 2007; Liu, 

2009; Ramanna, Skowron, & Peters, 2007; Sadana & Liu, 2007) mostly potential conflicts 

which exist between the quality requirements of software system. For example, the conflict 

may exist between configurability and performance of the system. Similarly, security and 

performance may also conflict with each other.

2.3.4. Viewpoint Conflicts
Viewpoint conflicts (Herrmann, et a l, 2006; Nhlabatsi, Laney, & Nuseibeh, 2008) occur

when stakeholders possess conflicting pGsitions/perspcctivcs/conccms for particular 

requirements. Tlie stakeholders may conflict (Chitchyan, et a l, 2006; Kassab, et a l, 2005)



wilh cacli oilier Cor the iinplcincnlaJion ol a set o f  rcqdircmcnls, l'’or cxatiiplc, highly 

cxpcricnccd personnel hum iliate less experienced people.

2.3.5. Resource Conflicts
In business requirements resource conflicts (Herrmann, et al., 2006; Mussbacher, et al., 2009)

arise when multiple users read and alter the same resource simultaneously. When more than 

one users access the same information, then alteration should not be done by multiple users 

simultaneously during transactions; for example, use of a limited telephone service by 

niultiple functions.

2.3.6. Feasibility Conflicts
Sometimes, requirements do not interfere in the requirements phase but it has been observed

that such non-interfering requirements are hard to realize in the architectural design. 

Therefore, such kinds of conflicts require architectural Icnowledge for resolving them. These 

conflicts are feasibility conflicts (Herrmann, et a l, 2006).



CHAPTER 3 

SYSTEMATIC REVIEW PROCESS



3. Systematic Review Process

This chapter introduces the relationship of systematic reviews and Evidence-Based 
Software Engineering. Then a roadmap'for executing the systematic review is 
presented. This chapter also explains the activities of planning stage of systematic 
review.

3.1. Evidence Based Software Engineering

Sollw arc engineers make ilccisidns I'or llic ;Kloplion of som e new m ethodology or 

technology. They need sufficient empirical evidence for adapting a specific 

technology so that they can take maximum advantage of that technology. They face 

problems in such a decision making due to the availability of little empirical evidence 

of that particular method or technique in the literature. This shows that the research 

which is canicd out, docs not niccl llic challenges of industry. Therefore, wc need 

such kind of methods which can close this gap between research and practice. To 

avoid this problem , FA’idcnce-Bascd Software Engineering (EBSE) was proposed. The 

purpose of EBSE is to improve decision making in software development by 

integrating the best empirical evidence currently available in the literature in the 

relevant area of interest Such kind of knowledge can be used by the practitioners to 

adapt immature technologies with more confidence. The discipline of EBSE was 

developed in ICSE*04 by B.A. Kitchenham. EBSE is based on the Evidence-Based 

Medicine (EBM) wliich Ibcusos on the integration of practical evidence in clinical 

research. The significance of EBSE is obvious today as software-intensive systems 

are used everywhere in our daily life; for example in cars, stereos, microwave, electric 

trains, London ambulance service etc. Therefore, EBSE also improves dependability 

and acceptance of software systems. Evidence-based method is also used by some 

other disciplines like education, social policy and psychiatry (Dyba, Kitchcnham, k  

Jorgensen, 2005; B. A. Kitchenham, Dyba, & Jorgensen, 2004).

3.2. The Systematic Review Process

There is a little work done in software engineering for developing guidelines to

■ conduct a systematic review. There are no approved standards for performing 

systematic reviews (B. A. Kitchenham, et al., 2004). Only a few SLR guidelines 

depend upon the practical evidence. In this regard, B.A. Kitchenham and J. Biolchini 

formulated guidelines for performing systematic reviews in software engineering.



Both kinds of guidelines are followed by the researchers. We will use the guidelines 

presented by Kitchenham and Charters (B. Kitchenham & Charters, 2007). According 

to these guidelines, the systematic review process consists of three main phases which 

are then further refined into small steps. The systematic review process phases and 

activities which arc suitable for our review arc listed below (B. ICitchcnham Sc 

Charters, 2007):

Phase 1: P lanning  the Review

The activities related to planning the review are:

>  Identifying the need for a review

>  Specifying the research question

> Developing a review protocol

>  Evaluating the review protocol

Phase 2: Conducting the Review

The activities relevant to conducting the review are:

> Identification of research

> Selection of primary studies

> Study quality assessment

>  Data extraction and monitoring ‘

> Data synthesis

Phase 3: Reporting the Review

The activities of reporting the review  are:

>  Specifying dissemination mechanisms

> Formatting the main report

> Evaluating the report

All the activities are mandatory except the two stages i.e. evaluating the review 

protocol and evaluating the report is optional and they are totally dependent on the 

review team. Apparently the activities of SLR are sequential but in reality several



activities are iterative in nature and some of them may be refmed later on (B. 

Kitchenham & Charters, 2007).

3.3. Planning the Review

The significant activities included in the planning stage are explained in the coming 

sections.

3.3.1. Identification of the Need for a Systematic Revievtf
The need for systematic review is a significant activity of planning stage. In this

activity, we analyzed whether there was a need for systematic review or not? We 

identified whether sufficient evidence would be available in the literature or not. We 

also identified whether any systematic review exists on requirements negotiation in 

the literature prior to our work or not. For this purpose, review mapping technique 

was used to identify the existing literature (B. Kitchenham & Charters, 2007).

To answer all these questions, we identified that sufficient primary studies were 

available in the field of software requirements negotiation. Secondly, we also did 

review miipping for determining the existence of such a kind of research work in the 

area of requirements negotiation. Fortunately, no systematic review was found in the 

area of requirements negotiation. On the basis of this information, we decided that 

there was a need for a systematic review in requirements negotiation.

3.3.2. Developing a Review Protocol
The review protocol describes the methods which will be used to execute a systematic

review. The review protocol helps to avoid researcher biasness. For instance, in the 

absence of a protocol it may be possible that study selection or data analysis is driven 

by the researcher’s own expectations (B. Kitchenham & Charters, 2007).

The review protocol addresses the review questions and predefined search strategy 

including sources of search and search terms. It also describes the criteria for 

assessing the quality of candidate studies. It includes the data extraction forms and 

data synthesis methods as well. This whole information helps the other researchers to 

replicate and validate the results of the study (Khan, 2006).



This section will introduce the necessary elements of the real review protocol 

(Appendix A) which was developed in the planning phase of systematic review. The 

contents of our review protocol were as under:

3,3.2.1. Background
Background provides the rationale behind the systematic review. We would like to

present information like why did we need it. Some information related to prior work 

in our research proposal is also included. The detail can be seen in (Appendix A).

33.2,2, Review Questions 
The review question is the vital pari of a systematic review. This section describes the

main focus of the systematic review. The review question was designed on the basis

of guidelines as prescribed by Kitchenham and Charters (B.’Kitchenham & Charters,

2007). The question structure was formulated on the basis of PICOC i.e. Population,

Intervention, Comparison, Outcome and Context. In this SLR we identified the most

commonly used software requirements negotiation practices with their benefits and

limitations. The detail can be seen in (Appendix A),

3.3,2.3. Identification o f Research 
The search strategy was designed on the basis of question structure (PICOC) and

study design. The review emphasized on the requirements negotiation practices with

their benefits and limitations in the field of requirements engineering. The detail

search strategy can be seen in (Appendix A).

The search terms had been derived from the review questions considering PICOC so 

that we could retrieve maximum accessible literature from the most popular relevant 

electronic databases. Boolean operator like ‘AND’ or ‘OR’ were used for joining 

multiple strings. The search terms were designed using guidelines of Kitchenham and 

Charters (B. Kitchenham & Charters, 2007).

Search sources had been selected on the basis of quality, relevance and reliability of 

the evidence. We selected only high quality databases so that the review should be 

based on the best available and accessible evidence to ensure the reliability of review 

results.



3.3.2.4. Study Selection Criteria and Procedures
Study selection criterion was designed to select primary studies for the execution of

systematic review. Study selection criterion was based on the review question and 

question structure i.e. PICOC and study design. We developed study inclusion and 

exclusion criteria considering review questions so that only those studies could be 

selected which could provide evidence about requirements negotiation practices.

3.3.2.5. Study Quality A ssessm en t Checklists an d Procedures
The quality assessment criteria (QAC) were designed to ensure the high quality of

primary studies. A checklist (Appendix A) was formulated for assessing the quality of 

the selected studies. The checklist had two steps. In first step, general questions were 

asked and if these questions were answered positively, then we would proceed for the 

next step and ask more questions otherwise study was rejected. The main emphasis of 

checklist was on identifying empirical evidence.

3.3.2.6. Data Extraction Strategy
The data extraction form (Appendix A) was developed (to avoid bias) for extracting

data from these finally sclcctcd studies. AH the studies were read thoroughly and then 

evidence was collected from" each article. The form focused on the information like 

strength of research method, study sellings, validity of claims, clc. The data extraction 

form was filled for all the selected studies and this data became a basis for data 

synthesis and analysis.

5.3.2.7. Data Synthesis
. The daln synlhcsi!; inlct-'.iiilcil jiikI llic data cxtntclcd in llic prcviotiii step.

'I'he qualitative data synthesis techniques were used for collating information as the 

primary studies were heterogeneous. We developed data synthesis forms (Appendix 

A) for summarizing the data. One of the data synthesis form listed the most widely 

used rcquiicnicnls ncgoliallon practices. Sceojul form eollected benefits of each 

practice from different articles and provided a summary of all benefits. Third form 

collected limitations of practices reported in the articles. This information provided a 

strong basis for analyzing the given data and drawing conclusions.

3.3.2.8. Dissemination Strategy
The fmal report was written in the Thesis format which was a partial requirement of

International Islamic University, Islamabad. This report was viewed by both internal



SIG committee as well as external review committee. The detail can be seen in 

(Appendix A).

Projcct Time Table
I'hc projccl time table dcscribcd llic limclinc of the research projcct with a date of 

completion. The detail of activities and their deadlines can be seen in (Appendix A).

3.3.3. EvnhiatinjR the Review Protocol
The review protocol was developed using the guidelines of Kitchenham and Charters

(B. Kitchenham & Charters, 2007). The protocol was reviewed by the thesis 

supervisor who is a member of review committee of IEEE Computer Society. The 

protocol was also verified through pilot study to ensure whether it was executable or 

not. The results obtained through pilot study were satisfactory and they showed that 

the protocol could be implemented and could give good results. Then the protocol was 

reviewed by Dr. Mahmood Niazi who is Professor at Keele University in UK. The 

protocol had been modified according to the feedback given by these reviewers which 

also ensured the reliability of the review protocol.

3.3.4. Threats to the Validity of Review Protocol
The’ review protocol was developed by a single person. Therefore, tliere can be a

chance of bias. No doubt the review protocol had been reviewed by the independent 

cxpcrls bul even llicn, Ihe review protocol was not published and opened for public 

use which also increased threat to its validity. The qualitative data synthesis approach 

was used rather that quantitative methods because it was difficult to use both the 

techniques in combination.



CHAPTER 4 

CONDUCTING THE REVIEW



4. ConductiiiR the Review

'rhis cliaplcr focuscs on the cxcculion of systematic review, 'fhc execution is the 

significant and major phase of systematic review. The execution phase starts after the 

verification and acceptance of review protocol. The execution will follow the whole 

plan as it was designed in the review protocol.

4.1. Jdeiitificatioii o f Kcscarch

The purpose of this stage of systematic literature review is to identify and collect 

primary studies for executing SLR. This stage is the most complex and trickiest stage 

which needs great expertise and consultation. This activity is more time consuming 

and challenging than other activities because we have to develop a query which can 

extract the whole relevant data available in the electronic databases. We also need 

resources to get studies from both published and unpublished resources (Khan, 2006).

4.1.1. Generating a Search Strategy
The search strategy was developed to include maximum available literature in the

relevant field. The scarch strategy should be unbiased. The author developed a search 

strategy using the guidelines ofKilchenham and Charters (B. Kitchenham & Charters, 

2007) after consulting with the supervisor and it included search terms and search 

sources for collecting data.

4.1. L L Source Selection
The search sources were selected on the basis o f availability o f the relevant data. The

most popular electronic databases were included to extract the best available literature 

in the field of software engineering. Initially Google scholar and cite-seer were also 

included but later on, they were removed from the list after consulting with the 

supervisor. The reason for elimination was that same studies were available on the 

other selected databases as well. Finally selected search sources were IEEE, Springer 

Verlag, ACM, El Compendex and Science Direct (Appendix A).

The reference lists of selected primary studies were also reviewed and few more

■ studies were found and included later on after consulting with the supervisor. The 

author also looked for conferences and journals which were not included in the 

selected databases but no further evidence, was found. Some experts were also



contacted for getting some studies which were not accessible. A research register 

maintained by A. Davis was also searched.

4.1.1.2. Search Terms 
The search strategy was developed on the basis of review question. The search terms

(Appendix A) were derived from the main words of the question like requirements

negotiation practices. This stage was iterative in nature and queries were refined many

times. Then they were applied iteratively on all selected databases. After several

weeks the final query was developed which provided more satisfactory results and it

was then selected for the review protocol.

Table 1: Search Strings for Each Electronic Database

Database Search String
IEEE (“abstract”:’’Requirements negotiation” OR “conflict resolution” OR 

’’conflict handling” OR ’’requirements reconciliation”) AND 
(“abstract”:”technique” OR “process” OR “model” OR “method” OR 
“framework” OR “approach” OR “tool”)

EICOMPENDEX ((“Requirements negotiation” OR “conflict resolution” OR “conflict 
handling” OR “requirements reconciliation”) WN AB) AND 
((’’technique” OR “process” OR “model” OR “method” OR 
“fiamework” OR “approach” OR “tool”) WN AB)

SCIENCE
DIRECT

Abstract("Requirements negotiation" OR "conflict resolution" OR 
"conflict handling" OR "requirements reconciliation") AND 
Abstract(”technique” OR “process” OR “model” OR “method” OR 
“framework” OR “approach” OR "tool”)

SPRINGER-1.1 su:(“Requirements negotiation” OR “conflict resolution” OR “conflict 
handling” OR “requirements reconciliation”) AND su:(“technique” OR 
“process”) , -

SPRINGER-1.2 su:(“Requirements negotiation” OR “conflict resolution” OR “conflict 
handling” OR “requirements reconciliation”) AND su;(“model” OR 
“method”)

SPRINGER-1.3 su:(“Requirements negotiation” OR “conflict resolution” OR “conflict 
handling” OR “requirements reconciliation”) AND su:(“approach” OR 
“framework”)

SPRINGER-1.4 su:(“Requirements negotiation” OR “conflict resolution” OR “conflict 
handling” OR “requirements reconciliation”) AND su:(“tool”)

ACM (Abstract:“Requirements negotiation” OR Abstract:“conflict resolution” 
OR Abstract:“connict handling” OR Abstract:“requircments 
reconciliation”) AND (Ab.stracl:”techniquc” OR Abstract:“proccss” OR 
Ab.‘;tnict:”fnoilcr’ OR Abs{racl:“mcthod” OR Abstract;“approach” OR 
Ahslnicli'MVaincwoik” OR Abslract;“toor*)

Then a separate search query, as shown in table 1, was formulated for each electronic 

database to get maximum available empirical evidence from 1968 to 2010. The initial 

time (1968) was chosen because the field of software engineering was developed in



1968. The search strategy date was also recorded so that when the query was rerun 

then new studies could be identified. The search strategies were applied rigorously on 

each database with an interval of few days. Even then same results were obtained and 

no new study was obtained.

4,L1.3, Publication Bias
The grey literature (unpublished studies) was not searched because printed journals

were not available therefore only data of electronic databases was included. This can 

also be a threat to the validity of the review protocol. It might be possible that all 

studies would not be included but this threat has been minimized through rigorous 

search of cicclronic dalabascs. The review protocol was also externally reviewed by a 

professor of Kcele University in UIC which also reduced the threat to the validity of 

systematic review.

4,1.L4. Bibliography Management and Document Retrieval
A bibliographic tool i.e. Endnote had been used which helped to manage the

references in an elegant manner. It had been observed that performing SLR with the 

help of automated tool was more efficient and easy to manage. The tool reduced a lot 

of time and effort. The tool was very flexible in nature and it helped the author to 

make notes about articles which made it very convenient to handle references. The 

studies were retrieved from the databases and inserted in the program which had been 

managed automatically. The tool also made the review more reliable because manual 

work could be error prone (Khan, 2006).

4, L 1.5. Docum enting th e Search 
The electronic databases were searched on the basis of both abstract and full text. It

had been observed that full text results as shown in the table were more relevant and

realistic. Therefore,///// text results were selected for the execution o f the review. The

search results shown in table 3 were finalized on I6-Jun-2008. The search process

was also documented in the review protocol (Appendix A). The search documentation

for each database was also stored as shown in table 2.



Data source Documentation

Digital library Name of database: IEEEXPLORE 

Scarch strategy for the database:

• Only Rnglish papers
• Scarch criteria is abstract only
• A scarch query Is executed 

Date of search: 02-06* 10

Years covered by scarch: 1968-2010

Digital library Name of database; EICOMPENDEX

Search strategy for the database:

• Only English papers
• Search criteria is abstract only
• A search query is executed 

Date of search: 02-06-10

Years covered by search: 1968-2010

Digital library Name of database: ACM 

Search strategy for the database:

• Only English papers
• Search criteria is abstract only
• ACM is limited to only ten terms, so main query is divided into 

four separate sub-queries.
Date of scarch; 02-06-10

Years covered by search: 1968-2010

Digital library Name of database; SPRINGERLINK 

Search strategy for the database:

• Only English papers
• Search criteria is abstract only
• SPRINGERLINK is limited to only ten terms, so main query is 

A divided into four sub-queries.
Date of search: 02-06-10

Years covered by search: 1968-2010

Digital library Name of database: SCIENCE DIRECT 

Search strategy for the database:

• Only English papers
• Search criteria is abstract only
• Papers of only subject “Computer Science” 

Date of search: 02-06-10

Years covered by search: 1968-2010



Basis o f  
selection

No. of Papers found in each database

IEEE ACM EICOM PENDEX SPRINGER

VERLAG

SCIENCE
DIRECT

Total

Abstract 550 132 952 638 123 2395

Full text 283 57 50 517 41 948

4.2. Study Selection

The studies which had been extracted in the previous step were now tested for their 

relevance and then filtered. Only selected studies had been used for SLR.

4.2.1. Study Selection Criteria
The study selection criteria were designed to filter the evidence from the available

literature which was relevant to the review question. For this purpose, we had been 

designed a study inclusion and exclusion criteria (Appendix A) in the review protocol 

to avoid researcher’s bias. The inclusion and exclusion criteria were also discussed 

with the thesis supervisor ;intl it w;is [Inali/.cd with the mutual agreement. Later on, it 

wa.s also observed by the external reviewer. 'Phe criteria were also piloted on few 

studies and it had been observed tliat relevant studies were included and irrelevant 

studies were excluded which also confirmed the validity of criteria.

/rhe study selection criteria were formulated on the basis of research question which 

had been answered in the systematic review. We included only those studies which 

fully passed the inclusion criteria and if the study did not fulfill the selection criteria, 

then it was excluded.

4.2.2. Reliability of Inclusion Decisions
. The studies inclusion decision was made by a single researcher which could be

biased. To avoid this problem, the studies included after applying inclusion criteria 

were discussed with the thesis supervisor. A rationale for the excluded studies was 

maintained and discussed with the thesis supervisor.

4.2.3. Study Selection Process
The study selection process was applied on all studies. In the first round, duplicate

studies were identified by using Iindnotc- a bibliographic tool. It had been obscn'cd



that more tlvm liiiir orJh c sliulics i.e. 494/94S  wore duplicate studies and they were 

excluded as show n in table 4.

Table 4: Study Selection Results

Study inclusion/exclusion criterion
Total studies 
databases

found after searching electronic
Query results

948
Studies left

948

Duplicate studies excluded 494 454
Irrelevant studies excluded after reading titles and 
abstracts

314 140

Simple negotiation studies excluded after reading 
titles, abstracts, introduction and conclusion______

-51 89

Studies excluded after consultation with the 
supervisor due to irrelevance or duplication with 
different titles

10 79

In the second round, abstracts and titles of 454 papers were searched for the relevance 

and it was found that 314/454 studies were irrelevant and belonged to other domains. 

In the third round, the studies of simple negotiation relevant to the area of social 

scichccs were excluded after reading titles, abstracts, introduction and conclusion 

which were 51/140. Now 89 studies were left which were studied in detail and then 

discussed with the supervisor. As a result, 10 more studies were excluded as they 

were irrelevant. Now we fmally selected 79 studies for the next step of execution.

4.3. Study Quality Assessment

The study quality assessment was a significant activity of the systematic review to 

filter out primary studies for SLR. The resulting primary studies provided the 

evidence of SLR. The quality assessment criterion was detailed in nature while the 

study selection criterion was an abstract form of assessing quality of studies.

4.3.1. The Hierarchy of Evidence
in our systematic review we had selected experiments, case studies, field studies and

industrial experience reports. The evidence based on the experiments and case studies 

was more credible. Then field studies and experience reports were selected because 

they were very strong form of evidence. The expert opinion was not included as it was 

a weak form of evidence and there was sufficient evidence available from other 

methods therefore it was rejected. This also increased the reliability of the systematic 

review.



4.3.2. Developing Quality Instrument
To measure the quality of a study, we developed a quality instrument. The study

quality assessment criteria (QAC) checklist (Appendix A) was designed to determine 

the quality of each study. The checkhst was designed during the development of 

review protocol (Appendix A). To avoid the bias, the checklist was designed with the 

consultation of thesis supervisor and some other experts. The author requested some 

sample checklists from evidence based software engineering (EBSE) digital group 

members and they sent him few papers of B.A. Kitchenham. The author also took 

help from the latest checklists designed by B.A. Kitchenham in her systematic 

reviews. The checklist was finalized after consulting with the advisor and other 

domain experts.

4.3.3. Using the Quality Instrument
QAC consisted of nine different questions out of which 3 questions are general and

the other 6 are detailed questions focusing on the study design of each study. Each 

question had three possible answers like Yes/No/Partial with values 1, 0 and 0.5 

respectively. The minimum quality threshold for each study was 1.5. The reason for 

setting this threshold was that the answer of the three questions can be 0.5. If the 

answer of any of first three questions will be NO then the study will be rejected and 

quality assessment process will stop. On the other hand, if the answer of all first three 

questions will be Yes/Partial then quality assessment process will continue to score 

other questions. Therefore, the appropriate threshold for the studies was 1.5. The 

detailed view can be seen in (Appendix C). The minimum quality threshold 

determined:

• Did the study provide empirical evidence or not?

• Did the study resolve yny requirements conflict or not?

•  Did it present any requirements negotiation practice or not?

If a study passed this initial criterion then it was tested for the next detailed criteria. 

Otherwise, the study was rejected at this point and not further tested. The primaiy 

studies were finalized and extracted after consulting with the thesis supervisor.



4.4. Data Extraction

The data extraction stage of systematic review was responsible for collecting and 

accumulating the information from the selected primary studies which could properly 

answer the review questions.

4.4.1. Data Extraction Form
The data extraction forms were designed during develop ing  the review  protocol

(Appendix A) to avoid rcsearclicr’s bias. The data extraction form was designed in 

such a way so that the form could extract all necessary information which was 

intended for the review question. The form includes both generic and specific 

questions. The generic questions were like date of extraction, title of study, year of 

publication etc. The specific questions were relevant to the topic of interest i.e. 

requiremcnls negotiation practices. 'Flic specific questions focused on the detailed 

description of the findings of the studies and identification of requirements 

negotiation practices. A pilot study was also performed after developing a review
-A

protocol to determine the reliability of the data extraction form. After analyzing the 

pilot results, the author did few changes in the form which were finalized after 

discussing with the thesis supervisor. The data extraction form was also checked by 

an external domain expert.

4.4.2. Data Extraction Procedure
It was recommended that the data should be extracted by the two independent

researchers but in this SLR there was a single person (thesis author) who extracted 

data from the primary studies. This could be a threat to the validity of this systematic 

review. However, the data extracted from the studies was consulted with the thesis 

supervisor to minimize the threat to the validity of SLR. The thesis supervisor 

performed data extraction on a randomized sample of primary studies and evaluated 

the results which also reduced the threat to the validity of SLR. The disagreements 

and uncertainties among the results of some primary studies were discussed and 

resolved after consulting with the thesis supervisor.

4.4.3. Multiple Publications of Same Studies
No doubt the duplicate studies were eliminated during study selection stage of SLR

but still there were duplicate studies with different titles and publishers. This problem 

had been resolved after consulting with the thesis supervisor. We included all those



articles referring to the same study but in a single data extraction form and their 

findings were merged with the initial study with a separate distinction. There were 

few studies which were absolutely duplicated and published in some other conference 

then such kind of studies were rejected at this stage.

4.5. Data Synthesis

Data synthesis was responsible for recapitulating the whole information extracted 

from the primary studies. There were two ways to synthesize data i.e. 

qualitative/descriptive synthesis and quantitative synthesis. In the underlying SLR 

descriptive synthesis was used rather than quantitative- As the results were 

heterogeneous and inconsistent, therefore using both the techniques in combination 

was difficult. Therefore, descriptive synthesis was more suitable for such kind of 

results.

The data extracted from the primary studies had been organized in tabular form to 

answer the review questions. The results obtained from the primary studies were 

listed below:

RQ.l W hat requirements negotiation practices are used to resolve requirements 

conflicts in software projects?

Answer: The list of requirements negotiation practices can be seen in table 5. The 

requirements negotiation practices were arranged on the basis of practice ids like PI, 

P2, etc rather than study ids which are in the form of numerals. Only 18 primary 

studies were selected for gathering the empirical evidence whereas 12 widely used 

requirements negotiation practices had been identified in these studies i.e. PI to P12 

as shown in table 5. Each practice resolved one or more kinds of requirements 

conflicts which will be described later on.



Table 5: List of Requirements Negotiation Practices, Corresponding to R.Q.l

Study
id

Quality
scoi*e

D a ta b a se  nam e Y ear o f  
publication

Practice
id

L ist o f  practices

9 7.5 IEEE 1999 PI Simplifiers and Com plicators A pproach

10 8.0 IEEE 1995

72 8.0 IEEE 199S P2 Winwin Spiral P rocess M od el

77 8.0 J.C. Bakzer AG, Science Publishers 1998

10 8.0 IEEE 1995 Winwin System

25 8.5 IEEE 1998
P3

39 7.5 Elsevier 2007

77 8.0 J.C. Bahzer AG, Science Publishers 1998

20 8.5 ÎEEE 2008

68 8.0 IEEE ’ 2010 P4 Wikiwinwin Tool

69 8.0 IEEE 200 9 , „ « ■

32 7.5 IEEE Computer Socien* 2000 P5 Easywinwin

34 8.5 IEEE 2001 P6 C B S P  Approach

43 8.5 IJSEKE 2006 P7 IC R A D

54 8.5 IEEE 2007 P8 Hybrid M ethod

56 7.0 Springer-Verlag 2009 P9 F T R T ool

58 9.0 Springer-Verlag 2005 PIO M EG  Groupware

62 8.0 IEEE Computer Societ>’ 2005 P l l A R E N A -M

73 9.0 IEEE 2001 P12 Q A R C C
76 8.5 IEEE Software 1996



RQ.1.2 What are the reported strengths of existing requirements negotiation 

practices?

Answer: The strengths of existing requirements negotiation practices were described 

in the table 6. It had been observed that few studies mentioned the advantages of 

practices clearly whereas some studies had been poorly reported and they didn’t 

mention or explain the benefits of practices. In case of multiple same studies, we had 

merged the benefits under one heading of practice. Therefore, somewhere you might 

see results presented from more than one studies.



Table 6: Benefits of Practices, Corresponding to R.Q. 1.2

Qw
V

u
2pL,
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CQ

Benefits of Practices Study 
IDs that 
cover 
this 
benefit

Total „ 
no. of 
study 
IDs

PI Simplifiers and complicators approach: 9 1
B M Decreases the problems of unrealistic expectation and win conditions. 9 1
B1.2 Far less software projects reported the feasibility problems of LCO milestones. 9 1
B1.3 Can be implemented successfully in other areas as well. 9 1
B1.4 Resolves “Two Cultures” problem significantly. 9 1

P2 Winwin Spiral Process: 10,72 ^ 2
The benefits o f the process reported in the first study are the fifllowing: *

B2.1 It supports involvement of stakeholders in early stages of software life cycle. 10 1
B2.2 It eliminates sequential involvement of multiple stakeholders. 10 ■ 1
B2.3 It supports model-based negotiation and renegotiation. 10 1
B2.4 It manages requirements updates by supporting the facility of renegotiation. 10 1

The benefits o f  the process reported in the second study are the following:
The results obtained in the first year projects are:

B2.5 It is highly risk-driven approach which enables to maintain the project control. 72 1
B2.6 The model is flexible and deals with project risks and uncertainties efficiently. 72 1
B2.7 The model is highly formalized and emphasizes on the achievement of three main artifacts i.e. LCO I

(Life Cycle Objective), LCA (Life Cycle Architecture) and IOC (Initial Operational Capability }. /z

B2.8 It improves the trust among stakeholders which encourages strong cooperation among them. 72 1



B2.9 Executing the prototype and negotiation in parallel is more beneficial rather than executing them in a 
sequence.

B 2.I0 Theory W and Winwin helps to broaden the vision of participants. 72
B2.11 It improved the learning of stakeholders. 72
B2.12 The model can be tailored easily with respect to the project scope. 72
B2.13 The winwin system encourages smooth transformation of agreed win conditions into specification. 72

The results obtained in the second year projects are:
B 2 J 4 "Fhe quantity of documentation is decreased. 72
B2.15 There is an improvement in managing the complexity of software architecture. 72
B2.16 It is observed that productivity and quality of the products increased. 72
B2.17 Winwin spiral model is a good practical approach. 72

P3 Winwin system: 25,39,77
The benefits o f  yvinwin system reported in the first and second study are the following:

B3.1 Provides a strong support for collaboration and Winwin negotiation. 25,39
B3.2 The users are satisfied with the tool support.
B3.3 The tool emphasizes on major issues. 25,39,77
B3.4 It helps to mitigate the friction and creates a balance between loud and quite users.

It supports distributed collaboration as well.
25,39,77

B3.5
The quality of requirements was improved.

25.39,77
B3.6 25,77
B3.7 It improves the learning of stakeholders in requirements process. 25
B3-8 It supports the requirements evolution. 25

The benefits o f  the tool reported in the third study are the following:
B3.9 Creates a strong cooperative and mutually understanding environment. 77
B3.10 The customer satisfaction was increased. 77
B3.11 It improves the trust and confidence among stakeholders. 77



P4 WikiVVinWin: 20,68,69
The bettejits o f  the tool reported in the first study are listed below:

B4.1 It can effectively support the WinWin requiremenis negotiation approach. 20
B4.2 It provides an easy and simple way to share vision and knowledge. 20
B4.3 It provides a strong support for flexible way of requirements updating and maintaining the history of 

changes.______ _____________________________________________________________________
20

B4.4 The tool may be enhanced easily to include other project dimensions. 20
B4.5 It provides boundaiy objects which improves the learning and cooperation of stakeholders. 20,68

The benefits o f  the tool reported in the second study are the following:
B4.6 It encourages participating all stakeholders. 68
B4.7 It helps to elicit customer and user needs. 68
B4.8 It increases the quality of the requirements negotiation process. 68
B4.9 It helps to prioritize requirements. 68
B4.10 It reduces manual work. 68
B4.11 It improves traceability of decisions by maintaining historical record. 68
B4.12 It helps to elicit both minor and critical requiremenis. 68
B4.13 It is more cost-effective tool. 68

The benefits o f  the tool reported in the third study are the following:
B4.14 The tool was accessible without any difficulty and [ime limitation on the web. 68,69
B4.15 The tool is more robust and reliable. 68,69
B4.16 There is a better management of artifacts using uikivvinwin. 69
B4.17 The vocabulary is maintained which is beneficial for the users. 68,69
B4.18 The tool notifies automatically that is considered useful. 69
B4.19 The taxonomy of requirements reconciliation can be useful. 69



P5 Easy winwin: 32,39,54 3
The benefits o f  Easyyvinyvin reported in the first study are listed below:

B5.1 It is easy to use and “light weight” negotiation approach. 32,39,54
B5.2 Increase in number o f stakeholders involved. 32,54
b '5.3 Stakeholders’ guidance was improved. 32^ 1
B5.4 Better analysis o f negotiation outcome and integration of groupware with Rational Rose CASE tool 32 1
B5.5 It deals with various negotiation scenarios. 32 1
B5.6 It improves in prioritizing requirements and identifying more issues. 32 1
B5.7 It is less time consuming. ■ 32
B5.8 Supports early identification and mitigation of risks. 32 1
B5.9 It generates more artifacts than winwin system due to increase in stakeholder involvement. 32 1
B5.10 It is a more practical approach. 32 1
----- The benefits o f  Easyyvinwin reported in the second study are listed below:
B5.11 It provides a broad view and helps to create a shared vision among stakeholders. 39,54
B5.12 It supports in learning other techniques as well. 39 1
B5.13 Creates distinct patterns for group communication. 39
B5.14 Easy winwin in collaboration with RESCUE process provides good results. 39 1

The benefits o f  Easywinwin reported in the third study are listed beloyv:
B5.15 Better understanding of problem. 54 1
B5.16 It helps to know what other stakeholders need. 54
B5.17 It helps to elicit tacit knowledge. 54 1
B5.18 It can be utilized at any stage in the software life cycle. “ 54 1
B5.19 It can be used concurrently when building initial prototype. 54 1
B5.20 It helps in planning the requirements for delivering the system. 54 1
B5.21 It helps in extending COTS products. 54 1



B5.22 Develops high level requirements representations. 54 1 1
B5.23 Maintains the decision rationale to avoid wrong decision making. 54 1 1
B5.24 Improves learning of stakeholder desires. 54 1
B5.25 It handles a wide range of requirements. 54 1
B5.26 It provides a sharp and effective mean to convert informal decisions into formal decisions. 54 1

P6 CBS? Approach: 34 1
B6.1 It resolves the problem of capturing requirements informally and specifying in the formal language in 

the architecture.
34 1

B6.2 It supports for mapping non-functional requirements into architectural models. 34 1
B6.3 It provides a better way to address the problem of requirements evolution. 34
B6.4 It does not assure the completeness of requirements but it supports complex relationships between 

requirements and architecture. It simplifies iterations between them.
34 1

B6.5 It handles the problem of large scale project requirements. 34 ( 1
B6.6 It supports the involvement of diverse stakeholders with different backgrounds. 34 1

P7 ICRAD: 43 1 1 ,
B7.1 The process resolves conflicts of both requirevieuts space and solution space. It resolves feasibility 

and contradicting requirements conflicts in solution space. It resoh es inconsistent requirements 
conflicts in requirements space.

43

11

1

i1
B7.2 It stores the negotiation rationale. 43 1
B7.3 It allows comparison of different options. 43 1
B7.4 It helps in improving the solutions. 43 1 1
B7.5 It helps in decreasing the complexity and managing the requirements easily. 43 1

P8 Hybrid method: 54 1

B8.1 It improves RE decision making during the process of requirements negotiation. 54 i 1
B8.2 It increases the quality of negotiation artifacts 54 1



! B8.3 It helps to discover more issues in the requirements document. 54 1
B8.4 It improves the traceability of the requirements. 54 1
B8.5 It makes easy to develop formal requirements specification. 54 1

P9 FTRtool: 56 1
B9.1 It highly supports and promotes negotiation-collaboration process better as compared to the typical 

method of FTR.
56

B9.2 It speeds up the process of FTR as the reviewers rejected the functionality where there was no 
argument.

56 1

B9.3 It motivates the argumentation and collaboration with an increase in no. of negotiated outcome. 56 1
B9.4 The tool is easy to learn and use. 56 1
B9.5 There is a little training required for using the tool effectively. 56 1
B9.6 Rules and regulations are clearly defined. 56 1
B9.7 The tool supports value-neutral knowledge management. 56 1
B9.8 The tool maintains the history of arguments. 56 1
B9.9 Supports both synchronous and asynchronous way o f communication among stakeholders but face-to- 

face meeting is preferred to explore more options.
56

1
1 B9.10 It provides a better way to register and manage arguments. 56

B9.11 It is easy to update positions towards the agreements. 56 1
B9.12 It avoids unnecessary iterations of the process without the user’s desire. 56 1

PIO MEG groupware: 58 1

BlO.l The tool helps to reconcile and find positions o f stakeholders easily and quickly. 58 1
B10.2 The tool supports very efficient way to reach the consensus. 58 1

1 B10.3 The tool resolves both high and low level conflicts as it supports both NSS and GSS. 58
B10.4 It increases the quality of SQFD. 58 1
B10.5 It encourages adapting integrative strategy (win-win) rather than distributive (win-lose). 58 1



B10.6 It avoids win-lose and lose-lose situations. 58 1
B10.7 It is a good approach for reaching to an agreement. 58 1
B10.8 It also encourages argumentation. 58 1

P l l ARENA-M: ( 62 1
B H .l It highly supports context-aware requirements negotiation- ! 62 1
B11.2 It is equally effective like ARENA II. j 62 1
B11.3 Experienced users used the mobile devices effectively. | 62 1
B il.4 It is a user fnendly groupware. | 62
BH .5 It can be used any where at any time.' I 62 1
B11.6 It prevents to hinder stakeholders’ participation. ' | 62 1

P12 QARCC: ! 73,76 2
B12.1 The benefits o f  QARCC reported in the first study are as under: 1
B12.2 QARCC and S-COST identified a great number of quality requirements conflicts and alternatives thir. 

manual approach like win win. ‘ . .
73,76 2

B12.3 It is an economical approach which helps in identifying conflicts by using a predefined checklist. 73,76 .,2
B12.4 'fhe tool is beneficial for both trained and untrained users. 73 1
B12.5 Such an approach elaborate the conflicts and alternatives very well which are identified by manual 

approaches.
73' « 1

The benefits o f  QARCC reported in the second study are as under: ...........
B12.6 The semi automated approach provides a better way to in addressing quality issues and creates ' 

equilibrium among human expertise. i
76 1

B12.7 It is not a domain specific approach but can be customized for any domain. j 76 1



RQ.1.3 W hat are the reported weaknesses of existing requirements negotiation 

practices?

Answer: The weaknesses of existing requirements negotiation practices were listed in 

the table 7. A shortcoming had been observed in several studies that the most of the 

studies did not report the limitations of study at all which was very surprising. That is 

why; the limitations of few studies were missing because they were not reported in the 

studies. This fact created problems while collecting the weaknesses of the studies.



Table 7: Weaknesses of Practices, Corresponding to R.Q. J.3

b
o
uC5I-C-

mUB

I 9

Weaknesses of Practices

Study IDs 
that cover 
this
^weakness

Total no. of 
study IDs

P2 Winwin sp iral process: 10,72 2
W2.1 Winwin spiral process is unable to assess major disagreements between requirements. 10 1

P3 Winwin system: 25,39,72,77 3
W3.1 It needs more training and preparation before negotiation. 25,72,77 3
W3.2 The extensive winwin overhead consumes more time to negotiate. 25 1
W3.3 The frequency o f  errors reduces negotiability. 25,77 2
W3.4 Performing negotiation and prototyping separately is problematic. 25,77 2
W3.5 There should be a direct communication with the system users. 25,77 2
W3.6 Some more features should be introduced to facilitate winwin like email and video 

conferencing.
25,77 2

W3.7 To reach winwin equilibrium is more time consuming. 25 1
W3.8 UNIX environment has its own limitations for using the tool. 25 1
W3.9 There should be an easy way to discuss issues. 25 1
W3.10 There is a problem o f  interpretation of objective artifacts. 25 1

The limitations o f  winwin system found in another study are listed below: ----------------------

W 3.ll Some students criticized that these are formal tools therefore the students avoid using them 
while others said that these tools helped them positively.

39 1

P4 W ikiW inW in: 20,68,69 3
W4.1 The tool is not fully automated still some tasks need automation. 20,69 2
W4.2 . It consumes plenty o f time in training of users. 20 1
W4.3 It needs iriiprovement in topic editing during synchronous meetings. 20 1

The limitations foiind in the second study are listed below:
W4.4 The tool is not user friendly. 68,69 2



W4.5 Only trained users can produce good results. 68,69 . 2
W4.6 It does not support individual use very well. 68 2

The limitations found in the third study are listed below:
W4.7 Users found problems in the email settings for instance unable to receive password through 

mailbox.
69 1

W4.8 It cannot give summary of significant issues and requirements. 69 1
P6 CBS? approach: 34 1

W6.I ■ The CBSP approach needs massive human interaction. 34 1
W6.2 • The approach does not guarantee the conversion of CBSP artifacts into architecture. 34 1

P9 FTR tool: '56 1
W9.1 The increase in no. of results can be due to the diversity of team members rather than only 

FTR tool support.
56 1

W9.2 The user can enter vague arguments which can be meaningless. 56 1
PIO MEG groupware: 58

WlO.l The groupware is not user friendly. " ' 58 1
PIl ARENA-M: 62 1

W ll.l Less experienced users felt difficulty while inputting data through mobile devices. 62 1
P12 QARCC: 73 1

WI2.1 Only few issues could not be identified by the semi- automated approaches i.e. QARCC. 73,76 2
W12.2 QARCC cannot estimate the importance or value of a conflict. 76 1



This section will provide the findings of systematic review in detail.

4.6.1. Evolution of Requirements Negotiation Practices
Wihwin spiral model (B. Boehm, Bose, Horowitz, & Lee, 1995) was based on the

Theory-W and spiral model. The original spiral model (B. Boehm & Kitapci, 2006) 

was cyclic in nature with activities including elaborating system objectives, 

limitations and options at process and product level, analyzing the options and 

resolving major risks associated with them, elaborating and defining the product and 

process and in the end modifying plan for the next cycle. In this model, negotiation 

activities derived fi:om Theory-W i.e. determining the key stakeholders of the system, 

identifying their win conditions and' then negotiating those win conditions were 

embedded for conflict resolution which lacked in the earlier approaches (B. Boehm & 

Kitapci, 2006).

Winwin system (B. Boehm, et al., 1995) is a tool support for Winwin spiral model and 

its artifacts are based upon the Winwin negotiation model. Winwin system is a 

manual support for winwin spiral model and it provides a flexible way to negotiate 

requirements whereas past tools were not linked with the requirements engineering 

approaches. Winwin system based reconciliation depends upon three main concepts 

i.e. win conditions, Conflicts/RisMJncertainty specification (CRU’s) and Points of 

Agreements (POA’s). Multiple stakeholders use winwin support system for entering 

their own win conditions and knowing others’ win conditions. These win conditions 

are then stored in a database and managed by a system engineering organization. The 

major conflicts or risks are identified by the tool support for preparing a list of CRU’s. 

CRU helps to negotiate among stakeholders. Winwin tool also helps to negotiate with 

the stakeholders for conflict resolution. When all conflicts resolved then POA’s are 

documented and then closed. The closed POA’s documents can be used for building 

system requirements specifications. This tool, unlike past tools, did not emphasize on 

user requirements; rather emphasized on the elicitation of requirements from 

stakeholders directly (Lee, 1996). The evidence showed that this model attempted to 

resolve viewpoint conjlicts^ feasibility conflicts and terminology conflicts but paid less 
attention on resolving quality attributes conflicts (B. Boehm & Egyed, 1998; B. 

Boehm & In, 1996; Hoh, Boehm, Rodger, & Deutsch, 2001). The literature says that



winwin spiral model and winwin system can resolve both quality attribute conflicts

i.e. cost conflicts and viewpoint conflicts (B. Boehm & Hoh, 1996).

QARCC- Quality Attribute Risk And Conflict Consultant (B. Boehm & In, 1996) is a 

knowledge-based tool for identifying and resolving particularly quality requirements 

conflicts. QARCC was developed on the basis of Winwin system. QARCC (Hoh, et 

al., 2001) uses ‘attributes’ part of domain taxonomy for determining quality 

requirements conflicts. When stakeholders input win conditions then they determine 

which domain taxonomy elements are appropriate. QARCC then uses its database to 

identify potential conflicts among quality requirements. It has been observed both in 

literature and evidence that the tool works well when the no. of requirements 

increases in size and becomes difficult to handle manually (B. Boehm & Hoh, 1996; 

B. Boehm & In, 1996). The literature and evidence showed that QARCC worked well 

enough for identifying and resolving high and low level quality attribute conflicts (B. 

Boehm & Hoh, 1996; B. Boehm & In, 1996). The knowledge-base improved the 

process of conflict identification and conflict handling. QARCC was unable to 

determine the value of requirements conflicts. It did not provide a predefined list to 

identify requirements conflicts as well. * It also consumed time to determine 

insignificant conflicts which was also a demerit of tool (H. In, Boehm, Rodgers, & 

Deutsch, 2001).

Simplifier and complicators (S&C‘s) approach (B. Boehm, Ahi-Antoun, Port, Kwan, 

& Lynch, 1999) resolved two-culture problem between users and developers. S&C’s 

approach used simplifiers and complicators lists which showed that how applications 

could be made easy or dirficull to implement from both developer and client 

perspectives. Both kinds of lists helped to understand the expectations of one another. 

Tlie evidence showed lliat 11 resolved viewpoint conflicts and feasibility conflicts. 
Appatcnily llu: ;ippio;R:h tiiil nol Ik Ioiij', In winwin theory htti jjctn;i!ly Ihc 

used win-win behavior lo reduce requirements conHicts among simplifiers and 

complicators.

Winwin system was enhanced into Easywinwin (Grunbacher, 2000) because winwin 

system provided inadequate tool support for winwin negotiation model. The activities 

of Easywinwin process (B. Boehm & Kitapci, 2006) include reviewing and expanding 

negotiation topics, brainstorming the interests of stakeholders, converging on win



conditions, capturing a glossary of teims, prioritizing win conditions, surfacing issues 

and constraints, identifying issues and options and then negotiating agreements. The 

major results of the negotiation proccss are: well organized negotiation topics in the 

domain taxonomy, a glossary of difficult or ambiguous terms, the agreements and 

major risks need to be handled. The evidence and literature showed that Easywinwin 

tool increased only tool facilitation and it is well suited for face-to-face 

communication but weakly supports distributed negotiation (Seyff, Hoyer, Kroiher, & 

Grunbachcr, 2005). 1'he cvidcncc only reported that the tool resolves requirements 

conflicts but it has not been clearly reported what kinds of conflicts are resolved by 

this tool. The critical review of empirical study and literature showed that it 

emphasizes on the resolution of viewpoint conflicts, terminology conflicts and 

requirements contradiction (Grunbacher, 2000; Griinbacher, Koszegi, & Bif!l, 2006).

ARENA tool was developed for supporting negotiation in distributed environment but 

it was a desktop application. ARENA-M-Anytime, anyplace Requirements Negotiation 

Aids-Mobile (Seyff, et al., 2005) was a technique addressing the issue of mobile 

negotiation i.e. anytime anyplace. It was based on the Easjnvinwin and ARENA-II 

system. ARENA-II is a web application based on ASP.NET. It allows multiple 

stakeholders to elicit and reconcile requirements in the geographically distributed 

environment. It supports asynchronous mode of commimication. It ssupports all 

Easywinwin negotiation activities and provides stakeholders guidance' while 

elaborating agreements. The facilitator is still required during the use of this tool. It 

could be used only for desktop computers. The availability of stakeholders was an 

issue. That’s why mobile ARENA-M tool was developed which used mobile browser. 

ARENA-M comprised all the features of ARENA-II with some extensions. This tool 

best suited for mobile users and it resolved availability issue of stakeholders as well. 

The evidence and literature showed that the main emphasis of tool was usability issue. 

The tool only enhanced the communication mode support i.e. asynchronous mode. It 

was not clearly mentioned in the evidence and literature that which types of conflicts 

were handled by the tool.

Easywinwin was evolved into Wikiwinwin (Da, Di, Koolmanojwong, Winsor Brown, 

& Boehm, 2008) tool which used Wikiwinwin requirements negotiation process 

model. Easywinwin did not support adequately to cope with evolving nature of 

agreements and win conditions. Wikiwinwin process first of all establishes



negotiation context for winwin through stakeholder identification and discussing 

issues with the stakeholders. The second major activity is to negotiate Win conditions, 

Issues, Options and Agreements with the help of brainstorming, converging and 

surveying of win conditions. The negotiation results are continuously refined with the 

passage of time as the project proceeds. These negotiated results are used to create the 

SSRD- System and Software Requirements Description. Wikiwinwin improved 

shared vision among stakeholders and information management. The evidence 

showed that Wikiwinwin only enhanced the tool facilitation and it partially resolved 

the resource conflicts.

The CBSP- Component-Bus-System-Property approach (Grunbacher, Egyed, & 

Medvidovic, 2001) was originated from Winwin approach and ATAM (Architecture 

Tradeoff Analysis Method) approach. The CBSP approach was‘ developed to 

represent a method for tradeoff between software requirements and software 

architecture. The CBSP process starts with the documentation of software 

requirements then it filters next level requirements, in this step only most critical 

requirements are considered. Now CBS? taxonomy is applied on those selected 

requirements. In the next step the requirements are classified and analyzed by the 

experts architecturally using CBSP taxonomy. The conflicts among requirements 

from architectural point of view are resolved after consulting with the team members. 

The requirements are then accepted or rejected on the basis of degree of voting for 

requirements. If majority of team members agree that a requirement is important from 

architectural point of view then it is included otherwise excluded. The overlapping 

requirements are refined or rephrased to avoid ambiguities. In the end, the refined 

requirements are transformed into CBSP artifacts when no conflict is left. Now a 

draft-architecture can be built on the basis of these CBSP artifacts. The evidence 

showed that earlier approaches did not consider architectural knowledge for conflict 

handling. The CBSP approach attempted to resolve viewpoint conflicts and 

tenninolo^ conflicts.

fCRAD- Integra I etl Coiijlicf Resolution and Architectural Design proccss (Herrmann, 

cl 2()()6) wa.s cxliiiclcil (Voni ATAM , C B A M , C BSP and W inwin ncgolialion  

model. The pre-existing architccturc-ccntric approaches found in the literature did not 

support conflict resolution adequately. ICRAD process helps to choose right 

architectural design for implementing a set of requirements. The inputs to the process



are software requirements while the output generated by the process is negotiated win 

conditions with the additional knowledge of their feasibility, cost and benefit, and 

architectural style. The process is started with the identification of most critical 

requirements during requirements specification step. Then requirements inter­

dependencies or conflicts are identified in the form of requirements bundles. Some 

requirements conflicts are also solved in this step. In the next step, the identification 

of logical components reduces the requirements complexity. Now a high-level 

architecture is designed with alternative solutions. The negotiation for selecting an 

architectural style is carried out. Then it is checked whether the selected architectural 

design resolves requirements conflicts and produces the desired functionality or not. 

When hiyii-lcvci design is lltiali/ctl Ihcn ,low-lcvul design will be designed. Tlic 

empirical evidence showed that this approach enhanced the degree of formality during 

requirements transfomialion. The approach mainly emphasized to resolve feasibility 

conflicts adequately but the study claims that it can also resolve requirements 

contradiction and terminology conflicts which might appear during requirements 

transformation.

Hybrid method (Kitapci & Boehm, 2007) framework was developed from MBASE 

(Model-Based Architecture in Software Engineering) and six other approaches i.e. 

mixed initiated template, NLP, Keyword analysis, inspection, walkthrough and 

Winwin negotiation approach. Hybrid method transforms informal requirements into 

formal ones. It automatically uses well managed Easywinwin artifacts in a draft 

requirements template considering the predefined criteria for the properties of 

template. It uses NLP, Keyword analysis and inspection methods for analyzing, 

controlling and increasing the quality of requirements specifications. The feedback 

process uses the data collected from NLP, keyword analysis and inspection which 

helps to increase process improvement and gather defect information. It allows strong 

support for decisions on the quality of intermediate outcomes with the aid of quality 

checks. This helps stakeholders to remove defects and improve their decisions based 

on the requirements. The empirical evidence showed that the method only improved 

the degree of formality during requirements transformation. It had also been reported 

in the study that the method attempted to resolve viewpoint conflicts. The study claims 

that this method can also resolve terminology conflicts during requirements 

transformation.



AffiG (Ramires, Antunes, & Respicio, 2005) tool was based on IBIS- Issue Based 

Information Systems, Winwin approach and SQFD - Software Quality Function 

Deployment approach. MEG just provided a tool support for SQFD process. It 

integrated collaboration, negotiation and ar^mentation based negotiation. SQFD 

approach was not winwin-based but later on winwin theory was used in MEG tool 

because at that time winwin theory was well known. MEG tool uses SQFD matrix 

which has cclls that correlate user requirements with the technical specifications. The 

tool also uses integrative style of negotiation by voting method. Tlie votes are 

considered on the basis of integrative and distributive attitudes during the use of 

system. After an agreement the tool provides a fair solution. MEG tool does not 

compel to accept the agreement. MEG provides features of both generic GSS (Group 

Support Systems)“based tools and specific NSS (Negotiation Support System)-based 

tools. MEG uses IBIS to manage arguments for the requirements. The evidence 

showed that MEG tool attempted to resolve mainly viewpoint conflicts. The study also 

claims that the tool can resolve quality attribute conflicts as well.

FTR- Formal Technical (Linhares, Borges, & Antunes, 2009) tool used FTR

process and negotiation-collaboration process. FTR tool was not based on Winwin 

because FTR process was developed in 1976. The negotiation-collaboration process is 

applied on FTR process with the help of this tool. FTR tool was needed because the 

current tools did not provide negotiation-collaboration equilibrium. FTR tool solves 

this problem by the combination of models of collaboration, argumentation and 

negotiation. This tool is used in the field of software engineering during Functional 

Specification phase. This tool supports both FTR process and negotiation- 

collaboration process. FTR is an activity of software quality assurance process and 

used during verification and validation of software. The input of the negotiation- 

collaboration process is a problem statement. After getting the input the process 

executes its three phases. In the first phase, several proposals are elicited from the 

stakeholders. In the second phase, a consensus is built for each proposal and reasons 

both for being in the favor o f or against the proposal have been recorded as 

arguments. In the third phase, a decision has been taken after analyzing the feasibility 

of solutions and risks associated with them. The evidence showed that FTR tool 

mainly emphasized to resolve viewpoint conflicts and terminology conflicts.



The following figure 1 shows the quick view of the relationship between requirements 

negotiation practices and type of conflicts addressed by these practices.

Figure 1: Conflict Resolution of Practices, Corresponding to RQ. 1
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The following figure 2 and 3 shows the origin of each requirements negotiation 

practice and how a practice was enhanced from the previous practice. Figure 2 

focuses on the winwin based requirements negotiation practices while figure 3 

specifically deals with the approaches which are not based on the winwin behavior.
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Figure 2: Relationship of Theory-VV with Winwin Approaches 

“ Spiral model

Winwin
system

1995

QARCC

1996

ARENA-M

2005

Easywinwin . 
methodology

Wikiwinvvin
negotiation

process

Wiki
technology

2008 c>

Wiki winwin 
2008

Process/method Tool process-process Process-tool other supporting methods 
“  Supporting 

method



Figure 3: Relationship of Theory-W ^\\th Other Approaches
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4.6.2. Frequency of Approaches
It has been observed that most of the approaches are based on the Theory-W Winwin

approach. Table 8 shows that winwin based approaches are 11/12 i.e. 91.7% and the 

other approaches found having different origin are 1/12 i.e. 8.3%.

Table 8: Frequency of Approaches on the Basis of Their Origin

Origin-based

classification

No. of approaches Percentage

Winwin-based approaches 11/12 91.7%

Other approaches 1/12 8.3%

4.6.3. Significance of Theory-W
It is obvious from the results that winwin negotiation theory is the base of various

modem methodologies. A lot of work has been done in the field of requirements 

negotiation due to the existence of winwin theory. The techniques and tools 

developed on the basis of Winwin are more accurate and effective than other 

approaches. Winwin theory addresses human behavior in a distinct manner. Winwin 

theory (Kenneth W. Thomas & Kilmann, 2010) is used when both the parties highly 

trust each olhcr and arc willing lo resolve the conilicts, when you want to learn the 

objectives of other stakeholders or when you want mutual gain. Winwin (Kenneth W. 

Thomas & Kilmann, 2010) outcome is not possible to implement when there are 

highly lh^c^ l̂cning issues where sliikeholdcrs arc non-coopcrativc or when others’ 

concerns are not incorporated in the agreements. It is also not feasible when winwin 

behavior is overused like spending more time in conflict resolution and it is possible 

that some stakeholders may get more  ̂benefit due to high trust than the other 

stakeholders which may result in disliking of winwin negotiation. Collaborative 

process is very time consuming and needs a lot of energy to reach an agreement. It 

had been empirically evaluated (Kenneth W. Thomas & Kilmann, 2010) that only 7% 

organizations used winwin negotiating style whereas accommodating style was highly 

used i.e. 87%, The other style like competing was used 79%, compromising was used 

58% and avoiding was used 22%.

As it is obvious that it is not possible to implement winwin theory in all the 

conflicting situations effectively. There are few methods available in the literature 

which can be used in such kind of conflicts when winwin behavior is not possible.



Sulha (Gellman & Vuinovich, 2008) is a reconciliation process used by Arabs which 

is based on the Islamic concept. In this method a third party called mediator is 

involved who is responsible for the whole settlement among the key stakeholders with 

honor and dignity. The end results (like level of satisfaction) of this process are more 

convincing than winwin Ihcory. There is another method called third party 

consultation (Fisher, 1972) developed by Fisher which can also be used in a situation 

when both parties do not want to leave their positions. This method also focuses on 

the presence of a mediator which is responsible for the tradeoff of substantial issues 

between the conflicting parties. The effectiveness of the method depends on the third 

jDarty’s impartial and unbiased behavior. -

4.6.4. Implementation of Requirements Negotiation Approaches
Requirements negotiation approaches have been implemented both in academia and

industry. Table 9 shows that the frequency of using requirements negotiation tools 

and methodologies is variant. The trend in the table shows that mostly these tools are 

used for academia and there is a little use of tools in the industry.



Study
id

Name of 
practice

Frequency Study type Project type Subjects Year

25 Wimvin system Experiment University library Students and 
clients

1998

77.
4

Experience
report

University education Students and 
teachers

1998

73 Case study University library Students 2001
39 Experience

report
University education Students and 

teachers
2006

76 QARCC tool
2

Experiment Industry Not reported 1996
73 Case study University library Students and 

clients
2001

32 Easywinwin
methodology

3

Case study University library 
and bookstores

Students and 
clicnts

2000

39 Experience
report

University education Students and 
teachers

2006

54 . Case study University e-services Students and 
real clients

2007

20 Wikiwinwin

3

Case study University library Students and 
clients

2008

69 Case study Real-client university 
projects

Students, 
clients & 
users

2009

68 . Case study Real-client university 
projects

Practitioners 2010

62 ARENA-M
tool 1 Experiment Mixed Students and 

practitioners
2005

56 FTR tool
1

Industrial
experiment

Telecommunication
industry

Employees 2009

58 MEG tool
1

industrial
experiment

National pension 
system in a 
Government agency

Practitioners 2005

9 Simplifiers
and
complicaiors
approach

1

Experiment 20 digital library 
projects of university

Students and 
clients

1999

10 Winwin spiral 
model

3

Experiment Satellite ground 
station

Not reported 1995

72. Case study University library Students and 
clients

1998

77- Experience
report

University education Students and 
teachers

1998

34 The CBSP 
approach 1

t

Case study Cargo router system Real clients 2001
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1.1.1. Frequency of Projects in Organizations

It was observed from the results that out o f total 18 projects, 11/18 projects were 

performed in academia, 6/18 projects were conducted in the industrial organizations and 

1/18 were mixed projects. From figure 4, it is obvious that industry projects were 

'33.33%, academic projects were 61.11% and 5.55% were mixed nature projects. Figure 4 

shows that more studies had been conducted in the academia rather than industrial 

settings.

Figure 1: Frequency of Projects, Corresponding to R.Q. 1,2 & R.Q. 1.3
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1.1.2. Frequency of Used Research Methodologies

The primary studies selected for systematic review used four types of research 

methodologies which were experiment, industrial experiment, case study and experience 

report. Figure 5 shows that 27.77% studies i:e. 5/18 used experiments, 50% studies i.e. 

9/18 used case studies, 11.11% studies i.e. '2/18 used experience reports and again

11.1 rX) studies i.e. 2/18 used industrial experiments. 11 was concludcd tiial research 

community focused more on experiments and case studies rather than experience reports.



Figure 2; Frequency of Used Methodologies, Corresponding to R.Q, 1.2 & 1.3

Experiment Industrial Experiment Case study 

Research Methodology
Experience Report

1.1.3. No. of Empirical Studies per Year
The fonowing figure 6 shows that no. o f empirical studies published since 1995 to 2010.

There were total 18 empirical studies. The maximum no. o f studies published are 3/18 in 

1998 whereas the minimum no. o f studies pubhshed are 1/18 which is found in many 

years.i.e. 1995, 1996, 1999, 2000, 2007, 2008 and 2010. The medium no. studies (2/18) 

have been found in the year 2001, 2005, 2006 and 2009. It shows us that the no. of 

empirical studies published per year in the field of requirements negotiation is very low.

There is a great need to do more empirical work in this area because the importance of
fi-

negotiation outcome is significant in the success of software projects.



Figure 3: Number of Empirical Studies per Year, Corresponding to R.Q. 1.3

No. of Studies
No. of Studies
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1.1.4. Evaluation of Requirements Negotiation Practices
The requirements negotiation practices evolved with the passage of time and their

functionality was either enhanced or entirely a new approach arose. Figure 7 shows the 

issues which were covered/not covered by the requirements negotiation practices. The 

scale used in the figure 7 \syes, no and not reported

The figure 7 shows that Easywinwin is the best requirements negotiation practice which 

provides adequate tool facilitation. Easywinwin provided great support for the users and 

reduced communication barrier effectively. Winwin spiral model is also a good quality 

model in conflict resolution which laid foundation for the development o f high quality 

tools. Wikiwinwin is also a better practice and it also encouraged users to adopt it due to 

its simplicity. Wikiwinwin is the latest requirements negotiation practice. The 

architecture centric approaches were also very effective like hybrid method is a high 

quality practice. The difference between the quality scores o f hybrid method, ICRAD and 

CBSP approach is very close to one another. Therefore, they are also encouraged to apply 

in the real environment. The low grade^ practices identified are simplifiers and 

complicators approach, Meg tool and FTR tool.



Figure 4: Issues Covered by Practices, Corresponding to R.Q. 1.2 & 1.3
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1.1.5. Threats to the Validity
The results o f a systematic review should be unbiased. There are different kinds of

validity threats which can be used to describe the chance o f bias in the systematic review. 

The most important kinds are: internal validity and external validity.



Internal validity: The underlying research work has been performed by a single author 

therefore there can be chances o f personal bias. To mitigate this problem, the thesis 

supervisor counter checked all the important activities o f systematic review. There was a 

slight change between review protocol.and execution. Some o f the tables were useless 

and thefefoi'e they were not included in the execution o f systematic review. This might 

also cause some variation.

External validity: The underlying systematic review has strong external validity. The 

author reviewed sufficient evidence available in the literature to support the resuUs but*- r
Still there are issues which can produce bias. For example, the search date, search sources 

and search terms may be limited. The grey literature was not accessible; therefore it was 

avoided. The conflict types addressed by the practices are also limited. The review 

protocol was piloted for its validity and it was also critically reviewed by the supervisor 

and an external authority.



CHAPTER 5 

CONCLUSION



5, Conclusion

This chapter includes the discussion on the principal findings of the systematic 

review. The chapter also presents recommendations and future work for both 

practitioners and researchers.

5.1. Discussion
In this study we analyzed only evidence-based requirements negotiation practices and 

other practices were excluded from the study. The most distinguished search 

resources: IEEE, Springer Verlag, ACM, Science Direct and El-compendex databases 

were chosen for ensuring the strength of evidence so that solid and concrete 

arguments could be derived. Validity threats were also addressed adequately.

The deep analysis of the results revealed that most of the requirements negotiation 

practices (91.7%) were based on the Theory-W (B. W. Boehm & Ross, 1989). There 

was little (8.3%) work done on the other approaches like FTR (Linhares, et al., 2009) 

and MEG (Ramires, et al., 2005) tools. There was little guidance and very rare 

practices available in the literature which addressed the issue of what to do if winwin 

situation does not work? No doubt the  ̂literature said that convert lose-lose, lose-win 

and win-lose situations into winwin situation but it had been observed that winwin 

relationship was not possible all the times especially when both the parties did not 

want to leave their positions. Winwin approach was only applicable when both parties 

were willing to cooperate for mutual gain. There was little work found in this regard; 

therefore it needed special attention of the researchers for future directions. To 

address this issue of winwin theory, few models like Sulha (Gellman & Vuinovich, 

2008) and Third party consultation (Fisher, 1972) were used in the literature. Both 

these models were used when winwin situation did not work. The evidence collected 

from the study (Kenneth W. T hom asK ilm ann , 2010) showed that only 7% of all 

kinds of industries encouraged implementing collaborative behavior which was very 

low. The bnstc Ihcmc oP coll:ihcu;illn}* is lo snlisfy everyone nml nccom m odnie Ihc 

conccn is n l‘ <)lhcr slJikchoUicis as well. II luu! been observed tluit hii;hly usetl 

negotiating style was accommodating (87%). The basic theme of accommodating 

style is to "killyour enemies with kindness” (Kenneth W. Thomas & Kilmann, 2010). 

The other negotiating styles like competing (79%), compromising (58%) and avoiding 

(22%) w ere used by all type of industries. The main reason for the decline of winwin



was that it was very time consuming to reach an agreement Due to high trust, one 

stakeholder might get more benefit than the other and it was not used in the 

threatening issues.

The evidence collected in this study showed that winwin-based approaches were 

studied more than other approaches in software engineering. Another important issue 

was that only one school of thought did a lot of work on winwin based negotiation 

approaches and they did not try to use other theories which could give even better 

results. Therefore, there is a need I’or using theories other than Theory-W because 

these approaches could not convince industry to use them in their software projects. 

The most widely accepted and studied requirements negotiation practice was 

Easywinwin which resolved issues adequately than other approaches. There were 

other approaches like Wikiwinwin, hybrid method and winwin spiral model which 

resolved issues highly but less than Easywinwin. Some practices were used 

moderately as they resolved issues moderately like winwin system, QARCC, 

ARENA-M,. ICRAD andXBSP. Some'practices were used very rarely as they 

resolved issues inadequately like simplifiers and complicators approach, FTR tool and 

MEG tool.

The evidence collected in this study showed that requirements negotiation practices 

can be divided into three different varieties. In the beginning, there were purely 

mnwin-hased practices and then the dimension of practices changed to architecture- 

centric approaches which included the dimension of software architecture for conflict 

resolution. In the third variation, there were validation-based practices which added 

the dimension of software quality. It had been observed that most of the times the tool 

facilitation increased in the next,coming tool. In some cases, few concepts were 

combined to provide a new tool but the theory behind it was not changed. For 

instance, when Easywinwin (Grunbacher, 2000) was enhanced into Wikiwinwin (Da, 

et al., 2008) then the major change was only tool facilitation.

The empirical evidence showed that the requirements negotiation practices addressed 

only some conflict types adequately but others inadequately. It has been realized that

■ viewpoint conflicts were addressed by the most requirements negotiation practices i.e.
tf

44.4% whereas requirements contradiction and resource conflicts were addressed very



rarely i.e. only 5.6%. The other conflict types were addressed moderately like 

terminology conflicts (16.7%), quality attribute conflicts (11.1%) and feasibility 

conflicts (16.7%).

It had been realized that number of empirical studie‘s published per year were very 

rare. The quality of reporting empirical studies was also poor. It was observed during 

literature survey that there was no specific classification of requirements conflicts that 

exist in the literature. Several authors worked in this regard but they used their own 

terminologies and when we compared those concepts then only terminologies were 

different but concepts were same. Therefore, there is a lack of standardized 

classification of requirements conflicts in the literature. This aspect needs special 

attention of researchers.

5.2. Recommendations

This section will describe the advice for both practitioners and researchers. In this 

section, future direction will be highli^ted which needs due attention.

5.2.1. Implications for Practitioners 

The main purpose of this systematic review is to identify requirements negotiation 

practices which help in conflict resolution. We also uncovered the strengths and 

weaknesses of requirements negotiation practices. We analyzed during this study that 

Easywinwin (Grunbacher, 2000) is the most widely accepted requirements negotiation 

practice because it helps in resolving diversity of issues more than other approaches. 

This approach is applicable when both the parties are willing to participate. An 

adequate research work has been carried out on Easywinwin and people used it in 

different ways and it also produced better results. No doubt Easywinwin is the most 

promising requirements negotiation practice but we couldn’t find enough evidence for 

its usage in industries. Therefore, practitioners are encouraged to use it.

The most commonly addressed requirements conflict type is viewpoint conflicts and 

less attention has been paid to the resource conflicts and requirements contradiction 

conflicts. There are three types of requirements negotiation practices which are 

winwin-based, architecture-centric and validation-based practices. Among these, 

winwin based practices are more popular and widely studied whereas architecture- 

centric are moderately good while validation-based practices are rarely used. The



main focus of most of the studies was increasing tool facilitation or extending the 

previous approach. No radical change had been observed.

It had been observed that the number of studies carried out in the industrial settings 

was comparatively less as compared to academia. If both academia and industry 

would coordinate strongly then better approaches with better results could be 

achieved and the gap between industry and academia could be reduced.

The evidence collected in this study showed that industrial experience reports 

available in this area of interest were very rare (11%). So there is a need for more 

industrial reports by the practitioners in the field of requirements negotiation.

5.2.2. Future Work

There are various future research directions for the research community. The evidence 

showed that winwin based requirements negotiation practices are widely used 

whereas little work has been done on the other approaches which are not winwin 

based; for example FTR and MEG tool. The following possible research areas need 

further exploration:

• The rnain problem observed in the literature was that only one school of 
ih<>ii(.>,hi { U d c l i n i  u n i t  Iiim c t > w u i k c i ; i )  c i i i | > h a s i / . c d  o n  l l iu w i i i w j i i  h a s c d  

approaches. They used only one theory i.e. Theory-W. We analyzed that there 

were other theories as well in disciplines other than software engineering and 

if they were used, then better approaches could be developed.

• It was not possible that always winwin situation would exist. Therefore, in 

such a situation there was no empirical work found in the field of software 

engineering. To address this issue, . some evidence was found in social 

sciences.
r-

• There was no standard classification of requirements conflicts found in the 

field of software engineering which opened a gateway for future work.

• There was little empirical work done in the field of requirements negotiation. 

Therefore there was a need of more empirical work in this area of interest. It 

had been observed that number of non-empirical studies was far more than 

empirical studies. The quality of reporting empirical studies was also poor. 

There is a need for a standardized way of reporting empirical studies.



It had been recognized that most of the practices focused on the viewpoint 

couPict.s and liltlc atlcntion given to the other conflict types like quality 

attributes conjlict and resource conjlicts. 'Hierefore there was a need for 

developing such type of requirements negotiation practices which could 

address other conflict types as well.
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APPENDIX A 

THE REVIEW PROTOCOL



1. Background

Software requirements are win conditions which are finalized after the process of 

negotiation (Boehm, Bose, Horowitz, & Ming-June, 1994). Requirements negotiation 

is an important activity of requirement elicitation and requirements prioritization. 

Software requirements or win conditions are prioritized on the basis of attributes like 

^^critical, important, desirable and optional” (Boehm, et al., 1994). Requirements 

negotiation is a collaborative process which involves all stakeholders. Requirements 

negotiation is an important activity to build stable requirements specification. It also 

helps to renegotiate as requirements are volatile in nature. Effective requirements 
ncgolinlinn u;in prevent !n:niy p iojccls (’n»n) liiilurc Jis poor requirements negotiation  

is also a cjmsc o (‘projcci liiihnc (In iV. Roy, 200 I).

The basic reason for requirements negotiation is the conflict of interests among 

stakeholders. So conflict is the actual motive of requirements negotiation. Conflict is 

critical in the field of software engineering whereas it is not handled adequately or 

sometimes avoided by the current requirements negotiation methods. Conflict is 

unavoidable in software projects as stakeholders pursue conflicting win conditions 

(Griinbacher & Seyff, 2005).

The sources of requirements conflicts are quality attributes, functional requirements, 

cost/schedule overrun, major risks, crucial needs, software constraints, volatile 

requirements, model clashes and using more than one models (Boehm, Port, & Al- 

Said, 2000).

The main aim of requirements negotiation is identification and resolution of 

requirements conflicts. The outcome of negotiation is to understand the rationale 

behind disagreements among stakeholders. These conflicts of interests determine high 

risks which need to be handled in the software project (Griinbacher & Seyff, 2005). 

Requirements negotiation is an umbrella activity which starts in the early stages and 

continues throughout the process of software development (Boehm & Egyed, 1998). 

The empirical and non-empirical evidence (Grunbacher & Seyff, 2005) reported 

several advantages of requirements negotiation e.g. to understand constraints of 

software projects, handling volatile requirements, increasing team knowledge, 

eliciting tacit knowledge, exploring better alternatives and to manage software 

complexity.



In short, the evidence shows that requirements negotiation is a very important activity 

of requirements engineering. Without negotiation the software cannot achieve 

customer needs and desirable user satisfaction. The software development is a highly 

risk-oriented and uncertain field where customer and user can’t explain their needs. 

Therefore, requirements are largely volatile in nature. To deal with such kind of 

problems, software requirements negotiation is a better solution to minimize or 

eliminate these problems. Therefore, it is important to note that without negotiation, 

software success will not be sure. Without negotiation, the resulting product will have 

poor customer and user satisfaction, lack of desirable quality; cost and schedule 

overrun which are the main reasons for the failure of any software project. Without 

negotiation, we can develop only that software which exhibit stable requirements and 

we know that requirements are rarely stable in software development. So there is a 

need of software requirements negotiation in almost all software projects because 

nearly all software requirements are volatile in nature.

The research work carried out in software engineering is still considered to be 

immature (Shaw, 2001) and unscientific (Fenton, Pfleeger, & Glass, 1994) as the 

evaluative work is very rare in this field (Tichy, Lukowicz, Prechelt, & Heinz, 1995). 

Only a little work exists on systematic reviews in requirements engineering area. 

After a pre-review mapping it has been observed that there is no evidence of 

systematic review on requirements negotiation. Therefore, a need for review exists in 

this field of study.

2. Review Questions

1. What requirements negotiation practices are used to resolve requirements 

conflicts in software projects? •

2. What are the reported sbengths and weaknesses of existing requirements 

negotiation practices?

a) What are the reported strengths of existing requirements negotiation 

practices?

b) What are the reported weaknesses of existing requirements negotiation 

practices?



Petticrew and Roberts proposed a new method (using PICOC- Population, 

Intervention, Comparison, Outcome and Context) to form questions of systematic 

review (Beelmann, Petticrew, & Roberts, 2006).

Table 10; PICOCS of Review Questions

PICOCS R.Q. 1 R.Q. 2a R,Q.2b 1
Population Software projects
Intervention Requirements negotiation practices
Comparison — — —— — — -----------

Outcome Conflict resolution Strengths of 
requirements 
negotiation practices

Weaknesses of 
requirements 
negotiation practices

Context Academia, Industry, practitioners
Study design Primary studies

3. Identification of Research

Idcntificalion ofrcscarch Includes Ihc foMowing activities:

• Source selection

• Search terms

• Documenting the search

3.1 Source selection:
The following electronic sources will be searched for the collection of evidence in 

literature bccause relevant papers exist in these databases and these are the major 

databases of software engineering (Barbara Kitchenham & Charters, 2007).

• IEEE

• ACM Digital library

• ScienceDirect (www.sciencedirect.com)

• SpringerLink

. • Elcompendex

(www.engineeringvillage2.org/Controller/Servlet/AthensService^

Other sources of evidence include the following material (Barbara Kitchenham & 

Charters, 2007):

• Reference lists from selected studies

http://www.sciencedirect.com
http://www.engineeringvillage2.org/Controller/Servlet/AthensService%5e


• Conferences and journals of requirements engineering which are not included 

in the mentioned electronic databases.

• Domain experts and researchers working in the area will be contacted and 

asked them if they know of any unpublished work

• Research registers (e.g. Requirements Engineering bibliography by Alan 

 ̂ Davis)

3.2 Search Terms
The search terms will be applied on the title^d abstracts of papers. The following strategy is 

used to create search strings (B. Kitchenham, Mendes, & Travassos, 2006):

a) Identify major terms from the review question using PICO.

b) Use alternative terms, spellings or similar words of major terms.

c) Analyze the kejwords mentioned in the relevant research papers. -

d) Combine alternative spellings, terms or synonyms using Boolean OR operator.

e) Combine major strings using Boolean AND operator.

Results of a):

Table 11: Major Terms from PICO

PICO Major Terms
Population: Software projects
Intervention: Requirements negotiation practices

Comparison ^ ----------------- --------------------

Outcome: Conflict resolution

Result of b): Synonyms of major terms and alternate spellings 

Note: Bold and italicized word(s) extracted after performing part c.

Table 12: Synonyms of Major Terms & Alternate Spellings

Major term Synonyms
Requirements negotiation Requirements negotiation, conflict resolution, conflict 

handling, requirements reconciliation
Practices Technique, process, model, method, framework, approach, 

tool

Results of c): Keywords we already have in relevant papers:

• P. Grunbacher & N. Scyff (2005) Keywords: Negotiation process, conflict 
resolution, collaboration, negotiation tools, stakeholder win-win (Grunbacher & 

Seyff, 2005).



Results of d) Combine alternative spellings, terms or synonyms using Boolean 

OR operator.

1 . Requirements negotiation OR conflict resolution OR conflict handling OR

requirements reconciliation'

2 , Technique OR process OR model OR method OR framework OR approach OR

tool

f) Result of e) Combine major strings using Boolean AND operator.

Separate search strings have been designed for each data source to extract better 

results. The following is a general query.

General Query:

(Requirements. negotiation OR conflict resolution OR conflict handling OR 

requirements reconciliation) AND (technique OR process OR model OR method OR 

framework OR approach OR tool)

3.3 Final Changes after Pilot Study Results
ii-+

Earlier there were more major terms like “software projects" and ''benefits and 

limitations These terms were deleted because the query became more complex and 

it was difficult to extract records using this queiy. When these terms were used in 

broad search, even then irrelevant results were obtained. Therefore, these terms were 

dropped. Keywords of many relevant papers were excluded as those keywords were 

irrelevant and unnecessary.

General query and databa.sc specific queries were designed and refined for cach 

database. The most effective results were obtained after executing query including 

search terms i.e. "requirements negotiation practices” therefore this query .was 

.sclcclcd for final scarch. Iniliully, query was cxccutcd on Title and Abstract and then 

on Full text lo maximize Ihc scarch rcsuUs.

A s there w ere (bund nunierou.s irrelevant papers when full text was selected, therefore 

il was lliially decided lo liniil Jhe .search \\n Ahstracts only. After data exlraclion from 

all the databases {2395 papers were found), it has been seen that the terms conflict 

resolution and conflict handling were problematic. Due to these two terms numerous 

irrelevant papers i.e. 2243/2395 were entirely irrelevant. So the query was then 

slightly modified and now the terms “conflict resolution " and “conflict handling" are 

changed to “requirements conflict resolution** and “requirements conflict 

handling**.



After applying these two terms in the query on the basis of TITLE and ABSTRACT, 

we found 151 papers and most of these papers were relevant. For more regressive 

scarch the see on d query was also applied to FULL TEXT. Now wc found 948 papers 

from all the databases. These results eovered more relevant papers than query applied 

to TITLE and ABSTRACT.'So finally this query was used on the basis of FULL 

TEXT for data extraction.

The range of publication years covered in the systematic review is from 1968 to 2010. 

rhe reason Ibr this constraint is because the concept of software engineering was 

proposed in 1968 at a conference held to discuss what , was then called the 

“SOFTWARE CRISIS”.

3,4 Documenting the Search
The documentation of search process is required to ensure the transparency of 

systematic review process so that it can replicable later on by the other authors 

(Barbara Kitchenham & Charters, 2007). The. search process of this review will be 

documented in the following way:
-

Table 13: Search Process Documentation

Data source Documentation
Digital library Database name: IEEE 

Search strategy for the database:
• Only English papers
• Search criteria is metadata only 

Search date: 02-06-10
Years covered: 1968-2010

Conference proceedings Proceedings’ title 
Conference name (if different) 
Translation of title (if necessary)
Name of joumal (if published in journal)

Other sources Searched/contacted date 
URL
Any particular search condition

The individual paper record will be stored in an electronic database created in 

Microsoft Access.



Study ID -
Paper Title
Authors
Proceeding
Volume
Issue ■-

Pages ...

Relevance (title/abstract 
based relevance)
Publication year *

Search Date
Search Resource
String id

For recording results for individual search strings in each data source, another form 

will be used shown in Table 15.

Table 15: Individual String Form for Each Data Source

String Id:
Search string:
Data Source:
Number of
References: -■
Author (who
executes):
Search Date:

For recording the integrated results of all data sources, we developed a form that will 

maintain the count of total studies found in each data sources.

Table 16: Integrated Search Results
Basis of 
selection

No. of Papers found in each database
IEEE ACM EICOMPENDEX SPRINGERLINK SCIENCE

DIRECT
Total

Abstract
Full text

4. Study Srlccfitni (;ri(fri:i Procedures

The following study selection crilcria and procedures will be adopted.

vin



4.L Study Selection Process
The search strings will be used which are already identified. Primarily titles and 

abstracts of papers will be studied and then relevant articles will be identified. If the 

author will be doubted after reading title and abstracts then introduction and 

conclusion will also be studied.

If still article does not match the criteria then it will be excluded. The 

relevant/irrelevant studies will be selected/rejected and then consulted with the 

supervisor. A list of rejected papers will be maintained with reasons for rejecting the 

papers.

4.2. Inclusion Criteria
Articles will be included on the basis of reading their titles and abstracts. If the author 

will be in doubt then introduction and conclusion will also be studied AND only 

articles relevant to software requirements negotiation will be included AND only 

primary studies written in English language will be considered. AND only case/field 

studies, experiments and cxperiencc/industrial reports will be included for gathering 

evidence from literature.

4.3, Exclusion Criteria
The research thesis performed at various universities on the same topic and textbooks 

will be excluded OR if an article does not provide evidence, it will be excluded OR 

articles of simple negotiation will be excluded OR papers which are based on the 

expert opinion will be excluded OR Papers written other than English language will 

be excluded OR if a paper is published in several conferences or journals, the most 

complete version, on the basis of studies discussed in the article, will be included.

5. Study Quality Assessment Checklists and Procedures

A study quality assessment criterion is a detailed criterion for filtering the research 

papers further more. Each paper will be assessed after fiill reading. Here we have been 

designed separate quality assessment checklists for case/field studies, 

cxpcricncc/iiiduslry reports and cxpcrimcnls.



Table 17: Quality Assessment Criteria (QAC) Checklist (B. Kitchenham, et al.,

2006)

QUALITY ASSESSMENT CRITERIA FEEDBACK SCORE
Common criteria for all papers

1 Is die context of study clearly defined? Y/N/P
2 Did the study review the related work for the problem? Y/N/P

3
Are the findings systematically reported and sufficient evidence reported to 
justify the relationship between evidence and conclusion? Y/N/P

Criteria for case/field studies and experiments
4 Are the objectives of study clearly defined? Y/N/P
5 Is the design ofsludy dearly defined? Y/N/P ■
6 Is it clear which requirements negotiation practice is used in the study? Y/N/P

7
Is it clear which requirements conflict is resolved by the requirements 
negotiation practice? Y/N/P

8
Does the study clearly state the benefits & drawbacks of the requirements 
negotiation practice? Y/N/P

9 Does the study clearly define the nature of software projects? Y/N/P

The scale for evaluating the quality of all these questions will be:

• YES =1

• PARTIAL= 0.5

• NO =0

Table 18: Quality Assessment Form for an Individual Database

Conductor's name:
Data source:
Maximtim quality score: 9.0
Study Id Quality Score

5,1, Study Quality Assessment Procedure
When the studies pass the inclusion criteria, then a detailed quality assessment will be 

done on those selected studies. Now candidate primary studies will be obtained after 

applying a detailed quality assessment. Full reading of selected candidate primary 

studies will be required. After full reading of an article, the data will be extracted.



The aim of data extraction is to extract necessary information from primary studies 

using a data extraction form. To avoid bias the data extraction forms will be piloted 

when the review protocol will be completed (Barbara Kitchenham & Charters, 2007).

6,1, Required Data
The information required from each primary study which is selected after applying 

quality criteria and inclusion criteria, has been mentioned in the data extraction forms 

(Barbara Kitchenham & Charters, 2007). The data will be extracted by one researcher 

and checked by another research or supervisor.

Table 19; Data Items Extracted from All Papers

Data item Value
Name of data extractor
Application domain(s)

Study design
Concepts covered by primary studies

No. of relevant articles in all the databases
No. of articles cxlraclcd from otlicr sources
Total no. of relevant articles
No. of duplicate studies
No. of studies left after duplicate studies
No. of iirliclcs rclcvnni U> ncgt)tî lli(̂ M
No. of articles left after applying .study 
inclusion/exclusion criteria
No. of articles left after applying quality 
assessment criteria

Table 20: Data Items Extracted for Each Article (B. Kitchenham, et al., 2006)

Data item Value Additional notes
Title of article
Year of publication
Database name
Type of study

••
Case study/field study/ experiment/ 
industry experience report

Aim of paper
Is the research question mentioned 
clearly?

Yes/No

What is the issue?



Which conflict is resolved? Conflict reported and focused
Any other conflicts reported to be 
rc.solved.
Major contrihiilion Significance/importancc of study
Arc the hypolhcsis clcarly stilted? Yes/no/partially
Are the hypolhcsis supported well? Yes/no/partially
Wliich requirements negotiation 
practice reported in the paper?

Practicc means Technique/ method/ 
tool/ methodology/ framework

!f more techniques reported then which , 
is more appropriate?
Names of other practices reported
Are the claims valid? - Yes/no/partially
Are the assumptions valid? Yes/no/partially
Is the evidence valid? Yes/no/partiaily
Is the practice compared with other 
practices?
What measures were used for 
comparing results? -

Criteria for comparison

How the results are represented? Graphical/tabular/descriptive
Are the results valid?
Is the research question answered 
properly? if not then what is missing?
Does the practice resolve conflict? If 
yes to what extent?
Benefits of practicc reported
Limitations of practice reported
Any other information not mentioned
Future work

6.2. Data Extraction Process

The data extraction form will be filled by the data extractor and then it is checked by 

the data checker. The data checker will be the supervisor or another researcher. The 

data checker will ensure the accuracy of, the data extracted from the studies. If any 

disagreement exists then the form will be revised. Separate forms will be maintained 

for each study selected after study selection and quality assessment criteria,

6.3. D a ta  S yn th es is  

The aim of data synthesis is to integrate and summarize the data collected from the 

studies. Data synthesis forms will be used to provide such kind of information. Table 

21 provides a list of requirements negotiation practices reported in different papers: 

Table 21: Data Synthesis Form Corresponding To R.Q.1
Study
IDs

Quality
score

Database
name

Year of 
publication

Practice ID List of practices

81 1 , IEEE 2007 PI Winwin
-------

xn



Table 22 provides cumulative information about the total no. of studies which reported 

each requirements negotiation practice. This table corresponds to R.Q.1.

Table 22: Counting Study Ids Covering Each Practice

Practice IDs Study IDs that cover this practice Total no. of study IDs
PI S1,S2 2
------------------------- — ------------------

Grand Total 2

Table 23 provides cumulative information about the total number of studies which 

reported several benefits of requirements negotiation practices. This table corresponds 

to R.Q.2a.

Table 23: Counting Study Ids Covering Strengths of Practices

Practice
ID

Benefit
ID

Benefits of Practice Study IDs that cover 
this benefit

Total no. of 
study IDs

P3 - B1 Resolves personal 
conflicts

S1,S3,S5 3

---------
, Grand Total 3

Table 24 provides a cumulative knowledge about the total no. of studies which 

reported shortcomings of different requirements negotiation practices. This table 
corresponds to R.Q.2b.

Table 24: Counting Study Ids Covering Weaknesses of Practices

Practice
ID

Limitation
ID

Limitations of Practices Study IDs that cover 
this limitation

Total no. of 
study IDs

P3 . LI Resolves personal 
conflicts

SI,S3,35 3

--------- --------
Grand Total 3

7. Data Analysis

Summary of each study’s information will be represented in the tabular form in a 

particular order (the most recent studies will come first). The number of studies will 
also be counted.

Tabic 25: Layout of Answer of RQ.l

Practice id Name o f  practice Refercitces Conflict(s) addressed

xin



Practice id Strengths o f practice References

Table 27: Layout of Answer RQ. 2b

Practice id Weaknesses o f practice References

The tables 25-27  will he reviewed (o answ er  the research  questions. W e idenlil'y 

ex is ting  requ irem ents  negoliatioti practices and their pros and  cons.

Question.! What requirements negotiation practices are used to resolve requirements 

conflicts in software projects?

• This question will be answered by identifying a list of existing requirements 

negotiation practices found in the papers.

• The tables 19 and 20 in the data extraction will answer this question.

Question.2 What are the reported strengths and weaknesses of existing requirements 

negotiation practices?

• This question will be automatically answered by answering Question 2a and 2b.

Question.2a What are the reported strengths of existing requirements negotiation 

practices?

• List of strengths of each requirements negotiation practice will be reported 

while answering this question.

• This infomiation will be provided by the table 23.

Question.2b What are the reported weaknesses of existing requirements negotiation 

practices?

•  List o f weaknesses o f each requirements negotiation technique will be reported 

■ in the answer o f this question.

, • This information will be provided by table 24.

8. Dissemination Strategy

The results of systematic review will be convincing for both software engineering 

group and researchers. The results of systematic review will be written in a “Technical 

Report” format. The report will be reviewed by the internal SIG committee of

xiv



International Islamic University, Islamabad and external committee as well. A short 

version of report will also be sent to practitioners for their comments. We also try to 

publish it in the journal and confcrcnces.

9. Project Time Table

Figure 8: Thesis Timeline

Research Plan
:01-Jan2010To310ec2010

iD Task Name Stait Finish
XfO

Jan Fall (Iv Apr U ty  Jim Jul Aug S tp  Oct Non Ok

EvaJuafon off review protocol 2/1/2010 2/28/2010 4w

Wenfificatioii of research 3/1/2010 4/30/2010 8.71W

Study sriecfion 5/1/2010 G/3Q/2010 8.71W

Study quaTity assessment 7/1/2010 8/31/2010 8.8&W

Data extradion 9/1/2010 10/31/2010 8.71W

Data synthesis 11/1/2010 11/30/2010

Specifying dissemination inedianisms 12/1/2010 12/10/2010 1.43W

Fonnatfing ttie main report 12/11/2010 12/20/2010 1.43W

Evaluating ttie report 12/21/2010 12/31/2010 1.57W
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APPENDIX C 

QUALITY ASSESSMENT CRITERIA RESULTS



Table 28: Quality Assessment C riteria Results for Each Study

QAC# Quality Assessment Criteria
S tudy Ids

9 10 20 25 32 34 39 43 54 56 58 62 68 69 72 73 76 77

1 Is the context of study clearly defined? 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1

2 Did the study review the related work for the problem? 1 1 1 1 I 1 1 > 1 ' 1 1 I 1 1 1 1 1 1

3 Are the findings systematically reported and sufficient 

evidence reported to justify the relationship between 

evidence and conclusion?

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I

4 Are the objectives of study clearly defined? 1 1 I 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1

5 Is the design of study clearly defined? 0 0 1 1 1 0.5 0 1 1 0 1 I 1 1 1 1 0.5 1

6 Is it clear which requirements negotiation practice is to be 

used in the study?

I 1 1 I 1 I 1 1 1 1 J 1 1 1 1 1 1 1

7 Is it clear which requirements conflicts is resolved by the 

requirements negotiation practice?

1 1 0.5 0.5 0 1 0.5 1 1 0 1 0 0 0 0 1 1 1 0

8 Does the stud> clearly state the benefits Sc drawbacks of 

the requirements negotiation practice?

0,5 1 1 1 0.5 1 1 0.5 0.5 1 1 1 1 1 1 1 1 1

9 Does the study clearly define the nature of software 

projects?

1 1 1 1 1 I 1 1 , 1 1 1 1 1 1 1 1 1 1

Total 7.5 s.o 8.5 8.5 7.5 8.5 7.5 8.5 8.5 7.0 9.0 8.0 8.0 8.0 8.0 9.0 8.5 8.0

Scale: Yes=l, No=0 and Partial=0.5 Threshold = 1.5


