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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 practices in the ficld 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.
Initialiy ‘data was retrieved from electronic databases using a query. Then study selection
criteria were applied for filtering papers. ’fhe quality assessment criteria were applied on the
previously selected 79 studies. In the result of quality assessment we obtained only 18
empirical studies. The data was extracted from these 18 studies after reading full 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 \w}ere"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 sctting,

Keywords: Systematic review, systematic literature review, software requirements

“negotiation and software requirements 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 algo 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 incvitable and hard to manage in software projects when the
number of requirements and stakcholders increasc in size. The 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
soflware 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-
cﬁtical 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 cngineering which is responsible for acquiring negotiated requirements from
project stakeholders. There are several fequirements negotiation tools, techniques and
methodologies which are used for handling requirements conflict. Some of these
methods are also available for commercial purpose (Griinbacher & SeyfT, 2005). The
negotiation practices have been widely studied by the researchers and practitioners
‘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 researchers 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, we will find pros and cons of these practices reported in the literature. No new

practice will be created.

1.4, Scope of Research

~ . . o .
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 r‘eciu_irements 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?

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 qunestions, 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. Kitqheﬁham & Charters, 2007). Therefore,
systematic literature review is the ist suitable method for addressing evidence-

based research questions in the field of software engineering.

The -othér research methods like case study, experiment, simulation, surveys,
ethnography, action research, benchmarﬁing are not appropriate. All these methods
are not applicable to do such kind of research because these methods are not
évidence-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. éhaptcrs Outline

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

section will help the readers to understand the bady of the thesis in bricf.

Chapter 1: Introduction
This chapter 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
'i_n the field of requirements cngineering (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.

4



Chapter 3: Systematic Review Process

This chapter explains the concept of evidence based software engineering (EBSE).
This chapter also describes process of systcmatic review with its three phases and
respective activitics of (hese phases. This chapter focuses the first phase of systematic
review i.e. planning the review. The major contribution of this chapter is
identification of the nced 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 explaiﬁe’d.

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

weaknessces of the rescarch work are also reported. Then 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 VRe;quircments 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 (H. P. In, Olson, & Rodgers, 2002). 4
In 1995 étandish group chaos report; the three mz;jor reasons for challenging projects were
lack of including a// stakeholders, i-ncomplete and volatile requirements and specifications
(The Standish group CHAOS report, 1995). All these factors show that the major concern of
software development is how to deal with the issues of requirements or requirements
conflicts. Requirements negotiation is the mosf success-critical factor for software projects.
The outcome of the negotiation enhances the system’s value extensively (B. Bochm-&
Eg;-ycd, 1998). Tom D¢ Marco (DeMarco, 1996) said, “How requirements were negotiated is
Jar more important {han 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:
o Competing (forcing) shows win-lose situation in which one stakeholder wins while

the other loses.

o Accommodating (smoothing) shows lose-win situation in which one stakeholder
sacrifices for the interest of other.

o Collaborating (problem-solving) shows win-win situation in which all the
stakeholders are satisfied.

o " Avoiding (withdrawing from) shows loge-lose situation in which nobody wins.

o 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 concemns of all stakeholders. Requircmenfs conflict handling
is the essence of requirements negotiation (Griinbacher & Sey(f, 2005). SRN addresses most
of the requirements. issues and resolve them through its several tradeoff practices.
chuireﬁents negotiation practices arc widcly used techniques, frameworks, tools, processes,
models and methods or methodologies. Requirements negotiation can be performed in
different ways. There are several practices 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 éigniﬁcant 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).
Requircrhents conflict may also arise - “when multiple stakeholders bring about an
inconsistency i.e. a situation in which two parts of 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 stancfard classification of these conflicts that exists in the literature. Several authors
(Herrmann, Paech, & Plaza, 2006; Kassab, 'Con_stantinidés, & Ormandjieva, 2005,
Mussbacher, Whittle, & Amyot, 2009) proposed diffen;nt 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 catcgorizing all kinds of requirements conflicts because this is not the

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

2.3.1.' 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 R1: A report Y needs to represent all patients’ address while R2: Report Y should
contain o1ily Name of the paticit and Postal cgnli:. Now these are contradicting requirements

demandiﬁg 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 example, a terminology may have different meanings 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 _éxist 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 al., 2006; Nhlabatsi, Laney, & Nuseibeh, 2008) occur

when  stakeholders  possess  conflicting  positions/perspectives/concemns  for  particular
requirements. The stakeholders may conflict (Chitchyan, et al., 2006; Kassab, et al., 2005)
. :



with cach other for the mmplementation of set of requireiients, For example, highly
expericneed personnel humiliate less experienced people.

2.3.5. Resource Conflicts :
In business requirements resource conflicts (Herrmann, et al., 2006, Mussbacher, et al., 2009)
arisc 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
simuitaneously during transactions; for example, use of a limited telephone service by

multiple 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 knowledge for resolving them. These

conflicts are feasibility conflicts (Herrmann, et al., 2006).

10,



CHAPTER 3
SYSTEMATIC REVIEW PROCESS



- 3. Systematic Review Process

'I'hls “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

Soflwarc engincers make decisions Tor the ;rdop{tion of some new methodology or
tecﬁnology. They nced sufficicnt empirical e;vidence for adapting a specific
technology so that they can take maximum advantage of that technology. They face
probiems 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 carried out, docs not meet the challenges of industry. Therefore, we nced
such kind of methods which can close this gap between research and practice. To
avoid this problem, Evidence-Based Software Engineering (EBSE) was proposed. The
purpose of EBSE is to improve decision making in software development by
integrating the best empirical evidence currently availalzlc in the literature in the
relevant area of interest. Such kind of knowledge can be used by the practitioners to
radapt 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) which focuses on the integration of practical evidence in clinical
research. The significance of EBSE {s obvious today as software-intensive systems
are used everywhere in our daily life; for éxamplc 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, Kitchenham, &
Jorgensen, 2005; B. A. Kitchenham, Dyba, & Jorgensen, 2004).

. 3.2. The Systematic Review Process

There is a little work done in softwafé 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.

12



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
activitics which are suitable for our review are listed below (B. Kitchenham &

Charters, 2007):

Phase 1: Planning 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 ate:

Identification of research
Selection of primary studies
Study quality assessment 7

Data extraction and monitoring

'Y V V-V V

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 refined 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 Necd for a Systematic Review
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
iﬂentiﬁed 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 uscd to identify the existing literature (B. Kitchenham & Charters, 2007).

To" answer all these qucstions, we idpntiﬁed that sufficient primary studies were
available in the field of softwarc requirements negotiation. Secondly, we also did
review mapping for determining the existence of such a kind of rescarch 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 protoco! 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).
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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

présent 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).

3.3.2.2.  Review Questions '
The review question is the vital part of a systematic review. This section describes the
main focus of the systematic revicw. The review question was designed on the basis
of guidelines as prescrihe‘d 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 of 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.
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"3.3.2.4.  Study Selection Criteria and Procedures
Study selection criterion was designed to select primary studies for the execution of

systeﬁatic 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 Assessment Checklists and 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 ansxv;rered 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 selected studics. All the studies were read thoroughly and then
evidence was collected fromi each article. The form focused on the information like
strength of l'cscur(;l\ method, study settings, validity of claims, etc. The data extraction
form was filled for all the selected studies and this data became a basis for data

synthesis and analysis.

3 3.2.7. Data .S‘ynn’u'.\'is

CVhe data synthesin infegrated and sommurized the datn cxtracted in the previousd step.
The qualitative data synthesis techniques were used for collating infoi‘matioﬁ as the
primary studies were heterogeneous. Wedevelopcd data synthesis forms (Appendix
A) for summarizing the data. Onc of the data synthesis form listed the most widely
used requirements negolintion ;)t'zncii;:cs. Sceond form colfected benelits of cach
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 final report was written in the Thesis format which was a partial requirement of

International Islamic University, Islamabad. This report was viewed by both internal
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SIG committee as well as external review committee. The detail can be seen in
(Appendix A).

3.3.2.9. . Project Time Table '
The project time table described the timeline of the research project with a date of

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

3.3.3. Tvaluating the Revicw 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
prdtocol was also verified through pilot study to ensure whether it was executable or
n‘ot.'The results obtained through pilot study were satisfactory and they showed that
ihe 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, there can be a

chance of bias. No doubt the review protocol had been reviewed by the independent
experts but even then, the 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.
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CHAPTER 4
CONDUCTING THE REVIEW



4. Conducting the Review

This chapter focuses on the exceution of systematic review. The execution is the
si;,niﬁczmt and major phasc 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. Identification of Research

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 actiﬁity 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 hterature in the

relevant ficld. The scarch strategy should be unbiased. The author developed a scarch
strategy using the guidclines of Kitchenham and Charters (B. Kitchenham & Charters,
2007) after consulting with the supervisor and it included search terms and search

sources for collecting data.

4.1.1.1. Source Selection
The search sources were selected on the basis of availability of 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. Fmally selected search sources were IEEE, Sprmger

Verlag, ACM, EI Compendex and Scxence Direct (Appendxx 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
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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 itergtive 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 whicj;h provided more satisfactory results and it

was then selected for the review protocol.

Table 1: Search Strings for Each Electronic Database

Détabase v 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
“framework™ OR “approach” OR “tool”) WN AB)

SCIENCE Abstract("Requirements negotiation” OR "conflict resolution” OR

DIRECT "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

— A | “process”) . o

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 recongciliation”) AND su.(“tool™)

ACM {Abstract:“Requirements negotiation” OR Abstract:“conflict resolution”
OR  Abstract:“conflict  handling” OR  Abstract:“requircments
reconciliation™) AND (Abstract:"technique™ OR Abstract:“process™ OR
Abstract:"model™ OR Abstrict:*method” OR Abstract:“approach™ OR
Abstruct:" frumework”™ OR Abstract:“tool™)

Then a separate search query, as shown in table 1, was formulated for each electronic
~database to get maximum available cmpirical evidence from 1968 to 2010. The initial

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

4.1.1.3.  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
scari:h;ol' electronic databascs. ’[’h;: revicw protocol was also cxternally reviewed by a
professor ol Keele University in UK which also reduced the threat to the validity of
’ systemalic review,
~ 4.1.14.  Bibliography Managemem-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 cfficient and easy to manage. The tool reduced a‘ lot
of time and effort. The tool was :rery 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).

4.1.1.5. Documenting the 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, firll text results were sclected for the execution of the review. The
search results shown in table 3 were finalized on [6-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.
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Table 2: Search Documentation for Each Database

Data source Documentation

Digital library Name of database: IEEEXPLORE
Scarch strategy for the database:

s Only English papers

¢ Scarch criteria is'abstract only

» A scarch query is executed
Date of search: 02-06-10

Years covered by search: 1968-2010

Digital library Name of datab;se: EICOMPENDEX
Search strategy for the database:

e  Only English papers

o Search criteria is abstract only

o A search query is executed
Date of search: 02-06-10

Years covered by search: 1968-2010

Digital library ' Nameé of database: ACM
- Search strategy for the database:

e Only Eﬁgli sh 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 search: 02-06-10

Years covered by search: 1968-2010

Digital library Name of database: SPRINGERLINK

Search strategy for the database:

e  Only English papers
»  Search criteria is abstract only

e SPRINGERLINK is limited to only ten terms, so main query is
+ divided into four sub-queries.
‘Date of search: 02-06-10

Ycars covered by search: 1968-2010

Digital library Name of database: SCIENCE DIRECT
Search strategy fbr the database:

*  Only English papers

e Search criteria is abstract only

s Papers of only subject “Computer Science”
Date of search: 02-06-10

Years covered by search: 1968-2010
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Table 3: Integrated Search Results

Basis of No. of Papérs found in each database

selection i
IEEE | ACM | EICOMPENDEX | SPRINGER | SCIENCE | Total
’ DIRECT
VERLAG
Abstract | 550 | 132 | 952 638 123 2395
Fulltext | 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 Teview queétion. 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 inclusién and exclusion criteria were also discussed
with the thesis supervisor and it was finalized with the mutual agreement. Later on, it
was also observed by the cxternal rcvic»\}cr. The criteria werc also piloted on few
studics and it had been observed that relevant studics were included and irrelevant

studies were excluded which also confirmed the validity of criteria.

_The 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 superviébr. 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 identificd by using Iindnote- a bibliographic tool. It had been obscrved
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that more than half of the studics i.c. 494/948 were duplicate studies and they were

excluded as shown in table 4.

Table 4: Study Selection Results

Study inclusion/exclusion criterion Query results | Studies left
Total studies found after searching electronic 948 ~ 948
databases ' ;
Duplicate studies excluded 494 454
Irrelevant studies excluded after reading titles and , 314 140
abstracts i

Simple negotiation studles excluded after reading .51 89
titles, abstracts, introduction and conclusion’ _

Studies excluded after consultation with the 10 79
supervisor due to irrelevance or duplication with

different titles '

In the second round, abstracts and 'titles of 454 papers were searched for the relevance
and it was found that 314/454 studics were trrelevant and belonged to other domains.
In the third round, the studies of simple negotiation relevant to the area of social
scicngcs were excluded after reading li_tlcs, 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 r‘csﬁlt, 10 more studies were excluded as they

were irrelevant. Now we finally 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.
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'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
’thc quality of each study. The checklist 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 soﬁware 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
réviews. 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 questlons focusing on the study design of each study. Each
question had three possﬂ)Ie 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"quegtions 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
Qﬁesﬁons will be Yes/Partial then qua]i't:y' 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?
o Did the study resolve any requirements conflict or not?

* e Did it present any requirements negoliation practice or not?

If a study passed this initial criterion then it was tested for the next detailed criteria.
Otherwisc, the study was rejected at this point and not further tested. The primary

studies were finalized and extracted after consulting with the thesis supervisor.
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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 cxtraction forms werc designed during developing the review protocol

(Appendix A) to avoid rescarcher’s bias. The data extraction form was designed in
such a way so that thc 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.

‘requirements negotiation practices. The 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

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

'rev1ew However, the data extracted from the studies was consulted with the thesis

supemsor 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
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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 ie.
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.1 What requirements negotiation practices are used to resolve requirements

conflicts in software projects?

Answer: The list of requirements }iiegotiaﬁon practices can be seen in table 5. The
requirements negotiation practices were ’arrange;i on the basis of practice ids like P1,
P2, etc rather than study ids which are in the form of numerals. Only 18 primary
smc;ies were selected for gathering the empirical evidence whereas 12 widely used
requirements negotiation practices had iaeen identified in these studies i.e. P1 to P12
as shown in table 5. Eac}; practice ;esolved one or more kinds of requirements

conflicts which will be described later on.
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‘ Table 5: List of Requirements Negotiation Practices, Corresponding to R.Q.1

Study [Quality|Database name Year of Practice |List of practices
id |score publication |id
9 7.5 1EEE 1999 Pl Simplifiers and Complicators Approach
10 [80 1EEE 1995 _
72 8.0 IEEE 1998 P2 Winwin Spiral Process Model
77 8.0 13.C. Baltzer AG, Science Publishers | 1998
10 [8.0 IEEE 11995 | Winwin System
25 185 IEEE 1998

39 |75 Elsevier 2007 P3
77 |80 J.C. Baltzer AG, Science Publishers 1998
20 |85 IEEE 2008

. 168 |80 [IEEE ' 2010 P4 |Wikiwinwin Tool

69 |80 liIEEE 2009 L .
32 |75 |IEEE Computer Society 2000 PS5 Easywinwin
34 85 IEEE 2001 . |P6 CBSP Approach
43 |85 LISEKE 2006 P7 ICRAD
54 |85 |IEEE 2007 P8 Hybrid Method
56 |7.0 _ |Springer-Verlag 2009 P9 FTR Tool
58 9.0 Springer-Verlhag 2005 P10 MEG Groupware
62 [8.0  |IEEE Computer Society 2005 P11 ARENA-M
73 {9.0 IEEE 2001 P12 OARCC

{76 |85 IEEE Software 1996
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T 3

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

practices?

Answer: The strengths of existing reqt;irements negotiation pracﬁces were described
in the table 6. It had been observed that few studies mentioned the advantages of
practices clearly whereas some studies V.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 resuits presented from more than one studies.
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Table 6: Benefits of Practices, Corresponding to R.Q. 1.2

e Benefits of Practices Study Total

»5 a IDs that | no. of

£ | = cover study

8 @ | this IDs

RS benefit

P1 ‘| Simplifiers and complicators approach: 9 i
Bl.1 | 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 of the process reported in the first study are the following: —cemene D
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 of the process reported in the second study are the following:
------- The results obtained in the first year projects are: S— ——————-
B2.5 It is highly risk-driven approach which enables to maintain the project control. 72 |
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 1

(Life Cycle Objective), LCA (Life Cycle Architecture) and IOC (Initial Operational Capability). 72

B2.8 72 1

It improves the trust among stakeholders which encourages strong cooperation among them.
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B2.9

Executing the prototype and negotiation in parallel is more beneficial rather than executing them in a

sequence. 72
B2.i0 | Theory W and Winwin helps to broaden the vision of participants. 72 , 1
B2.11 | It improved the learning of stakeholders. 72 Co
B2.12 | The model can be tailored easily with respect to the project scope. 72 | 1
B2.13 The winwin system encourages smooth transformation of agreed win conditions into specification. 72 |
—emmee—~ | The results obtained in the second year projectsare: | e | omemeeeee
B2.14 | The quantity of documentation is decreased. 72 L 1
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 1
B2.17 | Winwin spiral model is a good practical approach. 72 | 1
P3 - Winwin system: 2539,77 | ¥

——————— The benefits of winwin system reported in the first and second study are the followmg e
B3.1 Provides a strong support for collaboration and Winwin negotlatlon 25,39 | 2
B3.2 The users are satisfied with the tool support. 25770 2 |
B3.3 The tool emphasizes on major issues. 25,39,77 30
B3.4 It helps to mitigate the friction and creates a balance between loud and quite users. 25,39,77 3 |
B3.5 It supports distributed collaboration as well. 25,39,77 + 3 |
B3.6 The quality of requirements was improved. 2577 | 1|
B3.7 It improves the leaming of stakeholders in requirements process. 25 |
B3.8 It supports the requirements evolution. 25 1
———meee The benefits of the tool reported in the third study are the following: | weeeeeee | oeemanee-
B3.9 Creates a strong cooperative and mutually understanding environment. 77 L1 {
B3.10 | The customer satisfaction was increased. _ 77 1 1
B3.11 It improves the trust and confidence among stakeholders. P,o1
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B3.12 | The stakeholders’ vision became wide enough due 10 Theory W and winwin. 77 1
P4 WikiWinWin: _ 20,68,69 3
-------- The benefits of the tool reported in the first study are listed below: cmmenee e
B4.1 | It can effectively support the WinWin requirements negotiation approach. 20 1
B4.2 It provides an easy and simple way to share vision and knowledge. 20 1
B4.3 It provides a strong support for flexible way of requirements updating and maintaining the history of 20 1
changes.
B4.4 The tool may be enhanced easily to include other project dimensions. 20 1
B4.5 It provides boundary objects which improves the leaming and cooperation of stakeholders. 20,68 2
------ The benefits of the tool reported in the second study are the following: e —emmeenn
B4.6 It encourages participating all stakeholders. 68 1
B4.7 It helps to elicit customer and user needs. 68 1
B4.8 It increases the quality of the requirements negotiation process. 68 1
B4.9 It helps to prioritize requirements. o ' 68 1
B4.10 | It reduces manual work. 68 1
B4.11 | It improves traceability of decisions by maintaining historical record. 68 1
B4.12 | It helps to elicit both minor and critical requiremexis. 68 1
B4.13 | It is more cost-effective tool. ‘ 68 1
—m——em- The benefits of the tool reported in the third study are the following: | =eree | aemeneee
B4.14 | The tool was accessible without any difficulty and time limitation on the web. 68,69 2
B4.15 | The tool is more robust and reliable. 68,69 2
B4.16 | There is a better management of artifacts using wikiwinwin. 69 1
B4.17 | The vocabulary is maintained which is beneficial for the users. 68,69 2
B4.18 | The tool notifies automatically that is considered useful. 69 1
'B4.19 69 1

The taxonomy of requirements reconciliation can be useful.
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Ps Easy winwin: 32,39,54 3
------ The benefits of Easywinwin reported in the first study are listed below: e s
B5.1 It is easy to use and “‘light weight”” negotiation approach. 32,39,54 3
B5.2 Increase in number of stakeholders involved. 32,54 2
B5.3 Stakeholders’ guidance was improved. - 32, 1
B5.4 Better analysis of negotiation outcome and integration of groupware with Rational Rose CASE tool. 32 1
BS.S 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 1
B5.8 Supports early identification and mitigation of risks. 32 1
B5.9 1t 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 of Easywinwin reported in the second study are listed below: et —meme
BS.11 - | It provides a broad view and helps to create a shared vision among stakeholders. 39,54 2
B5.12 | It supports in learning other techniques as well. ‘ ’ 39 1
B5.13 | Creates distinct patterns for group communication. ‘ 39 1
B5.14 | Easy winwin in collaboration with RESCUE process provides good results. 39 i
------ The benefits of Easywinwin reported in the third study are listed below:

B5.15 | Better understanding of problem. ' 54 1
B5.16 | It helps to know what other stakeholders need. 54 1
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

54 1

It helps in extending COTS products.
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B5.22 | Develops high level requirements representations. 54 | 1
B5.23 | Maintains the decision rationale to avoid wrong decision making. - 54 ! 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 mformal demsxom into formal decisions. 54 1
ré6 CBSP Approach: 34 1
B6.1 It resolves the problem of capturing requlrements informally and specifying in the formal language in 34 1
the architecture. .
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 1
B6.4 | It does not assure the completeness of requirements but it supports complex relationships between 34 1
requirements and architecture. It simplifies iterations between them.
B6.5 It handles the problem of large scale project requirements. 34 1
B6.6 | It supports the involvement of diverse stakeholders w1th different backgrounds. 34 1
P7 ICRAD: ‘ L : 43 1
B7.1 The process resolves conflicts of both requirements space and solutior: space. It resolves feasibility 43 1
and contradicting requirements conflicts in solution space. It resolves inconsistent requirements
conflicts in requirements space.
B7.2 It stores the negotiation rationale. 43 1
B7.3 | Itallows comparison of different options. 43 | 1
B7.4 It helps in improving the solutions. 43 | 1
B7.5 It helps in decreasing the comp]ex1ty and managing the requlremems easily. 43 1
P8 Hybrid method: 54 1
B8.1 It improves RE decision making during the process of requirements negotiation. 54 1
B8.2 It increases the quality of negotiation artifacts 54 1
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54

B8.3 It helps to discover more issues in the requirements document. 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 FIR tool: 56 1
B9.1 It highly supports and promotes negotiation-collaboration process better as compared to the typical 56 1
method of FTR. .
B9.2 It speeds up the process of FTR as the reviewers rejected the functionality where there was no 56 1
argument.
B9.3 It motivates the argumentation and collaboration Wlth 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
BY.6 Rules and regulations are clearly defined. 56 1
B9.7 The tool supports value-neutral knowledge management. , - 56 1
Bo.8 The tool maintains the history of arguments. 56 1
B9.9 Supports both synchronous and asynchronous way of communication among stakeholders but face-to— 56 1
face meeting is preferred to explore more options.
B9.10 | It provides a better way to register and manage arguments. 56 [
B9.11 | Itis easy to update positions towards the agreements. 56 [
1B9.12 | It avoids unnecessary iterations of the process without the user’s desire. 56 1
P10, MEG groupware: 58 1
B10.1 | The tool helps to reconcile and find positions of stakeholders easily and quickly. 58 1
B10.2 | The tool supports very efficient way to reach the consensus. 58 1
B10.3 | The tool resolves both high and low level conflicts as it supports both NSS and GSS. 58 1
B10.4 | Itincreases the quality of SQFD. 58 1
B10.5 | It encourages adapting integrative strategy (win-win) rather than dlsmbutwe (wm—lose). 58 1
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B10.6 | It avoids win-lose and lose-lose situations, 58 |
B10.7 | Itis a good approach for reaching to an agreement. 58 1
B10.8 | It also encourages argumentation. 58 ]
P11 ARENA-M: i 62 1
B11.1 | It highly supports context-aware requirements negotiation. ~ P 62 1
B11.2 | Itis equally effective like ARENA II. | 62 1
B11.3 | Experienced users used the mobile devices effectively. | 62 1
Bi1.4 | Itis a user friendly groupware. | 62 1
B11.5 | It can be used any where at any time. | 62 1
B11.6 | It prevents to hinder stakeholders’ participation. I 62 1
P12 QARCC: | 73,76 2
Bi12.1 The benefits of QARCC reported in the first study are as under: ' 1
B12.2 | QARCC and S-COST identified a great number of quahty requlrements conflicts and alternatives th: T 73,76 2
manual approach like winwin, . ‘
B12.3 | Itis an economical approach which helps in identifying conﬂlcts by using a predeﬁned checklist. - 73,76 L2
B12.4 | The 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 73¢ 1
approaches.
------ The benefits of QARCC reported in the second study are as under: i
B12.6 | The semi automated approach provides a better way to in addressing quality issues and creates P76 1
equilibrium among human expertise. ;
Bi12.7 | Itisnota domain specific approach but can be customlzed for any domain. } 76 1
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RQ.I.3 What are the reported weaknesses of existirig 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 m’issing because they were not reported in the

studies. This fact created problems while 6ollecting the weaknesses of the studies.
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Table 7: Weaknesses of Practices, Corresponding to R.Q. 1.3

o Study IDs | Total no. of
= | 2 that cover | study IDs
2 B Weaknesses of Practices this
§ S weakness
£ | =8
P2 Winwin spiral 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 of 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"_intro'duced to facilitate winwin like email and video 25,77 2

conferencing. ' ' '
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 of interpretation of objective artifacts. 25 1
--=~~-- | The limitations of winwin system found in another study are listed below: |  «ceemme-
W3.11 | Some students criticized that these are formal tools therefore the students avoid using them 39 1
. while others said that these tools helped them f)ositively.

P4 WikiWinWin: - | | 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 of time in training of users. 20 1
W4.3 .| It needs improvement in topic editing during synchronous meetings. 20 1
------- The limitations found in the second study are listed below: ———eeen |
W4.4 | The tool is not user friendly. 68,69 2
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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 listedbelow: ~  }  caceen
W4.7 | Users found problems in the emall settings for instance unable to receive password through 69 |
mailbox. ,

W4.8 | It cannot give summary of significant issues and requirements. 69 1

P6 . CBSP approach: 34 1
W6.1 |- The CBSP approach needs massive human mteractlon 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 dwersnty of team members rather than only 56 1

FTR tool support.

W9.2 | The user can enter vague arguments whlch can be meaningless. 56 1

P10|. | MEG groupware: - - 58 ‘

[ W10.1 | The groupware is not user ﬁ*jendly 58 1
P11 . | ARENA-M: , 62 1
W11.1 | Less expenienced users fel difficulty while inputting data through mobile devices. 62 1
[P12] | QARCC: | 3 !
W12.1 | 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 i
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4.6. Results

This section will provide the findings of systematic review in detail.
4.6.1. Evolution of Requirements Negotiation Practices

Winwin 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 thcrﬁ; elaborating and defining the product and
process and in the end modifying plan for the next cycle. In this model, negotiation
activities derived from Theory-W i.e. deténnining the key stakeholders of the system,
identifying their win conditions and’ then negotiating those win conditions werce
. 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 Wi’nwi‘ﬁ negotiation model. Winwin system is a
manual support for winwin spiral model and it provides a flexible way to ncgotiate
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/Rile/Uncértainty specification (CRU’s) and Points of
- Agreements (POA’s). Multiple stakeholders use winwin support system for entering
their own win conditions and knowmg 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
stakeholdérs directly (Lee, 1996). The evidence showed that this model attempted to
resolve viewpoint conflicts, 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

w4
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winwin spiral model and winwin system can tesolve both quality attribute conflicts

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

QARCC- Quality Attribute Risk And Conflict Consultant (B. Boehm & In, 1996) is a
" knowledge-based tool for identifying and resolving particxilarly quality requirements
conflicts. QARCC was developed on the bagis of Winwin system. QARCC (Hoh, et
al’.; 2001) uses ‘attributes’ part of do;nain taxonomy for determining quality
requirements conflicts. When stakeholders input win conditions then they determine
whici*x domain taxonomy elements‘are apptbpn'ate. QARCC then uses its database to
identify potential conflicts among qualit;' requirements. It has been observed both in
literature and evidence that the tool works well when the no. of requirements
incfeases 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
détennine 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).

Siinpliﬁer and complicators (S&C's) approach (B. Boehm, Abi-Antoun, Port, Kwan,
& Lynch, 1 999) 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 casy or difficult to implement from both developer and client
pcr:épcclivcs. Both kinds of lists helped to understand the expectations of onc another.
The cvidence showed that it resotved viewpoint conflicts and feasibility conflicts.
Apparently the approsch did not belong, 1o winwin theory hut actually the approach
‘used win-win behavior (o reduce l';:quircmcnls’ conflicts among simplifiers and

complicators.

Winwin system was enhanced into Easywinwin (Grunbacher, 2000) because winwin
system provided inadequate tool 'QSupport 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
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conditions, capturing a glossary of terms, prioritizing win conditions, surfacing issues
and constraints, identifying issues and options and then negotiating agreements. The
major results of thc ncgotiation process are: well organized negotiation topics in the
domain taxonomy, a glossary of dif[’whlt or ambiguous tcrms, 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 wcakly supports distributcd' negotiation (Seyff, Hoyer, Kroiher, &
Grunbacher, 2005). The evidence only reporled-that the tool resolves requirements
coﬁﬂicts 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; Grinbacher, K(")szegi; & Biffl, 2006).

ARENA tool was developed for supporting negotiation in distributed environment bﬁt
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 hthe Easywinwin and ARENA-II
system. ARENA-II is a web applicaiion based on ASP.NET. It allows multiple
stakeholders to elicit and reconcile requirements in the geographically distributed
cnvironment. It supports asynchronous mode of communication. It supports all
ﬁasywinwin 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
, b.est 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 communiéatiqn 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
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negotiation context for winwin through stakeholder identification and discussing
iséues with the stakeholders. The second major activity is to negotiate Win conditions,
Issues, Options and Agreements with the help of brainstorming, converging and
survéying of win conditions. The negotiaﬁbn results are continuouély refined with the
pasgage of time as the project proceeds. These negotiated results are used to create the
SSRD- System and Software Requirements Description. Wikiwinwin improved
'shafed 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'-Pr'-opert): 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 CBSP taxonomy is applied on those selected

réquirements. In the next step the requ{rements are classified and analyzed by the

experts architecturally using CBSP taxonomy. The conflicts aniong 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

terminology conflicts.

ICRAD- Integrated Conflict Resolution and Architectural Design process (Ilerrmann,
et al, 2000) was cxtracted (rom ATAM, CBAM, CBSP and Winwin ncegoliation
model. The pre-existing architecture-centric 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

=
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are software requirements while the output generated by the process is negotiated win
conditions with the additional know]edgé 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-
dépehdencies or conflicts are identified in the form of requirements bundles. Some
re@uirements conflicts are also solved in this step. In the next step, the identification
of logical components reduces the wduirements complexity. Now a high-level
afchitec_:ture 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 high-level design is linalized then low-level design will be designed. The
enipirical cvidence showed that this approach enhanced the degree of formality during
requirements transformation. The approach mainly emphasized to resolve feasibility
conflicts adequately but the study- claims that it can also resolve reéuirements

contradiction and terminology conﬂicmj 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 mangged' Easywinwin artifacts in a draft

re'quirements template considering the predefined criteria for the properties of
template. It uses NLP, Keyword anaiysis and inspection methods for analyzing,
controlling and increasing the quality of requirements specifications. The feedback A
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 requiréinents transformation. It had also been reported

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

that this method can also resolve terminology conflicts during requirements

transformation.



MEG (Ramires, Antunes, & Respicio, .2,005) 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 argumentation 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 cells that correlate user requirements with the technical specifications. The
tool also uses integrative style of ncgotiation by voting method. The votes are
éonsidercd on the basis of integrative ;and distributive attitudes during the use of
systcm. Aftef 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 guality attribute conflicts as well.

FTR- Formal Technical Review'(Linhates, Borges, & Antunes, 2009) tool used FTR
process and negotiation-collaboration process. FTR tool was not based on Winwin
bécause 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
curfent tools did not provide negotiation-collaboration equilibrium. FTR tool solves
this problem by the combination of modeis of collaboration, argumentation and
negotiation. This tool is used in the field of software engineering during Functional
Specification phase. This tool suﬁports 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 problém statement. After getting the input the process
- executes its three phases. In the first phase, several proposals are elicited from the
étakeholders. In the second phase, a consensus is built for eaéh proposal and reasons
both for being in the favor of 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.
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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 R.Q. 1

Requirements negotiation practice

Simplifiers and Complicators approach

Winwin spiral process model
Wikiwmnwin approach
Winwin system

QARCC

Easywinwin methodology
ARENA-M

The CBSP approach
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Hybrid method approach
FTR tool

MEG tool
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OO0 ®O@ @000 |®|® bty conflicts

Scale: B
Yes= @
No= O
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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-W with Winwin Approaches
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Figure 3: Relationship of Theory-W with Other Approaches
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- 4.6.2. Frequehcy 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
othé'rvvapproaches found having different origin are 1/12 i.e. 8.3%.

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

Origin-based No. of approaches- Percentage
classification

_ Winwin-based approaéhes 11/12 - . .1 91.7%
Cther approaches 1/12 — » ‘8.5%

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

modemn 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 (Kenncth W. Thomas & Kilmann, 2010) is used when both the partics highly
trust cach other and are willing to resolve the conflicts, 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 threatening issucs where stakeholders are non-cooperative or when others’
concemns 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 disli]ging 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.
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Sulha (Gellman & Vuinovich, 2008) is a rc;;onciliation 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 theory. 'l‘lu':ré' is another method called third party
consultation (Fisher, 1972) developed by ‘Ij'isher 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 efféctiveness_of the method depends on the third
_party’s impartial and unbiased behavior. -

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

industry. Table 9 shows that the frequency of using requxrements negotiatlon 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.
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Table 9: Practical Implementation of Practices, Corresponding RQ.1.2&1.3

Study | Name of | Frequency | Study type | Project type Subjects Year
id practice :
25 Winwin system Experiment | University library Students and | 1998
' : clients
77. ] Experience | University education | Students and | 1998
' 4 report ] teachers
73 Case study | University library Students 2001
39- Experience | University education | Students and | 2006
report teachers
76 QARCC tool Experiment | Industry Not reported | 1996
73 2 Case study | University library Students and | 200t
clients
32 Easywinwin Case study | University library | Students and | 2000
: methodology and bookstores clients
39 3 Experience | University education | Students and | 2006
report teachers
54 . Case study | University e-services | Students and | 2007
' . real clients
20 Wikiwinwin Case study | University library Students and | 2008
clients
69 Case study | Real-client university | Students, 2009
- 3 ' projects clients &
- , . users
68 . Case study Real-client university | Practitioners | 2010
) . { projects
62 ARENA-M 1 Experiment | Mixed Students and | 2005
) too! ’ .- . practitioners .
56 FTR tool 1 Industrial Telecommunication Employees 2009
_ experiment | industry
58 MEG tool Industrial National pension | Practitioners [ 2005
1 experiment | system in a
. . Government agency
9 Simplifiers | Experiment | 20 digital library | Students and | 1999
and i ’ projects of university | clients
complicators .
approach ; - .
10 Winwin spiral Experiment | Satellite ground | Not reported | 1995
model station
72 3 Case study | University library Students and | 1998
clients
77 | Experience | University education | Students and | 1998
report teachers
34 The CBSP 1 Case study { Cargo router systen | Real clients | 2001
. approach L L
41 HoRan B - ( ‘xmr\::lmlyv Health indistry | Proctitioner 2000
I pioject und  donnn
expert
54 .- Hybrid method i Casc study University e-scrvices | Students and | 2007
real clients
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1.1.1. Frequency of Projects in Organizations
It was observed from the results that out of total 18 projects, 11/18 projects were
perfonnéd 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 héd 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 Méthodologies
’fllc 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
11.11% studics i.c. 2/18 used industrial experiments. It was concluded that rescarch

community focused more on experiments and case studies rather than experience reports.
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Figure 2: Frequency of Used Methodologies, Corresponding to R.Q. 1.2 & 1.3
10 -
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1.1.3. No. of Empirical Studies per Year
The following figure 6 shows that no. of empirical studies published since 1995 to 2010.

There were total 18 empirical studies. The maximum no. of studies published are 3/18 in
1998 whereas the mlmmum no. of studies published 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 f;equirements negotiation is very low.
There is a great need to do more empirical work in this area because the 1mportance of

negotlatlon outcorne is significant in the success of software projects.
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Figure 3: Number of Empirical Studies per Year, Cd}responding to R.Q. 1.3

"No. of Studies

1 No. of Studies

;‘A’:"ﬁ
A ze SR

W W
A

b

2 2
i

L]
1y "

"FJ”.‘"A‘_"

bt
“i

B‘ 8
v,
s

%

1995 1996 1998 1993 2000 2001 2005 2006 2007 2008 2009 2010

- mn e

1.1.4. Evaluation of Requirements Negofiation Practices
The requirements ncgotiation practices cvolved 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 is yes, no and not reported.

’fhe figure 7 shows that Easywinwin is the best requirements negotiation practice which
provides adequate tool facilitation. Easywinwig'l 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 of 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 thé quality scores of hybrid method, ICRAD and
CBSP approach is very close to one another. The'refore, they are also encouraged to apply.
in the real environment. The low grade® practices identified are simplificrs and

complicators approach, Meg tool and FTR tool.
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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 of a systematic review should be unbiased. There are different kinds of

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

The most important kinds are: internal validity and external validity.
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Internal validity: The underlying research work has been performed by a single author
therefore there can be chances of personal bias. To mitigate this problem, the thesis
supervisor counter checked all the important activities of systematic review. There was a
slight change between review protocol and execution. Some of the tables were useless

and therefore they were not included in the execution of systematic review. This might

also cause some variation.

External validity: The underlying systematic review has strong external validity. The.
author reviewed sufficient ev1dence available in the literature to support the results but
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 practlces are also limited. The review
protocol was piloted for its validity and it was also critically reviewed by the supervisor

and an external authority.
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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
othér practices were excluded from ‘thé studjz. 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

aréuments 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%) wo;'k done on the other approaches like FTR (Linhares, etal, 2009)
aﬁd, MEG (Ramires, et al., 2005) tools. There was little guidance and very rare
pracfices available in the literature which addressed the issue of what to do if wimﬁn
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 applicaﬁle when both parties
were willing to cooperate for mutual gain. There was little work found in this regard;
theref'ore it needed special attention' of the researchers for future directions. To
address this issue of winwin theory, few models like Su/ha (Gellman & Vuinovich,
2008) and Third party consultation (Fisher, 1972) were used in the literature. Both
these models were used when winwin s'_ituation did not work. The evidence collected
from the study (Kenneth W. Thomas‘*&’ Kilmann, 2010) showed that only 7% of all
kinds of industries encouraged implementing collai)oraﬁve behavior which was very
low. The basic theme ol coll::lmr::tin;.', 15 to salisfy everyone and accommodate the
concerns of other stakeholders as well, Tt had heen observed that highly used
negotiating style was accommodating (87%). The basic theme of accommodating
style is to “kill your enemies with kindness” (Kenneth W. Thomas & Kilmann, 2010).
" The other negotiating styles like competing (79%), compromising (58%) and avoiding

(22%) werce uscd by all type of industries. The main reason for the decline of winwin
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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 ]br'using theories other than Theory-W because
these approaches could not convince in‘dust;y to use them in their SOft\Qare 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 issucs moderately like winwin system, QARCC,
Ali]IENA-M,._ICRAD and CBSP. 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 sh;)wcd that requirements negotiation practices
can be divided into three different varieties. In the beginning, there were purely
winwin-based 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 dimcnsion 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 (Grunbacl}er,': 2000) was enhanced into Wikiwinwin (Da,

,et‘al‘., 2008) then the major change was Qniy 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
. izieupoint conflicts were addressed by the most requirements negotiation practices i.e.

3 .
44.4% whereas requirements contradiction and resource conflicts were addressed very
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farely 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 studies published per year were very
rarc. The quality of reporting empirical rstudics was also poor. It was obscrved 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 conceptg then only terminologies were
diffgrent 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 highlighted which needs due attention.

- 5.2.1. Implications for Practiﬁon¢r§
The main purpose of this sjstematicf review is to identify requirements negotiation
practices which help in conﬂic_tgresoiuﬁon. We also uncovered the strengths and
Wea_knesses 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 .di'versity 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 Easywmmn is the most
promising requirements negot;iéltion pfaqtic’e but we couldn’t find enough eviderice for

its usage in industries. Therefore, practitioners are encouraged to use it.

The most commonly addressed require}nents conflict type is viewpoint conflicts and
less attention has been paid to the resource conflicts and requirements contradiction
conflicts. There are three types of r_cqtlirements 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
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main focus of most of the studies was increasing tool facilitation or extending the

previous approach. No radical change had been observed.

1t 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 (1 1%). 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 directio;xs for the research community. The evidence
showed that winwin based requ"ircmc;nts negotiation practices are widely used
whereas little work has been done on the other approaches which are not winwin
based; for example FTR and ME&} tool. The following possible research areas need

further exploration:

e The main problem observed in the literature was that only one school of

thouglt (Bochms and hes coworkers) cimphasized on the winwin bascd
approaches. They used only one theory i.e. Theory-W. We analyzed that there
were other theories as well in discii’alines other than software engineering and
if they were used, then better appr;achés could be developed.

e [t was not possible thal 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.

e There was no standard classification of requirements conflicts found in the

| field of software engineering which opened a gateway for future work.

e 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.
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* It had been recognized that most of the practices focused on the viewpoint
conflicts and littlc attention given 1o the other conflict types like quality
attributes conflict and resource conflicts. Therefore 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 (Bochm, Bose, Horowitz, & Ming-June, 1994). Requirements negotiation
is an importani activity of requirementx elicitation and requirements ptiéritization.
Software requirements or win conditions are prioritized on the basis of attributes like
“eritical, important, desirable and opt;om'zl ” (Boehm, et al., 1994). Requirements
negotiation is a collaborative process which involves all stakeholders. Requirements
negoﬁation is an important aétivity to build stable requirements specification. It also
helps to renegotiate as requirements are volatile in nature. Effective requircments
negotintion can prevent many projects’ from failure as poor requirements negotiation
Cix nlso o canse ol project failure (In-& Roy, 2001). r

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 éngiﬁeering whereas it is not handled adequately or
sometimes avoided by the current requirements negotiation methods. Conflict is
unavoidable in soﬁare 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
réquirements. model clashes and using more than one models (Boehm, Port, & Al-
Said, 2000). .

The main aim of requirements ne;c;otigtion is identification and resolution . of
requirements conflicts. The outcome of negotiation is t6 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 ﬁctivity which starts in the early stages and
continues thrSughout the process of software development (Boehm & Egyed, 1998).
The empirical and non-empirical evidence (Griinbacher & Seyff, 2005) reported
several advantages of requirements negotiation e.g. to understand constraints of
software projects, handling volatile requirements, increasing team knowledgé,

_eliciting tacit knowledge, exploring better alternatives and to manage software

complexity.
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In short, the evidence shows that requirements negotiation is a very important activity
of requirements engineering. Without _negc;tiation the software cannot achieve
customer needs and desirable user satisfaction. The software development is a highly
risk-oriented and uncertain field wheré 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':r(Fenton, Pfleeger, & Glass, 1994) as the
evaluative work is very rare in this ﬁeld_(;i‘ichy, Lukowicz, Prechelt, & Heinz, 1995).
Only a little work exists on systematic reviews in requirements ;hgineering area.
Aﬁer a pre-review mapping it has Been_ observed that there is no evidence of

systematic review on requirements negotiation. Therefore, 4 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 strengths and weaknesses of existing requirements

negotiation practices? _

a) What are the reported strengths of existing requirements negotiation
practices?

i)) What are the report‘ed weaknesses of existi‘ng requiremeﬁts negotiation

practices?
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' 2.1.  Question Structure |
Petticrew and Roberts proposed a new method (using PICOC- Popuiation,
Intervention, Comparison, Outcome and'C_ontext) to form questions of systematic
review (Beelmann, Petticrew, & Roberts, 2066).

Table 10: PICOC§ of Review Questions

PICOCS - R.Q.1 ] R.Q.2a | R.Q.2b
Population - Software projects
Intervention Requirements negotiation practices
Comparison —mmmmmmmeee mmmmemeeeee ‘ mmmemeeees
Outcome Conflict resolution Strengths of Weaknesses of

' requirements requirements
, negotiation practices | negotiation practices

Context v Academia, Industry, practitioners
Study design , Primary studies

3. Identification of Research -

Identification of rescarch includes the folfowing activitics:
e Source selection
e Search terms

¢ Documenting the search .

3.1 Source selection: .
The following clectronic sources will be searched for the collection of evidence in
litqyalurc because relevant papers exist in these databases and these are the major
databases of software engineering (Barbara Kitchenham & Charters, 2007).

o IEEE ‘

¢ ACM Digital library

e ScienceDirect (www.sciencedireét.com)

e SpringerLink

"o Elcompendex

(www.engfneeringyi]]agd.org@ontroller/Servlet/AtllensServiCe )

Other sources of evidence include the following material (Barbara Kitchenham &
Charters, 2007): ‘

~ o Reference lists from selected studies
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http://www.sciencedirect.com
http://www.engineeringvillage2.org/Controller/Servlet/AthensService%5e

o Conferences and journals of requirements engineering which are not included
in thec mentioned clectronic databases. :

* Domain experts and researchers \Qorking in the area will be contacted and
asked them if they know of any unpublished work

e Rescarch registers (e.g. Requirements Engineering bibliography by Alan

“ Davis)

3.2 Search Terms
The search terms will be applied on the title and abstracts of papers. The following strategy is
ngd to create search strings (B. Kitchenham, Mendes, & Travassos, 2006):
~a) ldentify major terms from the review question using PICO.
B) Use alternative terms, speIIing's.or similar words of major terms.
c) Analyze the keywords mentioned in the relevant research papers. -
d) Combine alternative spellings, té;tﬁs 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 . e T e
Qutcome: , Conflict resolution

Result of b): Synonyms of major terms and alternate spellings

Note: Bold and italicized word(s) extractéd after performing part c.

Table 12: Synonyms of Majbr Terms & Alternate Spellings

Major term Synonyms

Requirements negotiation Requirements negotiation, conflict resolution, conflict

i . handling, requirements reconciliation

P;acﬁces Technique, process, model, method, framework, approach,
tool

Results of c): Keywords we already have in relevant papers:

¢ P. Grunbacher & N. Seyff (2005) Keywords: Negotiation process, conflict
“resolution, collaboration, negotiation tools, stakeholder win-win (Griinbacher &
Seyff, 2005). ’



kesults 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 modglCR method OR framework OR approach OR
tool

. - f) Result of ¢) Combine major strings using Boolean AND operator.

Separate search strings have been desi@ed for each data source to extract better

results. The following is a general query.j

General Query:

(Reciuitrement& 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

Earlier there were more major terms like “software projects” and “benefits and

limitations”. These terms were deleted because the qtiery became more complex and
it was difficult to extract records using this query. 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 databasc specific querics were designed and refined for cach
database. The most effective results were obtained after executing query including
search terms i.e. “requirements ncgotia}{on practices” therefore this query was
selected for final scarch. Initially, query was executed on Title and Abstract and then
on Full text to maximize the scarch results.

As there were found numerous irrclevant papers when full text was sclected, therefore
it was linally decided to limit the search for Abstracts only. After data extraction 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
relevant 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”.
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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 sccond query was also applicd to FULL TEXT. Now we found 948 papers
frqfn all the databases. These results covered 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. R .

The range of publication years covered in the systematic review is from 1968 to 2010.
The :'rcns;on for this constraint is hecause the concept of softwarc cngincering was
}')roposed 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

Scarch strategy for the database:
¢ Only English papers
o 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 journal (if published in journal)

Other sources Searched/contact:d date
: ’ URL

Any particular search condition

The individual paper record will be stored in an electronic database created in

Microsoft Access.

vii




Tablc 14: lndividual'Study Form

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 1d:

Search string:

Data Source:

Number of
References:

Author (who
executes):

Search Date:

For recording the integrated results of all data sources, we devéloped a form that will

maintain the count of total studies found in each data sources.

Table 16: Integrated Search Results

Basis of

_ No. of Papers found in each database -
selection | IEEE | ACM | EICOMPENDEX | SPRINGERLINK | SCIENCE Total
' DIRECT
Abstract
Full text
4. Study Seleetion Critevia and Procedures

The following study sclection criteria and procedures will be adopted.
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4.1. 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 wiﬁ 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
é;upervisor. A list of rejected papers will Bgz maintained with reasons for rejecting the

pépers.

4.2.  Inclusion Criteria

Articles will be included on the basis of reading their titles and abstracts. If the author
will be in douﬁt_lhcn introduction and conclusion will also be studied AND only
articles relevant to software requircments“negotiation will be included AND only
primary studies written in English language will be considered. AND only case/field

studies, cxperiments and experience/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 cxc}uded OR papers which are based on the
_éxpert opinion will be excluded OR Papers writter; 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 érticle, 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 full reading. Here we have been
designed separate quality assessment checklists for case/field studies,

experience/industry reports and experiments.
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Table 17: Quality Assessment Criteria (QAC) Checklist (B. Kitchenham, et al.,

2006)

D

| - QUALITY ASSESSMENT CRITERIA

[FEEDBACK | SCORE

Common criteria for all papers

1 | Is the context of study clearly defined? Y/N/P

2 | Did the study review the related work for the problem? Y/N/P
Aré the findings systematically reported and sufficient evidence reported to

3 | justify the relationship between evidence and conclusion? | Y/N/P

Criteria for case/ficld studies and experiments

4 | Are the objectives of study clearly defined? Y/N/P

5 | Is the design of study clearly defined? Y/NP -

6 | Is it clear which requirements negotiation practice is used in the study? Y/N/P
Is it clear which requirements conflict is resolved by the requirements

7 | negotiation practice? Y/N/P
Does the study clearly state the benefits & drawbacks of the requirements

8 | 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:

e YES=1
.o PARTIAL=0.5

s NO=0

Table 18: Quality Assessment Form for an Individual Database

Conductor’s name:

Data source:

Maximum quality score: 9.0

Study Id - | Quality Score

%

5.1.  Study Quality Asse'ssme_nt"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.




6. Data Extraction and Syntheéis

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
qué]ify criteria and inclusion criteria, has been mentioned in the data extraction forms
(Barijara 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

Nb. of relevant articles in all the databases

No. of articles extracted from other sources

Total no. of relévant articles

No. of duplicate studies

No. of studics left after duplicate studics

No. of articles relevant {o negotialion

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 Eac_h 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 Yes/No

clearly?

What is the issue?
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Which conflict is resolved?

Conflict reported and focused

Any other conflicts reported to be
resolved.

Major contribution

Significance/importance of study

Are the hypothesis ciearly stated?

Yes/no/partially

Arc the hypothesis supported well?

Yces/no/partially

Which requirements negotiation
practice reported in the paper?

Practice means Technique/ method/
tool/ methodology/ framework

If 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

1s 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 cxtent?

Benefits of practice reported

Limntations 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,willﬂ 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.  Data Synthesis

.

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 Syntheﬁs Form Corresponding To R.Q.1

Study Quality | Database Year of Practice ID List of ﬁractices
IDs score name publication A
St - 1 .| IEEE 2007 P1 Winwin
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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

Pl S1,82 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 Stu:iy 1ds Covering Strengths of Practices

Practice Benefit | Benefits of Practice Study IDs that cover Total no. of
D D this benefit | study IDs
P3 - B1 Resolves personal | S1,83,S5 3

conflicts ' y

Grand Total | 3

Table 24 provides a cumulative knowledge about the total no. of studies which
reported shortcomings of different réquigements negotiation practices. This table

60rrespon21s to R.Q.2b. .
' Table 24: Counting Study Ids Covering Weaknesses of Practices

Total no. of

Practice Limitation | Limitations of Practices Study IDs that cover
1) D this limitation study IDs
P3. L1 Resolves personal | §1,S3,35 3
| conflicts
Grand Total | 3

7. Data Analysis

Summary of cach 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.

Table 25: L:iyou_t of Answer of RQ.1

Practice id | Name of practice | References Conflict(s) addressed
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Table 26: Layout of Answer RQ.2a

Practice id Strengths of practice References

Table 27: Layout of Answer RQ. 2b:

Practice id Weaknesses of practice References

The tables 25-27 will be reviewed (o answer the rescarch questions. We identify
cxisﬁing requirements negotiation practices and their pros and cons.
Q'Vucstion.l What requirements ncgotiation practices are used to resolve requirements
conflicts in software projects? |
01. This question will be answered by identifying a list of existing requirements
‘hegotiation practices found in the papers.

e 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?

o This question will be automatically answered by answering Question 2a and 2b.

Question.2a What are the reported strengths of existing requirements negotiation
practices? 7
e List of strengths of each requirements negotiation practice will be repoited
while answering this question.

e This information will be provfdedA by the table 23.

Question.2b What are the reported weaknesses of existing requirements negotiation
prgctices?
@ List of weaknesses of each requiréments negotiation technique will be reported
in the answer of 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
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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 confcrences.

9. Project Time Table

_ Figure 8: Thesus Timeline

Research Plan

~2-~.,“.-w--~H~01Jan2010T031Deczoio

e

\
. \

D Task Name Stat Finish Duration i -
.A e[

1 | Evaluation of review protocol 2112010 " 2p8noto aw w

2 | identification of research 30w 41302010 87w sy

3 | Study sefection 5112010 673012010 87w A\ 4

4 | Study quality assessment THR010 &3172010 8.66w -

5 | Dala extraction 9112010 103172810 8.71w A\

8 | Data synthesis 1112010 11730:2010 T 420w -

7 | Specifying dissemination mechanisms 121010 12/10/2010 " 140w v

8 | Fomating the main report 121112010 121202010 143w v

9 | Evaluating the report 1272412010 1213172010 1.57w q
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APPENDIX C
QUALITY ASSESSMENT CRITERIA RESULTS



Table 28: Quality Assessment Criteria Results for Each Study
Study Ids

QACH Quality Assessment Criteria

9 10 [ 20 |25 |32 (34 {39 |43 l S4 [S6 |58 |62 (68 |69 (72 173 |76 | 77
1 Is the context of study clearly defined? 1 1 1 )] 1 i 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 1 1 1 1 1 1 I 1 1 1 1 1 1
3 Are the findings systematically reported and sufficient | 1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1

evidence reported to justify the relationship between

evidence and conclusion?

4 Are the objectives of s.!udy clearly defined? 1 1 1 1 i 1 i 1 1 1 1 1 i 1 1 1 1 1
Is the design of study clearly dcfined? 0 |0 1|1 1 051]0 i 1 0 1 I 1 1 1 1 051
6 Is it clear which requiremenls‘ negotiation practice is to be | 1 I 1 1 1 i 1 I 1 1 ! 1 1 1 1 1 1 1

used in the study?

7 Is it clear which requirements conflicts is resolved by the | 1 1 05/05|0 {1 0511 1 0 I 0 0 ¢ |0 1 1 0
‘requirements negotiation practice? o . \

8 Does the study clearly state the benefits & drawbacks of | 0.5 | 1 1 T [05 (1 ‘ 1 0510511 1 E 1 1 1 1 }
the requirements negotiation practice?

9 Does the study clearly define the nature of soﬁwére 1 1 1 1 1 I 1 1 1 1 1 1 1 { 1 I 1 1
projects?

Total 758085185175 (85]75|85)85]70|90(80|80;80{80]/90]85]8.0
Scale: Yes=1, No=0 and Partial=0.5 Threshold =1.5
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