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ABSTRACT

Software engineering research has been, and still is criticised as being immature 
and unscientific due to lack of evaluation. However, software engineering 
community is now focusing more on empirical research and there is a movement 
to adopt approaches from other mature fields like medical science and one such 
approach is Systematic Reviews. One of the major activities within the 
requirements engineering process is to use requirements prioritization that helps 
to focus on the most important requirements. There are many prioritization 
techniques available to prioritize software requirements; still there is lack of 
evidence of which technique to prefer.  The reasons could be the differences in 
contexts, measurement of variables and usage of data sets.  In this thesis, the 
area of requirements prioritization has been systematically reviewed in order to 
assess what evidence regarding different prioritisation techniques exist.  The 
results from different studies are contradictory in nature due to variations in 
study designs, research methodologies and choice of different dependent and 
context variables.  Based on the results of the systematic review, a research 
framework has been proposed to provide the researchers with a common 
background for further research with in requirements prioritization area.  The 
goal of the framework is to develop reliable knowledge base as well as help 
researchers conduct and report prioritization studies.

Keywords: Requirements prioritization, systematic 
review, research framework, prioritization techniques.
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Introduction
Strong reasons make strong 

actions.

William Shakespeare
(1564-1616) Chapter 1

The purpose of this chapter is to introduce master thesis, background, the problem 
statement, its aims and objectives, goals and the research methodology employed to 
answer the questions to the reader.  It also introduces the outline of the thesis and 
provides reading guidelines to the intended audience. 

1.1. Background

Software engineering research has been, and still is, highly criticized as malign, 
slander, and immature (Shaw 2001) because it lacks evaluation (Tichy et al. 
1995) and is unscientific in nature (Fenton et al. 1995).  Much of this criticism is 
supported by appropriate research.  Claims of immaturity are made by deep 
analysis and evaluations of the fields that are more mature e.g. medical and 
social sciences and which involve much higher degree of work associated with 
them.  Lack of evaluation is challenged by analysis of relevant literature to 
actually see if software engineering research includes an evaluation component 
(Glass et al 2002).  Software engineering is still relatively new and rather 
immature in terms of research standards as compared with other disciplines like 
engineering, medical and social science.  So far research in software engineering 
domain has been mostly ad hoc and based on classical literature reviews with 
less emphasis on evidence. Use and collection of evidence in software 
engineering research and practice are key elements in the development of this 
discipline (Dawson et al. 2004).

Software engineering research activity deals with both industrial and academic 
research.  These two ways are not standalone, rather highly connected and 
dependent on each other.  However, things are not always done in the industry 
as suggested in literature because in industry there are lots of different factors 
(e.g. time to market, product releases, and customer satisfaction etc) involved.
The organizations need to assess these factors which put them in a place where 
they have to deviate from the academic standards and drive things according to 
their own needs (Pressman 2001).

Different ways of conducting research in any field involve qualitative, 
quantitative and mixed method approaches using both qualitative and 
quantitative techniques (Creswell 2003).  Software engineering researchers have 
employed these research methodologies.  In addition to that research in software 
engineering has begun a move towards using evidence-based approaches from 
other mature fields like medical and one such approach is Systematic Reviews.
Systematic review enables the evaluation and interpretation of all accessible 
research relevant to a research question, subject matter, or event of interest.  It is 
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a multistage process comprising of planned activities and requires dedicated 
resources as well as commitment on part of the researchers conducting the 
systematic review.

1.2. Problem Description and Motivation Leading to Thesis

Described as a challenge to the whole of software engineering community, 
Shaw, in her article says (Shaw 2001)

“Software engineering does not yet have a widely recognized and widely 
appreciated set of research paradigms in the way that other parts of computer 
science do.  That is, we don’t recognize what our research strategies are and 
how they establish their results.”

As described in Section 1.1, software engineering research often lacks the 
evaluation criteria (Tichy et al. 1995), thus research results are not always 
consistent.  This is one major problem that prevails in software engineering 
community.  Therefore there is a need for a succinct, proper and comprehensive 
research mechanism and review policy to find the inconsistencies and identify 
areas for further research within the field of interest for the researcher.  

Software engineering being a realm of a practitioner, often suffers from different 
variations and unpredictability’s associated with the human factors.  Another 
issue that leads to the inconsistencies in the results is the very true nature of the 
software being produced.  Software ranges from mission and health critical, 
embedded, commercial-of-the-shelf, real-time, interactive, web-based e-
commerce solutions to the customized personalized solutions.  Each type posses 
its own quality requirements (Dawson et al. 2004) and therefore needs a 
different approach in studying and evidence collection and analysis.  Systematic 
review [See Chapter 2 for details] has the potential of fulfilling those needs of 
conducting research and promises to provide an un-biased view of the
phenomenon.  Systematic review denotes a specific research methodology, 
aimed at gathering and evaluating available evidence related to a focused topic 
area.  Systematic reviews provide means to evaluate and interpret all research 
that is available and relevant to particular research questions, topic area or 
phenomenon of interest. The aim of the systematic review is to give a fair, 
credible and unbiased evaluation of a research topic with the use of a 
trustworthy, rigorous and auditable methodology (Kitchenham 2004). 

The main challenge of the software engineering community is to satisfy the 
customer needs and possibly exceed his expectations (Bergman and Klefsjö 
2003) in an economic, rapid and profitable manner (Valenti 2002). The process 
of Requirements engineering has the potential of fulfilling the customer needs 
and possibly exceeding them by using rigorous and defined methodologies.  
Requirements engineering can help organizations develop quality software 
systems within time and budget constraints which are true reflection of customer 
needs.  One of the major activities within requirements engineering process is to 
use requirements prioritization that evaluates requirements to focus on the most 
important ones.  Requirements prioritization has been identified as one of the 
key areas in literature (Lubars et al. 1993, Siddiqi and Shekaran 1996, Yourdon 
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1997), and there is wealth of literature that describes its importance.  
Requirements prioritization involves both quantitative techniques and qualitative
negotiation methods.  Requirements prioritization is dependent on many 
situations, different stakeholders and their associated roles along with different 
aspects of requirements e.g. cost, value, importance, complexity etc.  Different 
organizations use different prioritization techniques to prioritize requirements.  
Also different prioritization techniques have been studied in different settings; 
however their results are contradictory in nature while considering different 
aspects of studies.  Therefore there is a need for in depth evaluation as to why 
different results appear using same or different prioritization techniques.

Requirements are prioritized using different prioritization techniques while 
considering different aspects either alone or in combination with other aspects.  
Therefore there is a need to systematically review and evaluate as to what 
evidence regarding different techniques exists and under which conditions 
different prioritization techniques are preferable over each other based on their
characteristics. This is one major reason that led to the master thesis. Also, 
though systematic reviews have been effectively applied within the medical 
science, there is little published research that talks about systematic review 
applicability in the software engineering domain.  Therefore, there is a need for 
work in the field of systematic reviews and move ahead and apply them in 
software engineering.

1.3. Aims, Objectives and Goals

The thesis is of an explorative nature and aims primarily at finding what 
evidence regarding different prioritization techniques that exist.  Thus, the thesis 
deals with conducting a systematic review of requirements prioritization.  Why 
requirements prioritization?  The field is rather mature and there has been
research done in requirements prioritization.  Therefore it is time to 
systematically review it to find different studies that use similar or different 
approaches used to conduct the studies to establish facts about evidence 
regarding different techniques.  Therefore following objectives and goals needs 
to be fulfilled.

 Evaluate systematic reviews and develop a deeper understanding about 
systematic reviews.

 Investigate to what extent systematic review is beneficial as a research 
mechanism for the software engineering community.

 Investigate what sort of systematic reviews have been conducted in 
software engineering in general and in the area of requirements 
prioritization in particular.

 Investigate state of the art requirements prioritization techniques and 
studies relevant to the different techniques.

 Conduct a systematic review of the requirements prioritization area to 
see what evidence regarding different prioritization techniques exist.

 Develop a research framework based on the systematic review to align
research within requirements prioritization area and facilitate systematic 
review in future.
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1.4. Research Questions

Following are some of the research questions that need to be addressed during 
the thesis.

1. What are systematic reviews and how they should be conducted?
2. What are the advantages and shortcomings of systematic reviews?
3. What sort of systematic reviews have been conducted in software 

engineering and what are their findings?
4. What if any systematic reviews exist within requirements prioritization?
5. Conduct a systematic review of the requirements prioritization area and 

see what evidence regarding different prioritization techniques exists?
6. What are the most promising requirement prioritization techniques and 

under what conditions?

1.5. Reading Guidelines

The section and its subsequent sub-sections provide reading guidelines for the 
intended audience as well as the definitions of certain terminologies.

1.5.1. Audience

The intended audiences for the master thesis are the people who have some 
general knowledge of software engineering, and requirements engineering.  The 
theoretical chapters provide general information and establish foundation for the 
reader.  However it is recommended to have general background knowledge in 
order to fully understand and take advantage of the discussions made in the 
thesis.

1.5.2. Instructions

In order to make it easier for the readers as well the author, the following shall 
be read as under:

 He should be read as He/She.
 His should be read as His/Her.

1.5.3. Definitions

In order to fully understand and take the advantage of the discussions within the 
thesis, the following definitions are used in the master thesis.  These are as 
follows:

 Systematic Review: “A review of the evidence on a clearly formulated 
question that uses systematic and explicit methods to identify, select and 
critically appraise relevant primary research, and to extract and analyse data 
from the studies that are included in the review” (Khan  et al. 2001).
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 Software Engineering: “(1) The application of a systematic, disciplined, 
quantifiable approach to the development, operation, and maintenance of the 
software; that is the application of engineering to software. (2) The study of 
approaches as in (1)”. (IEEE 1993)

 Requirement Prioritization: “An activity during which the most important 
requirements for the system (release) should be identified” (Sommerville
1996)

 Research Framework: “A research framework is an extensible structure for 
describing set of concepts, methods, technologies, and cultural changes 
necessary for a complete research design and process.  It provides a 
mechanism that guides users through a proper order of steps, applications, 
data analyses and outcome assessment via a common interface to the process 
being followed” (CEDAR)

1.6. Thesis Structure

Figure 1-1 highlights the visual model of the master thesis.  Below follows an 
explanation of each phase of the work.  Also brief description of each chapter 
presented in the thesis is highlighted in section 1.9.

1.7. Initial Study

This step of the study was conducted by making general observations about the 
different research aspects within software engineering community.  These were 
followed by initial literature review as to how researches conduct research and 
what research methods do they use to conduct the research.  This provided a 
base for further development in the master thesis and its evolution.

1.8. Chapter Details

Chapter 1 provides the background and thesis outline along with problem 
description to the reader.  Chapters 2 and 3 are intended to provide a background 
about the theory that exists in the areas, which are addressed in the master 
thesis.  Chapter 4 provides the design of the systematic review based on the 
review protocol.  Chapter 5 presents how systematic review was conducted and 
what were the findings of the systematic review.  Based on the information 
gathered indirectly from chapter 4 and directly from chapter 5, chapter 6 is 
established which talks about the research framework developed.  Chapter 7 
concludes and evaluates the master thesis and highlights potential further 
research areas.

1.8.1. Chapter 1: Introduction

This chapter introduces master thesis, background, the problem statement, its 
aims and objectives, goals and the research methodology employed to answer 
the questions to the reader.  It also introduces the outline of the thesis and 
provides reading guidelines.
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Figure 1.1.  The visual representation of the master thesis that leads the reader to the stated aims, 
objectives and goals stated in section 1.3.  The arrows present in the figure denote input.
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1.8.2. Chapter 2: Software Engineering and Systematic Reviews

This chapter gives a brief overview of software engineering and introduces the 
notion of Systematic reviews to the reader. The chapter contains detailed 
discussions about systematic review including background, nature, merits and 
demerits, along with their limitations.  It presents information how to conduct 
systematic reviews and in what manner software engineering community can 
benefit from them.  This chapter also talks about different systematic reviews 
that have been conducted in software engineering along with findings from these 
studies.

1.8.3. Chapter 3: Requirements Engineering and Requirements 
Prioritization

This chapter talks about requirements engineering and provides the reader the 
knowledge about requirements engineering and requirements prioritization, 
stakeholder roles, and different aspects under which requirements can be 
prioritized.  It also presents detailed discussions about different requirements 
prioritization techniques along with their general characteristics.

1.8.4. Chapter 4: Systematic Review Design

This chapter highlights the design of systematic review, which was conducted 
during the master thesis.  The chapter contains detailed description about the 
different aspects of the actual systematic review starting from stage 1 i.e. 
Planning the review, Stage 2 i.e. Conducting the review and finally Stage 3 i.e. 
Reporting and disseminating the review including their sub-phases.

1.8.5. Chapter 5: Conducting Systematic Review

This chapter provides the reader with the details of how systematic review was 
conducted along with the issues involved in conducting the systematic review.  
This chapter also presents the results and findings of the systematic review and 
how those findings were obtained.

1.8.6. Chapter 6: Research Framework

This chapter introduces the framework that was developed based on the 
systematic review.  The chapter also presents goals and working of the research 
framework.  It also tells how to conduct high quality research in the 
requirements prioritization area by considering different aspects and study 
variables.

1.8.7. Chapter 7: Epilogue
In this chapter, the conclusion of the master thesis is presented; the areas in 
which further research is needed are highlighted, and the assessment of the 
thesis is put forward.
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1.9. Chapter Summary

This chapter introduced the master thesis to the reader and provided an insight 
into the problem that it addresses.  The chapter also introduced the aim of thesis, 
which is to investigate what evidence regarding different prioritization 
techniques using systematic reviews.  Furthermore the chapter presented the 
roadmap of the thesis, reading guidelines to its intended audience along with 
brief description of the chapters included in the master thesis. 
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SOFTWARE 
ENGINEERING AND

SYSTEMATIC 
REVIEWS

When most people sit down to 
make a list, they're actually 

trying to combine all five of the 
phases we've defined for 

mastering workflow: collect, 
process, organize, review and 

do.

Cited in 
Ready for Anything: 52 Productivity 

Principles for Work and Life by 
David Allen

Chapter 2

The chapter introduces the discipline of software engineering and its areas.  It briefly 
provides the reader with different kinds of research that has been conducted in the past 
and different research methodologies that software researchers exercise to conduct 
research.  In addition to that, systematic reviews are presented in detail along with their 
application within the domain of software engineering.  Finally the chapter presents 
different systematic reviews that have been conducted within software engineering along 
with their general findings.

2.1. Software Engineering, Areas and Research Trends

Software engineering is a systematic discipline that encompasses process, 
management and technical methods and tools (Pressman 2001).  Software 
engineering is a vast and varied domain comprising of the following sub-areas 
(Reifer 2003):

 Software Process
 Requirements engineering
 Reverse engineering
 Testing
 Software maintenance and evolution
 Software architecture
 Software analysis
 Software design
 Mathematical foundations of software engineering
 Software reliability and dependability
 Software engineering tools and environments
 Software configuration management
 Software engineering development
 Software economics
 Empirical studies in software engineering
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 Software metrics
 Software quality management
 Software project management 
 and the list continues ……

Shaw in her classical article presented a comparison of research trends and 
differences between software engineering and other traditional engineering 
fields namely civil and chemical engineering (Shaw 1990).  Following the lines 
of Shaw, Glass et al. performed a comprehensive literature review on the 
research trends within software engineering.  Glass et al. (Glass et al. 2002) 
concluded that software engineering research is extensive and diverse in topic, 
narrowly focused in research approach and methodology, inwardly-focused 
from a reference discipline viewpoint, and technically focused rather than 
behaviorally focused in terms of analysis [See Section 2.2.7 for details].  
Similarly, Zelkowitz and Wallace provided a classification of the software 
engineering literature papers and concluded that software engineering research 
lack experimental validation (Zelkowitz and Wallace 1997).  According to Tsai 
and Zualkernan, software engineering is more apprehensive with the 
development of normative theories about software development.  Therefore they 
argue for the existence of a commonly accepted framework for research towards 
developing better research evaluation criteria (Tsai and Zualkernan 1989).  
Software engineering field is varied and is influenced by other fields like 
computer science, computer engineering, cognitive science etc.  Software 
intensive systems have taken a central place in the everyday life of the 
individuals as well as the societies.  Therefore Kitchenham et al. provided the 
concept of Evidence Based Software Engineering (EBSE) by creating an 
analogy with Evidence Based Medicine (EBM).  The goal of evidence based 
software engineering is to provide ways by which the current best research 
evidence can be combined with the practical experiences and human values to 
help in decision making process for software development and maintenance 
(Kitchenham et al. 2004).  Software engineering is the sphere of a practitioner 
and is dependent on it.  Thus it suffers from different variations and 
unpredictability’s because each individual has its own strengths and 
weaknesses, and insights and blind spots. Therefore Dawson et al. provided two 
frameworks for the collection of evidence, based on Evidence Based Software 
Engineering principles (Dawson et al. 2004).  For software engineering to come 
to the standards of being called engineering, it needs to develop coherent and 
systematic framework.  The framework will help researchers and practitioners in 
collecting evidence, setting explicit criteria for confidence in the evidence, 
categorizing study subjects, setting outcome measures for conducting research 
and presenting their findings from which the whole community can benefit.  
One such approach is systematic reviews and is discussed in detail in the next 
section.

2.2. Systematic Reviews

Systematic review denotes a specific research methodology, aimed at gathering 
and evaluating available evidence related to a specific area.  Systematic reviews 
provides a mean to evaluate and interpret all research that is available which is 
relevant to particular research questions, topic area or phenomenon of interest.  
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The aim of the systematic review is to give a fair, credible and unbiased 
evaluation of a research topic with the use of a trustworthy, rigorous and 
auditable methodology (Kitchenham 2004).

By the mid 1980’s, people in the medical domain had begun to recognize that 
interpretation of results from the single study in isolation was impossible and 
thus required critical summaries to put results in the context.  In 1979, famous 
epidemiologist Archie Cochrane had issued a call to assemble “a critical 
summary, adapted periodically, of all … relevant randomized controlled trials” 
(Cited in Starr and Chalmers 2005).  Since 1996, Cochrane collaboration1 has 
been publishing systematic reviews and are maintained by them in The 
Cochrane Library, along with bibliographic and quality-assessed material on the 
effects of healthcare interventions submitted by others. Cochrane reviews have 
been published in one of the components of The Cochrane Library, The 
Cochrane Database of Systematic Reviews.  For the comprehensive and detailed 
discussion about the history of the systematic review, refer to the technical 
report by Biolchini et al. (Biolchini et al. 2005) and the official website of The 
Cochrane Collaboration2.  The history of systematic reviews is beyond the scope 
of the thesis.

Systematic review is a defined and distinct methodology for collecting evidence, 
data processing, reporting, and finally result dissemination based on a 
predefined and documented procedure and is discussed in the next section.

2.2.1. Background

Reviews are one of the most useful methods of summarizing literature and 
different studies that may reach similar or different conclusions.  Albanese et al. 
argue that unless reviews are transparent and follow standardized procedures, 
they are subjective and might suffer from biases and idiosyncrasies of the people 
performing the review.  Hence systematic review is an attempt to address lack of 
standardization (Albanese et al. 2002) and promises to provide credible and fair 
evaluation of the phenomenon being studied by qualitatively and quantitatively 
combining results from different studies.  Studies that are used in a particular 
systematic review are called primary studies whereas a systematic review about 
a particular problem in itself is a secondary study since it uses the primary 
studies.

The process of conducting research using systematic review follows a defined, 
documented, and strict succession of procedural steps based on the a priori
protocol (Biolchini et al. 2005).  In a systematic review, the distinct and 
methodological steps, study retrieval strategies as well as main research 
question/questions are explicitly defined.  This ensures that other people using 
systematic review can reproduce the same protocol and examine the sufficiency 
as well as adequacy of the chosen standards for the case and can replicate the 
systematic review for the purpose of verifying or updating.  In a systematic 
review, the type of acceptable studies which are to be gathered, are stated before 

                                                
1 The name was given in honor and recognition of the famous epidemiologist, Archie Cochrane
2 The Cochrane Collaboration: <http://www.cochrane.org>
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the actual information is retrieved.  All these things are part of the review 
protocol; hence it serves as a backbone for the systematic review.  After the 
retrieval of studies from various sources, they are selected, reviewed and 
compared to other studies previously and else where retrieved.

In a systematic review, it is also possible to combine and synthesize results from 
different studies included in the systematic review.  A kind of synthesis which 
treats original individual primary studies as part of one original study is known 
as meta-analysis (Glass 1976).  Meta-analysis provides a means of 
mathematically combining results using different statistical techniques from 
different primary studies. In this kind of synthesis, primary studies that are 
compatible in their quality level are selected.  This may help and highlight 
different facts which individual primary studies fail to do, e.g. it may prove that 
results are statistically considerable and important when small primary studies 
provide questionable and uncertain results with large confidence interval 
(Phillips and Newton 2002).  Opposite to that, when conflicting results come out 
of the individual primary studies, meta-analysis can merge data from them in a 
synthetic result.  This is useful for the comparison of individual primary studies 
with the results which can further reveal discrepancies and help in reaching 
different conclusions (Biolchini et al. 2005).  The review protocol [See section 
2.2.5.1.3 for details] and data synthesis [See section 2.2.5.2.5 for details] are two 
salient features of a systematic review that distinguishes it from the conventional 
review.  Detailed differences between the systematic and conventional review 
are discussed in the next section.

2.2.2. Differences between Systematic Review and Conventional 
Review

Following are some of the features that differentiates a systematic review from a 
traditional or conventional literature review based on the recommendations of 
Biolchini et al. (Biolchini et al. 2005) and Kitchenham (Kitchenham 2004).

 Systematic reviews are more thorough and fair as compared to the 
conventional review.  Systematic review provide information about the 
effects of a particular phenomenon across a wide range of settings 
(Kitchenham 2004).

 Systematic reviews use a replicable, scientific and transparent approach 
which seeks to minimize bias (Khan et al. 2001).

 Systematic reviews start with a predefined review protocol.
 Systematic reviews unlike conventional reviews are based on defined 

search strategy that targets to detect both published as well as 
unpublished research3.  

 Systematic reviews require predefined study inclusion/exclusion criteria 
as well as quality assessment of each primary study.

 For meta-analysis, systematic review serves as a pre-requisite whereas 
conventional reviews do not perform meta-analysis.  Meta-analysis can 
be used to combine data of different quantitative (empirical) primary 

                                                
3 Unpublished research can be retrieved using personal contacts, looking at dissertations, asking people working 
in the same research domain, looking at government reports etc. 
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studies which helps in creating generalization (Biolchini et al. 2005).  
Meta-Analysis also helps in identifying issues which can serve as a 
starting point for future investigations.

 The distinction between a systematic review and a traditional review can 
be made by their underlying semantics, which is evident from the 
contents of their abstracts [See section 2.2.5.3.1 for details].  

 Systematic review demands a review team to establish the objectivity of 
the literature classification at the minimal level whereas a traditional 
review could be the work of a single reviewer.

 Systematic reviews require documentation of not only the search criteria, 
search strings and search items; they also require documentation of 
different databases which are searched.

 Systematic review is not a one step process rather they are ongoing in 
nature in order to update them and to repeat them for the identification of 
new research areas and problems (Albanese et al. 2002).

 Based on the primary study results, if the results are consistent, 
systematic reviews can provide information about their strength and 
credibility.  If variations are found within the results, systematic review 
can help in finding variations during data synthesis from different 
studies.

 Systematic reviews require much longer time and expertise to be 
conducted as opposed to the traditional review and could be seen as a 
shortcoming by different researchers especially within the domain of 
software engineering.  Software engineering community always has time 
pressure from industry and academia along with budget constraints and 
might not be willing to spend longer time for the results to appear.

 A meta-analysis with larger number of primary studies is more time 
consuming and labor intensive and requires specialized expertise 
especially with different statistical methods and techniques (Lipsey and 
Wilson 2000).

 Systematic reviews, like any other review, require careful appraisal and 
assessment before they are published and their conclusions are 
implemented.  The appraisal produces biases in the systematic review 
including publication bias, reviewer bias, inappropriate combination of 
trials bias and bias from original trials (Deeks 1998).  Publication bias 
normally arises in the studies which are more likely to be published 
having significant results in comparison to the studies that fail to 
demonstrate significance.  Reviewer bias can come into a systematic 
review since the method itself does not have any validity mechanism.  
Also the eligibility criteria interpretation is also subjective which can 
also some times produce reviewer bias.  In the systematic review, if 
attempts are made to collate evidence using average effect, then they 
introduce inappropriate combination of trial bias.  Similarly if a 
systematic review contains primary studies that were not properly 
designed and were biased, this introduces bias from original trials in the 
systematic review.  These can be seen as few of the limitations of the 
systematic review.  The limitations can however be reduced by 
following the defined guidelines for the critical appraisal of the 
systematic review (Milne et al. 1993).  
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 The quality of any systematic review depends on the quality of the 
primary studies and how they were reported.  Systematic review is also 
dependent on the availability of the primary studies.  If primary studies 
lack eminence and value features, systematic review will not produce 
authentic, valid and credible results.  Also if there are many variations 
among different studies there is always a likelihood of getting variable 
results from a systematic review.  Thus the quality of the systematic 
review is very much dependent on the primary studies addressing the 
problem within a specific research area.

 Inappropriate aggregation of primary studies that differ in terms of 
interventions used or different in terms of the populations can lead to the 
drowning of important effects e.g. the effects seen in some subgroup or 
prioritization technique like Analytic Hierarchy Process may be 
concealed by a lack of effect from other factors like number of 
requirements or expertise level of people performing the prioritization.  

After establishing the differences between systematic and conventional reviews, 
the process of systematic review is discussed in detail in the next section.

2.2.3. Phases in Systematic Reviews

The need for rigor in the production of systematic reviews has led to the 
development of a formal process to conduct them in a manner that will ensure 
generation of credible, fair and unbiased results. The steps presented below are 
taken from Khan et al. (Khan et al. 2001), Kitchenham (Kitchenham 2004) and 
Biolchini et al. (Biolchini et al. 2005).  They can be tailored, modified or left out 
depending on the nature of the problem under review, budget resources and time 
constraints.  However, the recommendation is to follow the guidelines 
comprehensively and the steps should only be left out after careful consideration 
and analysis.  It is also suggested to report if any modifications are made in the 
process to ensure that the systematic review can be replicated.

The suggested process of systematic reviews is a three stage process including 
‘planning the review’, leading to ‘conducting the review’ and finally ‘reporting 
and disseminating the review’.  The three stages and their sub-phases are 
explained in the next sections.

2.2.3.1. Stage I: Planning the Review

The phase starts with identifying and establishing the need for the review.  In 
order to avoid duplicating the research, initial searches should be carried out to 
establish if a new review is required or if any previous review can be updated.  
The reviewers undertaking the review should asses the extent to which the 
potential primary studies exist.  The review proposal should be developed with 
convincing arguments stating the review objectives and that they have been 
understood along with timelines and milestones.  Once the funding for research 
is secured, review protocol should be documented and updated after getting the 
feedback to commence the review process.  This first stage comprises of three 
phases which are discussed in detail in the upcoming three subsections.
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2.2.3.1.1. Identifying the Need for Review

The first step is to identify the need for the review.  It provides information on 
how to identify and appraise available reviews.  This is an essential step which 
helps in avoiding unnecessary duplication of research.  It also ensures that every 
new review addresses appropriate issue (Khan et al. 2001).  While considering a 
systematic review, efforts should be made to ensure that a good quality review 
does not already exist in the field of interest.  If it does exist, then it is advisable 
to update previous review instead of starting a new review.  Available reviews 
should be critically appraised for quality using checklists (Greenhalgh 1997).

In order to identify published or ongoing reviews, joint efforts should be done 
by the review team and information retrieval experts especially librarians.  Also 
range of information sources should be consulted (Glanville and Lefebvre 2000)
supplemented by personal contacts with the key research groups in the field.

After conducting initial search for locating existing or ongoing reviews, if they 
are absent, a need for systematic review arises.  Once a systematic review is 
commissioned and authorized by the organization asking for a systematic 
review, a briefing document should be prepared.  The briefing document 
provides review objectives, review rationale as well as background information 
describing the epidemiology, nature and causes of the problem and is discussed 
in detail in the next section.

2.2.3.1.2. Preparation for a Proposal for a Review

The preparation of a formal review proposal constitutes second phase of first 
stage i.e. “planning the review” (section 2.2.3.1).  The commissioning process 
(organization seeking systematic review) for a systematic review calls for the 
review proposals and a formal proposal for the systematic review is prepared for 
them.  A systematic review is demanding and challenging endeavor and requires 
dedication, teamwork which cannot be accomplished without dedicated 
resources.  Thus a formal proposal ensures that sufficient funds will be available 
for the reviewers once it is accepted by the review commissioners. The review 
proposal should be based on a preliminary assessment of potentially relevant 
literature and its size and is known as literature scoping which uses prepared 
search filters.

A typical proposal includes the following components (Khan et al. 2001):

 Project Title
 Background
 Review Questions
 Methods of the review
 Review Milestones
 Expertise of the review team
 Dissemination strategy
 Budget justification and details of support
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The proposal should provide general information on the background of proposed 
review.  The review questions are critical as other aspects of the proposal follow 
them. The review method should provide information of the possible 
inclusion/exclusion criteria for study selection.  It should also provide 
information on the information sources which will be searched.  Project 
milestones should be time lined to provide information about the different 
development stages. The review team should reflect a range of expertise 
including information science, statisticians, economists, and project managers 
etc. to be of high quality in nature. In the proposal review dissemination strategy 
as well as budget justification should be provided.  In the proposal convincing 
and strong arguments should be presented highlighting that the objectives of the 
review have been understood and will be refined if the need arises.

Once the review proposal has been prepared it is sent to the review 
commissioners for acceptance.  The proposal is sent back for modifications if 
any things are unclear or not justified e.g. total review time, budget issues etc. 
Once the necessary modifications are made the review proposal is finalized and 
the development of the review protocol starts.  The review protocol serves as the 
main foundation on which the systematic review will be developed and 
improved and its development is discussed in the next section.

2.2.3.1.3. Development of a Review Protocol

The review protocol specifies the plan which the review follows, in order to 
identify, collect, appraise, and assemble evidence.

The components of a protocol are (Khan et al. 2001):

 Background
 Review questions
 Search strategy including search terms and resources to be searched
 Study selection criteria and procedures
 Study quality assessment checklist and procedures
 Data extraction strategy
 Evidence synthesis
 Project timetable

In the review, main as well as secondary question/questions should be explicitly 
stated.  The main facts to be considered in the questions are population, 
interventions and outcomes relevant to the review objectives.  The search 
strategy should be based on the components of the review questions.  After 
specifying the search strategy and getting the evidence, inclusion/exclusion 
criteria are applied.  The quality of the study can be judged at various stages 
from study selection to generation of recommendations for practice and 
research.  The review protocol must specify the number of individuals who will 
independently assess study validity and provide information on how 
disagreements will be resolved.  In order to synthesize the extracted evidence, 
presumed magnitude of result, size, validity of studies and factors explaining 
differences should be considered.
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Once the review protocol has been prepared, it should then be approved in a 
formal meeting by the commissioners and expert panel before the actual review 
begins.  It should also be published to get feedback4.  Once it has been 
published, modifications should only be made if there are well made arguments 
against the review protocol.  Acceptance of the review protocol marks the end of 
first stage and the second stage of the systematic review begins.  The second 
stage is discussed in the next section and its different sub-phases are discussed 
in detail in the subsequent sub-sections.

2.2.3.2. Stage II: Conducting the Review

This is the second and most important stage in the systematic review and starts 
after the protocol has been agreed upon.  This stage is most important since the 
results of the systematic review will be deduced from primary studies, their 
evaluation, and assessment of the studies and how the data was synthesized 
based on internal and external validity. Throughout this process, good 
communication between different parties (review team members, information 
retrieval personal, organization seeking systematic review etc.) involved in the 
systematic review should be maintained.  This ensures consistency between 
different processes and also helps in resolving conflicts that may arise.  
Although the phases described in this stage seem sequential, they are not 
sequential, and they might require iterations to refine things.  The five phases 
within this stage are presented below.

2.2.3.2.1. Identifying Research

Searching and locating primary studies is a complex and time-consuming 
process.  This requires dedication, resources, and perseverance along with 
skilled expertise of information retrieval experts.  The main aim of the search is 
to identify as well as locate a detailed, comprehensive and broad list of both 
published as well as unpublished primary studies (Khan et al. 2001).  It is 
always crucial to identify relevant studies by a thorough and unbiased search 
strategy as the validity of the review findings are directly related to them.  
Therefore the reviewers along with the librarians should together develop the 
search strategy and identify search terms.

Identification is an iterative process and it is refined along the way to locate as 
many relevant primary studies as possible.  The goal of thorough searching is 
achieved by using electronic databases and manual (hand) searching of different 
journals, conference proceedings and grey literature5.  It is also useful to search 
in research registers and internet for finding unpublished research, and to 
supplement searching by contacting researchers for identifying ongoing 
research.  Different bibliographic software packages (e.g. Reference Manager,
Procite, Endnote) should be used to manage the reference list of the retrieved 
literature.  This helps in keeping the review on track and recording and 

                                                
4 The Cochrane Library has special sections where review protocols are published to get feedback from other 
reviewers.  However such facility is not available so far for the software engineering research community.
5

Grey Literature corresponds to the studies that have not been published in any journal and can include Studies not retrieved 
during computerized search, Master thesis, PhD thesis, Company Annual Reports and Online sources e.g. google etc.
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managing different papers.  Lastly the search should be well documented to 
make the process replicable and transparent.  The search can be made well 
documented by recording the time and date when the search was made, 
documenting search process, resources used to search including both 
computerized and manual searches of different journals etc.  This also ensures 
future possible reanalysis and readers can evaluate the thoroughness of the 
research.  Primary study selection from the study retrieval process requires 
consideration of different criteria’s and factors based on their significance, 
importance and application in relation to the review questions and are discussed 
in the next section.

2.2.3.2.2. Study Selection

Once the search for the relevant and potential candidates of primary studies is 
done, they are retrieved and assessed based on their relevance to the questions 
posed for the review.  Both inclusion and exclusion criteria’s should strictly and 
logically follow from the review questions.  The process of study selection is 
based on different stages. The stages involve citation sifting, full report retrieval 
of the potentially relevant citations, assessment and identification of primary 
studies that fulfill inclusion criteria (Kitchenham 2004).  In order to minimize 
the risks or errors, parallel independent assessments should be made.  In case of 
disagreements, resolutions should be done based on the predefined strategies of 
consensus and negotiation.  Also this process of study selection should be 
documented specifying reasons for both the inclusion and exclusion of primary 
studies (Khan et al. 2001).  This ensures that the study selection process is 
transparent and can be verified by other reviewers who will update the current 
review in future.  After selecting primary studies, they should be judged for 
quality in order to become a part of the systematic review.  The next section 
discusses how the relevant studies can be judged for quality.

2.2.3.2.3. Study Quality Assessment

Primary studies are judged for their quality at various stages from study 
selection (See Section 2.2.3.2.2) to the generation of recommendations for 
future research and practice (See section 2.2.3.3.2).  During quality assessment 
both internal as well as external validities are assessed (Khan et al. 2001).  The 
reason behind this is that interpretation of study findings depends on design, 
how the study was conducted and analysed (internal validity), as well as on 
populations, interventions and outcome measures (external validity).  The main 
focus of the study quality assessment lies on the internal validity since it 
determines how closer the actual results is in relation to the ‘truth’.  In addition 
to that, internal validity is also a prerequisite for external validity.

The quality assessment is also useful to remove different forms of biases.  In the 
beginning, quality assessment can be used to determine minimum quality 
threshold to select and choose primary studies in the review.  After this, detailed 
quality assessment can be used to examine and inspect the quality of included 
individual primary studies and hence helps in their classification.  This process 
allows in finding different variations between the primary studies and 
heterogeneities within different reported primary studies.  It also aids in 
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generation of interpretations of the results and helps in the formulation of 
inferences to inform practice and research.  In order to assess the quality of the 
included primary studies, already available or custom developed checklists or 
scales can be used.  However shortcomings of checklists and scales should be 
kept into consideration before using them.  The components of both checklists 
and scales should be selected with due consideration for the scope and purpose 
of the quality assessment and should include both generic methodological issues 
and subject area specific issues.  After assessing the quality of the primary 
studies, data from individual primary studies is extracted using extraction forms 
and is discussed in detail in the next section.

2.2.3.2.4. Data Extraction and Monitoring Progress

The process of data extraction is highly subjective and therefore it is prone to 
human errors.  One way of minimizing bias during all stages of this process is to 
use data extraction forms (Khan et al. 2001).  The data extraction forms should 
clearly specify instructions and decision rules about data coding and using more 
than one reviewer.  It should also specify study characteristics as well as 
outcome measures and results.
The data sources, which are used in the included primary studies, should be 
thoroughly checked in order to avoid multiple publications using same data.  
This is particularly important during data synthesis, as it would be misleading to 
include results of several reports of the same study.  Also in the case of 
unpublished reports, missing data or ongoing reviews, it is always a healthy idea 
to contact the original authors and get their opinion.  The authors can provide 
information about the missing data and their permission is necessary for printing 
data about on going reviews.  In case of disagreements in data extraction and 
manipulation, consensus should be reached in a follow up meeting.  In the same 
meeting and before commencing the data synthesis stage, identification and 
assessment of primary studies should be discussed.  Following that, timetable 
and plans for review completion should be finalized.  After extracting data and 
coding it in the extraction forms, it should be synthesized using different data 
synthesis methods and is discussed in detail in the next section.

2.2.3.2.5. Data Synthesis

Data synthesis within systematic review collates and summarizes the evidence 
collected from the primary studies (Hedges et al. 1994).  Data synthesis has two 
components.  Non-quantitative or descriptive synthesis involves tabulation of 
study characteristics or results in order to summarize their findings.  This 
presents a qualitative assessment of the study.  Explicit and rigorous methods 
should be used to carry out the descriptive part of data synthesis.  The 
qualitative synthesis should provide information about the key elements 
(population, interventions, study setting, external factors, outcome measures, 
evidence validity, sample size etc.).  These key elements should be summarized 
in the tabular forms to highlight similarities and differences between the primary 
studies.  Quantitative synthesis uses statistical methods like meta-analysis to 
assess heterogeneities, publication and other biases in results and to generate 
pooled results.  Findings from a qualitative research may aid in the interpretation 
of the quantitative findings.  Meta-analysis is not possible if there are many 
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variations between the primary studies, as combining results from them will not 
give sensible results.  Also it is not possible if data is not present in the first 
place or if the data is sparse.  However, going into the details of both these 
synthesis is beyond the scope of the thesis.  For detailed discussions about them 
refer to the report by Khan et al (Khan et al 2001).

Accessing search results not only depends on its publication but also on when, 
where and in which format the primary study was published.  Since literature 
searches (manual or computerized or both) cannot eliminate the publication bias, 
formal assessment and risk estimation should be included in the review’s 
analysis, final conclusions and inferences (Begg 1994).  A range of statistical 
and modelling methods are available to deal with publication bias in meta-
analyses, such as the failsafe N (or file drawer) method, funnel plot, rank 
correlation method, linear regression method, trim and fill method, and some 
complex modelling methods (Khan et al. 2001).  The attempt at identifying or 
adjusting for publication bias in a meta-analysis should be mainly used for the 
purpose of sensitivity analyses, and the results should be interpreted with 
caution.  Data synthesis from different primary studies marks the end of the 
second stage and last stage of ‘reporting the systematic review’ begins and is 
discussed in detail in the next section. 

2.2.3.3. Stage III: Reporting and Dissemination

The systematic review report is the result of the review process and constitutes 
the last stage in the systematic review.  A concise report allows the readers to 
judge the review quality as well as the credibility of its findings and results.  A 
well prepared report is not worthy unless it is of any use to the targeted 
audience.  Therefore dissemination strategies are required to target the potential 
users and different parties so that policies and practices are informed and the 
research can be put into practice.  These activities are explained in detail in the 
following sub-sections.

2.2.3.3.1. Report and Recommendations

The written style of the systematic review report largely affects the report 
findings and how they are to be implemented in future.  Therefore reporting 
should be done in clear and transparent manner.  Also the report should take into 
account the intended audience and readership.  

A typical systematic review report consists of the following sections as adopted 
from Khan et al. (Khan et al. 2001):

 Title
 Abstract
 Background
 Review questions
 Review Methods
 Details concerning included/excluded studies
 Review results
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 Conclusions
 Acknowledgments
 References
 Appendices

The abstract is a crucial element to gain the readers attention.  Therefore it 
should be properly structured and should provide enough information so that the 
reader can make judgment about the review findings.  The abstract should 
summarize background, provide main review questions, which review methods 
were used, how the results were deduced from the data analysis along with the 
results of the review.  The main body of the report should describe the review 
methods and the approach used to conduct the review.  This is really helpful in 
replicating the research and adds to the credibility of the findings.  The review 
results should be well documented and should follow from the review questions 
and review methodologies.  The conclusions should follow from the findings 
and should be clearly and properly documented as to minimize the risk of 
misinterpretations.

2.2.3.3.2. Practicing Gathered Evidence

The eventual and final objective of any systematic review is to improve quality 
and outcomes related to any phenomenon that was studied during the review 
(Biolchini et al. 2005).  Therefore practicing the required gathered evidence 
from the review is essential for future research and betterment of the society.  
Transferring of research result from the systematic reviews into practice is a 
highly complex task, which requires additional research (NHS 1999).  But 
disseminating research is the first step in bringing about a change.  
Dissemination of the review may be undertaken by national and regional 
organisations, conferences and online database, but implementation cannot be 
accomplished without local involvement in activities designed to get research 
translated into practice.

After establishing the process of conducting the systematic review, their 
application within software engineering requires taking into account certain 
problems, questions and concerns specific to software engineering.  These issues 
along with their considerations are discussed in detail in the next section.

2.2.4. Systematic Reviews In Software Engineering: Issues And 
Considerations

Like every other knowledge area that has developed systematic reviews as a 
research methodology, developing it in the field of software engineering is a 
challenging task.  This would require adapting the conceptual as well as 
methodological synthesis into the domain by taking into account its specificities 
as a scientific knowledge area (Pressman 2001).

The concept of systematic review comes from the medical domain as mentioned 
previously.  However in the context of software engineering few initiatives have 
been taken up that question how software engineering can benefit from adopting 
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the evidence approach (Kitchenham 2004).  Kitchenham et al. (Kitchenham et 
al. 2004) also evolutes the idea of evidence based software engineering by 
creating an analogy with the medical practices.  Based on this, Kitchenham 
proposes a guideline for systematic reviews (Kitchenham 2004) to use the 
concept of evidence based software engineering.

Different to the medical field, the software engineering domain has certain 
specificities previously mentioned that makes it difficult to get the evidence.  
Following are some of the issues related to conducting systematic reviews 
within software engineering.

Software engineering techniques impact part of a life cycle in such a way that 
their effect cannot be isolated.  The targeting technique impacts other techniques 
and methods as well as other procedures used during the development life cycle.  
Therefore it is really hard to determine the causal link between the desired 
technique and the project outcome while temporarily removing the technique 
application and final outcome, e.g. in medical domain conducting blinded 
experiments (especially drug based experiments) is possible but within software 
engineering it is not.  In addition to that, determining the desired output is also 
difficult as many other factors influence it.  In medical field, the doctor might 
prescribe a specific medicine and it does not require skill.  However in software 
engineering skill factor is of high importance for a practitioner of the software 
engineering field.

In the medical field, practitioners already looked for the published systematic 
reviews.  In medical science, they have a highly developed technological and 
scientific infrastructure to support them which was not the case when they 
started this movement towards systematic reviews.  There are different 
organizations e.g. (The Cochrane Collaboration) that not only publishes already 
conducted systematic reviews but also republish them once they are updated.  
They also publish ongoing systematic reviews in their huge database of different 
kinds of systematic reviews.  In contrast to that, software engineering 
community does not have an equivalent facility.  There are many abstracting 
services that provide access to software engineering articles like the IEEE 
Computer society and ACM (Biolchini et al. 2005).  However, there is a move 
towards the development of such infrastructure and recently journal of 
Information And Software Technology has chosen to accept papers in the form 
of systematic reviews (Dyer et al. 2005).

In addition to that, research in software engineering is limited and fragmented.  
Researchers and research groups take valuable empirical studies, however they 
do not follow rigor to an extent that medical domain researchers do (Biolchini et 
al. 2005) since the goals of such works are either to produce individual 
publications or post graduate theses.  Also the software engineering community 
does not have a strong research culture that advocates systematic reviews and 
study replication, thus the research taken up by researchers does not contribute 
to the wider audience.  In software engineering, use of meta-analysis has been 
limited because of the fewer number of replicated studies.  In general there are 
less incentives of repeating the same studies, although there importance has 
been emphasized not only in literature and academia but also in the industry 
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(Ohlsson and Runeson 2002).  Despite the different problems associated with 
conducting systematic review within software, there have been few initiatives 
taken up by researchers to employ systematic reviews.  Some of the studies 
following the systematic review principles are discussed in detail along with 
their general findings in the next section.

2.2.5. Systematic Review Studies In Software Engineering

One of the major literature reviews was conducted by Glass et al., which 
examined the state of research within software engineering (Glass et al. 2002).  
The main reason for presenting this study here is because it is comprehensive, 
had specific research questions and provided classification of research 
approaches, methods and different types of analysis performed by the computer 
science researchers.  Another reason for presenting this study is that different 
areas of computer science and software engineering are overlapping. Glass et al. 
examined the research criteria from the viewpoint of the topics which computer 
science researcher’s address, research approaches and research methods used, 
dependence on reference disciplines and the level of analysis used by the 
researchers. In order to answer the questions, they examined 369 articles from 6 
leading journals within software engineering literature from 1995 till 1999.  
They examined all the 369 articles; however they did not put any judgment on 
the state of the research within software engineering.  They made it as a baseline 
for the research community to adopt future research efforts.  This study was not 
strictly a systematic review.  The researchers did not prepare any specific review 
protocol nor were the results synthesized using any meta-analytic technique.  
However results were presented using tabulation to capture similarities and 
differences between the studies thus making it a planned qualitative review. 
Furthermore, for selecting studies, no specific inclusion/exclusion criteria were 
specified by the authors, therefore the above study does not qualify for a 
systematic review.

Ramesh et al. carried out another study and they examined the state of computer 
science research (Ramesh et al 2004) keeping into context the same research 
questions, which was used by Glass et al. (Glass et al. 2002).  In order to 
address the questions, they examined 628 published research papers, which 
appeared in 13 journals from the years between 1995 and 1999.  They selected 
papers from the journals published by ACM and IEEE.  Since both the studies 
i.e. (Ramesh et al. 2004 and Glass et al. 2002) were similar in design, so this 
study suffered from the same problems which were identified in Glass et al.  
Therefore it also does not qualify for being a systematic review and can only be 
termed as a qualitative literature review.  The main reason for including this 
study is the depth of review it carried out on higher number of studies as well as 
the analysis used to derive review results using tabulation to identify similarities 
and differences between different studies.

Sjoberg et al. recently conducted a survey of controlled experiments in software 
engineering (Sjoberg et al. 2005).  Out of 5453 papers initially scanned, 103 
papers were selected for in-depth analysis.  The papers were selected from nine 
major software engineering journals and three conference proceedings between 
1993 and 2002.  Sjoberg et al. also used special data model built on the aspects 
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of extent, topic, subjects and related issues, task and environment, task duration, 
replication, explicitness of both internal and external validities for data analysis.  
The classification of the studies was done based on the classification provided 
by Glass et al. (Glass et al. 2002) and IEEE keyword taxonomy.  The authors 
also provided threats to the validity of their survey related to the selection of 
information sources, article selection, data extraction and topic classification.  
Reading through the survey report, it is evident that an explicit review protocol 
was not prepared following the guidelines of the systematic review although the 
survey employed explicit inclusion and exclusion criteria for study selection.  
The reporting of the survey did not include research hypothesis or research 
question, search terms used to extract the primary studies and the search criteria.  
In addition to that, the authors had only selected published studies and no 
unpublished reports were included and it could be seen as one of the 
shortcoming of the survey, though it is considerably comprehensive and 
detailed.  The authors did not use any meta-analysis to quantify their findings 
using any statistical techniques.  However, they have presented their results in 
tabular forms highlighting study characteristics along with their similarities and 
differences.  Therefore it cannot be called a systematic review in the real sense.  
The major finding of the survey is related to the reporting of the studies that is 
often vague, unsystematic and inconsistent in terms of usage of terminology.

One recent systematic review study conducted by Dybå et al. talks about 
quantitative assessment of the statistical power of empirical software 
engineering research (Dybå et al. 2005).   They selected 103 papers on 
controlled experiments out of a total of 5453 papers that has been published in 
nine major software engineering journals and three conference proceedings from 
the years between 1993 and 2002 (Sjoberg et al. 2005).  They had an explicit 
inclusion/exclusion criterion for the primary studies.  However they did not 
report about the primary studies that were excluded from the systematic review 
and why they were excluded.  The authors have provided quantitative 
assessment of the problem under study.  However reporting of the systematic 
review did not include the hypothesis, research questions, the search terms used 
to extract the primary studies, and extraction criteria.  Also the authors only 
selected the studies through electronic means and no hand searching of different 
journals was carried out.  One reason could be that Dybå et al. selected only the 
studies identified by Sjoberg et al. and conducted the systematic review on those 
studies.  Dybå et al. provided information about areas of improvement based on 
acceptable power and effect size for conducting controlled experiments within 
software engineering.  Also recommendations have been provided for software 
engineering researchers to analyse the implications of the relative seriousness of 
errors for different specific treatment situations under consideration.  In addition 
to that recommendations are provided for significance tests to include effect size 
measures and confidence intervals to give better picture for the readers of the 
controlled experiments and how they should be conducted.

Another recent systematic review study has been conducted by Mendes within 
the domain of web engineering research (Mendes 2005).  This systematic review 
also cites studies conducted by Ramesh et al. (Ramesh et al. 2004) and Glass et 
al. (Glass et al. 2002).  Mendes has explicitly stated the research question within 
the report and also presented the review protocol.  The author selected 173 
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primary studies over a time period of 9 years from different sources.  However, 
reading through the report, it is evident that no manual or hand search of 
journals was carried out and the primary studies were only selected 
electronically.  Also unlike in the systematic review by Dybå et al. (Dybå et al. 
2005), the author has not synthesized the results quantitatively using meta-
analysis, although the author has presented her results numerically in tables 
which identified the similarities and differences between the studies making it a 
qualitative systematic review.  In addition to that, author has suggested areas of 
improvement within the studied area and has also identified limitations of the 
systematic reviews and her study.  Mendes argues to have a common vocabulary 
in order to have better collaboration within the research community and is 
equally true for any research discipline.  Also Mendes urges the web-
engineering community to conduct empirical studies to get better evidence and 
to determine which situations are best for using particular technologies.  Mendes 
also suggests web-engineering community to develop their own curriculum and 
supports her suggestion by comparing it with software engineering discipline.  
Finally she presents the idea of separate research networks and special interest 
groups for web engineering.  This can increase collaboration and industry 
involvement in web engineering.

2.3. Chapter Summary

Software engineering is a systematic discipline that encompasses process, 
management and technical methods and tools.  Software engineering is a vast 
and varied domain comprising of different sub-areas.  Software engineering has 
been benefited by a lot of research activity and there have been many studies 
that have addressed the nature of research.  The software engineering 
community needs to develop coherent and systematic frameworks for 
conducting research and presenting their findings from which the whole 
community can benefit.  One such approach is systematic review; however it is 
not a silver bullet and has its advantages and limitations.  Systematic review 
enables the evaluation and interpretation of all accessible research relevant to a 
research question, subject matter, or event of interest.  It is a multistage process 
comprising of planned activities and requires dedicated resources as well as 
commitment on part of the reviewers conducting the systematic review.  There 
have been few systematic reviews within software engineering, however the 
situation looks promising as new reviews will be carried out in future as the 
software engineering discipline matures and provides a common set up for 
reporting the primary studies.
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REQUIREMENTS 
ENGINEERING AND 

REQUIREMENTS 
PRIORITIZATION

Unarticulated needs are 
problems or limitations 

[that] customers are not even 
aware of.  They are 

intrinsically more difficult to 
ascertain and demand real 
insight into a customer's 

endeavours. Herein lies the 
greatest opportunity: if you 

discover such a need, 
you have a head start in a 

market with no competition..."

P.C.Ruffles, 
Rolls-Royce Aerospace, 

Innovation in aero engines, 
The Aeronautical Journal, 

1000, 473-484, December 1996

Chapter 3

The purpose of this chapter is to introduce the requirements engineering area to the 
reader.  The chapter also presents requirements prioritization along with the different 
techniques for prioritizing different requirements under different situations.  In addition
to that, the chapter talks about different roles of the stakeholders and takes into 
consideration different issues related to different types of stakeholders.

3.1. Requirements Engineering

The main objective during software development always has been to achieve the 
high quality in developed software and streamline the development and 
organizational processes.  The software community is striving for the discovery 
and invention of ideal suite of processes and methodologies to deliver high 
quality software with high reliability, efficiency, and within time and budget 
constraints.  Peckham and Lyod argue that the failures are often caused by the 
ever-increasing complexity of the software and the solutions it tends to provide 
(Peckham and Lyod 2003).  Quality is highly subjective and is also related to 
software as well.  Software unlike any other product is an artifact of a software 
vendor and is targeted for a single or a wide variety of audience and people.  
Some software developers still continue to believe that the software quality is 
something you begin to ponder and worry about after the product has been 
implemented and the code has been generated for the system (Pressman 2001).  

The main challenge of the software engineering community is to satisfy the 
customer needs and possibly exceed his expectations (Bergman and Klefsjö 
2003) in an economic, rapid and profitable manner (Valenti 2002).  The 
development of the rigorous and defined methodologies has the potential of 
fulfilling the customer needs and possibly exceeding them.  Requirements 
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engineering and its underlying activities can help organizations in realizing 
customer needs and developing quality software in an economic manner.

Requirements engineering is not just engineering but rather a multi-disciplinary 
approach that encompasses other fields and domains especially the human and 
social sciences.  It draws on the social and cognitive sciences in order to endow 
with theoretical grounds and practical knowledge and techniques for 
requirements elicitation, analysis, documentation, management and modeling.  
Some of the fields used in the requirements engineering are cognitive 
psychology, anthropology, sociology, philosophy, human psychology and 
linguistics.  These are well structured and disciplined areas that contribute a lot 
towards the advancements in requirements engineering (Nuseibeh and 
Easterbrook 2000).

Before digging deep into Requirements Engineering, it is better to develop an 
understanding of what requirement is and its underlying concepts.  Software 
Requirement is generally described as: what the system is required to do along 
with the environment it is intended to operate in.  Requirements provide the 
description of the system, its behavior, application domain information, system 
constraints, specifications and attributes (Kotonya and Sommerville 1998).  
They also signify the quality that the product must exhibit (Robertson and 
Robertson 1999) and the people who are affected by the usage of the system.

In enormous and majority of the cases reported, system failures are not subject 
to incompetent people (developers), organizations and the software engineering 
methodologies itself.  In fact, the reality is that they are the result of the 
problems with requirements of the system (Kotonya and Sommerville 1998).  
Requirements engineering aim is to make system requirements clear and 
understandable so that they reflect the actual needs of the stakeholder.

Effectiveness, flexibility and applicability of a system largely depend on the 
correct understanding of the needs of the systems stakeholders and it has been a 
long established fact (Loucopoulos and Karakostas 1995).  Requirements 
engineering is regarded as the front end activity and is mostly the outcome of 
the system engineering process.  The challenge faced by the software 
community is whether we have specified a system that is indeed the true 
reflection of the customer needs (Pressman 2001).  There is no fix answer to that 
but a good, sound and solid requirements engineering process has the potential 
of turning the customer voice into a realizable system.

Requirements engineering process is different for different products and 
organizations (Aurum and Wohlin 2003) e.g. requirements engineering for 
embedded systems or safety critical system is different from requirements 
engineering for web-based solutions. The variability in the requirements 
engineering process is often regarded as good as there exists no ideal 
requirements engineering process and is based on the technical maturity, 
disciplinary involvement, organizational culture, application domain (Kotonya 
and Sommerville 1998), design decisions (Van Gurp et al. 2001) of the 
individuals as well as the market situation.  In addition to that, requirements 
engineering is also heavily influenced by system acquisition and the 
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commercial, legal and contractual issues (Kotonya and Sommerville 1998).  
Also, requirements engineering process depends on the personality of the 
stakeholders involved and the political status of the individuals and the 
departments.  A huge and powerful customer (e.g. Microsoft, Intel, and IBM) 
can heavily influence and dominate the organization.

In our normal day life, we are mostly faced with different situations when we 
have to make decisions between different choices e.g. if we buy a new car, some 
people go for speed, some go for luxury, others go for performance and yet 
others go for the cost.  One of the major activities within the requirements 
engineering process is to use requirements prioritization that helps in specifying
the right requirements. Prioritization mechanism helps in coming to the final 
decision after considering one or more aspects and is discussed in the next 
section.

3.2. Requirements Prioritization

Fred Brooks once said, “The hardest single part of building a software system is 
deciding what to build…. No other part of the work so cripples the resulting 
system if done wrong. No other part is more difficult to rectify later.” (Brooks 
1995).  Therefore it is really necessary to select the right requirements from a set 
of requirements in order to develop cost effective quality software.  One way of 
accomplishing this is to prioritize the requirements to enable the selection of 
optimal set (Berander 2004a). 

There is a wealth of literature that states the importance of prioritizing
requirements. One of the most recognized authors in the field of software 
engineering, Ed Yourdon believes that prioritization of requirements is an 
extremely important issue (Yourdon 1997), Lubars et al. stated that 
prioritization of requirements was a topic that came up repeatedly among the 
market-driven projects they surveyed (Lubars et al. 1993), and Siddiqi et al. 
identified prioritization as a key but neglected issue in requirements engineering 
research (Siddiqi and Shekaran 1996). 

Requirements at the earlier stages are vague and evolve and become more 
specific and clear with the passage of time. There is no specific phase where 
requirements prioritization takes place; rather it is an iterative process which is 
performed throughout the product development life cycle (Lehtola et al. 2004) 
and between different versions of the same product as it is evolved (Kuusela and 
Savolainen 2000).

Berander argues that requirements prioritization is not just asking the different 
stakeholders about their different priorities related to the system requirements.  
It is also a social process which requires considering other issue like 
organizational setup, organizational market value, organizational issues, 
stakeholders personalities and agendas (Berander 2004a).  It also requires 
tradeoffs during conflicting situations between the different stakeholders to 
reach to a situation when the candidate requirements have been selected which 
will eventually form a system.
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Berander provides a comprehensive list of advantages of requirements 
prioritization.  Requirements prioritization helps in selecting the final candidate 
requirements from a set of many requirements, which can be realized within 
time and budget constraints.  They help stakeholders decide the final core 
requirements of the system.  They also help in selecting for optimal 
requirements sets, which will be implemented in successive releases.  
Requirements prioritization helps in balancing the business benefits of each 
requirement against the cost of implementing it (Berander 2004a).  
Requirements prioritization often involves negotiation process to handle 
contradictory requirements in order to resolve disagreement between 
stakeholders (Kotonya and Sommerville 1998).  With requirements 
prioritization, the developing organization can not only minimize rework and 
plan stability but it can also get a technical advantage and optimize the market 
opportunity (Berander 2004a).  All these factors are a key to success in the 
changing business trends and in keeping your organization ahead of other 
business competitors.  

It should be kept in mind that requirements must be gathered and discovered 
before the start of the project development because their discovery during 
development or after deployment posses an overhead for the organization 
implementing the system (Boehm 1981) and is inefficient.  Of course, 
rectification is possible using change management, however this adds to the cost 
of development process (Berander 2004a).  Another way of handling such 
volatility of requirements is using incremental methodologies or agile methods 
like Extreme Programming (Beck 1999), but these methodologies call for the 
presence of customer on site all the times that is not possible in many situations.  
Therefore requirements should be prioritized in order to find the final set of 
requirements and develop a system based on those requirements.

Requirements prioritization involves both quantitative techniques (Section 3.5) 
and qualitative negotiation methods (Lehtola and Kauppinen 2004).  The 
quantitative techniques also require negotiations between different stakeholders, 
and assign numeric numbers to requirements.  Requirements prioritization also 
helps in detecting requirements ambiguities, incorrectness and abstraction 
(Karlsson et al. 2004).  Requirements are prioritized while considering different 
aspects either alone or in combination with other aspects and these aspects are 
discussed in detail in the next section.

3.3. Requirements Prioritization and its Aspects

Requirements can be prioritized based on the different aspects of the project.  
Other names used to describe “aspect” are ‘element’ (Egyed 2003), ‘factor’ 
(Henry and Henry 1993), ‘criteria’ (Barragans et al. 2005) and ‘parameter’ 
(Tran and Sherif 1995) etc.  Aspect can be defined as a property or attribute of a 
requirement (Berander 2004a).  Examples of different requirements aspects 
include: time, cost, penalty, importance, volatility, risk, dependency, abstraction 
level etc.  Prioritizing requirements on single aspect is easier since it is much 
easier to decide which is the most needed e.g. just considering importance in 
terms of implementation, it is easier to see which requirement is more important
in comparison to others.  However importance is also dependent on certain 
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factors like requirements complexity, reusing existing code, testing amount, 
value it brings to the customer or organization etc (Berander 2004a).  Therefore 
one can easily see as the aspects become more, deciding and prioritization 
becomes tedious and cumbersome and involves much more insight and requires 
much more effort.

Although different aspects can be prioritized, however it is not always desirable 
and practical to consider all aspects.  Rather it is dependent on the specific 
situation, product specification, stakeholders viewpoint (Berander 2004a) e.g. 
while considering importance aspect, stakeholders should prioritize which 
requirements are the most important and will become part of the system. 
However importance is highly subjective thing that varies considerably from 
one stakeholder to another (Lehtola et al. 2004).  Volatility is another crucial 
aspect that relates to the changing requirements (Christel and Kang 1992) and 
depends on market trends, user changes, or getting deeper understanding of the 
requirements etc.  Therefore, prioritization of requirements based just on 
importance and volatility becomes time consuming and challenging since each 
aspect is not mutual and also dependent on many other factors.

In a real time situation, it is always necessary to combine different aspects of 
requirements together before deciding to implement it directly, later or simply 
not to include it in the system at all.  There are many ways of combining 
different aspects using different prioritization techniques (more in Section 3.5), 
however, they are situation dependent, product dependent and stakeholder 
dependent (more in Section 3.4) (Berander 2004a).

Requirements prioritization should also consider business issues and 
implementation issues.  Business issues might involve financial benefits for the 
developing organization, market trends and focus, competitors, regulations 
whereas implementation issues mostly involve implementation cost, cost if not 
implemented, available resources etc (Lehtola et al. 2004).  Another important 
aspect to be considered while prioritizing requirements is the customer 
perspective along with the perspectives of developers and financial personals 
(Davis 2003).  Customers provide vital information about the user/customer 
value; developers are better suited for the technical details whereas financial 
personals know about the cost, budgets and related risks (Davis 2003).  In 
addition, all those perspectives can be involved and combined that adds value to 
the project and that have stake in the project or product (Berander 2004a).

Requirements prioritization is dependent on many situations, different 
stakeholders and their associated roles and is discussed in detail in the next 
section.

3.4. Requirements Prioritization, Stakeholders and Roles

While developing a software product, three customer situations exists.  These 
are (Berander 2004a):

 One Customer (Bespoke)
 Several Known Customers
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 Mass-Market Development

The situation of bespoke development and mass-market development are the 
two extremes.  In majority of the situations using bespoke development, a 
system is developed for one customer (organization) which will be used by 
many people e.g. the software for the ATM machine will be developed for a 
particular bank but will be used by the clients of that bank.  In mass-market 
development, the software is developed for potentially every one in the whole 
world.  But as mentioned earlier, these are the two extremes and there exits 
many situations in between the two, e.g. in the telecommunication and health 
sector, there could be many known customers which will use the software but 
they do not correspond to either bespoke or market driven development.  These 
do not qualify for bespoke development since many operators or hospitals will 
be the customers and at the same time the developed software will not be 
developed for a mass market (Berander 2004a).

Different situations require different prioritization mechanisms either alone or in 
combination to be employed in order to come up with right requirements 
because of the nature of product and involvement of different stakeholders.  In 
one customer situation, prioritization is easier as there are only one customer’s 
priorities that are to be considered.  However, one of the main issues to be kept 
under consideration is that the customer and the end-user(s) are not always the 
same (Berander 2004a).  Thus their priorities are not same all the times.  
Therefore it is always advisable to engage end users in the prioritization process 
(Regnell et al. 2001).

In case of several known customers, prioritization becomes difficult because of 
the different personalities as well as conflicting viewpoints, objectives and 
preferences of the individuals.  The challenge here is to arrive at a win-win 
situation in which each stakeholder agrees to the requirements (Boehm et al. 
2001, Gruenbacher 2000) and it requires trade-offs based on different criteria 
(Regnell et al. 2001).

In case of mass-market development, it is not possible to engage all customers 
during the requirements elicitation and prioritization phases (Kuusela and 
Savolainen 2000).  Therefore, different market segments needs to be considered 
and prioritization is done on the analysis of these market segments.  Especially 
in developing software product lines (Boosch 2000; Clements and Northrop 
2001), such information from market segments helps in deciding which system 
parts are common for all the products in a family and which should be 
developed for a certain market segment.  However in product lines family, this 
process is often termed as scoping.  

A major problem arises during prioritization when teams are distributed 
geographically.  Several systems exists that address general distributed 
asynchronous collaboration (Park et al. 1999), but it requires training on part of 
the stakeholders, commitment from stakeholders and management as well as 
dedicated resources.
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The main purpose of prioritization is to fix a priority (value) to the requirement 
in case of software requirements.  This is achieved using different prioritization 
techniques and these techniques are discussed in detail in the next section.

3.5. Prioritization Techniques

Prioritization can be done with various different scales and types.  Below, few of 
the prioritization techniques are presented.  Some of the prioritization techniques 
assume that requirements have a priority associated with them while others 
group them in priority level.  It is also possible to combine the different 
techniques but it is dependent on the situation (Berander 2004a); e.g. for simple 
situations, simple prioritization techniques (Ranking, Numerical Assignment, 
Top-Ten) should be used, but for sensitive analysis more comprehensive 
techniques (AHP, Cumulative Voting) should be employed.

The next sections related to different prioritization techniques summarize the 
Chapter 2 of Berander Licentiate Thesis (Berander 2004a).

3.5.1. Analytical Hierarchy Process (AHP)

Analytic Hierarchy Process (AHP) is a systematic statistical technique based on 
relative assessment that has been used to prioritize software requirements in 
software community (Regnell et al. 2001).  The AHP is a powerful and flexible 
decision making process to help people set priorities and make the best decision 
when both qualitative and quantitative aspects of a decision need to be 
considered (Bagchi and Rao 1992). By reducing complex decisions to a series of 
one-on-one comparisons, AHP helps decision makers arrive at the best decision.  
With AHP, one can synthesize the results, which provide a clear rationale for 
choosing the candidate requirements.  It is very complex in terms of 
sophistication and fine in terms of granularity (Berander 2004a).

During the process, considering n requirements, n × (n – 1 ) / 2 comparisons are 
to be made at each hierarchy level.  This is often seen as a draw back in this 
process because with the increase in the number of requirements, the number of 
comparisons increases with a magnitude of O(n2) (Hubbard 2000).  

AHP can be used to prioritize requirements on the basis of different aspects 
(Section 3.3) and there have been number of studies which have reported the use 
of it in the industrial setting and real projects (Karlsson 1996; Karlsson and 
Ryan 1997) as an efficient technique.  In contrast to that, there are studies as 
well which have reported AHP as not being efficient and more difficult to use 
(Lehtola and Kauppinen 2004).  In another study by Karlsson et al. AHP was 
reported more time consuming and difficult to use in certain situations 
considering aspects of cost and value (Karlsson et al. 2004).  Therefore there is 
a need for more experimentation and industrial case studies to actually come to a 
final conclusion for its effectiveness under different situations.

There have been previous studies that have tried to minimize the comparisons 
(Karlsson et al. 1997), but by reducing the comparisons, there is a risk of 
inclusion of judgment errors.  In Analytic Hierarchy Process, all comparisons 
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should be made directly or indirectly, thus all requirements are considered.  
However, all requirements might not be compared with all other requirements in 
pair-wise comparisons.  Therefore there is always a need of a trade off between 
which comparisons to leave and which to perform.

Requirements can also be assessed directly against particular criteria rather than 
relative to each other.  Using such absolute measurement has a number of 
distinct advantages over the relative assessment.  One – fewer assessments are 
needed i.e. one for each requirements against each criterion.  Another – it avoids 
the need to compare unrelated requirements (Greer et al. 1999).

3.5.2. Cumulative Voting (100 $ Test)

The cumulative voting or the 100-dollar test is a straightforward technique in 
which the stakeholders are provided 100 imaginary units. This technique is 
based on the ratio scale.  This prioritization technique is complex in terms of 
sophistication and fine in terms of granularity (Berander 2004a).  These 
imaginary units could be different aspects (e.g. money cost of implementation, 
importance, penalty, hours etc).

The imaginary units are then distributed among the requirements and the sum 
total at the end should be hundred (Leffingwell and Widrig 2000).  However this 
also poses problems if the number of requirements is greater than hundred.  
Also, sometimes during the prioritization process, for large number of 
requirements, the person doing the prioritization can miscalculate, and the sum 
may come greater or less than hundred (Berander and Wohlin 2004).  However 
use of automated tools, which can keep the count, can avoid this situation.

Also during a study conducted by Regnell et al. they faced the problem of 
distributing hundred points between 17 set of requirements (Regnell et al. 2001).  
Since the number of requirements was large, so they used a fictitious amount of 
$ 100,000.  Therefore this study showed that amount other than 100 can be used 
for larger number of requirements and participants of the study were also 
positive about the technique.

One shortcoming of this technique is that stakeholders might put all their units 
on their one or more favorite requirements which other stakeholders do not 
prioritize as highly, thus biasing the prioritization process.  This can be avoided 
by limiting the number of units to be put on a single requirement.  However, this 
results in forcing the stakeholders not to prioritize according to their own 
priorities (Leffingwell and Widrig 2000).

Also, prioritization should be done once on the same set of requirements 
because stakeholders might bias their evaluation during the second time if they 
do not get their favorite requirement during the first round (Berander 2004a).

3.5.3. Numerical Assignment (Grouping)

Numerical assignment is one of the most common prioritization techniques, 
which also has been suggested both in RFC 2119 (Bradner 1997) and IEEE Std. 
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830-1998 (IEEE 1998).  Numerical assignment is based on ordinal scale.  In 
terms of granularity, this technique is medium and very easy in terms of 
sophistication (Berander 2004a).

In this technique, requirements are grouped together in different groups, which 
the stakeholders can relate to for trustworthy classification.  Mostly three groups 
are used namely critical, standard and optional (Berander 2004a). Use of relative 
terms like low, medium and high can create confusion for the stakeholders as 
they have different perceptions of such relative terms.  Clear definition of each 
term and group can minimize the confusion (Kotonya and Sommerville 1998).  

A potential problem with the technique is with dividing the requirements into 
three groups (e.g. critical, standard, and optional).  Since stakeholders tend to 
think everything is critical, therefore they might put majority of the 
requirements in the critical group (Berander 2004b), which may lead to majority 
of requirements to be implemented.  This will also eventually result in loosing 
the cost benefits and real advantage of prioritization is lost.  A way out of this 
possible problem is to put restriction on the number of requirements in each 
group.  But this forces the stakeholders not to prioritize according to their own 
priorities (Leffingwell and Widrig 2000).  Thus a tradeoff has to be made in 
such a situation.

All the requirements in each group are at the same level of priority and this 
might be another problem with this technique.  However by using e.g. Ranking 
or more sophisticated techniques like AHP or 100 $ test requirements in a single 
group can be prioritized.

3.5.4. Ranking

Based on ordinal scale, medium in granularity and easy in terms of 
sophistication (Berander 2004a), requirements are prioritized without any ties in 
the rank.  In this technique, the most important requirement is ranked 1 and the 
least important requirement is ranked as n (for n requirements).  In contrast to 
Numerical Assignment (Section 3.5.3), each requirement has an exclusive rank, 
however relative ranking is not possible in this technique as in case of AHP 
(Section 3.5.1) and Cumulative Voting (Section  3.5.2).

In order to obtain the ranks of the requirements, different algorithms like bubble 
sort, binary search tree (Karlsson et al. 1998), Quick sort and other sorting 
techniques (Hubbard 2000) may be used.

This technique is a more suitable candidate when the priorities of a single 
stakeholder have to be prioritized, which is mostly the case in the bespoke 
development.  However, in ranking, multiple aspects can be combined by taking 
the mean priority of each requirement.  This might result in ties in the 
requirements that this method wants to avoid (Berander 2004a).  This can be 
seen as one of the shortcomings of this technique.
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3.5.5. Top-Ten Requirements

As an extremely easy technique in terms of sophistication and extremely coarse 
in terms of granularity (Berander 2004a), it prioritizes the most important ten 
requirements from a larger set.  This method does not assign an internal order 
between the prioritized requirements and can be seen as a shortcoming of this 
prioritization technique.  However this is really useful in the situation of 
multiple stakeholders with same and equal importance (Lausen 2002).

During the prioritization process, conflicts are bound to rise in any situation; 
therefore, it is important not to take an average across all the customers since it 
might lead to some stakeholders not getting any of their requirements into the 
system (Berander 2004a).  The prioritization using top ten requirements or other 
prioritization techniques mentioned above should be done once as 
reprioritization might create unnecessary conflicts between the stakeholders.  
The conflicts can arise since some stakeholders get their favorite requirements in 
the first go and some get only a few.  In contrast to that, it is critical that some 
essential requirements of each customer are satisfied.  One can argue that this 
might eventually lead to all unsatisfied stakeholders rather than satisfying a few 
customers completely.  This should be avoided under all circumstances and it 
requires tradeoff during all the situations. 

3.6. Chapter Summary

The software engineering community still strives for systematic processes and 
methodologies to deliver high quality software that can meet and possibly 
exceed customer demands and satisfaction.  Requirements engineering and its 
underlying activities has the potential of fulfilling the desired goals and turning 
the voice of customer into realizable, cost efficient, economic and high 
performance systems.  Requirements engineering interacts with many technical 
as well as social sciences to improve the process of eliciting, analyzing, 
documenting and maintaining requirements.  Requirements prioritization is 
highly emphasized area with in requirements engineering that helps different 
stakeholders decide on the final set of requirements, which will eventually make 
up a system.  Certain techniques exist within requirements prioritization with 
their own advantages and limitations.  All these techniques could be of valuable 
help for organizations to decide which requirements are important and which are 
not for a project.  Requirements can be prioritized using these techniques while 
considering different aspects.  However, there is always a need of a tradeoff 
during the conflicting situations to come up to a final decision.
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SYSTEMATIC 
REVIEW DESIGN

You know you’ve achieved 
perfection in design, not when 
you have nothing more to add, 

but when you have nothing 
more to take away.

Antoine de Saint-Exupery
(1900 - 1944)

Chapter 4

The purpose of this chapter is to provide the reader with the design of the systematic 
review.  It provides the reader with basic knowledge about research classification, 
research methods and approaches for data collection and validation.  The chapter 
provides a detailed discussion about the review protocol, which will serve as the basis for 
conducting the systematic review.  The chapter aims to describe the different parts of the 
review protocol along with the validity of its design.  It also takes into consideration 
different threats to the validity of the design of the review protocol.

4.1. Research Classification

Research serves as the foundation of the scientific method and advances the 
body of knowledge.  Research should follow a recognized and highly 
methodological process (in contrast to being ad hoc) that helps in discovering 
non-trivial facts and insights (Sharp and Howard 1996).  The aim of the thesis is 
to explore evidence regarding different prioritization techniques (Section 3.5).  
These techniques have been studied using different research methodologies and 
under different settings.  Therefore it is necessary to establish the foundation for 
the reader regarding research and its different classifications.  Research 
classification can be done based on its field, approach, and nature of the 
research.  Dawson has provided a classification based on the nature of the 
research adapted from Sharp and Howard (Sharp and Howard 1996), Herbert 
(Herbert 1990) and Saunders et al. (Saunders et al. 1997).  These are:

 Pure Theory:  A kind of research that develops theories to explain things 
without linking them to practice.  This is based on the inductive 
reasoning of the researcher, which leads to make conclusions and 
theories about the world as researcher sees it.

 Descriptive Studies:  Descriptive studies review and evaluate existing 
knowledge within a field or describe particular situations or events.  The 
knowledge might include testing existing theories, describing state of the 
art, or looking at limitations of previous generalizations.

 Exploratory Studies:  This kind of research is about exploring a situation 
or a problem.  These studies can be performed using literature searches, 
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open questionnaires, interviews or combination of any of two or all.  
Exploratory studies start at a broader level and then focus and narrow 
down to specifics during research progression, thus making it an 
iterative, flexible and adapting to seek new information and ideas.

 Explanatory Studies:  These studies explain a certain phenomena and 
identify relationships between things.

 Causal Studies:  Causal studies assess the effects of one or more 
variables that these variables exercise on each other.  The independent 
variable(s) is manipulated and controlled to see how it affects the 
dependent variable(s).  However, care should be taken to ensure different 
context or extraneous factors do not influence results.

Based on the nature of the research, researchers use different kinds of research 
methods for conducting the research.  The research methods can be used 
independently or in combination with each other to get reliable results (Berander 
2004; Creswell 2003).  The selection of research method is dependent on the 
nature of the study, and different research methods are discussed in the next 
section.

4.2. Research Methods

The research methods involve action research, experiment, case study and 
survey (Dawson 2000) and are discussed below.  Experiment, case study and 
survey can be classified as Empirical research methods (Kitchenham et al.
1995).  In addition to that, action research is one of the most powerful empirical 
research methods (Champion and Stowell 2003).

 Action Research:  A kind of carefully documented and monitored 
research study to actively solve a problem and/or change a situation 
(Herbert 1990).  Action research involves working on a specific problem 
or project with a subject or an organization to evaluate the results.  Bell 
argues that action research is employed to get greater understanding and 
improvement of practice over a specific period of time (Bell 1993).

 Experiment:  An experiment is a kind of study to investigate causal 
relationships (Dawson 2000).  The intention of the experiment is to test 
the impact of a treatment (or an intervention) by controlling certain 
factors that might influence the outcome (Creswell 2003).  Experiments 
can be identified as pre-experiments, quasi-experiments, true 
experiments, and single-subject experiments based on the experimental 
designs (Creswell 2003).  Experiments typically define theoretical 
hypothesis, sample (subject) selection and sample allocation.  
Experiments also involve measurement of both dependent and 
independent variable(s) using instruments or materials (Saunders et al.
1997).  Experiments are often conducted at a small scale with a higher 
degree of control (Kitchenham et al.1995).  For detailed discussion about 
experimental designs refer to Creswell (Creswell 2003).
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 Case Study:  A case study provides an in-depth exploration of one 
situation (Cornford and Smithson 1996).  Case study investigates for 
example a particular situation, problem, company or company groups.  
The investigation can be performed directly using interviews, or 
indirectly by studying company reports or company documentation 
(Creswell 2003).  Case studies are conducted within typical conditions 
and thus hard to generalize for all situations (Kitchenham et al.1995).

 Survey:  A survey presents a quantitative description regarding trends, 
attitudes or opinions of a population by studying a fixed sample of that 
population (Creswell 2003).  The researcher generalizes or makes claims 
about the population based on the survey results.  During the survey, it 
should be reported if the survey is a cross-sectional study or longitudinal 
study.  In a cross sectional survey, the data is collected at a single point 
in time whereas in a longitudinal survey data is collected over time 
(Creswell 2003).  The data for a survey can be collected using self-
administered questionnaires, interviews, structured record reviews, or 
structured observations (Fink 1995).

In all different types of researches, data must be collected based on different 
data collection approaches.  These different data collection approaches are 
discussed in the next section.

4.3. Data Collection Approaches

In order to collect the data while using any research method, some approach 
must be taken to collect the data.  Two commonly used approaches are 
qualitative or quantitative approaches.  Below both the approaches are discussed 
along with which approach to use under which condition.

 Qualitative Approach:  In a qualitative approach, the researcher 
(investigator) asks simple straightforward questions and in return gets 
complex detailed answers with a lot of data and information present in 
them (Ten 2004).  The researcher then analyses the answers and extracts 
data based on the patterns, happenings, views and knowledge present 
within (Ten 2004).  The analysis of the answers is a tedious task and 
requires expertise on part of the researcher to understand and extract the 
exact information conveyed by the respondent (Ten 2004).  In many 
qualitative studies, researchers collect multiple types of data while 
spending considerable amount of time in the setting where research is 
taking place (Creswell 2003).  Trauth talks about issues that can affect 
the outcome of the study and include frame of reference, social 
processes, ethical issues, motive, social contexts etc (Trauth 2001).  
Observations, interviews, documents, ethnographical techniques and 
Audio/Visual materials are a few types for collecting data in a qualitative 
approach (Creswell 2003; Martella et al. 1999).  All these techniques do 
not stand at one level and it is possible to combine different techniques 
e.g. observations can be supplemented by reviewing documents and/or 
Audio/Visual materials etc.



51 / 93

 Quantitative Approach:  In the quantitative approach, the researcher 
presents the findings numerically or in figurative sense (Berander 2004).  
One of the advantages of the quantitative approach is that statistical 
analysis can be performed to identify the relationships between different 
variables involved in the study (O’Leary 2004).  Silverman argues that 
quantitative studies cannot find unknown information and there they 
must be supplemented with the qualitative investigation (Silverman 
2001).  With the quantitative studies, results can be generalized to a 
larger extent by combining data (Berander 2004).  Data for quantitative 
approach is collected mostly by interviews and questionnaires using 
open and close ended questions (Creswell 2003) when humans are 
involved in the studies.

Selecting a qualitative or a quantitative approach is dependent on the nature 
of the study and there is no right or wrong answer to use one approach or the 
other (Berander 2004).  The two approaches are not mutually exclusive and 
can be used in combination (Silverman 2001) and their combined usage is 
more preferred (Creswell 2003).  Once the data is collected using either 
qualitative, quantitative or both of the approaches, it must be analyzed to get 
credible results.  The validity of the results produced is dependent on several 
factors and these factors are discussed in the next section.

4.4. Result Validation Factors

Whether the study is qualitative or quantitative, there are many factors that can 
influence the validity of the results and must be considered before conducting 
research.  These factors are discussed below.

 Population and Sample Selection (External Validity):  In order to get 
credible results, it is necessary that right set of people respond to the 
investigation.  Thus a common rule is to get as many respondents to 
respond as possible; however it is not possible in most of the cases 
(Berander 2004).  Therefore, sampling of respondents from the 
population has to be made (Creswell 2003).  Also it should be identified 
how the individuals were selected and it can be done in two ways; 
random sampling or convenience sampling.  In simple random sampling, 
subjects are selected from the population list whereas in convenience 
sampling, most convenient subjects are selected from the population 
(Wohlin et al. 2000).  Random sampling is recommended since the 
sample from such a population gives the opportunity to make 
generalization (Babbie 2001; Fink 1995; Wohlin et al. 2000).  The 
research design should also provide information about the number of 
people in the sample along with the procedures used for calculating this 
number (Fowler 2002).  Population and sample selection and their 
related discussion are primarily related to quantitative investigation; 
qualitative investigation can be designed in a way to get views which are 
not typical of the sample.  For a qualitative study, one strategy is to get 
people with different viewpoints in order to get varied results and 
information.  However these respondents should be part of the 
population that will be investigated (Berander 2004).  



52 / 93

 Result Reliability:  Reliability of the result is referred to as the degree of 
getting the same results if the investigation is repeated (Martella et al.
1999).  This aspect of the results is related to the standardization and 
question design, e.g. if the questions are straightforward and not 
contradictory in nature, it is likely to produce the same results under 
same circumstances by different respondents (O’Leary 2004).  

 Investigation Validation (Internal Validity):  In order for an investigation 
to be trustworthy, it is necessary to perform the validation of the 
investigation (Berander 2004).  Investigation validation refers to the 
degree by which the analyst measures what the analyst intends to 
measure (Martella et al. 1999).  This can be achieved using close-ended 
questions, which does not leave room for subjectivism and 
misinterpretations (Creswell 2003).

 Variables:  Variables are clearly distinguished by the characteristics of 
their temporal order and their measurement (Thorndike 1997).  The 
results are dependent on different types of variables, thus their careful 
selection is necessary.  For both qualitative and quantitative 
investigations, it is important to clearly identify independent, dependent 
and intervening (context) variables (Creswell 2003).  Independent 
variables are the variables that (probably) cause, affect and/or influence 
outcomes of a study (Creswell 2003).  In a quantitative study there could 
be more than one independent variable.  Nevertheless, one of the 
independent variables must be the treatment variable that is treated upon 
by one or more groups.  Other independent variables may simply be 
measured variables without any manipulation occurring in them 
(Creswell 2003).  Those variables should be chosen as independent 
variables that could be controlled or changed during an experiment.  
While choosing independent variables, measurement scale, range for 
variables and experiment level must be carefully determined (Wohlin et 
al. 2000).  Dependent variables are the outcomes or are presumed to be 
caused or influenced by the result of the manipulation of the independent 
variable (Creswell 2003).  Measurement of dependent variables must be 
carefully monitored and validated since it might have a huge effect on 
the experiment results (Wohlin et al. 2000).  Lastly intervening (context) 
variables mediate the effects of the independent variable on the 
dependent variable (Creswell 2003) and should be carefully chosen and 
controlled during qualitative or quantitative investigations.  

One the results are validated by looking into different factors mentioned above, 
it is a good idea to validate the overall research using different triangulation 
approaches discussed in the next section.

4.5. Research Validation Approaches

In order to validate that the information retrieved is as accurate as possible, 
triangulation approach can be used while validating any research.  The 
triangulation approaches can be used to validate research designs, data analysis 
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and for postmortem analysis.  Martella et al. talks about four different 
triangulation approaches (Patton 1990; Berander 2004) and are discussed below:

 Data Source Triangulation:  Data source triangulation validates the 
investigation by providing information from a secondary source e.g. an 
interview supplemented by another interview or observation.  This helps 
in identifying biases between people’s claims and actions.

 Analyst Triangulation:  Analyst triangulation presents data analysis from 
multiple analysts.  Just using one analyst may present results from one 
perspective and could have subjective bias.  However by using multiple 
analysts, risk of subjectivism is minimized.

 Theory/Perspective Triangulation:  Validity can be obtained using data 
interpretation from different theoretical perspectives and is achieved 
using theory/perspective triangulation.  One way of achieving is by 
getting information from both cognitive and behavioral aspects of a 
subject.

 Methods Triangulation:  Methods triangulation compares data gathered 
using different methods like qualitative and quantitative approaches 
(Section 4.3).  One problem that may arise is that a certain problem 
cannot be addressed using two different approaches.  However the main 
idea is if different researchers reach an identical conclusion using 
different approaches, they are more likely to be accurate and consistent.

After establishing, different approaches for research validation, the next section 
describes the actual design of the systematic review and how the above 
mentioned discussions will be used to validate the design of the different 
primary studies retrieved in the systematic review.

4.6. Systematic Review Design

The process to conduct research using systematic reviews follows a defined, 
documented and strict succession of procedural steps based on the a priori 
protocol (Biolchini et al. 2005).  In a systematic review, the type of acceptable 
information and evidence, which are to be gathered, are stated before the actual 
information is retrieved.  All these things are part of the review protocol.  
However, the review protocol might be modified after getting feedback and 
more than one iteration must be done to produce a review protocol as good as 
possible.  The next section and corresponding sub-sections explains different 
parts and contents of the actual review protocol that will be used in the 
systematic review (Appendix A).

4.6.1. The Review Protocol

The review protocol serves as the backbone of the actual systematic review.  It 
provides detailed information about the review question that is being studied in 
the systematic review.  It also presents the reader with the search strategy 
composed of search terms and resources to identify relevant literature.  In 
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addition to that, information about how individual studies are to be judged for 
quality is present in the review protocol to be used as primary studies.  The 
review protocol addresses the issue of data extraction and how it can be made 
objective using data extraction forms.  Finally the review protocol presents 
techniques for data synthesis using qualitative methods or quantitative statistical 
methods along with the project timetable.  All this information helps in 
replicating the study and adds to the validity of the findings (See Chapter 2).  
The upcoming sections present detail information about different parts of the 
actual review protocol (Appendix A) used in the systematic review.

4.6.1.1. Background

The background provides information based on the work carried out in the 
initial stages of the systematic review i.e. “Identifying the need for review” 
(Section 2.2.6.1) and “Preparation for a proposal for a review” (Section 2.2.6.2) 
which corresponds the first two phases of Stage 1: “Planning the review” 
(2.2.6).  For specific details about the background for the systematic review 
refer to A.1. (Appendix A).

4.6.1.2. Review Questions

The review protocol specifies the main review question, which is addressed in 
the systematic review.  When formulating the review questions, all related and 
important outcomes were identified and the review question was developed 
based on the populations, interventions and outcomes of the study.  In the 
systematic review, the effectiveness of different prioritization techniques is 
being studied.  For actual review question and detailed discussion refer to A.2. 
(Appendix A).

4.6.1.3. Search Strategy

The search strategy is constructed based on the components of the review 
questions i.e. populations, interventions, outcomes along with study designs.  
The review is mainly targeted at the effectiveness of requirements prioritization 
techniques used in the software engineering domain.  Thus the search terms 
were identified focusing on requirements prioritization techniques and different 
kinds of research methods (Section 4.2).  Different databases were chosen as 
they are seen as the leading in providing relevant and current research conducted 
in software engineering.  The next sub-sections explain different search terms 
and different databases used in the systematic review.

4.6.1.3.1. Search Terms

The search terms locate and retrieve relevant literature to be included in the 
systematic review.  Since the systematic review is targeted towards the 
effectiveness of different requirements prioritization techniques, hence search 
terms were developed with the help of librarian at BTH keeping in view the
names of different prioritization techniques commonly used in software 
engineering domain (See Chapter 3).  Constructing valuable and effective 
combination of search terms for searching electronic databases required a 
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structured approach. One of the structured approaches employed by the reviewer 
was based on breaking down the review question into its components or facets 
of populations, interventions, and outcomes along with the study designs. In the 
next stage, search terms (A.3.1, Appendix A) in each facet were identified 
which best captured the subject. The group of search terms covering each facet 
of the review question included a range of text words within the abstract and 
title of the studies. It also included any available subject indexing terms that
were assigned by the database producer.  Textwords and their variants were 
identified from reading initial primary studies that were identified during earlier 
searches.

In addition to that search terms were developed just taking into account 
prioritization techniques, thereby not including different prioritization 
frameworks e.g. Wiegers approach (Wiegers 1999) was left out mainly as it is a 
framework.  Similarly Quantitative WinWin (Ruhe et al. 2002) and Release 
Planning (Greer et al. 2004) were not included as both are seen as methods for 
prioritizing requirements and not techniques like Ranking, Cumulative Voting 
or Top Ten Requirements.  Also based on different research methods (Section 
4.2), the search terms were combined using ‘AND’ and ‘OR’ boolean 
expressions to identify different studies with different study designs and to make 
concrete search strings.  For search terms that were used in systematic review 
refer to A.3.1. (Appendix A).
  

4.6.1.3.2. Search Resources

For the systematic review, multiple online databases were chosen that provide 
information from different scientific and technical journals, conferences, 
conference proceedings and technical reports.  Some of the online databases 
(e.g. ELIN @ Blekinge6, Inspec, Compendex etc) support searches in terms of 
complex queries using ‘AND’ or ‘OR’ Boolean operators.  In contrast to that, 
some databases (e.g. ACM) provide simple searching techniques using simple 
one word or multiple word strings.  Some of these databases also provide 
functionality to search for literature based on all fields or on independent fields 
of authors, subject, title, abstract and controlled terms and vocabulary etc.  All 
these databases were chosen as they are seen as the leading online databases for 
providing research conducted in software engineering domain.  Also few of the 
databases keeps a search history based on search strings used.  All these search 
queries can later be combined to generate new search queries, thus, minimizing 
the risk of leaving out potential studies.  For specific databases that were used in 
the systematic review refer to A.3.2. (Appendix A).

4.6.1.4. Study Selection Criteria

The aim of the study selection criteria is to identify those primary studies that 
help in answering the review question.  Thus the study selection criterion (Study 
Inclusion/Exclusion criterion) logically follows from the review question.  The 

                                                
6 This is not a public database and includes information from 172 journals within Computer Science subject 
category.
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study selection criterion also specifies populations, interventions, outcomes as 
well as the study designs.  As the inclusion criteria ultimately determines which 
primary studies to include in the review, it is inevitable that debate and 
discussion takes place as to how broad or narrow these criteria should be.  The 
applicability of the review results may reduce with narrowly defined criteria 
since potential primary studies might be left out.  In contrast to that, with 
broadly defined inclusion criteria review may contain information, which is hard 
to compare and synthesize.  Therefore, the primary studies were selected after 
they qualify the initial pre-selection process and if and only if the primary 
studies fulfill the study inclusion criteria (A.4.1. Appendix A).  The pre-
selection ensured that only relevant full text primary studies become a part of 
the systematic review.  If the primary studies did not pass the initial pre-
selection process, they were rejected based on the study exclusion criteria 
(A.4.2. Appendix A).  Initially, only the author of this thesis selected primary 
studies.  However in case of doubts about a particular primary study for its 
selection or non-selection, the author of the thesis contacted the thesis 
supervisor for an opinion.  Only after the two agreed, primary studies were
selected or rejected.  This again ensured that only legitimate and relevant 
primary studies became a part of the systematic review and no important 
primary studies were missed or left out.  Also it ensured that irrelevant primary 
studies were kept out of the systematic review.  For detailed discussion about 
study selection criteria of the systematic review refer to A.4 (Appendix A).

4.6.1.5. Study Quality Assessment 

The qualities of the individual primary studies were assessed based on the 
checklist (A.5, Appendix A).  The checklist involved assessing research 
methods used, based on the questions asked in the primary studies.  This helped
in identifying the research method(s) (Section 4.1) and helped the author of this
thesis in judging its suitability.  The checklist also takes into account study 
designs (Section 4.2) and their applicability to handle changes occurring while 
conducting the study.  The information about different study design(s) helped
the author of this thesis in assessing the appropriateness of the design, its 
suitability under specific conditions, its affect on the overall study and study 
outcomes.  The checklist also took into consideration the sample collection and 
selection, data collection (Section 4.3) and data analysis using different 
statistical or non-statistical methods.  This aided in assessing the outcome 
assessment and means for data analysis, which led to the credibility of study 
findings.

Sample collection and selection information provided the author of this thesis 
with the method(s) used and how they had been assigned in different groups 
particularly for experimental study designs.  The checklist was developed also 
taking into account the different variables (dependent, independent, and 
context).  It helped in their identification, number of different types of variables 
studied, variable relationship and what measures were been taken to control 
their effects on each other (Section 4.4).  In addition, checklist examined if 
different biases were considered during the study and what measures were taken 
to avoid/protect from them.  The biases can affect the outcomes and must be 
taken into account.  
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Also the checklist explored primary studies researchers roles and positions, and 
if they explored other data sources.  This helped this thesis author in validating 
their findings (Section 4.5), hence adding to the credibility of the study.  Finally
the checklist took into account the reporting of the study and amount of 
information regarding its replication.  This ensured that the study can be 
replicated hence making its results more credible and trustworthy.  For the 
complete checklist refer to A.5. (Appendix A).

4.6.1.6. Data Extraction Strategy

Data extraction is the process of extracting information reported in the primary 
studies.  This can be a subjective process and is prone to errors.  In order to 
make it clean, minimize the effect of bias and make it more objective, a data 
extraction form should be used.  The data extraction form provides a data 
repository thus paving a way for the foundation on which data analysis should 
be conducted.  Therefore a data extraction form was developed for the 
systematic review (Appendix B).

The reviewer had a visual representation of the review questions and the 
appraisal framework upon which the data extraction form was generated. The 
form provided a historical record of decisions occurring during the review 
process; thus the design of the form was undertaken carefully. The form was 
pre-tested to check the validity of its design and certain iterations were carried 
out before it was finalized. The form was structured in a logical order to help the 
data entry person (thesis author) and coding instructions were clearly provided. 

Data extraction form will produce a data repository from which the analysis will 
emerge. Therefore when deciding on the content of the form, the reviewer 
considered the information that was needed to construct the tables summarizing 
the primary studies included in the review and the data required from each study 
to perform any analyses (See section 5.1.5). The content of the data extraction 
form were directly linked with the review question, specific information about 
the populations, interventions, outcomes and study designs along with the 
quality assessment checklist and planned analysis.

This data extraction form contains general information about date of extraction 
of publication data, publication title, author(s), publication journal or conference 
where it was published, search string that retrieved the specific primary study 
and database from the primary study was retrieved (See B.1 Appendix B).  This 
general information develops a data repository for future reference.  It also 
provides information for replicating the study thereby adding to the validity of 
the study and its findings.  

The data extraction form also contains specific information related to primary 
study characteristics including “Study Setting” (B.2.1), “Research 
Methodology” (B.2.2), “Subjects” (B.2.3), “Task and Environment” (B.2.4) and 
“System” (B.2.5).  Case studies are typical means of conducting research in 
industrial settings and are often considered trust worthy if properly designed, 
conducted and reported at an adequate level. One of the shortcomings of the 
case studies is that they are considered as research under typical conditions and 
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their results are hard to generalize (Section 4.2).  Formal experiments whether 
conducted in an academic setting or in an industrial setting require appropriate 
levels of replication and random selection of subjects and objects within the 
constraints of the experimental design (Basili et al.1986) and are more rigorous 
in terms of their results and result evaluation. However they suffer from the 
issue of scalability and their results are hard to generalize.  For experimental 
studies, different types of variables play an important role in its conduct and 
outcome.  Therefore getting credible information about them is necessary and it 
is presented in the data extraction form (B.2.8).  This is again very important for 
the validity of the findings of any research and how different variables relate to 
each other (Gallis et al. 2003).  Experience as well as the commitment of 
subjects is very important since it directly relates to the findings of a particular 
study (Höst et al. 2005).  As Berander argues that classroom subjects are not 
suitable for experiments that not only involve commitment but also project 
dependent decisions, so it is hard to make any generalization for their suitability 
and benefit over professionals (Berander 2004).  Subject number as well as 
subject selection directly influences results since their selection directly 
corresponds with the internal validity of any research (Stanczak and Stanczak 
1996). Similarly results are dependent on the learning curve of individuals along 
with their commitment to learn new things and capability to work under 
pressure either individually or in groups (Roy and Wen-Chung 2005).  All these 
aspects correspond to the internal validity of the studies and directly influence 
the findings of research.  All these fields of the Data Extraction form helped the 
thesis author in assessing primary study quality and corresponded to the internal 
validity of the primary studies.

All the information mentioned above revealed characteristics of a particular 
primary study and led for data analysis and quality assessment.  The study 
setting classifies studies either in industry or academic settings.  Both the 
settings are valid for any kind of research activity.  However, keeping into 
consideration the focus of the systematic review i.e. evidence regarding different 
prioritization techniques, any study in an industrial setting is of more weight 
than a study in the academic setting.  The reason is that the role of academia is 
to assist industry in their working by providing efficient methodologies and 
processes.  Similarly a study is classified either as an action research, 
experiment, case study or a survey (Section 4.2).  One can argue that an action 
research conducted in industry on a real system (project or product) with higher 
number of requirements and professionals as subjects is worth more than an 
academic experiment using toy systems and few requirements (less than 20) 
using students as subjects.  This information will be used in judging the quality 
of different studies leading to a better understanding of the effectiveness of 
techniques and establishing evidence about them.  The data extraction form also 
extracts information about any study variations and deviations along with 
different threats to the validity of the study design, analysis and outcomes.  This 
is really important as these issues correspond with the internal validity of any 
research and also directly influence the results of any research (Wohlin et al.
2000).  All this information is used to gain better understanding about research 
trends, effectiveness of different prioritization techniques under different 
techniques and pave the way for the research framework (Chapter 6).
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The data extraction form helps in extracting information about the outcomes of a 
particular primary study and if any methods (statistical, non-statistical) are used 
for data analysis.  This information will help the thesis author in data analysis 
and will provide an insight into assessment of a particular study.  Dybå et al 
argue that software engineering research community should perform data 
analysis using different statistical methods (Dybå et al. 2005). Similarly 
outcome assessment along with effect measurement adds to the validity of 
findings.  Once the information will be extracted using data extraction form, it 
will then be synthesized to get an overall picture about the usage and 
effectiveness of different prioritization techniques.  The main aim of the data 
extraction form is to make the data extraction process objective, thereby 
lowering subjective misinterpretations.  It also develops a data repository for 
future use by other professionals seeking for information as well as it helps in 
replicating the systematic review.

4.6.1.7. Data Synthesis

Data synthesis collates and summarizes the results of primary studies used in the 
systematic review.  The data extracted from the data extraction process should 
be combined in an appropriate manner using different data synthesis approaches.  
The primary studies extracted in the systematic review will be heterogeneous in 
nature because of different study designs, research methods, populations, 
interventions, outcomes and measures.  Therefore the primary studies are 
combined with qualitative synthesis in form of tables.  The tables will provide 
information about different features and aspects of the primary studies.  Upon 
data analysis, if the primary studies or sub part of different primary studies will 
be similar, only then quantitative data synthesis will be conducted using meta-
analysis.  For detailed discussion about data syntheses refer to A.7. (Appendix 
A).

4.6.1.8. Project Timetable

The project timetable specifies the different milestones and tentative dates for 
reaching the milestones and accomplishing them.  For actual timetable refer to 
A.8. (Appendix A).

4.7. Design Validity Of The Review Protocol

The review protocol was designed based on the recommendations provided by 
Khan et al. (Khan et al. 2001), Kitchenham (Kitchenham 2004) and Biolchini et 
al. (Biolchini et al. 2005).  The recommendations are extensively 
comprehensive and detailed.  The review protocol follows the procedures 
prescribed in the above-mentioned guidelines.  In addition to that, the review 
protocol was peer reviewed by four independent reviewers; two from Blekinge 
Institute of Technology Sweden, one from Lund University Sweden and one 
from Helsinki University of Technology Finland.  All the reviewers have 
experience in conducting research and have published papers in different 
conferences and journals.  After getting significant feedback on different aspects 
of the review protocol (Appendix A) and data extraction form (Appendix B), 
certain modifications were made to make them detailed, thorough, 
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comprehensive and complete to include different kinds of studies.  This adds to 
the validity of the design of the review protocol and data extraction form using 
triangulation of different viewpoints.  Also pilot searches were conducted 
initially to identify potential relevant studies and their number.  This also helped 
in developing a more comprehensive search strategy thus adding to the design 
validity of the review protocol.  Also the guidelines were carefully slightly 
modified to make a comprehensive design and remove validity threats.

4.8. Threats To The Design Validity Of The Review Protocol

The design was developed by the single reviewer (thesis author) and thus can 
suffer from subjectivism and personal interpretations of the recommendations 
followed to produce the design.  Also if the recommendations actually followed 
to develop the design are not correct then design will be not be correct.  
Similarly, if the review protocol designer did not interpret the recommendations 
correctly, review protocol will not be proper and accurate.  Although the 
protocol was peer reviewed by independent researchers and triangulation of 
different viewpoints was used, the review protocol was not published anywhere 
and was not open for public scrutiny; thereby lowering the validity of design.  
The review protocol and data extraction form were designed keeping into mind 
different types of research methods, data collection approaches and data analysis 
based on qualitative and quantitative research.  Both these approaches are not 
mutual and have their own special characteristics.  Incorporating both qualitative 
and quantitative research methods into one protocol was a challenging task and 
it is possible that the design is not comprehensive to capture all possibilities 
related to both qualitative and quantitative approaches and can be seen as a 
threat to its design validity.  Also the recommendations were not strictly 
followed and modified based on the specific focus of the study and this can also 
be seen a threat to the design validity of the protocol.

4.9. Chapter Summary

Any research follows a recognized methodological process to discover non 
trivial facts and insights and can be classified as pure theory, descriptive studies, 
exploratory studies, explanatory studies and causal studies based on the nature 
of the research.  Researchers use action research, experiments, case studies and 
surveys as some of the research methods to conduct research and use qualitative 
and quantitative data collection approaches for collecting data.  The selection of 
research method and data collection approach depends on the nature of the study 
and its underlying semantics.  Many factors can influence the validity of the 
results and should be accounted before conducting the actual research.  One can 
validate an overall research using different triangulation approaches either 
independently or combined together depending on the nature of the study.  The 
chapter also explained different parts of the review protocol designed and 
followed in this thesis work including review question and its formulation, 
search strategy and quality assessment of individual studies using a specific 
checklist.  The data extraction of individual studies was made objective by 
developing a data extraction form, which will provide a comprehensive picture 
about different studies, the quality level of individual studies and will serve as 
data repository for future use and for replicating the studies.  The review 
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protocol design has validity threats, however recommendations have been 
followed properly and their risk has been minimized using triangulation of 
viewpoints from four different independent reviewers.
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CONDUCTING
SYSTEMATIC

REVIEW

The outcome of any serious 
research can only be to make 

two questions grow where only 
one grew before.

Thorstein Veblen
(1857 – 1929)

Chapter 5

The purpose of this chapter is to present and discuss different phases in stage II of the 
systematic review.  The different phases within Stage II are presented individually along 
with experiences while conducting the systematic review.  The chapter also presents and 
analyses general findings from individual studies along with detailed discussion about 
similarities and differences among them.  Finally findings from the systematic review are 
presented.

5.1. Conducting Systematic Review

Conducting the systematic review is the second and most important stage in the 
systematic review.  This stage was started after the review protocol (Appendix 
A) was designed, revised and finally agreed upon.  Although the different 
phases within this stage seem sequential, they were iterated to refine things and 
get a clear picture regarding the systematic review.  The next sections (Sections 
5.1.1 till Sections 5.1.5) describe different phases within the second stage of the 
systematic review and how they were conducted.

5.1.1. Identification of Research

Searching and locating primary studies is complex and time-consuming process.  
This process requires dedication, resources and determination along with skilled 
expertise of the data and information retrieval experts especially the librarians.  
The main objective of this phase is to locate and identify detailed, 
comprehensive and broad list of both published as well as unpublished primary 
studies.  Therefore it is vital to identify and locate relevant primary studies with 
a thorough and unbiased searched strategy as these primary studies directly 
correspond with the review findings (Section 2.2.5.2.1).  Thus, the author of the 
thesis along with the librarian of BTH developed a search strategy comprising of 
search terms as well as the sources from where the primary studies would be 
located and identified.

This process of identifying primary studies was made iterative and the search 
strategy was refined with subsequent searches to make the search as thorough 
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and comprehensive as possible and to locate as many relevant primary studies as 
possible.  The phase of identifying the relevant primary studies was conducted 
between 17th and 22nd November 2005, both dates inclusive.  The search for 
relevant primary studies was initially carried out using the electronic databases 
(A.3.2, Appendix A).  The search strategies for each database were saved along
with the dates on which searches were carried out in order to be able to 
efficiently rerun searches to identify new primary studies since the original 
search.  Most databases offer the facility to save and rerun searches and also the 
ability to limit by dates and update intervals.  Some of these databases include 
Inspec, Compendex and Electronic Library Information Navigator 
(ELIN@Blekinge).  

While conducting the search, the search terms were updated and additional 
search terms were included in the already present search terms, e.g. search terms 
‘Requirement selection’ and ‘Prioritisation of requirements’ was added.  The 
search term of requirement selection was added after one of the identified 
primary studies included this term in the keyword section of the study.  
Similarly the word ‘prioritization’ is both spelled with ‘s’ and ‘z’, thus both 
were decided to be included in the search terms to minimize the threat of loosing 
potential primary studies.  The reference list of the primary studies found 
through database searches was scanned to identify further primary studies for 
consideration.  No further primary studies were identified that were not 
previously identified with the search terms when run on different databases.

Another important facet of the search strategy was the study design(s) on which 
the review was focusing, e.g. case studies or experiments etc.  In the entire 
databases, subject indexing by study designs was not available.  Initially the 
search terms were combined using Boolean ‘AND’ and ‘OR’ logic with 
different kinds of study designs to develop concrete search queries.  However 
while conducting the search, concrete search terms were split to incorporate a 
single study design, e.g. ‘AHP’ AND ‘Requirements’ AND (‘Action Research’ 
OR ‘Experiment’ OR ‘Case Study’ OR ‘Survey’) were split into four search 
terms including just a single study design, e.g. ‘AHP’ AND ‘Requirements’ 
AND ‘Action Research’.  The reason for splitting up the concrete search terms 
was that none of the search queries retrieved any primary studies.  Also personal 
contact with the thesis advisor was carried out by the thesis author to identify 
potentially relevant primary studies and grey literature, which resulted in the 
identification of one master thesis.

There is always a risk that relevant primary studies may be overlooked in 
electronic searching due to inaccurate or incomplete indexing in the databases 
and due to other weaknesses in the search strategies.  Thus, key journals in a 
field should be manually searched to identify primary studies that might have 
been missed in database and reference list searches.  However, while conducting 
the systematic review, manual searching was not done by the thesis author due 
to the unavailability of printed versions of different journals and shortage of 
time.  This can be seen as a validity threat to the systematic review and could be 
regarded as serious since not all relevant and possible primary studies might 
have been included in the systematic review, which might lead to drowning of 
effects. However, with extensive search queries and choosing multiple 
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databases, the threat was minimized.  Here the author would also like to mention 
that some search strings might have been missed e.g. prioritize requirements, 
requirements engineering etc.  This can also lead to not identifying some of the 
potential primary studies and can be seen as a validity threat to the systematic 
review.  Also no bibliographic software package was used by the thesis author 
due to its unavailability in managing the many references, which were assessed 
and included in the review.  Instead the reference list was maintained in a word 
document.  However the author of the thesis recommends the use of a 
bibliographic software package while conducting future systematic reviews as it 
saves time and energy and is more efficient and reliable than manually building 
and maintaining a reference list.

Once the relevant primary studies were identified, the phase of selecting the 
primary studies was conducted.  Although the phase of identifying and selecting 
the primary studies seems sequential, in reality it was iterative and is discussed 
in detail in the next section.

5.1.2. Selection of Studies

The aim of the study selection is to identify those articles that will help in 
answering the question addressed by the review since review findings are 
directly dependent on the selected articles.  It is important that the selection of 
articles is free from subjective bias, which occurs when the decision to include 
or exclude certain articles may be affected due to pre-formed opinions.  Thus the 
decisions about the inclusion or exclusion of primary studies were made 
according to predetermined written criteria stated in the review protocol 
(Appendix A).

Both the inclusion (A.4.1, Appendix A) and exclusion (A.4.2, Appendix A) 
criteria followed logically from the review questions (A.2, Appendix A) and 
were based on the facets of population, intervention, outcomes and study 
designs.  Only primary studies that qualified all the inclusion criteria and none 
of the exclusion criteria were included in the review.

Before formally commencing the stage of conducting the systematic review, 
thesis author and thesis supervisor had a detailed discussion about the inclusion 
and exclusion criteria.  After conducting an iteration of identification of primary 
studies, the thesis author and the thesis advisor again met to formally review the 
included primary studies and refine things.  This resulted in the inclusion of all 
the primary studies that strictly described the usage along with inference, 
comparison or evaluation of prioritization technique(s).  Therefore, the author of 
the thesis along with thesis supervisor decided to leave out approaches like 
Wieger’s approach (Wieger’s 1999), Easy WinWin (Gruenbacher 2000) or 
Release Planning (Greer and Ruhe 2004) as they were seen as frameworks that 
could use different prioritization techniques to prioritize requirements.  
Similarly primary studies that described the usage of prioritization techniques 
for prioritizing requirements in relation to testing, test cases, and COTS 
selection were also excluded from the review since they did not study 
prioritization in a software requirement setting.
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The process of primary study selection was multi-stage and initially the 
selection criteria were applied to the primary studies generated from computer 
database searching.  Unless the primary studies could be definitely excluded, the 
titles and abstracts identified as being potentially relevant were provisionally 
included for consideration on the basis of full text articles.  The titles and 
abstracts of different primary studies were identified from searches or from 
inspection of bibliographies.  The final inclusion/exclusion decisions were made 
after retrieving the full texts of all potentially relevant primary studies.  For 
detailed discussion about the number of relevant primary studies retrieved and 
selected from individual databases, please refer to the table below.

DATABASE STUDIES 
RETRIEVED

STUDIES 
SELECTED

Elin @ BTH 26799 24
ACM 2000 10
Compendex 423657 8
Inspec 449440 13
IEEE Xplore 43494 15
Science @ Direct 14207 2
Springer Link (Kluwer) 4115 9
Google Scholar 190850 27
Total Studies 1154562 108

Table 5.1: Relevant Primary studies retrieved and selected from different 
databases

The author of the thesis assessed each of these primary studies individually to 
see whether or not the criteria were met.  Many of the potential relevant primary 
studies initially included were excluded at this stage.  As seen in table 5.1, 
initially 1154562 relevant primary studies were retrieved from all the databases.
It should be kept into consideration that different online databases did not show 
all studies retrieved e.g. ACM only showed 1000 studies relevant to the search 
string and other databases like Inspec and Compendex did not always present 
full text articles. Out of these, 108 potentially relevant primary studies were 
initially selected for further reviewing.  After carefully reading the title, 
abstracts, introductions and conclusions of those 108 potentially relevant 
primary studies, 92 were rejected and 16 full text primary studies were finally 
selected for full text evaluation.  Of those 108 studies retrieved from different 
databases, there were overlaps since majority of the studies were retrieved from 
more than one database and were thus included once.  After full scale reading of 
16 relevant primary studies, 9 were excluded and 7 primary studies were 
decided to be included as primary studies.  In addition to that, one grey literature 
study (Master thesis) was also added to be a part of the systematic review, 
therefore raising the total to 8.  Please refer to figure 5.1 below for the flowchart 
describing the study selection process.

Khan et al. argue that judgments about inclusion of primary studies may be 
affected by knowledge of authorship, institution, journal titles, and year of 
publication.  It is also important that the assessors are unaware of the results and 
conclusions of the publications in addition to the names of the authors and 
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institutions (Khan et al. 2001).  This threat was minimized as the author of the 
thesis is a novice in the field and has no personal contacts with the authors of the 
primary studies and thus was not influenced by the above-mentioned factors.  
Similarly in order to minimize the threat of subjectivism of independently 
selecting primary studies, the author of the thesis contacted the thesis supervisor, 
and primary studies were only selected after the two reached an agreement.
However, the thesis supervisor was the author one of the studies included in the 
systematic review and could have an impact on the validity of the systematic 
review.

Figure 5.1 Flow diagram of study selection process

Once the primary studies were selected to be included in the review based on the 
minimum quality threshold level, they were assessed individually for their 
quality based on the predefined quality checklist.  This is discussed in detail in 
the next section.

                                                
 For the list of Primary Studies Included and Excluded from the systematic review, See Appendix C

Potentially relevant primary studies identified after 
screening of the electronic search (n=1154562)

Primary Studies retrieved and selected for more detailed 
evaluation (n=108)

Primary Studies selected for full text evaluation (n=16)

Relevant Primary Studies excluded (after evaluating titles, 
abstracts, introduction, conclusion) (n=92)

Relevant primary studies excluded after updating queries 
and not fulfilling the inclusion criteria (n=1154454)

Relevant Primary studies excluded after full text 
evaluation (n=9)

Studies included in systematic review (n=7)
Grey Literature Included (n=1)

Total Primary Studies =8



68 / 93

5.1.3. Study Quality Assessment

For primary study selection, simple assessment based on the appropriateness of 
study design is often used to guarantee a minimum level of quality.  Therefore, 
the weakest study design that was included in the systematic review was clearly 
stated in the inclusion/exclusion criteria of the review protocol (Appendix A).  
As stated in section 5.1.2, eight primary studies were included in the systematic 
review based on the minimum quality threshold level.  These primary studies 
were then assessed individually for their quality based on a predefined checklist 
(A.5, Appendix A).

While observing primary studies individually, several interesting opinions and 
claims about different aspects were noticed.  Because of the varying nature of 
the primary studies, some interpretation had to be done in order to understand 
what the authors of the primary studies really meant or wanted to put forward.  
However, there are some areas that frequently came up, as well as there are 
areas that are mentioned once or a couple of times.  The quality of an individual 
primary study was judged based on the questions described in the review 
protocol and are discussed individually in detail below.

A.5.1. Are research method(s) appropriate and logically follow the 
question(s) asked in the study? 

All the primary studies included in systematic review had an appropriate 
research method.  Also the research method logically followed the question(s) 
asked in the study.  All the primary studies addressed the question of effectively 
prioritizing software requirements for software systems and measured different 
aspects.  Therefore all the primary studies evaluated one or more prioritization 
technique(s) and used an appropriate research method to evaluate and/or 
compare one or more prioritization technique(s).

A.5.2. Is study design appropriate and logically follows the question(s) 
asked in the study?

All primary studies that were included in systematic review had an appropriate 
study design that logically followed the main question of effectively prioritizing 
software requirements for software systems.  The study designs included 
information about different aspects such as data and subject selection, 
prioritization technique(s) evaluated or compared, time needed to prioritize 
requirements, number of requirements prioritized with specific technique(s), 
environment conditions, and work mode i.e. if a specific technique was 
employed by a single person or single team or multiple teams etc.  

A.5.3. Is study design context sensitive to enable sensitivity/flexibility to 
changes occurring during the study? 

Study design of five primary studies was context sensitive to enable 
sensitivity/flexibility to changes occurring during the study whereas study 
design of one primary study was not context sensitive to enable 
sensitivity/flexibility to changes occurring during the study.  From two of the 
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studies no information could be extracted to determine sensitivity to changes 
occurring in the study.  

A.5.4. Are alternative study design(s) considered and reported along with 
the motivation for choosing a particular design(s)? 

While assessing the quality of individual primary studies, apparently five 
primary studies might have considered alternative study designs whereas three 
primary studies did not even consider an alternative study design.  None of the 
primary studies reported any alternative studies.  Three of the five primary 
studies that apparently considered choosing a particular study design did report 
the motivation for choosing their study design.

A.5.5. Is study conducted according to study design and is there any 
variation while conducting it? 

All the primary studies included in the systematic review were conducted 
according to their study designs.  In five of the primary studies, variations were 
experienced while conducting them.  The variations were also reported in them 
as well.  However in three of the primary studies no information was reported 
about any variations.

A.5.6. Are approaches for sample collection, data collection, and analysis 
clear and were they systematically applied? 

Approaches for sample collection, data collection and analysis for five primary 
studies were apparently clear and systematically applied.  For remaining three 
primary studies no information for sample collection, data collection and 
analysis could be extracted as it was not reported.

A.5.7. Is any analysis done after conducting the study and are any statistical 
method(s) used to perform analysis?

For seven primary studies, analysis was made after conducting the study while 
one primary study did not report on any analysis made.  For seven primary 
studies where analysis was performed after conducting the study, some form of 
graphs have been plotted to look at the results.  Two primary studies used Box 
Plots to analyse their data as well.  Three of the six primary studies did not use 
any statistical methods to perform the analysis whereas four primary studies 
used different types of statistical methods to analyse the results.  One of the 
primary studies used standard deviation; one used Variation coefficient and 
Spearman Rank Order Correlation Coefficient to perform statistical analysis of 
their data and results.  Another study used Wilcoxon Test, Pearson Correlation 
Coefficient, and Mann-Whitney Test, along with Mean Standard Deviation.  
Lastly, Skewness Normality of Residuals, Kurtosis Normality of Residuals, 
Omnibus Normality of Residuals, Modified-Levene Equal-Variance Test were 
used by another primary study along with ANOVA, Kruskal-Wallis, Kruskal-
Wallis-Comparison Z-Value Test, and Tukey-Kramer Multiple Comparison Test 
to perform data analysis.
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A.5.8. Are sufficient considerations provided as to how findings were 
derived from data and how validity of findings tested? 

Sufficient considerations as to how findings were derived from data were 
provided by five primary studies out of a total of eight primary studies included 
in the systematic review.  For one primary study no considerations were 
provided at all, whereas two of the studies did not provide sufficient 
considerations as to how findings were derived from data.  Three of the primary 
studies provided sufficient considerations as to how validity of findings was 
tested.
A.5.9. Has research context been described at an adequate level and 
accounted for?

Among all primary studies research context was accounted for.  However 
research context of five primary studies was described at an adequate and 
detailed level.  Two primary studies described the research context at a high 
level i.e. little information, whereas one primary study did not describe research 
context at all.

A.5.10. Are different biases considered during the study and any measures 
taken to avoid/protect from them?

For all primary studies included in the systematic review, four primary studies 
did not report different biases or validity threats.  One of the primary studies 
considered validity threats, but at an inadequate level and no measures were 
taken to protect from them.  Whereas, three of the primary studies did 
considered one or more different biases and measures were taken to 
avoid/protect from them in the study design.

A.5.11. Is eligibility criteria of selection of different variables (dependent, 
independent, and context) specified and logically follows the design?

The eligibility criterion for selection of different variables (dependent, 
independent and context) was specified by three primary studies and it logically 
followed the study design as well.  However, remaining five primary studies did 
not specify the criteria of selection of different variables but they logically 
followed the design as evident in the primary studies.

A.5.12. Are outcomes assessed using objective criteria? 

Outcomes were assessed using objective criteria by two of the primary studies 
whereas one of the primary studies used subjective assessment of the outcomes.  
However five of the primary studies did not assess outcomes at all using either 
objective or subjective criterion.

A.5.13. Are findings systematically reported and sufficient original evidence 
reported in order to justify the relationship between evidence and 
conclusion?
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Apart from one study, remaining seven primary studies did report findings 
systematically.  However three of the seven primary studies did not report 
findings at an adequate level and hence it was hard to justify the relationship 
between evidence and conclusion.  The remaining four primary studies did 
report sufficient original evidence in order to justify the relationship between 
evidence and conclusion.

A.5.14. Are researcher(s) clear about their position and explored different 
sources of knowledge and related work about the issues being compared? 

In all the selected primary studies, the researcher(s) were clear about their 
position.  In two primary studies, the researchers explored different sources of 
knowledge and related work about the issues being compared at an inadequate 
level.  The reason could be that they either were unaware or that they did not 
report about different other sources of knowledge.  In other two primary studies, 
the researchers explored different sources of knowledge and related work at a 
reasonable level.  In the remaining four primary studies, the researchers 
explored different knowledge sources and related work at an adequate and 
detailed level along with general findings of different sources. 

A.5.15. Is enough information present about the study so that it can be 
replicated? 

Five out of eight primary studies did contain or report enough information about 
their study in order to replicate it.  One study did not report information at an 
adequate or detailed manner.  Therefore full replication of that primary study is 
not possible due to availability of only partial information.  The remaining three 
primary studies did not report information to replicate them.

Once the primary studies were checked for minimum level of quality, the phase 
of data extraction from individual studies was commissioned to identify 
characteristics of individual studies.  Although quality assessment of primary 
studies seems a sequential process, in reality the process of data extraction and 
quality assessment was iterative, and is discussed in detail in the next section.

5.1.4. Data Extraction and Monitoring Progress

Data extraction is the process by which the reviewers gather and collect 
information from the primary studies.  Being a subjective process, this is prone 
to human errors and judgments.  To minimize different bias, a data extraction 
form (Appendix B) was developed as part of the review protocol (Appendix A).  
The data extraction form listed the data items to be extracted from each primary 
study.

Khan et al. argue that data extraction should be independently performed by at 
least two reviewers because this improves reliability (Khan et al. 2001).  When 
conducting the systematic review, only one reviewer (thesis author) took part in 
data extraction of the primary studies.  This could be seen as one of the 
shortcomings of the review.  However, consulting thesis advisor minimized the 
risk of subjective interpretation and general findings were discussed with him.  
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The process of data extraction was carried out from 18th February till 26th

February, both dates inclusive.  During data extraction process, a meeting was 
arranged between the thesis author and the advisor to monitor the data extraction 
progress.  Certain issues regarding quality assessment of individual primary 
studies were discussed in the meeting and details of how to perform analysis 
were also put forward.  Similarly plans and timetabling for the analysis and 
completion of the review were finalized.
Once the data from individual primary studies was extracted, the final phase of 
data synthesis was carried out to analyze the results in order to gain an 
understanding about different aspects of individual primary studies as well as 
reasons for homogeneity and heterogeneity among them.  This phase is 
discussed in detail in the next section.

5.1.5. Data Synthesis

With the aid of data extraction form (Appendix B) characteristics of individual 
studies were collected.  The different features are summarized in tables below 
and discussed in the following sub-sections.

5.1.5.1. General Characteristics of Primary Studies

The tables (Table 5.2a, 5.2b, 5.2c) below describe general characteristics of the 
primary studies which include research methodology employed by the 
researcher(s) while conducting the study, system type and the study setting 
along with the duration of the study.

Primary Studies Research 
Methodology

System Type Study Setting Study Duration

[1] Case Study Industrial Industry Not Specified
[2] Case Study Industrial Industry Not Specified
[3] Case Study Industrial Industry 10 months
[4] Case Study Industrial Industry Not Specified
[5] Case Study Industrial Industry Start Date 

Specified only
[6] True-

Experiment + 
Case Study

Academic + 
Industrial

Academia + 
Industry

6 weeks + 1 day

[7] True-
Experiment

Academic Academia 1 day

[8] True-
Experiment

Academic Academic 2 Hours

Table 5.2a

As evident from table 5.2a above, five primary studies used Case Study
methodology in order to evaluate or compare one or more prioritization 
techniques in an industrial setting.  Out of those five primary studies, only one 
primary study reported the duration of their case study whereas another primary 
study specified its start date without mentioning the end date, thereby no 

                                                
 Due to space limitations, tables have been split into two and/or three tables to view results properly.
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information can be extracted about the total duration of that particular case 
study.  The remaining three primary studies were experiments; one being a true
experiment and its results were used to perform a case study and the other two 
true experiment.  The first primary study with the True-Experiment design was 
performed in an academic setting.  Based on the results of the experiment, a 
follow up session was conducted in an Industrial setting with a real industrial 
system.  Whereas, the two primary studies with True-Experiment design were 
conducted in academic setting for duration of one whole day and two hours 
respectively.

As evident from table 5.2b below, all case studies used Professionals as 
subjects.  One of the primary studies with true-experiment design used 1st or 2nd

year PhD students along with one full time professor as their subject.  Whereas, 
the other primary study with true-experiment design used students studying 
from two years at a regular level upto PhD level.  The subjects of all primary 
studies were selected using convenience selection.  In the experiment with true-
experiment design, which used only PhD students, their allocation in the groups 
was random.  Six out of eight primary studies did not specify the experience of 
the subjects who were prioritizing requirements using different prioritization 
techniques, which is one of the shortcomings of those studies.  Similarly number 
of subjects was specified by six of the primary studies and it varied considerably 
with a range of one subject to 16 subjects and even a single team whose 
participant number was not specified.

Primary 
Studies

Subjects Type Subject 
Experience

No of 
Subjects

Subject 
Selection

Work Mode

[1] Professionals Not 
Specified

Not 
Specified

Convenience Not Specified

[2] Professionals Not specified 1 Convenience Individual
[3] Professionals Not specified 8 Convenience Individual for 

AHP
Team for 
Numerical 
Assignment

[4] Not specified Not specified Not 
specified

Convenience Team (User 
group)

[5] Professionals Not specified 10 Convenience Individual
[6] Professionals Not specified 3 + 1 Convenience Individual + 

Team
[7] Students + 

Teacher
PhD Students 
(1st and 2nd

Year) + 
Professor 

16 Convenience Random 
assignment of 
members in 2 
teams

[8] Students Two Years at 
Regular 
Level Till 
PhD Level

14 Convenience Individual

Table 5.2b
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As evident from table 5.2c below, AHP was evaluated in three of the primary 
studies within industrial setting and was used to prioritize requirements ranging 
between 11 and 20.  One of the primary studies evaluated cumulative voting 
(100 $ test) for (17+58 = 75) objects.

Primary 
Studies

Prioritization 
technique(s)

Prioritization 
Technique 
Assessment

No of 
Requirements 
Prioritized

Time Needed to 
Prioritize Requirements

[1] AHP Evaluation < 20 Not specified
[2] AHP Evaluation 11 35 mins
[3] AHP and 

Numeral 
Assignment

Evaluation and 
Comparison

14 AHP average is 38 
mins; Numeral 
Assignment is 83 mins

[4] AHP Evaluation 15 Not specified
[5] Cumulative 

voting (100 $ 
Test)

Evaluation 17 + 58
17 feature 
groups
58 features

Not specified

[6] AHP, Hierarchy 
AHP (HAHP), 
Minimal 
Spanning Tree 
(MST), Bubble 
Sort (BS), 
Binary Search 
Tree (BST), 
Priority Groups 
(PG)

Evaluation and 
Comparison

13 + 11
13 quality 
requirements
11 options

AHP = 6,
HAHP = 2, 
MST = 1
BS = 3
BST = 5
PG = 4

For 11 requirements 
used AHP: total 52 
mins

8 16

AHP 14.2 
mins

26.7 
mins

[7] AHP and 
Planning Game 
(PG)

Evaluation and 
Comparison

8 + 16

PG 8.1 
mins

12.0 
mins

[8] AHP, BST, 100 
$ Test, PG, PG 
with AHP 
combined 
(PGcAHP)

Evaluation and 
Comparison

13 AHP = 10.5 mins
BST = 7.5 mins
100 $ Test = 3.5 mins
PG = 1.75 mins
PGcAHP = 5.5 mins

Table 5.2c

Out of four remaining primary studies, one primary study evaluated and 
compared AHP with Numeral Assignment for 14 requirements.  Another 
primary study evaluated and compared AHP with five other prioritization 
techniques namely HAHP, MST, BS, BST, and Priority Groups (PG) for 13 
requirements initially.  Based on the results of the experiment, AHP was then 

                                                
 All measurements are based on an Ordinal Scale of 1 to 6 where 1 corresponds to the best method for a 
particular criterion.  Time has also been measured on the ordinal scale.
 Time is based on Means of time for 14 participants while also removing outliers.
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evaluated in the industrial setting for 11 requirements.  Also one primary study 
evaluated and compared AHP with Planning Game (PG) for 8 and 16 
requirements.  Lastly, AHP was evaluated and compared with BST, 100 $ Test, 
Planning Game, and Planning Game combined with AHP (PGcAHP).  As 
evident from the table 5.2c, AHP has been the main candidate for evaluation and 
comparison both in industrial and academic settings.  The primary studies that 
used AHP as a prioritization technique prioritized less than twenty requirements. 
Their results are not consistent in terms of the time needed to prioritize 
requirements as one primary study reported 35 minutes to prioritize 11 
requirements, one primary study reported 38 minutes to prioritize 14 
requirements, another primary study reported 52 minutes to prioritize 11 
requirements, another primary study reported 14.2 and 26.7 minutes for 8 and 16 
requirements respectively whereas yet another primary study reported 10.5 
minutes to prioritize 13 requirements.  Therefore it is difficult to generalize the 
results from all the primary studies regarding time needed to prioritize 
requirements.  However, one can safely state that with the increase in the 
number of requirements, AHP is not the main choice.  The reason is the increase 
in the number of pair-wise comparisons and hence time needed to perform 
prioritization will increase as also presented by Lehtola and Kauppinen (Lehtola 
and Kauppinen 2004).  AHP should be used with less number of requirements 
and where more sophisticated and sensitive analysis is needed.  AHP can be 
used in conjunction with other prioritization techniques e.g. after requirements 
have been grouped together using grouping or using planning game in different 
piles (Berander 2004).

5.1.5.2. Quality Assessment of Individual Studies

Quality assessment of individual primary studies has been described in Section 
5.1.3.  The tables (5.3a, 5.3b, 5.3c) below summarize the findings from the 
individual primary studies.  As evident from the tables below, the quality of 
individual studies varies considerably.  In terms of study designs (See Table 
5.3a), all primary studies had an appropriate design and were conducted 
according to the study design.

Primary 
Studies

Study 
Design

Context 
Sensitivity of 
Study Design

Sample/Data 
Collection 
Approach

Exploration 
Level of 
Different 
Sources

Level of 
Original 
Evidence 
Provided

[1] Appropriate No 
Information

No Information Satisfactory No 
Information

[2] Appropriate No 
Information

No Information Satisfactory Inadequate

[3] Appropriate Appropriate No Information Inadequate Inadequate
[4] Appropriate Inappropriate Appropriate Inadequate Inadequate
[5] Appropriate Appropriate Appropriate Adequate Adequate
[6] Appropriate Appropriate Appropriate Adequate Adequate
[7] Appropriate Appropriate Appropriate Adequate Adequate
[8] Appropriate Appropriate Appropriate Adequate Adequate

Table 5.3a
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Context sensitivity of study design to different changes occurring during the 
study of five primary studies was appropriate.  Similarly sample and data 
collection approaches of five primary studies were appropriate and 
systematically applied.  This was only performed at an adequate level by last 
four primary studies numbered 5, 6, 7 and 8 respectively.  Similarly original 
evidence was only provided by primary studies 5, 6, 7 and 8 to justify 
relationship between evidence and conclusion.  This is again important because 
it validates findings of any study and serves a basis for external validity.

Similarly in table 5.3b below, validity threats and other biases were considered 
at an adequate level only by primary studies 6, 7 and 8 which also took into 
account measures to avoid, protect or minimize these threats.  Similarly 
eligibility criteria of dependent, independent and context variables were 
specified by primary studies 6, 7 and 8.

Primary Studies Validity Threats and 
Biases

Measures Taken to 
Avoid/Protect from 
Threats

Variables Eligibility 
Criteria

[1] Not Reported None Not Specified
[2] Not Reported None Not Specified
[3] Considered at an 

inadequate Level
None Not Specified

[4] Not Reported None Not Specified
[5] Not Reported None Not Specified
[6] Considered at an 

adequate level
Yes Specified

[7] Considered at an 
adequate level

Yes Specified

[8] Considered at an 
adequate level

Yes Specified

Table 5.3b

Another important factor while judging quality of any study is any form of data 
analysis and statistical methods used for data analysis.  Seven primary studies 
performed data analysis with one study performing data analysis at an 
inadequate level (See Table 5.3c).  Six of the seven primary studies that 
performed data analysis performed it using tabulation or different forms of 
graphical plotting, which at initial stage is one of common ways of performing 
data analysis.  Similarly outcome assessment along with effect measurement 
adds to the validity of findings and it was performed using subjective criteria by 
primary study 6.  Whereas primary studies 7 and 8 performed outcome 
assessment using objective criteria.

Primary Studies Data Analysis Statistical 
Method(s) Used

Effect Measures Outcome 
Assessment

[1] Not Performed None Not Performed Not Performed
[2] Performed 

Using Graphical 
Plotting

None Not Performed Not Performed

[3] Performed Statistical Not Performed Not Performed
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Using Graphical 
Plotting and 
Tabulation

Method Used : 
Standard 
Deviation

[4] Performed 
Inadequately 

None Not Performed Not Performed

[5] Performed 
Using 
Distribution 
Chart, 
Disagreement 
Chart, 
Satisfaction 
Chart, Influence 
Chart

Statistical 
Methods Used : 
Variation 
Coefficient, 
Spearman 
Rankorder 
Correlation 
Coefficient

Performed Not Performed

[6] Performed 
Using 
Tabulation

Statistical 
Method Used 
Custom Ordinal 
Scale

Performed Subjective 
Criteria

[7] Performed 
Using 
Tabulation, 
Graphical 
Plotting, Box 
Plots

Statistical 
Methods Used: 
Wilcoxon Test, 
Pearson 
Correlation 
Coefficient 

Performed Objective 
Criteria: Mean 
Consistency for 
Order Effects 
Using Man-
Whitney test, 
Mean Standard 
Deviation

[8] Performed 
Using 
Tabulation, 
Graphical 
Plotting, Box 
Plots

Statistical 
Methods Used: 
Skewness 
Normality of 
Residuals, 
Kurtosis 
Normality of 
Residuals, 
Omnibus 
Normality of 
Residuals, 
Modified-Levene 
Equal-Variance 
Test

Performed ANOVA, 
Kruskal-Wallis, 
Tukey-Kramer 
Multiple-
Comparison 
Test, Kruskal-
Wallis Multiple-
Comparison Z-
Value test

Table 5.3c

5.1.5.3. Reporting Quality Assessment of Individual Studies

Another important aspect, which is often neglected, is “Reporting” of any 
research since it lays the foundation for other researchers to judge quality based 
on different aspects that are reported.  It also helps in replicating a research, 
which is often emphasized in literature (Rikard 1993) but not generally a 
practice in software engineering community.  As evident from tables (5.4a, 5.4b) 
below, research context by four primary studies was adequately described.  
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These primary studies also provided adequate description of system under study 
and study design.  However, only primary studies 7 and 8 reported the 
motivation for choosing a particular study design at an adequate level.

Primary 
Studies

Research Context 
Description

System 
Description

Study Design 
Description

Motivation for a 
Particular Study 
Design

[1] Not reported Not Reported Not Reported Not Reported
[2] Inadequate Not Reported Inadequate Not Reported
[3] Inadequate Adequate Inadequate Not Reported
[4] Adequate Adequate Not Reported Not Reported
[5] Adequate Adequate Adequate Not Reported
[6] Adequate Adequate Adequate Inadequate
[7] Adequate Adequate Adequate Adequate
[8] Adequate Adequate Adequate Adequate

Table 5.4a

Similarly, reporting of environment conditions is really important in order to 
validate research by an independent person.  This could include reader of a 
published paper, reviewer of a paper prior to its publication, researchers 
planning on further investigation i.e. new study or replicating an old study, 
meta-analyst who wants to combine information from different studies of the 
same phenomenon as well as the journal editorial board (Kitchenham et al.
2002).  In addition to that presentation of the results is of high importance along 
with their findings for independent researchers to interpret the results and to 
assess the validity by replicating the study to find any variations or adherence to 
conformance.

Primary 
Studies

Prioritization 
Technique(s) 
Description

Environment 
Conditions 
Description 

Study 
Variations 
Description

Findings 
Reporting

Future Work & 
Recommendations

[1] Inadequate Inadequate Not Reported Inadequate Not Reported
[2] Adequate Inadequate Not Reported Inadequate Inadequate 
[3] Adequate Inadequate Inadequate Inadequate Inadequate 
[4] Adequate Adequate Inadequate Inadequate Not Reported
[5] Not Reported Inadequate Inadequate Adequate Adequate 
[6] Adequate Adequate Adequate Adequate Adequate
[7] Adequate Adequate Adequate Adequate Adequate
[8] Adequate Adequate Adequate Adequate Adequate

Table 5.4b

Therefore, taking into account all the different aspects related to reporting 
mentioned in tables above and information presented in sections 5.1.5.1, 5.1.5.2 
and 5.1.5.3, primary studies 5, 6, 7 and 8 are superior in quality in comparison to 
other primary studies.  However, only primary studies 7 and 8 qualify all the 
quality assessment criteria.  One of the reasons for studies 7 and 8 being 
superior in quality could be that they are recently conducted and software 
engineering domain has matured over the past years.  Also researchers are 
critical towards their work and provide significant details about the validity 
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threats and discuss issues related to study designs.  As evident from qualitative 
synthesis and information presented in different tables, it is really hard to collate 
and combine studies due to high variations in different aspects; therefore meta-
analysis is not possible.

Based on the qualitative synthesis and information presented in the tables above, 
different findings of the systematic review are highlighted in the next section.

5.2. Findings of the Systematic Review

 As evident from the number of primary studies retrieved, more empirical 
work needs to be done in the field of requirements prioritization.

 Researchers often take cost and importance aspects of requirements into 
account while prioritizing requirements, which is not generally the case 
in real industrial projects.  Many other aspects e.g. penalty, strategic 
benefit, customer satisfaction etc have not been studied and there is 
much work needed to be done.

 Most of the prioritization techniques that were studied generally used 
less than 20 requirements.  The reason could be that it is less valuable 
and more time consuming to prioritize on lower levels as compared to 
higher levels.  Hence, there is a need for more empirical evaluation in 
order to gain better understanding about different aspects (e.g. 
scalability) of prioritization techniques and conditions in which they are 
suitable.

 Requirements in most of the primary studies, which were prioritized, 
were high-level requirements corresponding to system features and not 
detailed refined requirements.  Therefore there is a need for more studies 
related to detailed requirements and study the effectiveness of different 
prioritization techniques while prioritizing detailed requirements.

 Functional and non-functional (quality) requirements are equally 
important.  Both functional and non-functional requirements often 
conflict with each other, which will also involve requirements 
interdependence.  Only one primary study prioritized non-functional 
requirements, therefore there is a need for more studies, which prioritize 
non-functional requirements.  Another idea is to check effectiveness of 
different prioritization techniques while considering both functional and 
non-functional requirements together.

 AHP is the most widely studied prioritization technique both in industry 
and academia.

 Results about effectiveness of any technique might be hard to generalize 
and would depend upon different aspects where generalization is 
possible.  AHP has been claimed to be superior in terms of time 
efficiency by two primary studies which conflicts with the results of two 
other primary studies.

 AHP suffers with the issue of scalability with requirements greater in 
number since pair-wise comparisons become extremely time consuming.

 Prioritization techniques of Top ten requirements and Ranking have not 
been evaluated in industrial settings by any researcher.  Priority groups, 
Minimal Spanning tree, Binary Search Tree and Bubble Sort have only 
been studied in the academic setting.
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 None of the primary studies while performing prioritization took into 
account requirements dependencies. However in industry, the 
dependencies between requirements are generally taken into 
consideration during prioritization.

 Software engineering community needs to develop a common 
vocabulary since many studies describing the same phenomenon were 
identified using synonyms of one or more words.

 Data analysis using tabulation and/or graphs is common in the initial 
stages.  However in order to further strengthen the results, statistical 
methods must be appropriately chosen and applied to analyze data and to 
measure outcomes using objective criteria.

 Software engineering research particularly requirements prioritization 
research often lacks reporting quality.  Therefore there is a need for more 
comprehensive guidelines for reporting valuable research.

5.3. Chapter Summary

The chapter presented the outcome different phases in Stage II of “Conducting 
the Systematic Review”.  Identification of research is a difficult and time-
consuming process which requires dedication and skilled proficiency of data 
retrieval experts especially librarians.  The identification process to find relevant 
primary studies is iterative and requires refinement along the way to generate a 
comprehensive list of primary studies.  While performing the search, many new 
search terms were added after pilot searches.  The search terms were identified 
based on reference list and controlled vocabulary of different databases.  Once 
the primary studies were identified they were selected based on a predefined 
selection criteria governed by the inclusion/exclusion criteria specified in the 
review protocol.  This process of primary study selection was documented all 
the way in order to make it transparent along with reasons for excluding 
different potential primary studies.  Once the primary studies were selected 
based on the minimum quality threshold level, they were assessed individually 
for their quality based on the predefined quality checklist.  The process of 
individual assessment of primary studies was made objective by extracting data 
on data extraction form, which collected information about different aspects of 
individual primary studies.  The process of data extraction was monitored all the 
way to minimize bias and follow up meeting was arranged between the thesis 
author and his supervisor validate the findings and to finalize plans for 
completion of the systematic review.  After extracting data from individual 
primary studies, the final phase of data synthesis was carried out. This was to 
analyse the results in order to gain an understanding about different aspects of 
individual primary studies as well as reasons for homogeneity and heterogeneity 
among primary studies.  Different tables were generated to highlight similarities 
and differences among different aspects of primary studies and were discussed 
along with general findings of the systematic review.
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RESEARCH 
FRAMEWORK

So many new ideas are at first 
strange and horrible, though 

ultimately valuable that a very 
heavy responsibility rests upon 
those who would prevent their 

dissemination.

J. B. S. Haldane
(1892-1964)

Chapter 6

The purpose of this chapter is to introduce a research framework regarding studies about 
requirements prioritization.  The chapter presents research framework along with its goal 
and working.  The framework was developed based on the results of the systematic 
review conducted during the course of this master thesis and is refined through literature 
studies of different other frameworks.  The framework helps in replicating, comparing as 
well as analysis of different variables (independent, dependent, and context), which 
might need to be considered while conducting research.  The chapter also presents the 
design validity of the research framework along with different threats to its design 
validity.

6.1. Research Framework

Research within software engineering is difficult, due to complex interaction of 
different technological, organization and human elements (Jeffery and Votta, 
1999).  Therefore, it is important to plan and design research in a way to 
facilitate development of different theories and their validation under different 
contexts (Basili et al. 1986).  The field of requirements engineering has much 
research activity with one journal, one large annual conference and many 
workshops happening throughout the year (Berander 2004a).  Different authors 
have highly emphasized requirements prioritization importance in literature 
(Lubars et al. 1993; Siddiqi and Shekaran 1996; Yourdon 1997).  There is a 
need for more empirical work in the field of requirements prioritization, which 
is also one of the general findings of the systematic review (See Section 5.2).  In 
addition to that, there is little evidence available regarding which techniques to 
prefer over others under different scenarios and conditions.  This was also a key 
finding from the systematic review conducted during this master thesis as 
different primary studies have shown different results while using, comparing or 
evaluating different or similar prioritization techniques.  Therefore it is hard to 
generalize which prioritization technique is better than the other and under 
which conditions.  One reason could be the lack of a coherent and 
comprehensive framework needed to conduct research based on different study 
designs within requirements prioritization area also highlighted by Berander 
(Berander 2004a).  This research framework is an attempt to support research in 
requirements prioritization.  The framework will categorize important 
independent, dependent and context variables of empirical studies.  The purpose 
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of the framework will be to assist research community by providing a base for 
conducting empirical research and is discussed in detail in the next section.

6.2. Research Framework: Goals and Working

As mentioned previously, there is little evidence available regarding different 
prioritization techniques in relation to their applicability under different 
conditions and environments.  This framework is an attempt to address the 
above mentioned problem by guiding the researchers on what to measure and 
report when conducting empirical studies within the domain of requirements 
prioritization.  The framework was motivated by the results of the systematic 
review, which showed apparent contradiction among results from different 
primary studies.  One of the objectives of this framework is to provide 
assistance to the researchers on how to design a study by taking into account 
different variables [See section 6.2.1 for details].  The framework might seem 
extensive initially; however most variables are easier to report and do not 
require extra effort by the researchers using the framework.  The goal of the 
framework is to reach an initial understanding, including likely variable 
identification, and capturing the magnitude of problems and different variables.  
Another goal of the framework is to act as a foundation for meta-analysis for 
research within requirements prioritization, which was not possible in the 
systematic review due to high variations (Section 5.1.5.3).  In addition to that, 
this framework will open new horizons for researchers taking valuable empirical 
research by analyzing results from different studies.  The framework can help 
present results from different studies consistently, which can help researchers 
decide on replicating different studies.  This will eventually improve evidence 
regarding different prioritization techniques and their suitability under different 
conditions and contexts.

As stated earlier, the goal of the initial research framework for requirements 
prioritization is to identify those variables that are considered to be most 
important while conducting empirical studies within requirements prioritization 
area.  These variables are discussed in detail in the next section.

6.2.1. Variables

As mentioned earlier, results from the systematic review (Section 5.1.5) indicate 
apparent contradiction in nature based on the evaluation of different 
prioritization techniques.  The results conflict with respect to e.g. time needed to 
prioritize requirements and ease of use of the method.  This leads to the question 
as to why results are contradictory.  One reason is that the indicators used in the 
studies were different e.g. number of requirements being prioritized, subject 
experience or work mode etc.  Therefore, results are difficult to compare.  In 
addition to that, contradiction in results can be explained by the context in which 
the studies were conducted.  As a result, the independent variable, dependent 
variables and context variables need to be identified and defined to enable meta-
analysis, which was not possible while conducting the systematic review 
(Section 5.1.5.3).  The research needs to identify “how” and “when” a 
prioritization technique is effective as compared to other prioritization 
techniques to develop cause-effect theories about the prioritization techniques.
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6.2.1.1. Independent Variable

The primary studies should evaluate or compare one or more prioritization 
techniques because changing different techniques affects the outcome of the 
study.  Therefore the independent variable in the framework is:

Prioritization Technique: Different prioritization techniques (e.g. AHP, 
Grouping, PG etc) are the central independent variable that will be measured 
based on the intervention.  Different techniques are different in their 
sophistication level, e.g. AHP is very complex in comparison to Ranking 
which is more complex than Numerical assignment but less complex than 
100-$ test (Berander 2004a).  Simpler techniques might ensure cost effective 
decisions since they are easier to use and require less time, whereas complex 
techniques provide sensitive analysis but require more time and are harder to 
use (Berander 2004a).

6.2.1.2. Dependent Variables

Dependent variable can be seen as the outcome we would like to achieve by 
applying an intervention on a prioritization technique(s).  The dependent 
variables of the framework are discussed individually below.

 Time Needed to Prioritize Requirements: The software development 
organizations mostly employ techniques that can prioritize requirements in 
shortest possible times.  Therefore time needed to prioritize requirements is 
one of the factors in establishing a base for the efficiency of a prioritization 
technique.  As mentioned before, simpler techniques (e.g. Ranking, Top-ten 
requirements) require less time than complex techniques (e.g. AHP, 100-$ 
test).  While measuring time, average time to conclude the prioritization 
should be captured which will give actual time consumption.  Perceived time 
consumption can be captured by asking subjects by asking them how long 
time they think it took them to prioritize the requirements.

 Precision of Results: During requirements prioritization process, people 
should generally be confident about the precision of the results which might
also be dependent on the sophistication of the technique employed to 
perform the prioritization process e.g. AHP and 100 $ test are based on a 
ratio scale whereas Ranking and Numerical Assignment are based on ordinal 
scale (Berander 2004a).  Prioritization techniques based on ratio scale might 
provide more fine-grained results as compared to ordinal scale results but 
such techniques are harder to use.  Therefore there is always a tradeoff 
between the techniques using different scales and would depend on e.g. 
nature of task, number of requirements, etc.  Precision of results can be 
captured using questionnaires where study participants present their opinions 
about what they think regarding result precision obtained from a particular 
technique. This will give perceived precision of the technique.  It can also 
be captured using an ordinal scale where absolute quantitative measures are 
obtained.
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 Scalability of the Technique: Scalability of any prioritization technique 
could correspond to the number of requirements it can prioritize.  AHP 
becomes very difficult to use with increasing number of requirements due to 
high increase in pair-wise comparisons (Lehtola and Kauppinen 2004).  In 
contrast to that, Ranking might be easier than AHP with greater number of 
requirements but it is not possible to see the relative difference between the 
prioritized requirements (Berander 2004a).  So there is always a trade-off 
between which prioritization requirement to choose and under what 
conditions.  Asking opinion of the subjects can capture this variable that will 
provide the subjective assessment of prioritization technique.

 Ease of use of a prioritization technique: In order to establish the 
efficiency of a technique in comparison to another technique, ease of use of 
a technique is another key factor that researchers might need to consider and 
study.  This could be captured by using questionnaires where study subjects 
present their opinions about the ease of use of a particular technique.  This 
will establish the subjective assessment of a particular technique.

 Judgement Errors (Fault Tolerance): During the requirement 
prioritization process, it is needed to assess which prioritization technique is 
most sensitive to judgemental errors to establish relationship with the 
accuracy of a prioritization technique.  This can be captured again using 
questionnaires where subjects present their opinion about a particular 
technique followed by an objective assessment of results.

6.2.1.3. Context Variables

In order to effectively conduct empirical studies within software engineering, it 
is important to be explicit about the context of the study, which comprises of 
subjects, environment and tasks (Sjøberg et al. 2002).  The doubts and 
uncertainty in using different prioritization techniques in industry is largely 
related to organizations specific context of use, the type of system under 
development etc.  The next subsections present the context variables of the 
research framework according to subject, tasks, environment, and requirement.

6.2.1.3.1. Subject Variables

The following subsections presents and discusses different subject variables 
regarding performance in the completion of requirements prioritization tasks.

 Commitment: Höst et al. argue that the validity of a study is affected by the 
motivation and commitment of the subjects (Höst et al. 2005).  In order to 
get accurate results about the effectiveness of the prioritization technique, 
the subjects of the study should be committed to their task.  The subjects 
should be motivated to perform the study because they are within the project 
(typical case study situation) and are affected by the results.  However, in 
case of experiments conducted in the academic environment, it is hard to 
motivate the subjects, which are mostly students. One possible way of 
motivating them is by the grade given to them in the course during which the 
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experiment was conducted.  Similarly professionals in an experimental study 
may be motivated by following a certain Code of Practice (Höst et al. 2005).

 Education and Experience: In order to get reliable results about the 
effectiveness of a prioritization technique, knowledge of the prioritization 
technique is important.  Sjøberg et al. argue that professionals and students 
differ in the prior experience in terms of both skills and techniques that they 
bring to a problem solving activity (Sjøberg et al. 2002).  Also as identified 
by Höst et al. experience is one of the factors that affects the results of 
experiments and provide a classification of subjects based on the experience 
(Höst et al. 2005).  Therefore, it might be important to describe what kind of 
education/experience the study participants have about domain and system, 
software engineering and prioritization process in general.  Also it might 
also be important to report study participants education/experience about one 
or more techniques being evaluated and/or compared.

 Work Mode: While studying a prioritization technique, it may be important 
to carefully select and place people into groups. Also, assignment of subjects 
into groups should be made random and order effects should be kept into 
consideration while conducting an experiment. Similarly if an individual or 
group is chosen as a subject, then the results will also be affected by his 
education, experience, and motivation along with the learning curve if he 
does or does not have any previous knowledge of system, domain, and/or 
technique(s).  Some prioritization techniques may be better in group/team 
while others might be more useful when used individually.  Therefore, to 
establish evidence about different techniques, it is important to report this 
variable.  The researchers should report about work mode (individual or 
team).  In case of team-based prioritization, the assignment and involvement 
should be reported.

6.2.1.3.2. Task Variables

In order to solve different tasks, the kind of system is probably the most 
important task variable that needs to be assessed to evaluate prioritization 
technique.  This is discussed individually in detail below.

 System: The type of system also governs the choice of a requirement 
prioritization technique.  Academic systems (toy systems) mostly have less 
number of requirements, are less complex and are used in small scale than 
real industrial systems.  Further, industrial systems undergo maintenance and 
different releases of the system are released at different time intervals.  
Therefore when evaluating and/or comparing prioritization technique(s), the 
kind of system should be kept into consideration and should be reported.  
The research should report e.g. kind and nature of system and its domain, 
system features, etc.

6.2.1.3.3. Environmental Variables

Whether the study is conducted in an industrial setting or the academic setting, 
the tasks are usually carried out according to certain formal or informal 
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processes with or without the use of different software tools.  These variables 
constitute the third category of the context variables and are discussed 
individually below.

 Study Setup: The role of academic research is to facilitate and assist 
Industry to gain better understanding of different things.  In an industrial 
setting, tasks are carried out by following certain limitation on the 
development process and supporting different activities.  These processes 
and activities might affect the choice of a particular prioritization technique.  
Also in the Industrial setting things are not controlled very strictly as 
compared to academic settings where things can be controlled to greater 
degree. The choice of a prioritization technique is governed by study setup
as well.  While conducting research, the study setup should be reported
about how things were performed which also helps in replicating the study.
In study setup, location and amount of control should be reported.  Also 
duration as well as selection strategy for a particular prioritization technique 
should be reported.

 Development Process: In software engineering a number of different 
development processes exist (e.g. Extreme Programming, Rational Unified 
Process, and Spiral Model etc).  All these models have their strengths and 
weaknesses with their main focus on providing an ideal software process 
suitable for the particular needs of a company (Berander 2004).  The 
development process puts constraints on the working environment of the 
development organization.  Similarly while studying a requirement 
prioritization technique, the choice of a technique is dependent on the 
development process being followed, e.g. Extreme Programming (XP) uses 
Planning Game to prioritize requirements.  The software development 
process will also place limitations on different activities, which might affect 
the activity of prioritization.  Therefore it is necessary to report the 
development process which conducting research using different 
prioritization techniques.  The development process can be company specific 
or any other industrial standard e.g. XP or Rational Unified Process (RUP).  
While reporting the development process, an insight into its usage and 
implementation in an organization should be reported so that element of trust 
and rigor can be established for the prioritization results.

 Use of Software Tools: When studying the effectiveness of a prioritization 
technique, tools used may affect the results.  Tools differ in their usability 
and functionality features, therefore they constitute an important context 
variable.  Requirements prioritization techniques are different in terms of 
their sophistication level as mentioned before, therefore certain techniques 
e.g. AHP require use of different software tools.  There are many 
commercial tools available that facilitate the use of more sophisticated 
techniques (e.g. AHP), whereas for simpler techniques custom based (e.g. 
Spreadsheets) can be made to facilitate the use of different prioritization 
techniques (Berander 2004).  When reporting on usage of different tools, 
links to where further information can be obtained about tools should be 
presented.



88 / 93

6.2.1.3.4. Requirement Variables

Requirements prioritization needs to consider different aspects related to 
requirements.  These are discussed individually below.

 Number of Requirements: Another important factor while studying a 
requirement prioritization technique is the total number of requirements 
being prioritized.  This is also affected by the choice of the system discussed 
in the previous section. The number of requirements also affects the 
effectiveness of a prioritization technique, which also leads to the issues of 
scalability of the technique, ease of use of the technique and fault tolerance 
of the technique (Section 6.2.1.2).  While conducting research using 
different prioritization techniques, number of requirements prioritized using 
specific technique(s) should be reported since it helps in establishing facts 
about different characteristics about the prioritization technique(s).

 Requirement Category (Functional vs. Non-functional): Requirements 
prioritization techniques can be used to prioritize both functional and non-
functional (quality) requirements.  However, it may not advisable to 
prioritize both functional and non-functional requirements together since 
functional requirements usually relate to specific functionality whereas non-
functional requirements usually affect functions and might affect the whole 
system (Berander 2004).  Also non-functional requirements are often in 
conflict with each other leading to the situation of trade-off between them 
(Lausen 2002).  While conducting research on prioritization technique(s), it 
should be reported whether the requirements prioritized were functional or 
non-functional.  This will establish trust in the prioritization technique 
whether or not it can be used to prioritize these two complementary types 
and/or how well the prioritization process went for each type.

6.3. Design Validity of the Research Framework

The research framework was inspired by the framework by Gallis et al. (Gallis 
et al. 2003).  The framework presented in this thesis adopted different variables 
from the list of variables provided by Gallis et al.  In addition to that, the 
components of the framework were identified based on the findings of the 
systematic review carried out in the course of the master thesis.  This adds to the 
validity of the design of the proposed research framework.  Also, the initial 
design was discussed with the thesis supervisor.  After getting feedback from 
him, modifications were made to make the design detailed, thorough, 
comprehensive and complete.  The variable in the framework were also initially 
identified in the Data Extraction Form (Appendix B) and were later on refined 
and extended.  In addition to that, additional components were added and 
modifications were made in the recommendations being followed to minimize 
validity threats by conducting a 2 day workshop (Berander et al. 2006).  This 
also adds to the design validity of the research framework.
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6.4. Validity Threats of the Research Framework

The identification of different variables of the framework is based on the 
systematic review conducted in the course of the master thesis and by following 
the design of research framework proposed by Gallis et al. (Gallis et al. 2003).  
If the findings of the systematic review are not correct, then the variables of the 
proposed framework might not be correct.  The design was developed by the 
single reviewer and thus can suffer from subjectivism and personal 
interpretations of the guidelines followed to produce the design.  A single 
reviewer conducted the systematic review, which lowers the validity of the 
systematic review, and eventually lowering the design validity of the research 
framework.  The variables of the framework were only peer reviewed by one 
researcher and no triangulation of sources was used and can lead to lower 
validity.  In addition to that, the framework has not been a priori tested or 
validated in any empirical studies; therefore there is a need for more empirical 
studies to refine the framework.  Also different variables presented as part of the 
proposed framework have not been a priori assessed as to which are the most 
important, therefore more empirical studies need to be conducted to assess the 
importance of them.  In addition to that, framework needs refinement and there 
is a need for empirical studies to use this framework and report about its usage.  
However, this framework can serve as a good starting point for the research 
community.

6.5. Chapter Summary

The field of requirements engineering has much research activity yet there is not 
much empirical work done in the field of requirements prioritization, which is 
also one of the general findings of the systematic review.  In addition to that, 
results from primary studies are contradictory in nature with respect to 
effectiveness of different prioritization techniques while considering similar or 
different research aspects and research designs.  This can be argued by the non-
presence of a coherent and comprehensive framework needed to conduct 
research within requirements prioritization area.  The chapter presented a 
framework and specified different components of the framework.  The 
framework includes discussion about different variables (Independent, 
dependent and context), which are important while conducting research within 
requirements prioritization area under different settings.  The research 
framework has been designed based on the recommendations and findings of the 
systematic review.  However, framework has not been a priori tested or 
validated in any empirical studies; therefore more empirical studies should be 
conducted to establish trust in the framework and gain better understanding of 
different variables presented in framework.
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EPILOGUE
Don't be discouraged by a 
failure. It can be a positive 
experience. Failure is, in a 

sense, the highway to success. 

John Keats
(1795-1821) Chapter 7

The chapter presents the conclusions of the master thesis.  In addition to that, the chapter 
highlights areas where further work might be needed.  Finally the chapter presents the 
assessment of the work conducted during the course of the master thesis.

7.1. Conclusions

The findings presented in the master thesis were derived from the systematic 
review.  The primary studies in the systematic review were identified and 
selected based on a predefined review protocol.  The data from the primary 
studies was extracted by developing a data extraction form to make the process 
objective and minimize subjective bias.  The thesis was aimed at finding what 
evidence regarding different prioritization techniques exist.  Therefore a 
systematic review of the requirements prioritization field was conducted.

Different primary studies selected are contradictory in nature in terms of 
different factors that were taken into account by different researchers 
undertaking the research.  The intention with this master thesis was to 
investigate why they are contradictory.  Following are some of the major 
contributing reasons for contradiction in results:

Lack of common framework: Results from primary studies are contradictory 
in nature with respect to effectiveness of different prioritization techniques 
while considering similar or different research aspects and research designs. 
This can be argued by the non-presence of a coherent and comprehensive 
framework needed to conduct research within requirements prioritization area.

Variables: Results from the primary studies are apparently contradictory in 
nature based on the evaluation of effectiveness of prioritization techniques.  The 
indicators used in the studies are different i.e. number of requirements being 
prioritized and subject experience or work mode. Therefore, results are difficult 
to compare. 

Research Design: The design of any research is highly governed by the 
research problem and choice of research methodology employed to carry out the 
research.  Although research design of the primary studies was appropriate, 
however they were not context sensitive and suffered from different validity 
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threats, which were not taken into consideration while developing research 
design.

Quality of Individual Studies: The quality of individual primary studies varies 
considerably in relation to different aspects of the research design and reporting.  
The researchers need to identify factors that are related to both internal as well 
as external validity of research.

Data Analysis and Outcome Assessment: In most of the primary studies data 
and outcome assessment was based on tabulation and graphical plotting.  
However use of statistical methods is more needed to validate the outcome of 
the results and to analyze data at an appropriate level.

All the above-mentioned issues were also mentioned in literature and identified 
previously both in general and prioritization specific contexts.  Hence these 
issues are not unique in any way but rather can be seen as common problems 
with researchers undertaking research in software engineering especially with in 
requirements prioritization area.  Further the systematic review revealed the 
above-mentioned areas, which require improvement to get more reliable results.  
Also more empirical studies are needed with different prioritization techniques 
by studying different variables to better understand and put forward concrete 
claims about the effectiveness of different prioritization techniques under 
different situations.

In order to solve the general problem of contradictory results, a research 
framework has been proposed.  The framework identifies different components 
based on research methodology, research design along with the choice of 
different independent, dependent and context variables.  The proposed 
framework was developed based on the findings of the systematic review and is 
intended to provide a common ground for researchers seeking research within 
requirements prioritization area.  However, the framework has not been tested 
empirically and might require refinement and changes to get reliable results.

7.2. Further Work

During the course of this master thesis, several interesting new areas for further 
research were found.  Due to time constraints and limited resources, it was not 
possible to investigate them in this master thesis.  Hence, a list of further 
interesting works is presented below:

Framework Assessment: The framework presented in the master thesis has not 
been evaluated in any empirical studies.  Therefore it would be interesting to see 
how the choice of different variables presented as part of the framework help 
researchers.  Also how different variables relate to each other and what effects 
do their choice has on the final outcome of the study.

Inclusion/Exclusion Criteria of Review Protocol: The inclusion/exclusion 
criteria’s for selecting primary studies with in review protocol was just targeted 
towards different prioritization techniques.  It would be interesting to extend the 
scope and include Wiegers approach, Quantitative WinWin, Quality Functional 
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Deployment (QFD) and other prioritization frameworks to perform a more 
comprehensive systematic review.  Also many potential primary studies were 
identified that used different prioritization techniques for selection of COTS, 
and test cases.  It would also be interesting to include their results within a 
systematic review.

7.3. Assessment of Work

The work performed during the course of this master thesis has been really 
interesting and the author greatly enjoyed it.  However there are things, which 
could have been done better.  These things are and not limited to:

 The thesis could have been more focused and the work could have been 
more limited around some of the issues brought up.  However, due to the 
nature of the study and lack of experience in performing systematic 
reviews, it was not possible.  Also many new things were identified 
during the course of conducting the systematic review, which made it 
difficult to narrow down the scope, and it was hard to leave out parts 
from discussions.

7.4. Chapter Summary

The chapter presented the conclusions made with in the master thesis.  The 
results from the selected primary studies identified in the systematic review are 
contradictory in nature.  The reasons for the contradiction could be argued by 
the non-existence of a comprehensive framework needed to conduct research 
within requirements prioritization area.  The issues that were identified as a 
result of the systematic review have also been identified in other literature 
sources.  Based on the findings of the systematic review, a research framework 
has been presented by the author of the thesis.  A presentation of future work 
was also made in the chapter where different interesting areas have been 
highlighted.  Finally an assessment of the work conducted in the master thesis 
was also presented.
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APPENDIX A

A.1. Background

The main challenge faced by the software engineering community during 
software development is to satisfy customers’ needs and possibly exceed their 
expectations (Bergman and Klefsjö 2003) in an economic, rapid and profitable 
manner (Valenti 2002). Requirements prioritization, a key area in requirements 
engineering has the potential of satisfying customers’ needs.  Ed Yourdon 
believes that prioritization of requirements is an extremely important issue 
(Yourdon 1997), and Lubars et al. have stated that prioritization of requirements 
was a topic that came up repeatedly among the market-driven projects they 
surveyed (Lubars et al. 1993).  According to Siddiqi et al. prioritization is a key 
but neglected issue in requirements engineering research (Siddiqi and Shekaran 
1996).

Requirements prioritization involves both quantitative techniques (Section 3.5) 
and qualitative methods, which involves a negotiation process (Lehtola and 
Kauppinen 2004). The quantitative techniques also require negotiations between 
different stakeholders; however they also assign numeric numbers to 
requirements. Requirements prioritization also helps in detecting requirements 
ambiguities, incorrectness and abstraction (Karlsson 1996).  There have been 
numerous studies that report the use and comparisons of different prioritization 
techniques both in industry as well as academic settings (Karlsson 1996; 
Karlsson and Ryan 1997; Lehtola and Kauppinen 2004; Karlsson et al. 2004; 
Berander and Wohlin 2004; Leffingwell and Widrig 2000).  The proponents of 
different prioritization techniques make a claim about the effectiveness of 
different techniques.  Therefore there is a need for a systematic review within 
requirements prioritization to see what evidence exists about their effectiveness.  
Based on the background information, review questions are developed and are 
presented in the next section.

A.2. Review Questions

During the systematic review, the effectiveness of the different prioritization 
techniques is studied based on the following review question stated below.

“In requirements prioritization, what evidence regarding different prioritization 
techniques exists?”

According to Khan et al., systematic reviews can be thought of as an analysis of 
the existing data within the set of populations, interventions and the types of 
outcomes (Khan et al. 2001).  Also, in order to assess the effectiveness of 
interventions, it is necessary to look at the study designs of the primary studies.  
Based on the above mentioned information, review question; populations, 
interventions, outcomes and study designs are:
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Populations Requirements prioritization peer reviewed articles 
describing usage and effectiveness of different 
prioritization techniques both in industrial as well as 
academic settings.

Interventions Prioritization techniques usage vs. Prioritization 
techniques effectiveness i.e. basis on which claims were 
made.  It will correspond to different factors under which 
the study was conducted and how those factors affected 
the results of the study e.g. Is AHP more effective than 
Numerical Assignment considering cost and time aspects 
within an industrial project?   

Outcomes Prioritization technique effectiveness
Study Designs Any including case studies, experiments, surveys, 

experience reports, action research etc.

A.3. Search Strategy

The search strategy comprises both of the search terms as well as the different 
electronic databases that is searched to retrieve the primary studies and are 
discussed below.

A.3.1. Search Terms

Following search terms are used to extract the primary studies.

1. Requirements prioritization
2. Prioritization of requirements
3. Software requirements
4. Software requirements prioritization
5. Software requirements prioritization technique(s)
6. Software requirements Prioritization method(s)
7. Prioritization technique(s)
8. Prioritization method(s)
9. Prioritization approach(es)
10. Prioritization process(es)
11. Analytical Hierarchy Process
12. AHP
13. 3 AND 11 AND (Action research OR Experiment OR Case Study OR 

Survey)
14. 3 AND 12 AND (Action research OR Experiment OR Case Study OR 

Survey)
15. Cumulative Voting
16. 100 Dollar Test
17. 100 $ Test
18. $ 100-test
19. 3 AND 15 AND (Action research OR Experiment OR Case Study OR 

Survey)
20. 3 AND 16 AND (Action research OR Experiment OR Case Study OR 

Survey)
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21. 3 AND 17 AND (Action research OR Experiment OR Case Study OR 
Survey)

22. 3 AND 18 AND (Action research OR Experiment OR Case Study OR 
Survey)

23. Numerical Assignment
24. Numeral Assignment
25. Grouping
26. 3 AND 23 AND (Action research OR Experiment OR Case Study OR 

Survey)
27. 3 AND 24 AND (Action research OR Experiment OR Case Study OR 

Survey)
28. 3 AND 25 AND (Action research OR Experiment OR Case Study OR 

Survey)
29. Ranking
30. 3 AND 29 AND (Action research OR Experiment OR Case Study OR 

Survey)
31. Top ten requirements
32. Top 10 requirements
33. 3 AND 31 AND (Action research OR Experiment OR Case Study OR 

Survey)
34. 3 AND 32 AND (Action research OR Experiment OR Case Study OR 

Survey)
35. Priority groups
36. 3 AND 35 AND (Action research OR Experiment OR Case Study OR 

Survey)
37. Planning game
38. 3 AND 37 AND (Action research OR Experiment OR Case Study OR 

Survey)
39. Binary Search Tree
40. 3 AND 39 AND (Action research OR Experiment OR Case Study OR 

Survey)
41. Minimal Spanning tree
42. 3 AND 41 AND (Action research OR Experiment OR Case Study OR 

Survey)
43. Bubble Sort
44. 3 AND 43 AND (Action research OR Experiment OR Case Study OR 

Survey)

A.3.2. Search Resources

The following online-sources are searched using the search strings (Section 
A.3.1) to identify the potential primary studies.

 Electronic Library Information Navigator (ELIN@Blekinge) via the 
Blekinge Institute of Technology (BTH) Main Library Page

o This is not a public database and includes information from 172 
journals within Computer Science subject category.

 ACM Digital Library
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 Inspec1

o Includes information from 500 scientific and technical journals 
and 1,500 conference proceedings.

 Compendex
o Includes information from 5,000 engineering journals, 

conferences and technical reports.
 IEEE Xplore
 Springer Link (former Kluwer Academic)
 ScienceDirect provided by Elsevier B.V.
 Google Scholar
 Grey Literature2

A.4. Study Selection Criteria

The study selection criteria are governed both by the Inclusion and Exclusion 
criteria and are provided below.

A.4.1. Study Inclusion Criteria

For an article to qualify for being a part of a systematic review, it should fulfill 
the criteria mentioned below.

1. The article can be of a type of the following: Case Study, Experiment, 
Survey, Evaluation, Action Research and Experience Report. 

2. All articles are included if the claims are based on either proof of 
concept, advocacy research, common wisdom, experience report, 
empirical evaluation of data etc. 

3. The articles to include are full text articles.

In addition to that, for each individual article, it should also qualify the 
following criteria.

4. The article should describe the usage as well as the inference of one or 
more prioritization technique(s) within software engineering domain.

5. The article is included if it compares two or more prioritization 
techniques within the software engineering domain.

6. The article is included if it also evaluates one or more prioritization 
technique(s) within the software engineering domain.

7. All of the (4-6) above either in industrial or academic settings.

A.4.2 Study Exclusion Criteria

1. If any article does not qualify the Inclusion Criteria (Section A.4.1), then 
it is excluded from the systematic review.

                                                
1 Inspec and Compendex retrieve articles present in both and there are overlaps among them.  Also all articles 
retrieved might not be full text articles.
2
 Grey Literature corresponds to the studies that are either not retrieved during computerized search or have not been 

published in any journal and can include Master thesis, PhD thesis, Company Annual Reports and Online sources e.g. google 
etc.
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2. Short articles or articles describing introduction to special issues, 
conferences, conference proceedings, keynotes, workshops, tutorials, 
mini-track’s, and book’s sections are excluded from the systematic 
review.

A.4.3 Study Selection Process

The study selection process is a pre-review process and all articles are read.  In 
order to select a particular article as a primary study for the systematic review, 
the reviewer reads the Title and Abstract of the article.  If the nature of the study 
is not clear after reading the title and abstract, the reviewer reads the 
Introduction and Conclusion of the article.  Even if it is not clear from reading 
title, abstract, introduction and conclusion, the reviewer reads the whole article.  
After reading, the article is included if it qualifies points (4), (5), (6) and (7) in 
addition to qualifying points (1), (2) and (3) of the Study Inclusion Criteria 
(Section A.4.1).  Otherwise it is excluded from the systematic review.

A.5. Study Quality Assessment

The quality of a study is judged based on the questions mentioned below:

1. Are research method(s) appropriate and logically follow the question(s) 
asked in the study?

2. Is the study design appropriate and logically follows the question(s) 
asked in the study?

3. Is the study design context sensitive to enable sensitivity/flexibility to 
changes occurring during the study?

4. Are alternative study design(s) considered and reported along with the 
motivation for choosing a particular design(s)?

5. Is the study conducted according to the study design and is there any 
variation while conducting it?

6. Are approaches for sample collection, data collection, and analysis clear 
and systematically applied?

7. Is any analysis done after conducting the study and are any statistical 
method(s) used to perform analysis?

8. Are sufficient considerations provided as to how findings are derived 
from data and how the validity of findings tested?

9. Has research context been described at an adequate level and accounted 
for?

10. Are different biases considered during the study and any measures taken 
to avoid/protect from them?

11. Is eligibility criteria of selection of different variables (dependent, 
independent, and context) specified and logically follows the design?

12. Are outcomes assessed using objective criteria?
13. Are findings systematically reported and sufficient original evidence 

reported in order to justify the relationship between evidence and 
conclusion?

14. Are researcher(s) clear about their position and explored different 
sources of knowledge and related work about the issues being 
compared?
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15. Is enough information present about the study so that it can be 
replicated?

A.6. Data Extraction Strategy

In order to make the process of data extraction clean and to minimize subjective 
bias, a data extraction form is used (See Appendix B). 

A.7. Data Synthesis

The studies included in the systematic review are of different types, so they 
might be heterogeneous in terms of methodology and effect (outcome).  
Therefore a qualitative synthesis of data is proposed to be conducted using 
tabulation.  With the tabulation, the reader is provided with the evidence, 
methodological rigor as well as the differences between different studies.  The 
tables provide information about:

a. Population
b. Intervention
c. Application of technology and its setting
d. Different factors affecting compliance
e. Nature of the outcome measures used along with their relative 

importance and robustness
f. Evidence validity 
g. Sample sizes and study results contained in the review

The tables also provide similarities as well as differences between different 
studies.  After collecting this information, if the studies are similar enough, then 
a quantitative data synthesis is carried out.  If subgroups of different studies are 
similar in terms of population and intervention, then average effect is computed 
for them using quantitative data synthesis.

A.8. Time Table

Milestones Finish Dates
1. Study Retrieval 25-11-2005
2. Study Selection 15-12-2005
3. Study Quality Assessments 10-01-2006
4. Data Extraction 20-02-2006
5. Data Synthesis 05-03-2006
6. Reporting 10-03-2006
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APPENDIX B

DATA EXTRACTION FORM

1. General Information

1.1 Date of Extraction 
1.2 Publication Title
1.3 Author(s) 
1.4 Publication Journal/Conference/Conference Proceedings
1.5 Search String Used to retrive Publication
1.6 Publication Retrieval Database

2. Specific Information

a) Study Characteristics

2.1 Study Setting
2.1.1 Industrial Setting
2.1.2 Academic Setting

2.2 Research Methodology
2.2.1 Action Research
2.2.2 Experiment

2.2.2.1 Pre-experiment
2.2.2.2 Quasi-experiment
2.2.2.3 True-experiment
2.2.2.4 Single-Subject Experiment

2.2.3 Case Study
2.2.4 Survey

2.2.4.1 Longitudinal Survey
2.2.4.2 Cross-sectional Survey

2.3 Subjects
2.3.1 Professionals

2.3.1.1 Industrial Experience between 3 months to 6 months
2.3.1.2 Industrial Experience between 6 months to 1 year
2.3.1.3 Industrial Experience between 1 year to 2 years
2.3.1.4 Industrial Experience greater than 2 years

2.3.2 Students
2.3.2.1 Phd Students
2.3.2.2 Graduate Students
2.3.2.3 Undergraduate students

2.3.3 Number of Subjects

2.3.4 Subject Selection
2.3.4.1 Random Selection
2.3.4.2 Convinience Selection

1



2.4 Task and Environment
2.4.1 Enviornment conditions
2.4.2 Prioritization Technique(s)
2.4.3 Work Mode

2.4.3.1 Individual
2.4.3.2 Team(s)

2.4.4 Study Duration (e.g Length of experiment or time consumption)
2.4.5 Number of requirements prioritized
2.4.6 Time needed to prioritize requirements using specific technique
2.4.7 Prioritization Techniqe(s) 

2.4.7.1 Usage
2.4.7.2 Evaluation
2.4.7.3 Comparison

2.5 System
2.5.1 Real Industrial Project
2.5.2 Academic Project

2.6 Study Variations (Any variations found and reported in the study)

2.7 Validity Threats and Biases (Yes/No)
If Yes specifiy their types and nature of reporting

2.8 Eligibility Criteria of Variables

2.8.1 Dependent
2.8.2 Independent
2.8.3 Context

2.8.3.1 Task variables
2.8.3.2 Subject variables
2.8.3.3 Environmental variables

b) Outcome Measures and results

2.9 Data Analysis and Details
2.9.1 Hypothesis Under test (in case of experiement)

2.10 Statistical Method Used (Yes/No)

2.11 Name of statistical method used

2.12 Missing Data Handling (Specify Method)

2.13 Effect Measures

c) Study Reporting (i.e. How the study was reported )

2



3) Quality Notes (Information about quality assessment of the publication)

4) Additional Notes (Information about other characteristics)

3
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