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Abstract

The quality of a product can be defined by its ability to satisfy the needs and
expectations of its customers. Achieving quality is especially difficult in
market-driven situations since the product is released on an open market with
numerous potential customers and users with various wishes. The quality of
the software product is to a large extent determined by the quality of the
requirements engineering (RE) and release planning decisions regarding
which requirements that are selected for a product. The goal of this thesis is to
enhance software product quality and increase the competitive edge of
software organisations by improving release planning decision-making.

The thesis is based on empirical research, including both qualitative and
quantitative research approaches. The research contains a qualitative survey
of RE challenges in market-driven organisations based on interviews with
practitioners. The survey provided increased understanding of RE challenges
in the software industry and gave input to the continued research. Among
the challenging issues, one was selected for further investigation due to its
high relevance to the practitioners: requirements prioritisation and release
planning decision-making. Requirements prioritisation techniques were eval-
uated through experiments, suggesting that ordinal scale techniques based on
grouping and ranking may be valuable to practitioners. Finally, a retrospec-
tive method called PARSEQ (Post-release Analysis of Requirements SElec-
tion Quality) is introduced and tested in three case studies. The method aims
at evaluating prior releases and finding improvement proposals for release
planning decision-making in future release projects. The method was found
valuable by all participants and relevant improvement proposals were discov-
ered in all cases.







Acknowledgements

This work was funded by Lund University Faculty of Engineering as well as the Swedish
Agency for Innovation Systems (VINNOVA) under the grant for the Center for Applied Soft-
ware Research at Lund University (LUCAS) and the ITEA project for Embedded Systems
Engineering in Collaboration (MERLIN).

First and foremost, I would like to thank my supervisor Bjérn Regnell for
sharing his great creativity and knowledge. Thanks also to Martin Hést,
Per Runeson, and Thomas Thelin for support and assistance. Many
thanks to all past and present colleagues, co-authors, and friends at the
Department of Communication Systems, at Blekinge Institute of
Technology, at University of Skévde, and in the MERLIN project.
Thanks to all anonymous individuals who have contributed to the thesis:
interviewees and focus group participants, experiment subjects, industrial
case study participants, and reviewers. A special thanks to Per Klingnis
and Mikael Jonsson for excellent development of the PARSEQ tool.
Finally, thanks to my family for constant encouragement, and to friends
who have stood by me through rain and sunshine.

Lena Karlsson
September, 2006







Contents

Introduction .. ... ... i 3
1. Research Focus .. ......... ... i 9
2. Related Work .. ....... .. .. . . . . . . 10
3. Research Approach. . ............... ... ... ... ... ..., 17
4. Research Results. ... ... ... . . . . . . . . . ... 25
Part L. . e 33
L Introduction . .. ....... .. .. . . . . . .. 34
2. Related Work .. ....... .. .. . . . . . 35
3. Research Methodology . .. ............ ... ... .. ... .. ... 38
4 Results ... o 45
5. Discussion. . ... ... 59
6. Conclusions. .. . ....... ... . . . 64
Appendi ... ... 66
Part IL ..o e 69
L Introduction . . ......... .. . . . . . . . .. 70
2. Related Work .. ....... . .. . . . . . . . 72
3. Pair-wise Comparisons versus Planning Game Partitioning - Experiments
on Requirements Priovitisation Techniques . . .................. 81
4. Evaluating the Practical Use of Different Measurement Scales in
Requirements Prioritisation . . ............................ 109
5. Closing Remarks . .. ......... . ... .. i, 124
Appendic ... ... 126
Part IIL. . . e 129
L Introduction . . ........ ... . . . . . . ... 130




3. The PARSEQ Method . .. ......... ..., . 136

4. The PARSEQ Tool-Support. . .. ........................ 141
5. The PARSEQ Method in Case Studlies. . ... ............... 144
6. Discussion . . ...... ... .. 176
7. Conclusions . . ....... .. . . . . . 181

References . ..o vv o 185




Introduction

Software continually becomes a more and more important part of an
increasing number of products. Several different domains need to deal
with software development, e.g. the automotive industry, developers of
medical IT, and developers of commercial products such as mobile
phones and digital cameras. The intangible and flexible nature of software
causes software projects to be over-represented in project failure statistics.
Typical problems include lack of functionality, poor quality, budget
overruns and missed deadlines (The Standish Group, 2001).

Quality can be defined as the degree to which a system, component, or
process meets customer or user needs or expectations (IEEE, 1990). Even if a
product is delivered on time and within budget, it may be a failure due to
poor quality if it does not meet customer and user expectations. In
particular, market-driven organisations, which release their products on an
open market with numerous potential customers and users, experience
challenges with quality. Satisfying customer expectations is very difficult
when the customers are diverse and have different opinions.

In software product development the customer expectations are
elicited, analysed, specified, and validated in an activity called
requirements engineering (RE) (Sommerville, 2001). The activity lays the
foundation for successful planning and development of the product
before release to the market. In a competitive environment, such as the
one experienced by market-driven organisations, it is essential to plan
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product releases with time-to-market in mind. Release planning is where
requirements  engineering for market-driven software  product
development meets the market perspective. Selecting a subset of
requirements for realisation in a certain release is as complex as it is
important for the success of the product (Carlshamre, 2002).

The main goal of the research presented in this thesis is to enhance
software product quality and to increase the competitive edge of software
organisations. By developing and applying methods and techniques for
assessing and improving RE and release planning, the software product
quality is expected to improve. The main contributions are: increased
understanding of RE challenges in the software industry based on a
qualitative survey, evaluation of requirements prioritisation techniques
based on experiments, and a method for retrospective analysis of release
planning decision-making evaluated in case studies.

The thesis starts with an introduction to the research area and the
research focus. Following the introduction there are three parts, each
including between one and three papers. In order to avoid repetition and
redundancy, each part has one introduction and one concluding section.
That is, when two or three papers are combined, the introduction and
conclusion sections have been integrated. In total, six papers are included
partly or completely in the thesis.

+ Introduction. This section describes the background of the
research. Section 1 presents the research focus and research
questions examined in the thesis. Section 2 continues with a
description of related work to put the research into context. The
research approach and validation issues are described in Section 3,
before the research results and contributions are presented and
future research is discussed in Section 4.

¢ Part I: Requirements Engineering Challenges in Industry. The
first part presents a qualitative survey of RE challenges in market-
driven organisations (Paper 1). The paper describes challenging
areas within RE experienced by 14 interviewed practitioners.
Among the many challenges we find issues related to release
planning and requirements prioritisation.

+ Part II: Evaluation of Requirements Prioritisation Techniques.
The work in Part Il is focused on evaluating different techniques for
requirements prioritisation since it Is an important activity in
release planning. The second part includes two studies: the first one
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describes two experiments comparing different requirements
) q

prioritisation techniques (Paper 2) and the second one presents an

archive analysis examining results from prioritisation sessions

(Paper 3).

« DPart III: Retrospective Analysis for Release Planning Decisions.
Release planning process improvement is investigated in the third
part. A method for retrospective analysis of release planning
decision-making is presented, as well as results from three industrial
case studies (Paper 4 and 5). In addition, we present tool support
which was used and evaluated in one of the case studies (Paper 6).
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Introduction

1. Research Focus

The goal of this research is to find means for improving the RE and
release planning processes. The purpose is to enhance software product
quality and increase the competitive edge of software organisations. The
main research questions that have been investigated are:

RQ1. Which challenges related to RE are experienced by practitioners

in the market-driven software development industry?

RQ2. How can requirements prioritisation techniques be characterised
and compared?

RQ3. How can retrospective analysis be used to evaluate and improve
the release planning process?

The research questions RQ1-RQ3 correspond to Part I-III in the thesis.
The relation between the research questions is illustrated in Figure 1.

RQ1 was posed in order to discover and understand RE challenges
experienced by practitioners and was used to select focus for the research.
Among the many challenges that appeared in the qualitative survey, issues
regarding requirements prioritisation and release planning emerged.
Therefore, these areas were targeted in the continued research.

RQ2 was examined to understand and compare requirements
prioritisation techniques since requirements prioritisation is a vital
activity for release planning. The characteristics of different techniques
were identified in experiments and their potential support for release
planning decision-making was examined.

RQ1: Requirements engi-
neering challenges ——>

Domain understanding

RQ2: Evaluation of
requirements prioritisa-

tion techniques j

Support for release
planning

and research focus

RQ3: Retrospective analy-
sis for release planning
decisions

Release planning proc-
ess improvement

Figure 1.  The three parts of the thesis
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RQ3 aims at improving the release planning process through
retrospective analysis. The results from RQ2 were used to create a method
for evaluating the release planning process and discovering possible
improvements. The retrospective analysis method was applied in three
industrial case studies with different characteristics in order to investigate
its possibilities and limitations.

2. Related Work

This section provides some theoretical background to the requirements
engineering area and describes the context of the research in the thesis.
The successive subsections describe related work in general, while in
Section 4 related work is discussed in relation to the thesis findings.

Software engineering is an engineering discipline whose goal is to cost-
effectively develop software systems. This includes all aspects of software
development; from the early stages of system specification through to
maintaining the system after it is put into use (Sommerville, 2001).
Software requirements are by the Software Engineering Body of Knowledge
(SWEBOK, 2004) defined as properties that must be exhibited in order
to solve some problem of the real world. In other words, requirements
define what the system should do, i.e. what functionality and qualities the
system shall include. Thus, requirements engineering regards the process of
identifying, analysing, documenting, validating and managing these
software properties (Lauesen, 2002).

Systems engineering is concerned with all aspects of computer-based
systems development, including hardware, software, electrical and
mechanical engineering, thus software engineering is part of this area. The
software in these systems is embedded in a hardware system and must
respond, in real-time, to events from the system’s environment
(Sommerville, 2001). In the thesis, the term product is also used to refer to
a system that partly or completely consists of software.

2.1 Requirements Engineering

Traditionally, RE takes place in the beginning of every project, and results
in a specification that defines the product to be developed. This view is
based on the Waterfall model (Royce, 1970), where requirements
engineering is followed by design, implementation, testing and
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maintenance activities. However, this cascade process may not be the
most appropriate in practice, since the flexible nature of software requires
the development process to be more iterative and evolutionary. New and
changed requirements appearing during development calls for continuous

RE efforts.

The four main activities in the RE process, as defined by Sommerville
(2001), are illustrated in Figure 2. The feasibility study is performed
before starting with elicitation, and the activities are, in practice,
performed iteratively in order to handle changing requirements. In
addition, requirements management is performed continually throughout
the product life-cycle to understand and control requirements changes.

Feasibility
study N

Requirements

elicitation and
analysis

Requirements
specification

Requirements
validation

Figure 2.  The requirements engineering process

o Feasibility study is performed to decide whether or not it is worth
carrying on with development. The system should contribute to the
overall objectives of the organisation and be possible to implement
with the current technology and within the given cost and schedule
constrains.

s Requirements elicitation and analysis starts with gaining application
domain understanding and moves on to collecting requirements
from stakeholders for the system. Next, the requirements are
classified and conflicting views among stakeholders are resolved. In
any set of requirements, some are more important than others.
Prioritisation is performed to discover the most important
requirements.  Finally, the requirements are checked for
completeness, consistency, and accordance with the stakeholders’
wishes.
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*  Requirements specification involves documenting the elicited
functional and non-functional requirements in detail. Non-
functional requirements are also called quality requirements and
affect how well a system must perform its functions (Lauesen,
2002). In addition, the specification may include purpose and
scope of the product, user characteristics, and development
constraints.

e Requirements validation involves showing that the requirements
actually define the system which the customer wants and is
concerned with finding problems with the requirements. Validation
can be performed with different techniques such as reviews or

prototyping.

2.2 Market-Driven Requirements Engineering

Products can be divided into different categories depending on the type of
market where the product is vended. Among the early work that
characterises the differences between customer-specific and market-driven
development is the field study by Lubars et al. (1993). The authors
investigated differences between the two types of development in the areas
of requirements definition, specification and validation.

In the customer-specific case (also called bespoke or contract-driven) the
product is ordered by a specific customer and the supplier develops and
maintains the product for that customer. The customer often represents a
large organisation such as a military, governmental or financial
institution. A product contract is negotiated with the customer,
describing what the product shall include, when it shall be delivered, and
how much it will cost.

Market-driven software systems or products (also called packaged or
commercial-of-the-shelf) are developed for an open market. The customer
may be another organisation or a consumer and the products may be, for
example, computer packages, development tools, or mobile phones. In
both cases there is a large range of potential customers on a mass market
and suppliers need to take diverse needs into account.

The characteristics of market-driven development have been described
by Lubars et al. (1993), Potts (1995), Sawyer (2000), and Carlshamre
(2001). Some of their findings are summarised below.
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The characteristics of market-driven RE include, for example, that the
mass market product often has a life cycle with several consecutive releases
and it lasts as long as there is a market for it. Therefore, release planning is
an important activity. A highly important issue is to have shorter time-to-
market than the competitors, in order to yield high market shares and be
successful on the market.

Requirements are often invented by developers or elicited from a set of
potential customers since there is no single customer to ask. This may
yield too many requirements with respect to the available resources for
one release. It is necessary to make estimations of implementation effort
and market value in order to prioritise and select a set that will fit the
market and corporate strategy. Requirements are prioritised within the
market-driven developing organisation before release planning, while in
the customer-specific situation the requirements are negotiated and
contracted with the customer.

Many organisations do in fact deal with both market-driven and
customer-specific projects. In this thesis, we focus mainly on the market-
driven aspects of these organisations.

2.3  Release Planning Decision-Making

Release planning is one of the specific RE activities conducted in market-
driven organisations, along with prioritisation and cost estimation.
Release planning can be described as selecting an optimal subset of
requirements for realisation in a certain release. Thus, it is a major
determinant of the success of the software product (Carlshamre, 2002).
Wohlin and Aurum (2005) identified relevant criteria for release
planning based on a survey with practitioners. One of the criteria
regarded as relevant to all respondents in the survey was the actual cost-
benefit trade-off for implementing a requirement. This is similar to the
criteria used by Karlsson and Ryan (1997) in the cost-value approach.
The approach is based on optimising the relation between the
requirements’ value and cost in order to achieve stakeholder satisfaction.
The requirements selection and release planning process is supported
by requirements prioritisation, which can be defined as the activity during
which the most important requirements for a system are identified
(Sommerville, 2001). Issues that determine the priority of a requirement
include importance to users and customers, implementation costs, logical
implementation order, and financial benefit (Lehtola et al., 2004). There
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Table 1. Summary of prioritisation techniques

Technique | Description References
Planning Grouping and ranking requirements on an ordi- | Beck, 2005
game nal scale. Usually based on the criteria value,
cost and risk.
Pair-wise Comparisons between all pairs of requirements. | Saaty, 1980;
comparisons | Based on the Analytical Hierarchy Process Karlsson, 1997
(AHP) and the result is on a ratio scale. Usually
based on cost and value criteria.
Numeral Grouping requirements in e.g. 3 or 5 groups, IEEE, 1998;
Assignment | usually based on customer value. The result is Karlsson, 1996
presented on an ordinal scale.
$100 test Also called cumulative voting and is suitable in Leffingwell and
distributed environments. Based on assigning Widrig, 2000
fictional money to requirements and the result is
on a ratio scale.
Wiegers’ Combines the customer value, penalty if the Wiegers, 1999
method requirement is not implemented, implementa-
tion cost, and risks. The result is on a ratio scale.

are several prioritisation techniques described in literature, but
prioritisation practice is informal in many companies (Lehtola and
Kauppinen, 2006). Some of the prioritisation techniques are summarised
in Table 1. For more details regarding requirements prioritisation
techniques, see e.g. Moisiadis (2002) and Berander and Andrews (2005),
as well as Part II of this thesis.

The selection of requirements for a release is often made in several
steps of the RE process, since release plans are revised and changed
throughout development as more knowledge is gained about market
expectations and development progress. Starting out with a large set of
potential requirements, the selection brings the number down for each
activity in the requirements process. This is illustrated in Figure 3, which
is adapted from Regnell et al. (2003) (Paper 10). The discarded
requirements are typically stored in a database for investigation in future
releases. During elicitation, decisions concern which stakeholder
representatives to consult to elicit ideas for new features. Then there is
often a screening activity performed to make a first quick assessment to
decide whether a requirement is worth spending more time on.
Requirements that are clearly out of scope for the next release are rejected
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Screening Evaluation Development

Elicitation

Figure 3. The RE process from a requirements selection viewpoint

in order to avoid overload in the process (Regnell et al., 1998). The
evaluation activity includes prioritising requirements and identifying
requirements that are interdependent. Finally, the requirements can be re-
assessed during development and decisions regarding postponing or
removing requirements can be made based on the information gained
during implementation.

In Regnell et al. (2003), the requirements selection process is described
as a queuing network model, with parameters for arrival rates, service
rates, number of servers, and probability for a requirement to remain in
the process. The parameters were estimated based on a survey with
practitioners from companies developing software-intensive products.
The survey indicates that, on average, only 21% of all incoming
requirements are good enough to be implemented with regard to market
opportunities, product strategy and development resources. Evidently it is
difficult to determine which of the incoming requirements to select for
implementation. Furthermore, a majority of the respondents estimate
that only 25-50% of the requirements selection decisions made in their
organisation are correct. It appears that there is a large opportunity for
improving the release planning process and thereby the requirements
selection quality.

2.4 Retrospective Analysis for Process Improvement

Several different approaches to Software Process Improvement (SPI) have
been suggested. Among the common ones are maturity models such as
the Capability Maturity Model (CMM) (Paulk et al., 1993) and standards
such as ISO9000 (www.iso.org). These approaches aim at assessing and
improving the process through a set of principles or practices. However,
many of those who have applied CMM have been disappointed about the
time and costs required for the assessment and improvement (Herbsleb

and Goldenson, 1996).
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An alternative to using pre-defined principles and practices is to base
the process improvement effort on the experiences of your own
organisation or project. One such approach is the Experience Factory
(Basili et al., 1994). It is aimed at capitalising and reusing lifecycle
experiences and products through processing project information and
data, and giving feedback to project activities. Basili et al. (1994) state
that reuse of knowledge is the basis of improvement. Another approach
based on internal experiences is the retrospective analysis, acknowledged as
one of the most important steps toward improving the software process
(Kerth, 2001). Retrospective analysis has been used under different names
such as postmortem analysis (Birk et al., 2002), postmortem project
evaluation (Ulrich and Eppinger, 2000), and postmortem review (Dingsoyr,
2005). Retrospective analysis is usually performed after the project is
finished and may consist of an open-ended discussion of the strengths and
weaknesses of the project plan and execution. Sometimes it is facilitated
by an outside consultant or someone with an objective view of the
project. At the end of the session, a postmortem report is prepared as a
formal closing of the project, which is then used in the project planning
stage of future projects (Ulrich and Eppinger, 2000).

Retrospective analysis is also recognised as a valuable method for
knowledge management, which promotes an organisation’s intellectual
capital (Rus and Lindvall, 2002). It focuses on the individual as an expert
and bearer of important knowledge that he or she can systematically share
within the organisation. The retrospective analysis has also been used in
the agile community, which uses the concept process refactoring (Collins
and Miller, 2001) in order to emphasise the continuous approach to
process improvement. Instead of waiting until a project is finished,
process refactoring takes place during the project in order to improve
before it is too late. Retrospective analysis is discussed further in Part III
of the thesis.

Some of the more recent work focus on the outcome of the
retrospective analysis, i.e. how the findings are reported and used.
Dingsoyr (2005) describes a case study at a company where every project
wrote an experience report, but these were seldom read by other projects.
It seems important to consider how the results from the retrospective
analysis are reported and transferred to future projects. One way to make
postmortem analysis results more accessible is presented by Schalken et al.
(20006). The authors present a method to derive findings from a set of
postmortem review reports and transform the qualitative information
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into quantitative information. The results may provide guidance in a
process improvement initiative. Desouza et al. (2005) describe an
evaluation of two different outcomes from the retrospective process:
traditional reports and stories. The differences in structure, cost of
preparation, richness of knowledge, and ease of comprehension require
each project to decide which one is more appropriate.

3. Research Approach

This section gives an overview of the different research approaches that
are used in the thesis. It also describes certain validity issues that need to
be considered for each approach. The section starts with an introduction
of some research methodology concepts and continues with three sections
describing the research approach and validity for each research question.
The validity is discussed from a research design perspective, i.e. which
measures that were taken during design to increase validity of the results.
In Section 4, the validity is discussed from the perspective of the results,
e.g. limitations of the results and the results in relation to literature.

One main research approach is used for each research question. The
first research question is answered by a qualitative survey, the second by
experiments, and the third by a series of case studies.

3.1 Research Designs

There are two main types of research designs: fixed and flexible designs
(Robson, 2002). The fixed design, also called quantitative, deals with
designs that are highly pre-specified and prepared. A conceptual
framework or theory is required in order to know in advance what to look
for. It is often concerned with quantifying a relationship or comparing
two or more groups and the results are often prescriptive, i.e. it suggests a
solution, method or tool that is more appropriate than another.

The flexible design, also called gualitative, relies on qualitative data
and requires less pre-specification. The design is intended to evolve and
develop during the research process as the researchers gain more
knowledge. The flexible design is concerned with studying objects in their
natural setting and is often descriptive, i.e. it describes some issue of the
real world. Qualitative data may include numbers, but are to a large
extent focused on words. Many times, however, a design may include
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both fixed and flexible methods and yield both quantitative and
qualitative data.

The research in this thesis uses three major types of methods: survey,
experiment and case studly. Surveys and case studies can be both fixed and
flexible, while experiments are typically fixed (Wohlin et al., 2000). Pure
qualitative research designs include strategies such as grounded theory and
ethnography, which are discussed briefly in Part I of this thesis and more in
depth by Robson (2002).

All research designs and approaches have certain validity issues that
need to be considered. In fixed designs there are mainly four types of
validity: conclusion, internal, construct and external validity. In flexible
designs there is a different set of validity issues, which regards description,
interpretation and theory (Robson, 2002). In addition to these, there are
matters of respondent and researcher bias, i.e. when people involved in
the research, deliberately or not, affect the results.

3.2 Survey on RE Challenges

This section describes the qualitative survey methodology, which was used
to answer the first research question. It also discusses validity issues for
flexible designs and for the performed survey.

SURVEYS. Surveys can be both flexible and fixed, i.e. include different
degrees of pre-specification. Survey is a wide term that includes
everything from open-ended interviews (typically flexible) to
questionnaires with closed questions (typically fixed). While
questionnaires can reach a large set of people and provide data that is easy
to analyse, there is a risk of low response rates and questionnaires can be
prone to misunderstandings. Interviews have higher response rates and
the interviewer may explain and clarify questions during the session to
avoid misunderstandings. However, there are disadvantages such as high
time consumption and that the interviewer may impose a bias (Robson,
2002). The purpose of surveys is to understand, describe, explain or
explore the population (Wohlin et al., 2000).

VALIDITY IN FLEXIBLE DESIGNS. The three main validity issues in flexible
designs are presented here. A more detailed presentation is available in
Robson (2002).
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1. Description is regarding the accuracy and completeness of the data.
Thus, if interviews occur they should be audio-taped and possibly
transcribed in order to keep all data for reference and analysis.

2. Interpretation implies that frameworks and theories shall emerge
from the knowledge gained during the research, instead of being
predetermined and biased. This is achieved by analysing and
demonstrating how the interpretation was reached.

3. Theory is closely related to interpretation, but regards the threat of
not considering alternative explanations of the phenomena under
study. This is confronted by continuously revising and refining the
theory until it accounts for all known cases.

RESEARCH QUESTION 1.
Which challenges related to RE are experienced by practitioners
in the market-driven software development industry?

The first research question was investigated by conducting a flexible
survey at eight different Swedish companies involved in market-driven
software development. Fourteen practitioners participated in interviews,
which were recorded and later transcribed and analysed with support
from a commercial data analysis tool. The interviews were open-ended
and had a flexible structure, and took different shape depending on the
responses. To validate intermediate results, a focus group meeting was
held with five RE practitioners.

The data was stored both on audio tape and as printed transcriptions
in order to keep data complete and accurate. Thus, the description validity
is taken into consideration. In most interviews, two or three researchers
participated and extensive notes were taken. During analysis, three
researchers with different research interests examined the data and drew
different conclusions that were later discussed. Such discussions from
different angles help to ensure that conclusions were not emerged through
prejudices, but through the knowledge gained during the study. Thereby,
we believe that the interpretation validity is regarded.

The eight companies were of different size and age, and from different
business areas, and at six of the companies, interviews were held with two
people in different organisational positions. In that manner, we believe
that the gained knowledge is based on many different aspects and the
results reflect a broad image of the reality. The selection of companies
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from different categories of age, size and business were made with the
intent to regard theory validity.

Since the study is based on a flexible design we do not intend to
generalise the results to a larger population, but only to the setting under
study. The intention with the survey was to gain understanding of RE and
describe RE challenges. Based on the gained understanding we could find

areas in need of further research.

3.3 Experiments on Prioritisation Techniques

This section describes the methodology of experiments as it was used to
answer the second research question. Although Paper 3 is not a controlled
experiment but an archive analysis, the methodology and validity issues of
experiments can be applied. It also discusses validity in fixed designs and
presents how the validity threats were handled in the studies.

EXPERIMENTS. Experiments are used when we want control over the
situation and wish to manipulate the behaviour. Results are often reported
as averages and proportions, thus it is a quantitative design. Controlled
experiments involve more than one treatment to compare the outcomes
and enable statistical analysis. As other fixed designs, the experiment is
theory-driven and requires a substantial amount of conceptual
understanding from the start (Robson, 2002).

The design of an experiment should be made so that the objects
involved represent all the methods or tools we are interested in. The
strength of an experiment is that we can investigate in which situation the
claims are true and they provide a context in which certain methods or
tools are recommended for use (Wohlin et al., 2000).

VALIDITY IN FIXED DESIGNS. Some of the validity problems encountered
in fixed designs are briefly described here, while more thorough
presentations are available in Robson (2002) and Wohlin et al. (2000).

1. Conclusion validity is concerned with the relationship between the
treatment and the outcome. We want to make sure that there is a
statistical relationship, i.e. with a given significance. The threats are
concerned with choice of statistical tests, sample sizes and care
taken in the implementation and measurement of the experiment.
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2. Internal validity is needed to make sure that the relationship
between the treatment and outcome is a causal relationship, i.e. that
the treatment actually caused the result. Threats to internal validity
concern issues such as how the subjects are selected and divided
into classes, and how subjects are treated during the experiment, i.e.
factors that can make the experiment show behaviour that is not
due to the treatment.

3. Construct validity is concerned with the relation between the theory
and the observation and refers to the extent to which the
experiment setting actually reflects the construct under study. Using
multiple strategies to measure the same thing may improve the
construct validity and ensure that the result is an effect of the
treatment.

4. External validity regards generalisability of the setting and the
subjects. Although internal validity is regarded, i.e. there is a causal
relationship between the cause and effect, the results might not be
valid outside the context of the specific study. Therefore, scalability
from small, individual tasks to large tasks performed by teams need
to be regarded. Similarly, the transfer from e.g. students to
practitioners must be elaborated for different cases.

RESEARCH QUESTION 2.
How can requirements prioritisation techniques be
characterised and compared?

The second research question was examined in two separate studies. The
first study aimed at comparing requirements prioritisation techniques in
two controlled experiments. In total, 46 academics participated in the
experiments. The design was fixed, i.e. prepared and well-defined.

Controlled experiments are fixed in nature and apply to all four
validity issues described earlier. /nternal validity is considered by isolating
the treatment from other influencing factors to ensure that the outcome is
actually caused by the treatment. A typical example of threats to internal
validity is that the groups given different treatments already differ from
each other in one way or another. This was regarded by sampling the
subjects based on pre-tests so that the groups characteristics were as
similar as possible and additionally the subjects were given treatments in
different orders.
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Conclusion validity was regarded by plotting the data and conducting
appropriate hypothesis tests, which present significance of the results. The
experiments were performed with a rather small and specific set of
subjects. It increases the homogeneity of the subjects and thus the
conclusion validity, although it reduces the external validity of the
experiment since the subjects are not selected from a general population.
The simplified setting and task might not be scalable to industrial usage.
However, it is likely that the practitioners who are intended to use the
techniques would perform similarly to the subjects (in this case mainly
PhD students and master’s students in their final year). Therefore, it
would be appropriate to evaluate the techniques in industry.

Construct validity concerns the extent to which the experiment setting
reflects the construct under study. In other words, we need to consider if
we measure what we want to measure. The measures need to be defined
and the treatments need to be applied carefully. Time-consumption is an
objective and well-defined measure, which was tested using a watch. The
subjects were aware of the measure, thus there may have been an
interaction between testing and treatment. Ease-of-use is a subjective and
well-defined measure, which was tested after the experiment using a
questionnaire. No interaction between testing and treatment was present
since the subjects were not aware of the test during the experiment.
Similarly, no interaction between testing and treatment was present for
the subjective measure of accuracy. However, the accuracy for a
prioritisation technique is less well-defined, since there is no correct
prioritisation key to compare with to determine accuracy. Construct
validity is regarded by testing the same measures in two separate
experiments. Performing the experiment with another set of requirements
or another set of subjects would further increase the construct validity.

The second study was designed as an archive analysis (Robson, 2002)
in which prioritisation data from requirements prioritisation assignments
were used to evaluate the use of different measurement scales. The design
was fixed, but differs from a controlled experiment since the subjects, as
well as the researchers, were unaware of the usage of the data at the time
of data collection. Conclusion validity was regarded since statistical tests
were used when appropriate, and measures and treatments are considered
reliable. However, the statistical power would be higher if more subjects
were involved. Internal validity is less applicable in this case since the
subjects were unaware of the analysis. Thus, threats such as learning
effects and repeated testing are reduced. Threats to comstruct validity
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concerns whether the used measures actually reflects what we want to
measure. We believe the presented measure of skewness to be well-defined
and valid for comparing prioritisation results from different distributions,
since it is based on the standard deviation.

Finally, the external validity can be discussed. Since the data are taken
from a small-scale prioritisation task performed by students and PhD
students it is difficult to generalise to an industrial setting. However, we
believe that the study indicates that the presented measures are ready to be
evaluated in industry.

3.4 Case Studies on Retrospective Analysis for Release
Planning Decision-Making

The third research question was answered primarily by flexible case study
methodology and the validity issues are mainly the same as presented in
Section 3.2. This section describes the validity issues considered in the
three case studies investigating the developed retrospective analysis
method.

CASE STUDIES. A case study is conducted to investigate a single case
within a specific time space and can be either fixed or flexible. The
researcher typically collects detailed information on one single project,
and different data collection procedures may be applied. Case studies
differ from experiments in that the variables are not being manipulated,
i.e. the case study samples from variables representing the typical
situation. A case study is an observational study and may be easier to plan
than a controlled experiment because it requires less pre-specification.
However, it may be more difficult to interpret the result and generalise to
other situations. Also, the effects of a change can only be assessed at a high
level of abstraction and might not be possible to measure immediately
(Wohlin et al., 2000). Case study methodology typically involves multiple
data collection methods such as observation, interview and documentary
analysis (Robson, 2002).

VALIDITY IN CASE STUDIES. The validity for case studies depends on the
specific design. In this thesis, the case studies are mainly flexible. The
collected data are primarily subjective and statistical methods are not
applicable. The validity for flexible designs is discussed in Section 3.2. In

addition, we can discuss analytic generalisation for multiple case studies
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(Robson, 2002). The purpose of multiple case studies is not to gather a
sample of cases so that generalisation to a population can be made, but to
seek complements to the first study by focusing on an area not originally
covered. In that manner it is possible to develop a theory which helps
understanding other cases or situations. The strategy has similarities with
performing multiple experiments in an attempt to replicate or
complement earlier studies. Thus, the results may either confirm the
theory or lead to revision and further development of the theory.

RESEARCH QUESTION 3.
How can retrospective analysis be used to evaluate and improve
the release planning process?

The third research question was investigated in three different case studies
in which the retrospective analysis method PARSEQ (Post-release
Analysis of Requirements SElection Quality) was developed and applied.
The method aims at finding improvements for the release planning
process through retrospective analysis of already developed releases. A
sample of requirements that were candidates for the investigated releases is
re-estimated to find release planning decisions that would be made
differently in retrospect. Those incorrect release planning decisions are
investigated in a root-cause analysis where reasons for incorrect decisions
are discussed, and improvements are suggested.

We used a flexible design and the three participating organisations
have different characteristics, which required us to adapt the method to
the different situations. The organisations were selected with respect to
their differences, in order to discover limitations and possibilities of the
method.

Description validity was regarded by taking extensive notes. In addition,
charts and diagrams that were created during workshops were saved for
further analysis. Since the method is based on the participants’ knowledge
and experiences, it is important to select the right people. In all cases
several practitioners participated, such as product managers, project
managers, chief developers, system architects, and users. They were
carefully selected with respect to their experience of release planning for
the investigated product. Interpretation validity was considered in two of
the three cases since two researchers participated and could discuss the
results afterwards to prevent misinterpretations. The results were also fed

back to the participants for validation. 7heory validity was handled by
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conducting multiple case studies with different characteristics. In
addition, employees from different departments and in different roles
participated in all studies. Analytic generalisation was regarded by seeking
complementary cases so that different situations could be analysed. The
case studies complement each other and give a comprehensive picture of

the usage of the PARSEQ method.

4, Research Results

In this section, the main research results and contributions are
summarised and plans for further work are described. Section 4.1
describes contribution C1-C3 which corresponds to the research
questions RQ1-RQ3. Similarly, further research FR1-FR3, in Section 4.2,
corresponds to future plans for RQ1-RQ3.

4,1 Main Contributions

This section describes the main contributions in the thesis C1-C3,
corresponding to the three research questions. The results are discussed in
relation to related research, some of which were presented in Section 2.
Validity of the results is discussed in more comprehensive terms as a
complement to the detailed validity discussion from a research design
perspective in Section 3.

ClI: Increased understanding of RE challenges in market-driven
software development

The first research question aims at discovering challenges experienced by
RE practitioners in software development. A flexible survey was
performed with practitioners in industry. The paper reports on findings
from interviews with 14 practitioners involved in RE at eight different
software-developing companies. A large number of challenging issues
were found, which were organised into twelve areas. Some of the
challenges are also acknowledged by other sources. For example, the
difficulty of writing understandable requirements is discussed by Al-
Rawas and Easterbrook (1996). Further, the communication gap between
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marketing staff and developers is also described by Hall et al. (2002). In
addition, the problem of implementing and improving RE in an
organisation is also identified by Kauppinen et al. (2002).

Hence, several of the challenges discovered in the survey have also been
identified in related research. However, some challenges have not been
discussed in other surveys, probably because the challenges are special to
market-driven development. For example, release planning is noticed as
problematic for several of our participating companies, because it is often
based on uncertain estimates of cost and value. All participants discuss
requirements prioritisation, although most of the companies use an ad hoc
approach based on grouping requirements. Similarly, managing the
constant flow of incoming requirements suggestions, and handling the
balance between eliciting requirements from potential users and inventing
new ones in-house were referred to as challenging.

Challenges confirmed by other sources increase the credibility of the
results, and new ones help us increase the understanding of the RE
challenges experienced by practitioners. The sampling was made with
respect to the differences between participants since we wanted to
discover an as broad spectrum of challenging issues as possible. It is
possible that other challenges would appear if other companies
participated. Thus, the picture of industrial RE challenges we provide is
not a universal one. However, it has suited its purpose of increasing the
understanding of the area, and helping to find research areas in need of
further investigation. The area of requirements prioritisation and release
planning decision-making was selected for the continued research because
it was one of the four areas which were discussed by all participants and it
received the highest number of quotations in the interviews.

C2a: Report on characteristics of different requirements
prioritisation techniques

The contribution to the second research question is divided into two
parts: C2a and C2b. The first one is investigated in experiments,
evaluating the differences in time, ease of use, and accuracy between three
requirements prioritisation techniques. The results suggest that Pair-wise
comparisons with tool-support (Telelogic, 20006) is the fastest of the three
investigated techniques, and the Planning game is the second fastest. The
two mentioned techniques do not differ regarding ease of use. The
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manual Pair-wise comparisons technique is the most time-consuming and
least easy to use among the investigated techniques. The accuracy of the
prioritisation results does not differ among the techniques.

These results contradict some earlier work. In Karlsson et al. (1998), a
technique similar to the Pair-wise comparisons technique is found to be
superior to a technique similar to the Planning game regarding ease of use
and reliability of results. However, Pair-wise comparisons is the most
time-consuming technique in their evaluation, which is also true in our
case. Our results are supported by Lehtola and Kauppinen (2006) who
discovered in their case study that pair-wise comparisons were difficult
and time-consuming to perform, especially with more than 20
requirements. Some users also argued that pair-wise comparisons are
pointless and it would have been easier for them to just select the most
important requirements without comparisons. On the other hand,
dividing requirements into three groups, as is done in the Planning game,
is often used in practice (Lehtola and Kauppinen, 2006; IEEE, 1998;
Karlsson, 1996). Techniques based on grouping and ranking, such as the
Planning game, may be more efficient to introduce than the Pair-wise
comparisons, since grouping is often already used in practice.

In summary, two studies confirm that pair-wise comparisons is a time-
consuming technique (Karlsson et al., 1998; Lehtola and Kauppinen,
2006). Therefore, we regard the results on time-consumption as
trustworthy. However, the results regarding ease of use is confirmed in
one study (Lehtola and Kauppinen, 2006) and contradicted in another
(Karlsson et al., 1998). Therefore, further studies are needed to investigate
this difference in results before validity can be assured.

C2b: Evaluation of measurement scales in requirements prioritisation

The second research question is also investigated in an archive analysis,
examining the decision-support provided by different requirements
prioritisation techniques using different measurement scales. The
measurement scales relevant to requirements prioritisation are the ordinal
scale and the ratio scale, which are further described in Part II and in
(Fenton and Pfleeger, 1997).

Results from prior prioritisation exercises were re-examined in an
archive analysis. Four different data sets, with 36 data points in total,
resulting from prioritisation with a ratio scale technique were investigated.
The purpose was twofold: to investigate the skewness of the different ratio
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scale prioritisation results, and to compare the cost-value approach for
ordinal and ratio scale data. The paper presents a measure for the
skewness based on the standard deviation from a baseline distribution.
The measure indicates that some of the subjects tend to get a more
skewed distribution, i.e. they use the extreme values on the ratio scale
more than others. The subjects expressed that one reason for using
modest values is lack of domain knowledge. The measure can be used to
evaluate in which situations it is worth the added effort of using the ratio
scale compared to the ordinal scale.

The evaluation of the cost-value approach compares cost-value
diagrams drawn from ordinal scale data to diagrams drawn from ratio
scale data. It indicates that the ordinal cost-value diagram agree
substantially to the one based on ratio scale data. Thus, decisions based
on ordinal scale data would be substantially similar to decisions based on
ratio scale data.

The results speak in favour of using the ordinal scale, at least in
situations when domain knowledge is weak and it may be sufficient with
ordinal scale data. The cost-value approach can then be used as decision-
support. Lehtola and Kauppinen (2006) support this view by describing
that some practitioners found it difficult to estimate which number to
give to factors when using a ratio scale technique. Further, they conclude
that prioritisation techniques are valuable for putting a set of
requirements in order, and using the results as a basis for discussion.

The presented approaches to compare ordinal and ratio scale data are
novel and we need more data to confirm the conclusions. Industrial usage
is needed to validate whether the ordinal scale can bring the same
decision-support for practitioners as the ratio scale.

C3a: Method for retrospective analysis of release planning decision-

making

The contribution to the third research question is divided into two parts:
C3a and C3b. The third research question investigates how retrospective
analysis can be used to improve the release planning process. A method
called PARSEQ was developed for the purpose of analysing the release
planning process and improve the requirements selection quality in a
structured manner.

The method is evaluated in three separate industrial case studies with
different characteristics. The first case examined a small software
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developer, the second investigated an in-house software project, and the
third examined product line development for an embedded software
product. In the first case a handful of improvement suggestions for the
release planning process were found. The second case was found to have
made successful release plans for the product and the study focused on the
positive experiences from the project. In the third case, a large number of
root-causes and improvement suggestions were found.

The application of the PARSEQ method differed between the cases.
The first one was supported by a requirements management (RM) tool
and a ratio scale prioritisation technique was used. Since we wanted a
faster approach, not depending on a commercial RM tool, the ordinal
scale techniques were considered. The studies for RQ2 indicated that the
ordinal scale seemed sufficient for our purposes, and therefore the other
two cases used a more agile approach based on the Planning game and
ordinal scale cost-value diagrams.

Retrospective analysis has shown fruitful in other areas such as project
management (Kerth, 2001), knowledge management (Rus and Lindvall,
2002), and agile development (Collins and Miller, 2001). Our results
indicate that it is also successful in finding improvements for the release
planning process. The three case studies are performed at different
organisations with different characteristics. The method seems feasible for
the investigated cases and therefore it is likely that it will work in other
situations as well, although further cases need to be investigated to find
the possibilities and limitations of the method.

C3b: Tool-support for the retrospective analysis method

Based on the experiences from the first two case studies, a tool was
developed with the purpose of making the process more efficient and
increase possibility of visualisation. The tool handles all steps from
importing a sample of requirements to exporting process improvement
suggestions. The tool uses a number of windows to guide the user
through the process. The re-estimation can be performed with one of
three different requirements prioritisation techniques: the Planning game,
the $100 method, and the Pair-wise comparisons. Two criteria of ones
own choice can be entered: one to maximise and one to minimise, e.g.
value and cost. After re-estimation, the tool illustrates the results in a cost-
value diagram, which is then used for analysis. The discussion regarding
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root-causes and improvement suggestions can be documented in a root-
cause matrix, which in turn can be exported along with the cost-value
diagram from the tool.

The tool was used and evaluated in the third case study. The
evaluation shows that it did speed up the process and decrease manual
labour. It was valuable to be able to select prioritisation technique and
criteria during the workshop. It also provided good visualisation support
through the automatically generated cost-value diagram. However, some
drawbacks were also found, such as lack of support for distributed
workshops. Further development is needed before it can be used as
support in all steps of the method.

4.2  Further Research

This section describes how the research can be continued and evolved in
the future. All included papers have possibilities of deeper investigation,
which is further detailed in the different parts. This section is arranged in
three sub-sections, describing further work for each research question.

FRI: Increasing survey sample with focus on diversity and good
experiences

In order to provide a more comprehensive picture of practitioners’ RE
challenges, it would be valuable to add further interviews with people in
other organisations. Although the sample in the conducted qualitative
survey is broad, additional medium-sized organisations would further
extend the sample. Organisations that develop embedded systems, as well
as products sold on consumer markets would further increase the range of
the sample. The agile development approaches are gaining land and
further experiences from agile and incremental development would be
valuable.

The performed study focused on challenges in RE. However, it could
be even more valuable for practitioners to report on good experiences
from successful projects. Therefore, future studies could focus on projects
and organisations which can share their knowledge and demonstrate
encouraging examples of solutions to the stated challenges. A large scale
study of that kind could end up in a guidebook, where practitioners could
recognise challenges and find examples of possible solutions based on
industrial experiences.
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FR2: Industrial validation of requirements prioritisation techniques

The results from the investigation on requirements prioritisation
techniques would benefit from industrial validation. It is not certain that
the results achieved in the papers are valid for industrial use since the scale
and domain are different. The number of requirements investigated is
small compared to most situations in a real project and the domain of
high-level requirements for mobile phones is a simplified representation
of real requirements. An industrial case study could involve a
combination of the investigated techniques, i.e. to use a simple technique
(such as the Planning game) for assigning requirements in groups and
then use a more rigorous technique (such as Pair-wise comparisons) for
the requirements that need more detailed evaluation.

There are other techniques that could be compared in further
experiments, such as Wiegers’ method and the $100 method. Both are
based on a ratio scale but Wiegers method takes several criteria into
consideration, while the $100 method focuses on one criterion at the
time. The criteria in Wiegers’ method are customer value, penalty if the
requirement is not implemented, cost of implementation, and risks. An
interesting procedure would be to compare Wiegers’ method to the cost-
value approach, where cost and value are estimated with e.g. $100
method, to evaluate which one gives more valuable support for release
planning. In addition, time-consumption and ease of use can be
measured.

To further validate the usage of different measurement scales for
requirements prioritisation, data sets from industrial requirements
prioritisation sessions may be used. It would then be possible to
investigate whether some people use the more extreme values on the ratio
scale, while others are more modest, also in industrial requirements
prioritisation. Industrial requirements prioritisation data could also be
used to further evaluate the usage of the ordinal cost-value diagrams. It
may be possible to set up a case study in industry to evaluate if the
practical decision-support achieved by the ordinal scale prioritisation
techniques is sufficient. Interviews could then reveal the practitioners
opinions after using different techniques.
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FR3: Possibilities and limitations for the PARSEQ method
The PARSEQ method could be applied in additional organisations to

examine its possibilities and limitations. The method need to be
adaptable to different situations such as different development
approaches, different project types, and different product types.
Therefore, organisations and projects with different characteristics need to
be involved. If a large number of case studies is performed, the method
could be used as a ground for finding general improvement areas to the
release planning process. It may be possible to see patterns between
certain organisational characteristics and certain process improvements.
In that case, general recommendations could be developed regarding
release planning process improvements.

The tool support for the method also needs more evaluation and
improvement. Improvements are needed e.g. to be able to perform
PARSEQ in a distributed manner. Modifications can be developed as part
of a Masters student project. Thereafter, the tool needs industrial
validation in further case studies.

Available resources for future research

As discussed above, this research can be carried on in a number of ways.
To assist others who aim at investigating this area we recommend the
following available resources. This thesis is available online along with the

included publications at http://serg.telecom.lth.se/research/publications/.

In addition, the design and other material used in the experiments in
Part II can be found at http://serg.telecom.lth.se/research/packages/
ReqPrio/. The PARSEQ tool and source code, along with guidelines and
the development report, can be downloaded from http://

serg.telecom.lth.se/research/packages/ParseqTool.
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PART I: REQUIREMENTS ENGINEERING CHALLENGES

Paper 1. Requirements Engineering Challenges in Market-Driven Software Develop-
ment - An Interview Study with Practitioners.

Lena Karlsson, Asa G. Dahlstedt, Bjorn Regnell, Johan Natt och Dag, Anne Persson

Accepted for publication in Information and Software Technology: Special Issue on
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Research, 2007.

Abstract

Requirements engineering for market-driven software development
entails special challenges. This paper presents results from an empirical
study that investigates these challenges, taking a qualitative approach
using interviews with fourteen employees at eight software companies and
a focus group meeting with practitioners. The objective of the study is to
increase the understanding of the area of market-driven requirements
engineering and provide suggestions for future research by describing
encountered challenges. A number of challenging issues were found,
including bridging communication gaps between marketing and
development, selecting the right level of process support, basing the
release plan on uncertain estimates, and managing the constant flow of
requirements.
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1. Introduction

This paper reports on results from an industrial qualitative survey’,
focusing on current practice and challenges for market-driven
requirements engineering (RE) in Swedish software development
organisations. Market-driven software can be combined with hardware in
embedded systems or sold as COTS (Commercial Off-The-Shelf)
products. Before problems related to inefficient RE can be properly
addressed, more research is needed to better understand the challenges
faced by the software industry. The purpose of the research is to discover
and describe RE challenges found in industry today, in order to increase
the understanding of the area of market-driven RE. The study also aims at
discovering proposals for future research in the area, which is important
since most available research focuses on the traditional customer-specific
manner of software development. In addition, the study complements
existing RE surveys, since few of them have focused on the specific
challenges found in market-driven software development. The main
research question investigated in this paper is: Which RE challenges do
market-driven software development companies face?

The study focuses on market-driven software development, which is
gaining increased interest in the software engineering community
compared to development of customer-specific systems. This is due to the
emergence of the market for COTS or packaged software (Carmel and
Becker, 1995; Sawyer, 2000a). Software is an essential part of numerous
commercial products today, and hence, a growing number of companies
are involved in market-driven software development. Products of all
kinds, such as mobile phones, automobiles, aircrafts, toys, and games,
contain software. Market-driven software products are vended on an open
market and there is a large range of potential customers, thus diverse
requirements need to be considered. Market-driven products are often
developed in several consecutive releases for which competition is high.
The characteristics of market-driven RE differs from the characteristics of
customer-specific RE in several ways, as further explained in the
subsequent section on related work.

There are several surveys that concern or include RE issues

(Chatzoglou, 1997; Curtis et al., 1988; El Emam and Madhavji, 1995;

1. By gualitative survey we refer to a field study including a series of interviews with practitioners
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Hall et al., 2002; Hofmann and Lehner, 2001; Lubars et al., 1993; Nikula
et al., 2000). However, none of these focus primarily on market-driven
development. Furthermore, in most of these surveys, the studied projects
and organisations are mainly large, both in terms of the number of
persons and requirements involved, and in terms of the duration of the
projects. This qualitative survey complements the mentioned ones and
provides a characterization of market-driven RE from the perspective of
small- and medium sized companies, as well as fairly new ones.

In this survey, fourteen persons from eight different companies
participated in interviews. After seven interviews, a short paper (Paper 8)
was presented at an international workshop. In addition, a focus group
meeting involving RE experts was held halfway through the study to get
feedback on the challenges found so far. Semi-structured interviews were
held with each interviewee. Each interview was recorded and transcribed
for the analysis, which was supported by the qualitative data analysis tool
Atlas.ti (Atlas.ti, 1997).

The paper includes a description of the companies involved, focusing
on company facts, typical projects and development processes. The result
of the study is a set of issues that may increase the understanding of the
challenges faced by market-driven organisations, as well as indicate the
direction of further research. In addition, we discuss our experiences from
using a qualitative research approach.

The remainder of the paper is organised as follows. In Section 2,
related work is presented. The research method is described in Section 3.
Section 4 presents the results of the study and ends with a summary.
Section 5 discusses the results and relates the findings to earlier work. It
also discusses the threats to validity and our research experiences. Section
6 concludes the paper and presents some ideas for further work.

2. Related Work

This section describes some earlier work related to the topics of market-
driven RE and RE surveys. The included references are the ones found
most important to our study, either with regard to the research design or
to the research results.
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2.1 Market-Driven Requirements Engineering

Although there are many commonalities between market-driven and
customer-specific development, the literature argues that there are also
differences of such kind that these need to be made explicit (Sawyer,
2000b). The major differences include the characteristics of stakeholding
and schedule constraints (Sawyer, 2000a) as well as release planning and
managing the constant flow of new requirements (Carmel and Becker,

1995; Honour, 1995; Potts, 1995).

In market-driven projects, there is no distinct and defined set of users
(Sawyer, 2000a). There are mainly potential users, an imagined group of
people who may fit into the profile of an intended product user. Eliciting
requirements from this group of users and customers is one of the major
distinguishing characteristics between market-driven and customer-
specific RE (Deifel, 1999; Potts, 1995; Sawyer et al., 1999). This is
mainly managed through marketing, technical support, user groups and
trade publication reviewers (Carmel and Becker, 1995).

Often, requirements are invented by the developers (Potts, 1995), e.g.
based on strategic business objectives, domain knowledge and a product
vision. The development organisation is the primary stakeholder, and
hence it decides which requirements to use in the next release.
Nevertheless, in order to keep, or increase, market shares, the
requirements that satisfy most customers need to be selected. This further
emphasises the role of marketing in the market-driven development

situation (Deifel, 1999).

Within market-driven development organisations, time-to-marker is
described as a survival attribute (Novorita and Grube, 1996; Sawyer et al.,
1999). If the product is not released to the market on time, there is a risk
of losing market shares to competitors. As a consequence, the release dates
are kept fixed and requirements of a lower priority may hence be excluded
from the current release in case of a delay (Carlshamre, 2001). Release
planning, aiming to select a set of requirements for the next release that
maximises customer value taking into account the available resources
(Carlshamre, 2002), is therefore a major challenge (Sawyer et al., 1999).
However, there is usually a steady stream of new requirements,
improvements suggestions, complaints and bug reports suggested by
existing customers and users of previous releases. Therefore, effective
prioritisation and cost/impact assessment is needed to support the release
planning task (Carlshamre, 2001; Karlsson, 1998; Sawyer et al., 1999).
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Moreover, the RE process needs to include procedures to capture and
preserve this steady stream of requirements (Higgins et al., 2003).

2.2  Requirements Engineering Surveys

There are several surveys that concern or include RE related challenges.
The classical article by Curtis et al. (1988) mainly involves large system
development projects, both customer-specific and market-driven ones.
Although their survey does not focus solely on RE, it identifies three
major challenges which all can be related to RE: the thin spread of
application domain knowledge, fluctuating and conflicting requirements,
and communication and coordination breakdowns. A few years later,
Lubars et al. (1993) published their field study on requirements
modelling. Their study also includes both customer-specific and market-
driven projects, as is also the case in the paper by Curtis et al. (1988). The
challenges found in (Lubars et al., 1993) is well in line with the ones in
(Curtis et al., 1988) and include e.g. vaguely stated requirements, missing
requirements, requirements misunderstandings, the lack of definitive
requirements from outside the development organisation, lack of
customer contact, and frequently changing requirements.

Next, two studies on RE practices are published, which both also
report on experienced problems (Chatzoglou, 1997; El Emam and
Madhavji, 1995). In the paper by El Emam and Madhavji (1995), the
challenges identified are more related to project management issues such
as performing the appropriate activities, deciding when to stop particular
activities, ensuring an adequate level of user participation, and selecting
capable personnel for the key roles in RE. The survey by Chatzoglou
(1997) mainly includes projects of a customer-specific characteristic. The
challenges presented are e.g. lack of enough resources for a successful
completion of the RE process, and not adequate quality of tools and
techniques employed in the RE process.

Later on a study on RE challenges was presented by Kamsties et al.
(1998). Unlike the field study by Curtis et al. (1988), this study includes
small- and medium sized enterprises. However, both customer-specific
and market-driven projects were represented. Kamsties et al. (1998) agree
to some extent with Curtis et al. (1988) and Lubars et al. (1993) and
identify unclear and incomplete requirements as a common challenge.
Other challenges mentioned are: complexity of requirements documents,
lack of documented requirements in market-driven projects, and cases
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when implementation of new requirements can cause unforeseeable
interaction with requirements already implemented.

Two more recent papers on RE challenges are written by Hofmann and
Lehner (2001) and Hall et al. (2002). The first survey aims at establishing
a clear link between RE practices and performance, and includes both
customer-specific and market-driven projects. Also in this paper,
changing requirements are identified as challenging. They also support
the findings by El Emam and Madhavji (1995), concerning selecting
capable personnel, since they found that there is a lack of involvement of
technically knowledgeable stakeholders when defining the initial
requirements. Other challenges identified in (Hofmann and Lehner,
2001) are unrealistic requirements posed by marketing, and perceived ad
hoc RE processes. Moreover, they have also shown that approximately
15% of the project effort was spent on RE activities. The paper by Hall et
al. (2002) emphasises that most requirements problems are organisational
rather than technical. Hall et al. (2002) also discuss a relation between the
maturity of the companies and requirements problems found.

Finally, there are a number of RE surveys that are not focusing on
challenges (Breitman et al., 1999; Nikula et al., 2000) and others which
investigates certain kinds of challenges, e.g. the survey by Damian and

Zowghi (2003) which describes challenges caused by stakeholders’
geographical distance.

In general, none of the presented RE surveys have a primary focus on
market-driven development, although some includes both market-driven
and customer-specific organisations/projects (Curtis et al., 1988;
Hofmann and Lehner, 2001; Kamsties et al., 1998; Lubars et al., 1993).
Hence, none of these gives an overview of challenges faced specifically by
market-driven development organisation regarding RE issues, despite the
fact that there are pronounced differences between customer-specific and
market-driven RE. Therefore, there is a need for an investigation of the
RE challenges faced by market-driven development organisations.

3. Research Methodology

The study was carried out using a qualitative research approach.
Qualitative research aims to investigate and understand social and cultural
phenomena in the context where they exist. Furthermore, qualitative
research aims to place the studied phenomena in a holistic framework and
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suggests that social and cultural phenomena are best investigated by
studying people’s actions in and verbalised thoughts about the social
context in which they act (Myers, 1997). Qualitative research methods are
useful when the purpose is to explore an area of interest, to obtain an
overview of a complex area, and to discover diversities and variety rather
than similarities (Robson, 2002). It is also preferable to use a qualitative
approach when the aim is to improve the understanding of a
phenomenon where little is known. This is due to the fact that it focuses
on gaining in-depth information (Hoepfl, 1997).

The purpose of the study presented in this paper is to gain in-depth
understanding of the nature of requirements engineering within market-
driven software companies, specifically focusing on exploring the
challenges software development companies in this sector face. The aim is
also to provide a basis for formulating hypotheses for future research. Due
to this explorative nature of the study a qualitative approach has been
considered suitable.

The study is mainly built on semi-structured interviews with a high
degree of discussion between the interviewer and the interviewee,
complemented with a focus group meeting. This approach has enabled
the researchers to gain in-depth understanding e.g. of the concepts/
terminology used by the companies. This proved to substantially facilitate
data analysis. For example, concepts such as requirement, process and
method had different meanings among the companies. An alternative
approach could have been to use a questionnaire. The drawbacks of such
an approach would be that the assumptions of the researchers in that case
govern the questions asked and the terminology used. The explorative
element of the study would, hence, be difficult to achieve. Furthermore, a
questionnaire does not provide the opportunity to discuss what questions
and concepts mean and to explore new views on the area that may appear
during a face-to-face interview.

Quantitative methods are sometimes claimed to be “better” than
qualitative methods with the argument that they provide objective
measurement and enable replication of studies, as opposed to qualitative
methods that build on inherently subjective interpretation. However, we
do not consider debating which type of method is “better” than the other
to contribute constructively to science. Instead we need to take a more
general view of long-term research (Figure 1). The cycle of long-term
research entails 1) discovery of hypotheses/theories and 2) justification/
proof/validation of hypotheses/theories. The discovery phase is followed
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Figure 1. The long-term cycle of research

by justification and then new theories or elements of theories can be
discovered, which need justification, etc.

In the study reported in this paper, we have discovered a number of
challenges to RE in market-driven software development companies.
These challenges can be seen as hypotheses or be the basis on which new
hypothesis, studies and experiments can be formulated and carried out.

The study consists of three steps, which are described in the following.
Each step is divided into three phases: planning, data collection and
analysis (Figure 2).

3.1 Step 1 - Interview study (part 1)

Planning. The first part of the study involved a brainstorming and
planning meeting to identify different areas of interest and to plan the
study. We used a combination of maximum variation sampling and
convenience sampling since we selected companies with as different
characteristics as possible within our industrial collaboration network
(Patton, 2002). We aimed at a variety of companies, with respect to size,
type of process, application domain and type of product. We started with
five companies, in which seven persons were interviewed. Interviewees in
different roles were involved in order to collect different viewpoints and
perspectives on the nature of RE.

The interview instrument was designed with respect to the different
areas of interest and with inspiration from other RE surveys (El Emam
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Figure 2.  The research procedure used in the interview study

and Madhavji, 1995; Lubars et al, 1993). To test the interview
instrument, two pilot interviews were carried out. Some questions were
clarified and the structure of the interview instrument was improved
before interviewing proceeded. A summary of the interview instrument is

available in the appendix, Table A.

Data collection. The study uses a semi-structured interview strategy
(Robson, 2002). All interviews were attended by one interviewee and
three interviewers, one of which was responsible for the interview process.
The other two took extensive notes in order to gather as much
information as possible. All interviews, varying in length from 90 to 150
minutes, were also recorded. Transcripts of all interviews were made in
order to facilitate and improve the analysis process. The transcripts varied
between 7 and 23 pages in size.

Analysis. The content analysis (Patton, 2002) involved marking and
discussing interesting sections in the transcripts. The interviewers
examined the transcripts from different perspectives and searched for
explicitly stated or concealed RE challenges. Another researcher, who did
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not attend the interviews, also analysed the transcripts to enhance validity.
The results from Step 1 are presented in Paper 8.

3.2  Step 2 - Focus group meeting

Planning. The aim of the focus group meeting was to obtain feedback
from industrial RE experts on the eleven RE challenges found so far, and
to find additional ones. Therefore, we selected two participants who were
interviewed in Step 1, and three new participants that did not attend the
interviews.

Data collection. The meeting started with a brainstorming session where
the five industrial RE experts wrote down challenges from their own
experience on post-it notes. The session was facilitated by one of the five
researchers present. Next, the industrial experts mapped their post-it
notes to the challenges found in Step 1. Some post-it notes could not be
mapped to a challenge and therefore three new challenges were
formulated. All fourteen challenges were prioritised based on a simple
scheme; every participant had ten votes each to distribute among the
challenges they found most important.

Analysis. The five researchers took extensive notes, which were discussed
and composed after the meeting. No particular analysis was made of the
notes at this stage. Instead, the notes were used as input to the analysis of
the third step, the second part of the interview study.

3.3 Step 3 - Interview study (part 2)

Planning. We continued with the sampling strategy developed in the
initial step of the study, and interviewed seven persons at five software
companies. The new companies included both large and small
organisations”. Both very large and very small projects appear in the new

2. Due to lack of organizational information regarding annual turnover our definition of small-,
medium-, and large organizations is approximated. For an elaborated definition, see e.g. http://
ec.europa.eu/enterprise/enterprise_policy/sme_definition/sme_user_guide.pdf
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companies and more attention was also paid to developers of embedded
systems in order to broaden the scope.

The interview instrument was adjusted. Some questions were
enhanced with more detail, while others were given a more open-ended
structure.

Data collection. The semi-structured interview approach was continued.
The interviews varied between 60 and 120 minutes in length. One
interview was attended by two interviewees due to lack of time. All
interviews were conducted by one to three interviewers and were recorded
on tape. Notes were taken in the same manner as during step 1 and each
interview was transcribed before analysis.

Final analysis of all data. Since we sought a comprehensive view of the
complete data set, the data from the first part of the study was re-analysed
together with the data from the focus group meeting and the second part
of the interview study. The analysis was supported by the qualitative data
analysis tool, Atlas.ti. As the data grew rather extensive (more than 160
pages of transcribed text), tool support was necessary in order to maintain
structure, as well as to facilitate cooperation between the researchers, who
worked at different geographical locations.

In the final analysis we used the eleven challenges that emerged in the
first set of interviews together with the additional three that were
discovered during the focus group meeting as predefined categories/codes
(Glaser and Strauss, 1967). In addition, one more category emerged as
our understanding of the data increased through discussing and working
with the data. Thus, a total number of 15 categories were found (Table 1).
Each category was described with quotations and examples, in order to
develop a common understanding of each category. Within each category
we found more detailed challenges, which were further analysed.

With reference to Grounded Theory (Glaser and Strauss, 1967) the
process throughout the three steps of the study reached what can be
described as theoretical saturation. The number of new categories that
emerged from each step became smaller and smaller, from eleven to one.
Apart from one more category, the third step mainly provided more detail
and confirmed previous findings. This is illustrated in Table 1.

The interview transcripts were divided between two researchers for
coding. The transcripts were analysed and interesting quotations were
marked with one or more of the 15 categories. Afterwards, the researchers
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Table 1. The 15 categories used during analysis

Challenges that emerged | Challenges that were Challenges that

from the interview study | added after the focus emerged from the final
(part 1) group meeting analysis of all data
Design in the require- Requirements for Non-functional require-
ments requirements ments

Simple techniques and Organisational culture

tools

Requirements repository Tool integration

Requirements bundling

Requirements overload

Requirements changes

Market-driven/Technol-
ogy-driven

Organisational stability

Process

Release planning

Gap between marketing

and developers

switched interviews to validate that coding was made in a consistent
manner. It was also possible to add more categories at that point. Each
researcher kept a file in the tool that contained the coding made by that
researcher. When coding was finished, the two individual files were
merged into one within the analysis tool. For the analysis, all related
transcript quotations for each category were compiled and printed in
order to compile the data into a readable format. The results from the
analysis are found in Section 4.

In order to further ensure the quality of the coding process, a third
researcher that did not attend the interviews compared the transcripts
with the results given in this paper. Quotations in the results were traced
to their source in the transcripts to check translation and to ensure that
the interpretations converged. Due to traceability problems, caused
mainly by translation from Swedish, two quotations were not recovered in
the extensive transcript material and were therefore removed from the
results. One quotation was changed to a descriptive explanation, since it
was difficult to translate without losing the essence of what had been said.
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In six quotations, single words were erased or changed to obtain a better
language structure.

4. Results

This section presents the challenges discovered during the analysis of the
interviews and the focus group meeting. The twelve following sub-
sections present and discuss one or several challenges corresponding to
one or several of the categories presented in Table 1. Company and
interviewee characteristics are available in the appendix, Table B. The
challenges are subsequently elaborated and explained using excerpts from
transcripts and interpretations from coding and analysis.

4.1  Simple techniques for basic needs

The Rational Unified Process (RUP) (Jacobson et al., 1999) was
mentioned by several of the interviewees as being the development
process used. For example, the employees at Company F have used RUP
and Rational tools for a few years and they are generally satisfied with
their performance. However, some problems were mentioned, e.g. that
RUP lacks support in the handover between requirements engineers and
designers. Another issue is that RUP is a use case driven approach, while
the company wanted to work in a feature-driven manner. This adds some
workload as the traceability between features and use cases needs to be
maintained.

At Company E, RUP and Rational tools were tested, but the
employees had trouble accepting the process. “It just gets too complex”
was the comment from the managing director. At Company B, RUP was
under consideration but it was difficult to find the necessary time and
effort for it to be introduced in the organisation. The project manager’s
comment was “We do not have time to implement RUP and those tools”.
The product manager at the same company said that they want a simple
tool, “that you do not need a thick manual to understand”. The project
manager requested an RE tool, such as DOORS, to support RE in the
projects. Thus, the need for tool support seems to vary depending on
organisational role. It also seems to be the smaller organisations that have
trouble finding processes and tools that suit their needs. During the focus
group meeting, a lack of tools that support a flexible process was
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discussed. The difficulty to integrate different tools (e.g. RE tools and
testing tools) was also an issue.

Some companies use the Unified Modelling Language (UML) (Fowler
and Scott, 2000) for specification. The opinions about UML vary among
the interviewees. At Company C, UML is regarded as easy for customers
to understand, while at Company E it is stated that “you cannot take the
models to someone without a masters degree” and therefore it is not a
good means for communicating with customers. The difference in views
regarding UML is probably due to different customer characteristics. The
software developed by Company C is intended for developers and
product managers, while the software developed by Company E is
intended for managers and developers of business processes. Company H
has tried a use case methodology but it was abandoned since they
perceived that it had shortcoming as a feedback instrument in customer
communication. On the other hand, they had positive experiences with
prototyping to get customer feedback. They stated that they need
techniques and methods that are easy to understand in order to get
customer feedback.

4.2 Communication gap between marketing staff and
developers

At the focus group meeting, the lack of co-operation between different
parts of the organisation, especially marketing and development, was
recognised by most participants. One participant stated, “If these two
departments communicated, we would not even have to specify the
requirements. [...] If everyone has the same goal and vision, then
everyone works in the right direction.” At Company B, the project
manager suggests that one way to solve the lack of communication
between marketing and developers is for marketing staff to learn UML as
it could function as a common language for communication of
requirements.

In Company A, the communication gap between marketing and
development was also obvious. The marketing department’s view of
specifying requirements was to write down ideas for future functionality,
while the developers expected clear and detailed requirements that could
be used for design. Nobody took responsibility for the specification and
analysis of requirements. At Company E the problem was managed by a
systems management group, which acts as a “mediator” between
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marketing and developers as well as re-formulates the one-line
requirements from marketing into designable requirements for the
developers. This is a good solution according to the system manager at
Company F as product management does not have as detailed knowledge
as systems management.

Another communication problem concerns providing the sales
department with sufficient information before customer meetings. At
Company B it had been the case that sales staff promised functionality to
customers before confirming its feasibility. At the focus group meeting
this was mentioned as a challenge and it was suggested to have the sales
department communicate with requirements engineers to solve the
problem.

Another indication of communication gaps between departments is
the different opinions as to what constitutes a “good requirement”. At
Company B, the product manager thinks that a good requirement is one
that yields high revenue with low effort, and that is possible to sell. The
managing director at Company C expresses a similar view. However,
according to the developers in the same organisations, good requirements
are independent, testable, clear, and not conflicting. It seems that the
notion of a “good requirement” vary depending on organisational role.

4.3  Writing understandable requirements

Most of the companies use Natural Language (NL) to document their
requirements. This is sufficient according to most interviewees since it is
the customers’ language and customers need to understand the
requirements. However, one of the interviewees at Company H states that
different stakeholders use different vocabulary, or “they use the same word
but with a different meaning”. This makes NL problematic.

Producing well-formulated requirements is an issue, since many of the
interviewees find it difficult to understand requirements. The head of
developers at Company C considers it as one of the major challenges in
carrying out his daily tasks. However, the managing director at the same
company does not consider this to be a major problem. The difference in
views seems to be related to the role within the organisation. It is possible
that marketing staff do not need the deeper understanding of
requirements, and can therefore cope with less well formulated
requirements. However, developers may need more detail to manage
implementation. Many interviewees put effort into increasing the clarity
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and understandability of requirements, mainly through group discussions.
The head of developers at Company C said, “It is not possible to write
requirements completely, clear as a bell. You always need to discuss with
others.”

4.4 Managing the constant flow of new requirements

Market-driven product developers need to deal with a constant flow of
new product requirements. It is considered important to collect all these
new and potentially valuable ideas, derived from e.g. customers, users,
developers, and support personnel. However, there needs to be efficient
means to manage them. Several of the companies use a repository or tool
to store incoming requests and these tools are then used to search for
interesting, and valuable requirements to implement in the next release of
the product. In Company B, C, and G, the same repository is used for
requirements and Trouble Reports (TR), since both compete for the same
resources. Even though a repository ensures that no good ideas are lost, it
poses a number of other challenges.

Firstly, Company A, C, and D allow their customers and other
stakeholders to enter requirements and ideas by themselves. However, this
requires various efforts afterwards in order to improve the understanding
of the statements and to identify duplicates amongst the requirements.

Secondly, Company A, which has a mature product, has had severe
problems with overload in the requirements database, since more
requirements are added than could be managed. This has resulted in
difficulties when prioritising the requirements for the next release, since
there were thousands of requirements to consider. The problem was
temporarily solved by creating a list that included requirements
considered the most important for the next release. There is, however, an
apparent risk that some rejected requirements would have been more
important after all.

Thirdly, the project manager at Company D emphasises the
importance of giving feedback to all suggestions from stakeholders.
Otherwise they may feel neglected and “if they knew [their suggestion]
was sent into nowhere, they would stop suggesting”. Thus, it is highly
important that customers know that all suggestions are taken into
consideration. However, giving feedback to the constant flow of new
requirements from a large number of customers requires a large amount

of effort.
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4.5 Requirements volatility

Requirements change for a number of different reasons such as e.g. when
the market fluctuates, problems are found during coding or reviews, and
resource constraints change. Some interviewees fear volatility, while others
welcome it. For example, at Company B the project manager said, “it
takes time before the product is stable, and that is what you want to
reach”. At Company D on the other hand, volatility is accepted as a fact
of software development. The project manager states, “[The customers]
will change their minds when they see it, they change their mind in any
case”. Therefore they use an agile development approach. The project
manager also said that “Code is [...] cheap to throw away, [...] it's almost
for free”. Therefore it is possible to build imperfect code and show it to
the customer for feedback. This approach is also used at Company C,
where a function is often developed to 60-90% so that feedback can be
received earlier without having to spend 100% of the planned resources.
The developer said, “it’s not worth finishing a requirement to 100%
because change requests will come [...] so we accept it earlier and wait for
comments’. The trade-off between stability and volatility was also
discussed at the focus group meeting where one participant said: “the
environment changes while we want to freeze the specification and strive
for stability in the projects”. Another participant requested requirements
models that are easy to change.

4.6 Requirements traceability and interdependencies

All participants involved in the study acknowledge the existence of
relationships and interdependencies among requirements. However, their
perceptions with regard to its importance and impact on the development
work differ substantially between companies. Influencing factors seem to
be how elaborate and well-defined the RE process is, but more
importantly the size of the project and the complexity of the product.

In six of the companies, relationships and dependencies between
requirements are usually used for bundling related requirements to be
implemented together. Bundles are made in order to increase efficiency
during implementation, e.g. because the requirements relate to the same
part of the system or should be implemented by the same developer.

Company F has a more rigorous way of dealing with requirements
interdependencies. They use a so-called anatomy plan to describe the
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functional structure of the software. It is a description of how the
functionality of the system is related, i.e. dependencies between functions.
It is mainly used to describe the order in which the functionality of the
system should be implemented. Company F states that even if it is
difficult, functional dependencies can be managed in this way. A major
problem is to deal with what they call dynamic interdependencies, i.e.
quality characteristics or non-functional requirements, which influence a
larger part of the functionality or other characteristics of the system. The
problem is not only to know that the interdependency exists but also to
figure out how the requirements affect each other and how this can be
dealt with.

According to both Company C and D, duplicates amongst
requirements are problematic. Often, the same idea or solution comes up
several times, but takes different shapes. In addition, these could be
mutually exclusive, i.e. they cannot exist at the same time within the
system e.g. since they are alternative solutions to the same idea.

4.7 Requirements are invented rather than discovered

Most of the interviewed companies express a trade-off between their own
innovative requirements and the requirements suggested by customers
and users. At both Company B and C, approximately half of the
requirements are suggested by users and half are internally invented. At
Company B, both interviewees express a wish to be more market-driven.
“That is alpha and omega when creating a product success, to run it from
marketing”, as stated by the project manager, continuing “R & D can
always create cool things, [...] and they think of themselves as ordinary
users’. As engineers tend to be early adopters of new technology,
developers may not represent the ordinary market for these high
technology products.

One of the risks acknowledged by Company B is that when a
technology-focused company is founded there is no need to think about
who the customers are; it is enough to have some new piece of technology.
This is a dangerous situation since, eventually, the company needs to find
a customer base and adapt the product to actual customer needs. There is
also a need to find the right distributors and retailers. “A product may be
incredibly good, but in the wrong store it will still not be sold”, is the
comment from the project manager at Company B. The same person also
states that in a new technology-focused company, “the developers are the
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heroes” and therefore marketing has trouble influencing the product
functionality. At the same time it is understandable that customer input is
difficult to obtain when the product is unique and not known by users.
The market simply does not know what to wish for.

At the focus group meeting several participants expressed problems
with getting the necessary market input, “[...] those teams consist of
happy engineers who invent requirements rather than listen to me” as one
of the participants stated. The focus group participants also discussed
non-functional requirements (NFR). One participant stated that NFRs
often are suggested by customers, while functional requirements often are
internal. This could also reflect the fact that many companies are
technology-focused and that functional issues therefore are perceived to
be more important than non-functional issues.

Although the interviewed organisations are all in the market-driven
area, several of them have distributors and retailers who sell the products
and it can therefore be difficult to reach end-users for feedback. Thus,
both retailers and end-users need to be considered during requirements
analysis. In Company A and C, the number of customers is fairly limited,
and some large customers have more influence than others. This is also
acknowledged by the marketing person at Company E, who describes
problems with getting the functionality generic enough to suit several
customers.

4.8 Implementing and improving RE within the
organisation

A major challenge is to get acceptance for new ways of working with RE,
i.e. to implement changes to current practices within an organisation. It
includes changing the behaviour of people. Succeeding with the change
process is, however, crucial in order to improve RE. A focus group
participant stated: “The change process is the most difficult - to change
the way people work. There is a lot of good ideas, tools and methods, but
it is too tedious to start using them.” Both interviewees at Company F
state that the biggest challenge is to make everyone follow the same
process and work in the same manner.

It is important to realise that it takes time to implement a new way of
working, and education of the employees is required. To make a group of
developers embrace a certain way of working requires a high level of
confidence in the person responsible for the implementation of the new

Requirements Prioritisation and Retrospective Analysis for Release Planning Process Improvement 51



approach. Company F has defined a role called process engineer, who is
responsible for implementing process changes and educate employees.
The process engineer works together with the project as a support
function in matters related to how the process should be carried out. The
process engineering also puts effort into pre-phase training of employees
in order to improve their ability to understand and use the defined
process.

Interviewees from both Company A and B state that the project
manager controls how the process is carried out in practice, and therefore
the process may vary between projects. It is necessary to obtain acceptance
for putting effort into RE amongst project managers before implementing
changes in RE practices, i.e. the ideas of improving RE must be well
supported by the actors who control the way of working within the
organisation. Some participants at the focus group meeting highlighted
the issue of transferring knowledge between projects. It is difficult to
make people learn from success stories, and apply this knowledge in other
projects, especially in organisations where the acceptance for putting
effort into RE is low. One focus group participant stated, “All projects
where RE has been used, have been successful. However, it is not certain
that project managers who have used RE in one project use it in the next

»

one.

4,9 Resource allocation to RE

One major problem, emphasized during the focus group meeting, is the
lack of resources to conduct RE. Participants asked for example: “How do
you get time and resources to the requirements work?”. The problem was
explained by a lack of understanding for the time and resources needed to
carry out high quality RE, e.g. amongst management. Lack of resources
for RE may cause many of the other problems discussed during the
meeting, e.g. badly formulated requirements.

Both Company A and B have experienced problems with obtaining
enough resources for RE. Often, implementation begins as soon as the
project starts, i.e. it is carried out in parallel with the RE work. As a
consequence, the ability to put effort into RE is very low, especially since
key personnel are caught up in other projects. Interviewees at Company A
and B express a need to start and finish the RE work before
implementation begins.
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Most of the companies estimate that they spend approximately 10-
15% of the total effort on RE, although none of the companies actually
measure it. However, their opinions regarding whether this is enough or
not differ. Company A and B state that too little effort is spent on RE and
that much could be improved in their RE practices, while Company C
and D consider it to be just the right amount of effort.

4.10 Organisational stability

Software engineering is a knowledge intensive activity, and is naturally
dependent on the development staft’s knowledge about the product, its
usage environment, and their knowledge about the development process.
The competence of involved staff is critical when the process is ad hoc.
The project manager at Company B said: “Everybody knows everybody,
and everybody helps everybody. That is the reason a small company can
survive with an ad hoc process” and “The projects depend on the
individuals. Some projects would have died if some people would have
left”. Of course, it is risky to be too dependent on individuals, a problem
that became apparent when the company downsized and lost part of its
staff. Competence and knowledge was lost. Company C and D also
discussed the knowledge capital in the staff and emphasize that their
success is thanks to the employees.

Other organisational issues such as co-ordination and communication
are key issues within the organisations involved in the study. Company F
describes problems with deciding how to organise projects in order to
make co-ordination and communication as efficient as possible. Larger
projects enhance the overview but complicate co-ordination and they are
difficult to manage. Smaller projects facilitate communication within the
project group, but make it more difficult to create a comprehensive,
overall picture. The systems manager stated, “It is always a matter of how
you choose to divide, so to speak. Either you get problems with
communication or you get problems with getting the overall picture

right”.

4.11 Selecting the right process

Several of the interviewed companies struggle with implementing,
evolving, or adjusting their development process. Company B is about to
develop and implement a development process as the lack of structure in
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the current way of working is considered to be a major problem. The
project manager said: “Yes, I believe that there is an infinite amount of
drawbacks with our current way [of working].” The process is a way for
project managers to communicate and interact with the different parties
involved in a project. Both interviewees at Company B also emphasised
that, to start with, only the most important elements should be included
in the process. It is easier to evolve the process gradually, rather than
trying to do everything at the same time.

Company A, used to had a very detailed process, but it was slimmed
down when the product became more mature and fewer changes were
made in each release. Unfortunately, it became too slim, which resulted in
problems related to lack of structure and control. Therefore, they are still
struggling with defining a process on a suitable level of detail.

Company C and D were generally pleased with their way of working.
Even though the processes were not rigorous, they had control of their
requirements and use tools to structure and maintain the requirements.
Both these organisations are fairly small and may therefore have less need
for structure and processes.

Company F has put a lot of effort into constructing a specific
development process that everyone involved follow. However, they
emphasised the importance of making the process flexible enough to be
adjustable due to specific situations. Using process engineers is one way of
achieving a good interaction between projects and process, and to
facilitate the evolution of the process within the projects.

When adjusting the development process, other support processes,
such as project management processes need to be adjusted as well.
Company F had experienced some problems with combining the iterative
RUP process with the sequential Toll Gate (T'G) (Cooper, 2001) model
demanded by management. Certain business decisions require certain
information, which is not produced until later iterations. The systems
manager said: “the planning of each iteration cannot be finished at TG2
because then the RE work is not iterative”. In order to ensure that these
processes are aligned and support each other, it may be necessary to adjust
them, e.g. by redefining the business decisions stipulated by the TG
process.
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4.12 Release planning based on uncertain estimates

Release planning requires consideration of many different aspects. Most
of the companies had some cost-value approach, and consider aspects
such as e.g. customer or user value, development cost, strategic value, and
marketing positioning in their plan. There are also other aspects, such as
effects on the architecture, implementation risks, interdependencies, and
deadlines. For embedded systems, even more factors are added, such as
component size and availability, as well as sales volumes.

The interviewees at Company F stressed the importance of considering
the hardware and non-functional requirements before applications, as
architectural aspects may change the structure of the system. These
interrelationships are visible in their “anatomy plan”, which means that
interrelated use cases and functionality can be developed in the same
release. The systems manager said: “We want the requirements in one
iteration to be connected so that we dont have to change the same
documents during the next iteration”.

Requirements prioritisation was discussed by all participants in the
study. Several companies tended to use some sort of numeral assignment
(Karlsson, 1996) to arrange requirements into groups. Requirements are
often divided into high, medium and low priority, or given a number
between 1 and 5. At Company A, the project manager constructed a top-
10 list including the top priority requirements. Another 10 requirements
were regarded as medium priority and were put below in the list. Other
companies, such as Company C, had a more rigorous approach and used
a requirements management tool for prioritisation. At Company B,
requirements prioritisation was more ad hoc, or as the project manager
said when discussing different stakeholders: “the one who shouts the
loudest wins”.

Another release planning issue regards effort estimates. Several of the
interviewees expressed that it is an important task. Yet, none of the
interviewees mentioned any particular method for estimating effort. At
Company C the importance of effort estimates during release planning
was stressed: “It is important that the requirements end up in the right
release and if we estimate incorrectly it will affect the release plan”. At
Company G, interrelated requirements were sometimes grouped and
estimated if they were to be implemented together, because it could be
easier than estimating each requirement separately. The opposite opinion
was expressed by the project manager at Company D who said that
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smaller requirements are easier to estimate correctly. Company F usually
estimated effort per use case instead of per feature because each feature
could affect several use cases. At Company C, the developer said that it is
necessary to have detailed knowledge of the system in order to know
which parts of the code that is affected by a new requirement.

At Company C and D, effort estimates were discussed between project
members so that contradicting estimates were resolved. The developer at
Company C said: “we know that we have done it correctly when everyone
agrees on the estimate”, and at Company D, the project manager said that
“we get better estimates if people have to explain how they think”. Both
Company C and D had weekly meetings, where requirements were
discussed, effort estimated and release planned. At Company A, meetings
were held with marketing personnel and developers so that those who
suggested requirements, i.e. marketing personnel, can explain the purpose
to the developers. The developers found it easier to estimate the
development effort for requirements when they understood the purpose.
The product manager said, “High-level requirements are difficult for
developers to estimate”.

4.13 Summary of findings

This section summarises and discusses the challenging areas presented
above. Table 2 provides a list of the discovered challenges together with a
summary of some of the problematic issues, called key problem areas.
Although the focus is on market-driven organisations, some of the
findings are of more universal relevance. Issues related to communication
and coordination may appear also in customer-specific organisations, as
well as issues regarding requirements traceability and interdependencies.
However, five of the challenges are directly related to the market-driven
characteristics of the participating organisations. Those challenges are
marked in Table 2 and discussed below.

The special stakeholder characteristics, i.e. several potential customers
and users on a large and open market, contribute to some of the
challenges. For example, the constant flow of requirements (Section 4.4)
is caused by the variety of stakeholders who have demands on the product
and like to contribute with their ideas. In relation to the stakeholder
characteristics, it can be mentioned that the issue of writing
understandable requirements (Section 4.3), and understanding the stated
requirements suggestions, is more complex when the stakeholders are
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Table 2. Summary of discovered challenges

Special for High
market-driven importance

Challenges Key Problem Areas organisations areas
4.1 Simple techniques Tailoring of processes, tool integra- *
for basic needs tion, complex specification languages,

support for customer feedback
4.2 Communication gap | Goal alignment, organisational coher- | *
between marketing staff ence, information flow, notion of
and developers “good requirement”
4.3 Writing understand- | Quality of requirements specification, | * *
able requirements tracing from requirement to origin,

capturing rationale
4.4 Managing the con- Trade-off between elaborate elicitation | *
stant flow of new and information screening, efficient
requirements database management, feedback on

proposals, finding new requirements

among bug reports
4.5 Requirements vola- Trade-off between volatility and stabil-
tility ity, early feedback on product
4.6 Requirements tracea- | Dependency impact analysis, require- *
bility and interdepend- ments bundling structure, NFR
encies impact trade-off, reduction of redun-

dancy
4.7 Requirements are Innovation vs. customer needs, bal- *
invented rather than dis- | ancing different customers’ impact on
covered next release
4.8 Implementing and Continuous improvement, consistent
improving RE withinthe | process enactment, change implemen-
organisation tation, staff training
4.9 Resource allocation Management support, motivating RE
to RE resources, resource competition
4.10 Organisational sta- Reliance on individuals, co-ordination
bility and communication
4.11 Selecting the right Suitable level of detail, basic and mini-
process mal RE process to evolve from, com-

bining sequential and iterative

development processes
4.12 Release planning Managing cost and value drivers, * *
based on uncertain esti- requirements dependencies, require-
mates ments prioritisation, effort estimation

diverse and express their needs vaguely, which is often the case in the
market-driven situation. Using natural language, one word may have
different meaning to different people. In addition, there is no direct link
between the stakeholders and the developers, typically requiring the
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marketing department to elicit and document requirements. Several of
the interviewees requested more communication between the marketing
department and developers (Section 4.2). This is especially important in
market-driven organisations since the marketing department acts as an
interface to the customers and end-users. Although this important
interface is the main source of user requirements, some organisations
apparently have a more technology-oriented focus where requirements are
invented in-house rather than elicited (Section 4.7). Although innovation
is necessary in technology—intensive organisations, it may turn focus away
from what the users actually need. For example, the focus group
participants  discussed that users often suggest non-functional
requirements, while the functional requirements are in focus internally.
Finally, release planning (Section 4.12) is of high importance in the
competitive market-driven situation since it is necessary to release
products with time-to-market in mind. In order to successfully optimise
the user value and development effort for each release, techniques for
requirements prioritisation and effort estimation are needed.

The challenges that are special to market-driven organisations are
evidently in need of more investigation. However, it is not necessarily
those challenges that cause the most problems for the market-driven
organisations. The semi-structured type of interviews that were held did
not reveal if certain challenges are more important or more acute than
others. However, during analysis the code frequency, i.e. the number of
quotations for each category or code, was examined and it indicates some
patterns regarding which challenges that were more discussed than others.
The following challenges were much discussed by all participants: Simple
techniques for basic needs, Writing understandable requirements,
Requirements traceability and interdependencies, and Release planning
based on uncertain estimates. Therefore, they may be of common interest
to market-driven organisations in general. The same four challenges also
received the highest number of quotations in total, confirming that they
are of high importance to all of the participating organisations. However,
they are not necessarily the most important and cost-effective challenges
to deal with in practice. The challenges of high importance are also
marked in Table 2. Some of the challenges were discussed more frequently
by some participants than others. In the analysis, we attempted to relate
those challenges to the organisational characteristics of the particular
companies. The purpose was to discover a pattern between the deviation
of different answers and the characteristics of the organisation, product or
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process. However, no clear pattern was visible and therefore no
conclusions are drawn based on the relation between organisational
characteristics and challenging areas.

5. Discussion

This section is divided in three parts. The first one discusses threats to
validity in qualitative designs and the measures taken in the presented
study to increase validity. The second part presents our experiences from
using a qualitative research approach. Finally, the third part relates our
results to the findings in literature.

5.1 Threats to validity in qualitative designs

The quality of a qualitative study relies on the quality of the investigator
(Robson, 2002). In order to obtain practice and experience in
interviewing, and try out the interview questions, two pilot interviews
were conducted early on. Still there is a risk that quotations become out of
context when divided into separate coded segments (Coffey and
Atkinson, 1996). To deal with this we have used observer triangulation, i.e.
multiple observers and interviewers (Robson, 2002), so that three
different researchers were involved during interviews and analysis. The
coded segments could therefore be discussed so that a common
understanding was gained. We have also used data triangulation (Robson,
2002) shown in the fact that both interviews and focus groups were used
as methods for data collection.

We have chosen to divide the validity issues into the three groups
described in Robson (2002): description, interpretation and theory. The
main threat to providing a valid description of what has been seen or heard
lies in the inaccuracy or incompleteness of the data. This has been met by
audio-taping all interviews and, later on, transcribing them. Furthermore,
each interview was carried out by 2-3 researchers who took extensive
notes and collected drawings and sketches that were made by the
interviewee.

The main threat to providing a valid interpretation is that of imposing
a framework or meaning on what is happening rather than this emerging
from what is learnt during the involvement with the setting. This does
not preclude starting with a set of predefined categories, but these
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categories must be subjected to checking of their appropriateness, with
possible modification. It requires that the researchers demonstrate how
the interpretation of the end product was reached. In this research, the
threat to interpretation was managed by discussing the interviews and
how the different researchers interpreted the interviewees’ answers. This
was accomplished by having multiple interviewers at all occasions and in
addition, a fourth researcher read and commented on the transcripts.
Furthermore, the transcripts were analysed using the qualitative analysis
tool Atlas.ti. In the tool, the codes, or categories, made it possible to trace
the route by which we have come to a certain interpretation or
conclusion.

The main threat to theory validity is in not considering alternative
explanations or understandings of the phenomena under study. This can
be countered by actively seeking data which are not consonant with the
theory. We have accomplished this by seeking new types of organisations
for our study, where differences in size, age and business type occur.

Validity can also be discussed in terms of reliabilizy. In fixed design
research, reliability is associated with the use of standardized research
instruments, such as formal tests and scales. In qualitative or flexible
designs, formal reliability testing cannot be used. However, there are
common pitfalls in data collection and transcription that need to be
avoided. Among other things, transcription errors are explained in
(Easton et al., 2000). Transcription errors are difficult to avoid due to
misinterpretation and mishearing. Inaccurate punctuation or mistyped
words can change the entire meaning of a sentence and transcripts do not
capture intonation, hesitation, and thought pauses. In this study, the
transcriber had also been present at the interview and had heard the
answers. In most cases the transcriber was also the one in closest contact
with the interviewee and the company, and she/he had thereby a
reasonable amount of knowledge about the company culture and
language.

Another issue regarding validity is the possibility to generalize the
results. Internal generalisability is concerned with conclusions drawn
within the setting studied. This means that the interviewees or observed
situations should not be biased by the researcher. This was managed
during sampling as we selected interviewees and organisations from
different industrial networks and geographical areas. External
generalisability concerns conclusions drawn beyond the setting.
Qualitative studies rarely attempt to generalise beyond the studied setting,
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as it is more concerned with characterising, explaining and understanding
phenomena under study. Statistical generalisation is often not permitted
due to the lack of representative sample. The nature of qualitative designs
also makes it impossible to replicate since identical circumstances cannot
be re-created. However, the development of a theory can help in
understanding other cases and situations. The fact that several of the
discovered challenges are acknowledged by all of the participants increases
the possibility of transferring the results to other situations. All of the
reported challenges are acknowledged by more than two thirds of the
participants. Thus, despite the diversity in organisational characteristics,
the market-driven type of development seems to create some
commonality in challenging areas.

5.2  Experiences from using a qualitative research

approach

Qualitative research is rarely used in the software engineering discipline.
However, software engineering is in many aspects a social activity and is
therefore difficult to understand completely based on quantitative
methods. Qualitative methods can give in-depth understanding of social
or cultural phenomena. However, some issues make qualitative research
difficult in the software engineering discipline. First of all, software is
involved in a variety of domains since it is present in various kinds of
products. Therefore, the differences in organisational characteristics
between the companies involved in the study are large. Thus, it was
difficult to know when to stop searching for additional companies to
represent the market-driven software development area. The software
engineering area is also very fluctuating, which complicates the qualitative
research. In our study, it was difficult to extract facts about some of the
participating companies since staffing changes frequently, project sizes
vary, and documentation is weak. It was also difficult to know whether
the process descriptions given by interviewees were examples of how they
actually work or how they are supposed to work.

We spent quite a long time adjusting the interview instrument before
starting the interviews. While this gave us questions that had been well
thought through, spending more time on actually trying the questions
out on pilot interviews could have saved more time on the whole. The
pilot interviews turned out to be useful, both to adjust the questions and
to gain interviewing experience. Later on, multiple interviewers
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participated during interviews and additional questions were posed to
complement the interview instrument. This resulted in a more
comprehensive understanding because the different researchers had
different focus.

After seven interviews, the data consisted of approximately 100 pages
of printed transcripts. This was short enough to manage manually by
underlining and marking interesting text segments. However, after the
additional seven interviews, the material grew very large. Therefore, it was
decided to use a data analysis tool to help us be systematic and rigorous in
searching for, and retrieving, data. There is no great conceptual advantage
over marking the transcripts physically with code words, but in practice
the tool can offer many advantages (Coffey and Atkinson, 1996). It was
possible to code at two different sites and then merge the data and the
categories together to one single unit. Other benefits include the
possibility to search for codes, quotations and words, as well as producing
and extracting overlapping codes. These advantages would not have been
present with coding on paper. However, one problem was discovered
when trying to validate the results. As the results in this paper are written
in English and the interviews were carried out in Swedish, the traceability
was inferior due to translation problems. To avoid this, memos could have
been made in the tool regarding the quotations that were used in the
results. In that manner, it would have been easier to search for the memos
instead of manually searching through all quotations, which was necessary
in our case.

One problem, partly resulting from tool-usage, was that we tended to
“over code” the material. The codes, or categories, were too
comprehensive so too many quotations could fit into them. And in fear of
losing interesting information, sometimes less interesting quotations were
marked as well. This resulted in a massive amount of quotations during
analysis; for some categories more than 100 quotations were found. A
more strict definition for each category, and routines for adding new as
well as more delimited categories, could have been helpful to extract the
most interesting quotations and less time could have been spent on
analysis of the massive material. This was not as problematic during
manual coding in the first study, as the amount of quotations was more
apparent in the printouts.

Two researchers with different backgrounds cooperated during coding
and analysis. It resulted in slightly different findings and gave us the
opportunity to double-check and discuss each other’s material from two
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different viewpoints, and thus increase validity. However, as each person
had an in-depth knowledge of a subset of the data it was difficult for one
person to get a comprehensive view of the whole material. It was also
more complex to include new codes or adjust the coding schema.

5.3  Results related to literature findings

Although Curtis et al. (1988) performed their survey several years ago,
focusing on large systems development, the study presented here indicates
that some problems remain. Communication and co-ordination are still
corner stones in software development and project success depends
heavily on the skills of the staff involved.

The survey by Hall et al. (2002) also confirms that organisational
problems, for example lack of skilled personnel and high staff turnover,
have a larger impact than technical problems when it comes to
requirements engineering. This is in agreement with our results with
regard to organisational stability; downsizing negatively affects
organisational knowledge and competence and makes it hard to survive
with an ad hoc process. Another problem identified by Hall et al. (2002)
is that sometimes the sales staff agrees to deliver unrealistic system features
without considering technical and schedule implications. This was also
discussed during our focus group as being a challenge.

Lubars et al. (1993) express that the authors were seldom understood
when asking the interviewees about which process they follow when
writing requirements specifications. This does not seem to be the case in
our study as all interviewees had good knowledge about the different steps
of their development process. Another difference is that in the paper by
Lubars et al. some of the market-driven projects did not produce any
written specifications, while this was not discovered in any of the
companies we interviewed. Possibly the awareness of the process and the
practice to write specifications have been enhanced since the paper by
Lubars et al. was published.

The issue of user participation was stressed by El Emam and Madhaviji
(1995). In one case they expressed that, “[Developers] try to force their
ideas on the users”. This was also acknowledged in our study, as there is
simply no discrete set of users to invite for participation. Instead, there is a
tendency in some of the companies towards increased technology focus, as
requirements are invented by developers rather than elicited from
potential users. Similarly to (Hall et al., 2002) and (Lubars et al., 1993),
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several of the problems encountered in El Emam and Madhavji (1995)
are organisational rather than technical.

Chatzoglou (1997) discusses a lack of resources, i.e. people involved,
time and money, for RE activities. Lack of resources was also discussed in
our focus group meeting, explained by a lack of understanding amongst
managers. Lack of resources was also stated as a reason for badly
formulated requirements. Most of the participants we asked, allocate 10-
15% of their time for RE. This was found to be enough by Company C
and D, while the larger Company A and B find it to be too little.

As a complement to other surveys, the presented study describes a
communication gap between marketing and developers, resulting in
insufficient effort estimates and requirements quality. The balance
between marketing and developers’ requirements decisions is also
recognized as a dilemma, especially since new requirements arrive
constantly. The use of a requirements database rather than a traditional,
monolithic requirements specification is also salient, as well as the need to
group requirements into bundles to ease requirements structuring and
work partitioning.

6. Conclusions

This paper has presented several challenging issues with regard to market-
driven RE, found during 14 interviews and a focus group meeting. We
have not aimed at generalisable results, as the qualitative research
approach is intended to characterise and to find variation rather than
similarity. This has affected the design of the study since the participating
companies had diverse characteristics (see appendix). Most of the
discovered challenges are of an organisational and social nature rather
than a technical one. Among the organisational challenges we find issues
such as organising projects so that co-ordination and communication is
enforced, and obtaining enough resources to carry out RE. Other social
issues focus on how to make marketing and development communicate
regarding requirements, and how to encourage people to change their way
of working, especially when implementing and improving RE in the
organisation. Among the technical issues we find issues regarding release
planning, techniques for requirements prioritisation and effort
estimation, as well as requirements traceability and interdependency
problems.
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The results of the presented interview study are intended to be useful
to researchers in identification of new and industrially relevant research
areas. The results can also be useful to practitioners who want to learn
from empirically observed obstacles in market-driven software
development and base their improvement efforts on such knowledge. In
conclusion, the presented results of this study enhance previous industrial
surveys on requirements engineering by both corroborating previously
found empirical evidence and by adding previously unreported
observations to the understanding of industrial requirements engineering.

In Section 4.13 we identified four high importance challenges, which
were discussed frequently by all participants: Simple techniques for basic
needs, Writing understandable requirements, Requirements traceability
and interdependencies, and Release planning based on uncertain
estimates. Either one of these four challenges can be used as a starting
point for research hypotheses and research agendas because of their high
importance to the investigated companies. However, these four challenges
might not necessarily be the most important and cost-effective ones to
concentrate on in practice. Other research needs to be conducted to find
out which challenging areas that need most attention and support.

The presented study can be investigated further by increasing the
sample of participants with e.g. large- and medium-sized companies,
companies developing embedded products, and companies using an agile
development approach. These types of companies are only represented to
a small extent in the current study and could therefore widen the scope if
included in a future survey. In addition, it would be possible to combine
the conducted survey with a questionnaire, since the knowledge gained in
this study has provided a foundation for constructing closed questions.
Typical questions could regard e.g. which kind of development process
that is used, which RE tool that is used, which kind of specification
language that is used, how requirements traceability is handled, to what
extent requirements are invented in-house as opposed to elicited from the
market, which kind of requirements prioritisation technique that is used,
which kind of cost estimation technique that is used, etc. A questionnaire
of that kind could be sent to numerous companies with a market-driven
focus to get a comprehensive picture of the processes, tools and
techniques that are used in market-driven industry today.

Requirements Prioritisation and Retrospective Analysis for Release Planning Process Improvement 65



Appendix

Table A. Summary of the interview instrument

Characterisation

1.1 Tell us about the company (number of employees, age, business area, etc.)

1.2 Tell us about the company’s product/products (time on the market, typical customer/end-user,
size of product projects, etc.)

1.3 Tell us about your position in the company (role, daily tasks, responsibility, etc.)

Process issues

2.1 What is the procedure when developing a product? (kind of process, activities performed, docu-
mentation developed, special cases, evaluations performed, etc.)

2.2 What is a “requirement” to you?

2.3 In what way are requirements handled? (requirements process, activities, etc.)

2.4 What challenges do you face when working with requirements? What has been successful
regarding requirements engineering?

2.5 How much resources are spent on requirements engineering? Continually or in the beginning?
How much time would be optimal?

2.6 What is a “good requirement” to you? And to the company? Is the quality of the requirements
assessed? How?

2.7 What kinds of decisions are taken during the development of a product? What kind of support
is needed in those decisions?

2.8 Is it possible to make decisions too late? What can be the effect in that case?

2.9 How is it decided what to include in the product? How are the requirements prioritised? What

is difficult when deciding what to include in the product?

Artefact issues

3.1 How are requirements documented? What information and attributes are documented about
the requirements?

3.2 What support and what tools do you use to document your requirements? What pros and cons
do these tools have?

3.3 How many requirements are handled in a typical project? Who suggests the requirements?

3.4 What kinds of dependencies between the requirements have you come across? Are dependencies
documented? Are dependencies actively looked for?

3.5 How do dependencies affect product development? How is it handled?

3.6 Do you group the requirements? How are the requirements groups handled during develop-

ment?
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PART II: EVALUATION OF REQUIREMENTS PRIORITISATION TECHNIQUES

Paper 2. Pair-wise Comparisons versus Planning Game Partitioning - Experiments on
Requirements Prioritisation Techniques.

Lena Karlsson, Thomas Thelin, Bjorn Regnell, Patrik Berander, Claes Wohlin

Accepted for publication in Empirical Software Engineering Journal, 2006.

Paper 3. Evaluating the Practical Use of Different Measurement Scales in Requirements
Prioritisation.

Lena Karlsson, Martin Hist, Bjirn Regnell

Proceedings of the 5th ACM-IEEE International Symposium on Empirical Software
Engineering (ISESE’06), Rio de Janeiro, Brazil, September 2006.

Abstract

The process of selecting the right set of requirements for a product release
is dependent on how well the organisation succeeds in prioritising the
requirements candidates. This part of the thesis is based on two papers
regarding experimentation on requirements prioritisation techniques.

The first paper describes two consecutive controlled experiments
comparing different requirements prioritisation techniques with the
objective of understanding differences in time-consumption, ease of use
and accuracy. Among the three investigated techniques, the Tool-
supported pair-wise comparisons is the fastest, and the Planning game is
the second fastest technique. The techniques do not differ regarding ease
of use. The manual Pair-wise comparison technique is the most time-
consuming and least easy to use. The techniques do not differ
significantly regarding accuracy.

The second paper presents an empirical investigation of differences
between the measurement scales used in requirements prioritisation. The
ratio scale is richer than the ordinal scale as it provides more information,
but ratio scale techniques are often more complex to use. A measure is
presented, describing the characteristics of the ratio scale prioritisation
results. It can be used to compare results from different prioritisation
sessions. In addition, possibilities for using the cost-value approach with
ordinal scale data are evaluated with promising results.
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1. Introduction

In market-driven software development, products are developed in several
consecutive releases intended for an open market. When requirements are
elicited from several stakeholders on an open market, it often yields more
requirements than can be implemented at once. The requirements need
to be prioritised so that the most significant ones are met by the earliest
product releases (Wiegers, 1999; Siddigi and Shekaran, 1996).

During a project, decision-makers in software development need to
make many different decisions regarding the release plan. Issues such as
available resources, milestones, conflicting stakeholder views, available
market opportunities, risks, product strategies, and costs need to be taken
into consideration when planning future releases. In particular, the cost-
value approach takes both development cost and customer value into
account. As software development companies have limited resources, it is
essential to choose the requirements that give the best return on
investment, in terms of customer satisfaction. Unfortunately, there is a
lack of simple and effective techniques for requirements prioritisation,
which could be used for release planning. If an organisation fails to
determine the most important requirements, it risks that the developed
system does not meet customers needs and expectations (Karlsson and
Ryan, 1997).

The software literature includes many sources that state the
importance of prioritising requirements. In the field study by Lubars et al.
(1993), several companies expressed a need for guidance in assigning,
modifying and communicating requirements priorities. Lehtola and
Kauppinen (2004) states that in many companies requirements
prioritisation practices are still mostly informal. Siddigi and Shekaran
(1996) identified requirements prioritisation as an important, though
disregarded, issue in RE research at that point in time. It seems as
requirements prioritisation still need further attention in research.

There are several different techniques for requirements prioritisation.
Some techniques result in priorities on an ordinal scale, and provide the
ranked order among requirements, e.g. the Numeral assignment
(Karlsson, 1996) and the Planning game (Beck, 2005). Other techniques
provide the result on a ratio scale, and state how much more important
one requirement is than another. Examples of these techniques are the
Pair-wise comparisons (Saaty, 1980), Wiegers' method (Wiegers, 1999),
and the $100 test (Leffingwell and Widrig, 2000).

70



Part 11

Scales that contain more information than others are called richer
(Fenton and Pfleeger, 1997). Hence, the ratio scale is richer than the
ordinal scale as it provides the relative distance between ordered
requirements in addition to the ranks. Techniques providing the result on
a ratio scale are often more time-consuming and complex to use than
techniques based on an ordinal scale (Lehtola and Kauppinen, 2004).
Therefore it is interesting to investigate whether or not the added
information is valuable to the decision-maker.

Part IT aims at investigating differences between different requirements
prioritisation techniques and different scales used in requirements
prioritisation. This is done in two studies: one describing two
experiments comparing three prioritisation techniques3 , and one using
archive analysis to investigate results from prioritisation sessions. The two
studies investigates different research questions and have different goals
and therefore the results are discussed and concluded in separate sections,
while the introduction and related work is described in joint sections.

The first study aims at comparing three different requirements
prioritisation  techniques:  Tool-supported  pair-wise comparisons,
Planning game, and manual Pair-wise comparisons. Ratio scale
techniques, such as the Pair-wise comparisons, are more complex to use
than ordinal scale techniques, such as the Planning game. Therefore it
would be easier and more efficient to use prioritisation techniques based
on the ordinal scale, however, they might not be sufficient as a basis for
decision-making. The second study investigates the difference in decision-
support between ordinal scale techniques and ratio scale techniques. The
study suggests an approach to measure the skewness of the ratio scale
distribution and a way to use the cost-value approach on ordinal scale
data. Both studies are based on empirical data.

Part II is divided as follows. This introduction is followed by Section 2,
describing related work on requirements prioritisation, including
different techniques, different measurement scales, and the cost-value
approach. Thereafter, the two studies (Paper 2 and 3) follow in Section 3
and 4. Finally, Section 5 provides some closing remarks on requirements
prioritisation based on the findings in the two studies.

3. Information and design is available at http://serg.telecom.lth.se/research/packages/ReqPrio
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2. Related Work

is section describes some related work in the areas of requirements
Th t d b lated k th f req t
prioritisation  techniques, measurement scales for requirements
prioritisation, and the cost-value approach.

2.1 Requirements Prioritisation

There are several different techniques to choose from when prioritising
requirements. Some are based on determining the absolute importance of
the candidate requirements, by e.g., assigning each requirement a certain
priority such as essential, conditional or optional (IEEE, 1998). Other
techniques are relative and require a person to determine which
requirement is more important. Thereby, all requirements get different
priorities, whereas absolute techniques may assign several requirements to
the same priority. Relative approaches tend to be more accurate and
informative than absolute ones (Karlsson, 1996). One relative technique
is the $100-test (Leffingwell and Widrig 2000) and another one is Pair-
wise comparisons (Karlsson and Ryan, 1997), see below. In addition,
there are several techniques aimed at release planning, in particular when
several stakeholders are involved, such as EVOLVE (Greer and Ruhe,
2004) and Quantitative WinWin (Ruhe et al., 2002). Both techniques are
aimed at release planning of incremental software development. A
selection of techniques for requirements prioritisation is described below.
For a thorough review of these and other prioritisation techniques, see
Berander and Andrews (2005), Lehtola and Kauppinen (2004) and
Moisiadis (2002).

2.1.1 Planning Game (PG)

PG is used in planning and deciding what to develop in an Extreme
Programming (XP) project. In PG, requirements (written on so called
story cards) are elicited from the customer. When the requirements have
been elicited, they are prioritised by the customer into three different
piles: (1) those without which the system will not function, (2) those that
are less essential but provide significant business value, and (3) those that
would be nice to have (Beck, 2005).

At the same time, the developers estimate the time required to
implement each requirement and, furthermore, sort the requirements by
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risk into three piles: (1) those that they can estimate precisely, (2) those
that they can estimate reasonably well, and (3) those that they cannot
estimate at all.

Based on the time estimates, or by choosing the cards and then
calculating the release date, the customers prioritise the requirements
within the piles and then decide which requirements that should be
planned for the next release (Newkirk and Martin, 2001). Thus, the
technique uses a sorting algorithm, similar to numeral assignment
(Karlsson, 1996), to partition the requirements into one of three piles.
Then, the requirements within each pile are compared to each other in
order to achieve a sorted list.

The result of the PG technique is an ordered list of requirements. This
means that the requirements are represented as a ranking on an ordinal
scale, without any information about how much more important one
requirement is than another.

In the investigation performed by Karlsson et al. (1998) a similar
technique, called Priority groups, was investigated. In the Priority groups
technique, requirements are put into one of three groups, corresponding
to high, medium and low priority. In groups with more than one
requirement, three new subgroups are created until no group has more
than one requirement. Thereby an ordered list of requirements is
compiled. Priority groups was given the lowest subjective ranking
(regarding ease of use, reliability and fault tolerance) of the six
investigated prioritisation techniques in Karlsson et al. (1998). The
technique was ranked as 4th of the six techniques regarding the objective
measure total time-consumption.

2.1.2 Pair-Wise Comparisons (PWC)

Pair-wise comparisons involves comparing all possible pairs of
requirements, in order to determine which of the two requirements is of
higher priority, and to what extent (Karlsson and Ryan, 1997). If there are
7 requirements to prioritise, the total number of comparisons to perform
is n(n-1)/2. For each requirement pair the decision-maker estimates the
relation between the requirements on the scale {9, 7, 5, 3, 1} where 1
represent equal importance and 9 represent one requirement being much
more important than the other.

This relation results in a dramatically increasing number of
comparisons as the number of requirements increases. However, due to

Requirements Prioritisation and Retrospective Analysis for Release Planning Process Improvement 73



redundancy of the pair-wise comparisons, PWC is rather insensitive to
judgement errors. Furthermore, PWC includes a consistency check where
judgement errors can be identified and a comsistency ratio can be
calculated.

PWC is used in the Analytic Hierarchy Process (AHP) (Saaty, 1980).
In AHP it is possible to take the system perspective into account, so that a
system structure of related requirements can be abstracted into a hierarchy
that describes requirements on different abstraction levels. Hence, AHP
can take the whole system into account during decision-making since it
prioritises the requirements on each level in the hierarchy (Saaty, 1980).

In the investigation by Karlsson et al. (1998), the authors conclude
that PWC (there called AHP) was the most promising approach because
they found it trustworthy and fault tolerant. It also includes a consistency
check and it is based on a ratio scale, i.e., it includes the priority distance.
PWC was the only technique in the evaluation that satisfied all these
criteria. However, because of the rigour of the technique, it was also the
most time-consuming in the investigation.

In another empirical investigation of prioritisation techniques
performed by Lehtola and Kauppinen (2004), PWC was compared to
Wiegers method (Wiegers, 1999). The authors conclude that “users
found it difficult to estimate how much more valuable one requirement is
than another” and that some users found pair-wise comparisons pointless
as they felt it would have been easier for them to just select the most
important requirements (Lehtola and Kauppinen, 2004).

2.1.3 Tool-Supported PWC (TPWC)

Since the major disadvantage of PWC is the time-consumption for large
problems, different investigations have been performed in order to
decrease the number of comparisons, and thus the time needed (Carmone
et al., 1997; Harker, 1987; Karlsson et al., 1997; Shen et al., 1992). The
results of these have been that it is possible to reduce the number of
comparisons with as much as 75%. Techniques for reducing the number
of comparisons are called Incomplete Pair-wise Comparisons (IPC). The
techniques are based on providing stopping rules, indicating when
additional pair-wise comparisons are no longer necessary (Karlsson et al.,
1997). However, when reducing the number of comparisons, the number
of redundant comparisons is also reduced. Thereby, the sensitivity for
judgemental errors increases (Karlsson et al., 1998).
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Figure 1. Part of the user interface in the tool used for TPWC

The PWC technique described in Section 2.1.2 has been built into a
requirements management (RM) tool called Focal Point (Telelogic,
2006). The tool guides the user to apply pair-wise comparisons between
requirements in a similar manner as the PWC technique. The tool
contains an IPC algorithm and stopping rules that indicate to the user
when the necessary number of comparisons has been performed. The
number of required comparisons is reduced to the approximate size 27,
where n is the number of requirements. Thereby, the time-consumption is
reduced radically in comparison with the manual PWC.

The tool displays one requirement pair at the time to the user, possibly
including descriptions of the requirements. The prioritisation is based on
a ratio scale, and applies pair-wise comparisons between requirements
based on some criteria chosen by the user beforehand. The user selects
one of the nine possible “more than”, “equal” or “less than” symbols
between the two requirements, as illustrated in Figure 1. When the user
clicks “ok”, the next pair of requirements is displayed. In that manner the
focus is retained, since only one task at the time is presented to the user.
As the redundancy is reduced by the IPC algorithm, it affects the quality
of the results. The tool includes a consistency check that identifies
inconsistencies among the requirement priorities. The user may then
revise the inconsistent comparisons until an acceptable consistency is
achieved.

The tool also incorporates solutions for RM and project portfolio
management and can visualise the prioritisation results in various charts
and diagrams.

2.1.4 Numeral Assignment

The Numeral assignment technique is based on the principle that each
requirement is assigned a symbol representing the requirement’s perceived
importance. Several variants based on the Numeral assignment technique
exist, e.g. classifying requirements as mandatory, desirable or inessential
(Karlsson, 1996). Another way to classify requirements is to divide them
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into essential, conditional or optional requirements, as suggested by the
IEEE (1998). Furthermore, it would be possible to give each requirement
a number e.g. between 1 and 5, where requirements with a 5 are the most
important ones (Karlsson, 1996). Classifying requirements according to
Numeral assignment does not give us information about the relation
between the requirements in each class, thus several requirements may
appear equally valuable.

2.1.5 $100 Test

In the $100 test, each participant is given $100 in fictional money to
distribute between requirements. Each participant is asked to write down
on a sheet how much of this money is to be spent on each requirement.
Then a facilitator tabulates the results and provides an ordered ranking of
requirements (Leffingwell and Widrig, 2000). The total amount of
money spent on each requirement provides us with a relative difference
between the different requirements, i.e. the results are obtained on a ratio
scale. The technique is particularly useful for calculating a cumulative
vote based on several participants’ views.

2.1.6 Wiegers’ Method

According to Wiegers method, the priority of a requirement can be
calculated by dividing the value of a requirement with the sum of costs
and technical risks associated with implementing it (Wiegers, 1999).
Typical participants are the project manager, key customer representatives
and development representatives. The resulting priorities are on a ratio
scale.

2.2  Theory of Measurement Scales

In the 50s S.S. Stevens proposed properties of measurement systems and
described four different scale types: Nominal, Ordinal, Interval and Ratio,
each of which possesses different properties of measurement systems
(Fenton and Pfleeger, 1997). The scale types are presented in order of
richness, i.e. the second one is said to be richer than the first one as all
relations in the second one are contained in the first (Fenton and Pfleeger,
1997). This section describes these four different scale types in more
detail.
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2.2.1 Nominal Scale

The nominal scale is the most primitive of the four scale types and
includes some kind of categorisation or classification. All objects are
grouped into subgroups and each subgroup is assigned a certain name or
number. No object is allowed to belong to more than one subgroup and
there is no ordering among the classes and no notion of magnitude
associated with the numbers or symbols (Fenton and Pfleeger, 1997).
Requirements grouped according to which sub systems they concern is an
example of nominal classification.

The only statistics to be gathered on this scale is frequency, i.e. the
number of objects in each group. The mode can be calculated, but
not the median or mean.

2.2.2 Ordinal Scale

The ordinal scale can be used to enhance the nominal scale with
information about the ordering of classes or categories. This is the case in
Numeral assignment, when each requirement is classified according to its
value and assigned to e.g. the mandatory, desirable, or inessential
(Karlsson, 1996) group. Priorities can also be measured using numbers
such as 1, 2, 3, where the requirements with highest priority are assigned a
1. In addition, requirements within the groups can be ranked so that an
ordered list of requirements is received. This scheme is used in the
Planning game.

The numbers associated with the requirements represent ranking only,
so arithmetic operations, such as addition and multiplication, have no
meaning (Fenton and Pfleeger, 1997). Statistics to be used on ordinal
scales are calculation of the median and non-parametric statistics.

2.2.3 Interval Scale

This scale type carries information about the size of the intervals between
the ordered classes, so that we can in some sense understand the jump
from one class to another. An interval scale preserves order, as with an
ordinal scale, and differences — but not ratios. The interval scale does not
have any apparent application in requirements engineering,.
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2.2.4 Ratio Scale

The richest of the four scale types is the ratio scale, as it possesses
ordering, size of intervals and ratios between entities. There is a zero
element, representing a total lack of the attribute and measurement start
at zero. This scale type is used in e.g. the Pair-wise comparisons. The ratio
scale provides not only ordering of requirements, but also the relative
distance between ordered requirements, and states how much more
important one requirement is than another. All arithmetic can be applied
to classes on this scale. Both parametric and non-parametric statistics can
be performed on ratio scale data, and the mean can be calculated.

2.3 Cost-Value Approach

When prioritising requirements, it is often not enough to prioritise only
how much value the requirement has to the customers. Often other
factors such as risk, time, cost and requirements interdependencies should
be considered before deciding if a requirement should be implemented
directly, later, or not at all. For example, if a high-priority requirement
would cost a fortune, it might not be as important for the customer as the
customer first thought (Lauesen, 2002). This means that it is important
to find those requirements that provide much value for the customers at
the same time as they cost as little as possible to develop.

Wiegers (1999) suggests that the value of a requirement is balanced
against not just its cost, but also any implications it has for the
architectural foundation and future evolution of the product. He also
proposes that the value is seen as being dependent both on the value it
provides to the user and the penalty incurred if the requirement is absent.

Karlsson and Ryan (1997) use PWC as an approach for prioritising
regarding both value and cost in order to implement those requirements
that give most value for the money. The cost-value approach can visualise
the value-to-cost ratio between the requirements in a cost-value diagram.

The cost-value diagram is used to determine which requirements have
a high value-to-cost ratio and which do not (Karlsson and Ryan, 1997).
When using the ratio scale there are different ways to determine from the
cost-value diagram the requirements with high contribution to the
product, i.e. with a high value-to-cost ratio. Similarly, it is possible to find
the requirements with a low contribution to the product, i.e. with a low
value-to-cost ratio. The cost-value diagram is often divided into three
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separate areas, marked A, B, and C, below. The two main options to
determine these areas are shown in Figure 2. Option (a) is to draw lines so
that one third of the requirements end up in each area (A, B and C) and
option (b) is to draw lines so that requirements with a value-to-cost ratio
higher than 2 end up in area A, and the ones with a value-to-cost ratio
lower than 0.5 end up in area C. Then area B will include the
requirements in between. Option (a) is utilised in the commercial tool
(Focal Point) used in the experiment assignments described below, and
option (b) is presented in e.g. (Karlsson and Ryan, 1997). In both cases,
the lines start in the origin of the diagram and are drawn diagonally
through the diagram.

Requirements in area A are high contributors and should be
implemented as soon as possible, as they are valuable but not expensive to
implement. Requirements in area C are low contributors and too
expensive to implement regarding their low customer value.
Requirements in area B are medium contributors and have to be analysed
further. When using the ordinal scale, the described procedures are not
natural. Drawing lines from the origin of the diagram is not applicable, as
the zero does not have any meaning in the ordinal scale, i.e. no
requirement can be ranked as zero. As stated before, it is not valid to use
arithmetic such as division and multiplication, and therefore the value-to-
cost ratio is not feasible when using ranks.

A more feasible option for the ordinal scale would be to divide the
graph into a number of squares by drawing vertical and horizontal lines
through the graph. Since common techniques such as the Planning game
and Numeral assignment involve dividing the requirements into three
groups for each criterion, this could also be applied in the cost-value
diagram. It would result in nine equally large squares based on the ranks,
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Figure 2.  Option (a): One third of the Option (b): Lines are drawn
requirements in each area regarding the value-to-cost ratio
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as shown in Figure 3. We suggest that the requirements in areas denoted A
are the high contributors that should be implemented first due to their
high value and low cost. The requirements in areas denoted C are low
contributors and should be implemented last or perhaps not at all.
Requirements in areas B are medium contributors and need further
investigation.
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Figure 3.  Ordinal scale cost-value diagram
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3. Pair-wise Comparisons versus Planning
Game Partitioning - Experiments on
Requirements Prioritisation Techniques

This section presents the two experiments described in Paper 2. The first
of the two experiments is also presented in Paper 13.

3.1 Background

Our goal is to analyse and compare requirements prioritisation techniques for
the purpose of gaining increased understanding of the techniques with respect
to their time-consumption, ease of use, and accuracy from the point of view of
the decision-maker. The study describes two consecutive experiments
aimed at comparing the three requirements prioritisation techniques
Planning game, Pair-wise comparisons, and Tool-supported pair-wise
comparisons, see Table 1.

The section is structured as follows. Section 3.2 describes the first of
the two experiments, which compares a rudimentary prioritisation
technique (Planning game) with a more elaborate one (Pair-wise
comparisons). As the Pair-wise comparisons turned out to be very time-
consuming, a majority of the subjects found it less easy to use and most
subjects even found it less accurate, the second experiment was designed
to investigate if the technique would benefit from tool-support. In the
second experiment, prioritisation with a commercial RM tool (Focal
Point) was compared to prioritisation with the manual Planning game,
which is described in Section 3.3. The results from the second experiment
indicate that the Tool-supported pair-wise comparisons is a faster
technique than the Planning game while the ease of use and accuracy are

Table 1. Details about the three techniques compared in the experiments

Technique Abbreviation | Prioritisation algorithm

Pair-wise comparisons PWC Exhaustive pair-wise comparisons between
requirements

Planning game PG Sorting algorithm to partition and rank
requirements

Tool-supported pair-wise | TPWC Tool-support for PWC, reduced number of

comparisons comparisons
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equally high. Section 3.4 discusses the results and compares the two
experiments. Finally, Section 3.5 includes some conclusions from the
experiments.

3.2 Experiment 1

This section describes the first of the two experiments, the experiment
planning and operation as well as the analysis. Finally, it is concluded with
a discussion of the results.

The motivation for the experiment is that although requirements
prioritisation is recognised as an important area, few research papers aim
at finding superior prioritisation techniques that are accurate and usable.
This experiment aims at comparing two of the available techniques in
order to understand their differences. The PWC was pointed out as a
superior technique in a comparison between prioritisation techniques
(Karlsson et al., 1998), while a technique similar to PG was ranked rather
low. However, the PG technique is of current interest since it is used in
the agile community. Therefore these two techniques are interesting to
investigate.

The experiment design described in this section is to a large extent also
used in the second experiment. Therefore, Section 3.3 is focused on
describing the second experiment and the differences between the two
experiment designs.

3.2.1 Hypotheses and Variables

The goal of the experiment is to compare two prioritisation techniques
and to investigate the following null hypotheses:

HpyI: The average time to conclude the prioritisations is equal for both
techniques, PG and PWC.

H2: The ease of use is equal for both techniques, PG and PWC.

H3: The accuracy is equal for both techniques, PG and PWC.

The alternative hypotheses are formulated below:
HyI: The average time to conclude the prioritisations is not equal for
both techniques, PG and PWC.
H 42: The ease of use is not equal for both techniques, PG and PWC.

H 43: The accuracy is not equal for both techniques, PG and PWC.
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The independent variables are the techniques PG and PWC. The
objective dependent variable average time to conclude the prioritisations was
captured by each subject by noting their start and stop time for each task.
The subjective dependent variable ease of use was measured by a
questionnaire, which was filled out by all subjects after the experiment.
The subjects were asked “Which technique did you find easiest to use?”
The subjective dependent variable accuracy was measured by conducting a
post-test a few weeks after the experiment. Each subject was sent four
personal lists (two for each criterion), corresponding to the priority order
compiled from the two techniques investigated during the experiment.
The subjects were asked to mark the priority order that corresponded best
to their views. The time-consumption and ease of use are very important
measures since resources are limited and a fast and easy technique is more
likely to be used than a more effort-demanding one. The third and
probably most important variable is the accuracy, i.e., that the technique
is trustworthy and that the resulting priority order reflects the decision-
maker’s opinion. In a recent case study investigating prioritisation
techniques, participants found the resulting priority order incorrect when
using Wiegers’ method. Some participants changed their estimates in
order to get a better priority order, when the results given by the method
seemed wrong (Lehtola and Kauppinen, 2004). This accuracy of the
resulting priority order is interesting to investigate and therefore we
compare the subjective accuracy of the techniques in this experiment.

3.2.2 Experiment Design

The experiment was carried out with a repeated measures design, using
counter-balancing i.e., all subjects used both techniques (Robson, 2002;
Wohlin et al., 2000). The 16 subjects in the convenient sample included
15 Ph.D. students (10 male and 5 female) in their first or second year,
and one professor (male). The experiment was conducted as part of a
research methodology course. Before the experiment, a pre-test was
performed. The experiment was carried out during a one-day session,
which included an introduction to the task, the experiment itself, a post-
test, and finally a concluding discussion of the experiment
implementation. In addition, a few weeks after the experiment a second
post-test was conducted. Figure 4 outlines the activities performed in
Experiment 1.
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Pilot experiment

Pre-test

Figure 4.  Activities conducted in Experiment 1

The requirements used in the prioritisation were mobile phone
features, which are requirements on a high level of abstraction and rather
independent. The prioritisation was performed without taking
requirements dependencies into account.

The trade-off between cost and value, often faced by a development
organisation, was difficult to investigate for our subjects, as the cost of
developing a certain requirement is difficult for laymen to estimate.
Therefore the criterion Price was selected instead, as the trade-off faced by
consumers regards the Value of different functions in the phone and the
Price of the phone. The criteria are defined as follows:

« The Value criterion corresponds to how important and valuable the
subject find the requirement.

« The Price criterion corresponds to how much the subject thinks the
requirement adds to the price of the mobile phone.

The Value criterion has probably been regarded by most subjects when
buying or comparing mobile phones. The Price criterion may also be
accounted for since buying or comparing mobile phones gives a clue of
how the price differs depending on the included requirements. Thus,
there is a trade-off between Value and Price when buying a mobile phone.

The two requirements prioritisation techniques described in Section
2.1.1 and 2.1.2 were used as input to the experiment, but were modified
in order to be more comparable. The PWC is conducted using the AHP
for calculating requirements priorities. A flat requirements structure was
used, i.e., the system aspect of AHP was not considered in our PWC
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technique (Saaty, 1980). Neither did we use any of the possible ways of
reducing the number of comparisons, thus the pair-wise comparisons
were exhaustive. PG was modified so that the piles were labelled
according to the Value and Price criteria: (1) Necessary, (2) Adds to the
value and (3) Unnecessary, and (1) Very high price, (2) Reasonable price
and (3) Low price, respectively. Thus, the aspects of implementation cost
and risk, which are emphasised in XP were substituted by Price in our
experiment to make it reasonable for laymen to estimate.

Pilot Experiment. A pilot experiment was performed before the main
study to evaluate the design. Six colleagues participated and they
prioritised ten requirements each, with both techniques. After this pilot
experiment, it was concluded that the experiment should be extended to 8
and 16 requirements in order to capture the difference depending on the
number of factors to prioritise. Another change was to let the subjects use
the techniques and criteria in different orders to eliminate order effects.
Further, changes to the PWC sheets included to remove the scale and
instead use “more than” and “less than” signs so that the participants
would not focus on the numbers, and to arrange the pairs randomly on
each sheet.

Pre-Test. Before the session, the subjects were exposed to a pre-rest in
order to get a foundation for sampling. A questionnaire was sent out by e-
mail in order to capture the knowledge about mobile phones and the
subjects’ knowledge and opinions of the two prioritisation techniques.
The pre-test was used to divide the subjects into groups with as similar
characteristics as possible.

Another objective with the pre-test was to investigate how well the
subjects could apprehend the price of mobile phone requirements. A
majority of the subjects stated that they consider buying a new mobile
phone at least every second year, and therefore we believe that their
knowledge of mobile phone prices is fairly good.

Execution. The experiment took place in an ordinary lecture room
during a one-day session. Data were mainly collected through
questionnaires where the subjects filled out the time spent on each task
and their opinions on the techniques.

The domain in this experiment was mobile phones and according to
the pre-test, all subjects were familiar with this context. The factors to
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prioritise were mobile phone requirements, for example SMS, Games,
WAP, Calendar, etc. (see the appendix, Table C, for complete list).

One intention of the experiment was to investigate if a different
number of requirements would affect the choice of preferred technique.
Therefore, half of the subjects were asked to prioritise 8 requirements,
while the other half prioritised 16 requirements. Another intention was to
investigate if the order in which the techniques were used would affect the
choice of preferred technique. Therefore, half of the subjects started with
PWC and half started with PG. The order of the Value and Price criteria
was also distributed within the groups in order to eliminate order effects.
Thus, the experiment was performed using a counter-balancing design, as
shown in the appendix, Table A.

The experiment was conducted in a classroom with the subjects spread
out. Each subject was given an experiment kit consisting of the PWC
sheets and the PG cards.

For PWC, one sheet per criterion and person had been prepared, with
all possible pair-wise combinations of the requirements to compare. For
the purpose of eliminating order effects, the order of the pairs was
randomly distributed so every subject received a different order of the
comparisons. With 16 requirements to compare, there was 16(16-1)/2 =
120 pair-wise comparisons for Value and Price, respectively. With 8
requirements, there was 8(8-1)/2 = 28 pair-wise comparisons for Value
and Price, respectively. In between each pair in the sheets there was a scale
where the difference of the requirements’ Value or Price was circled, see
Figure 5. To be able to try different scales, no scale numbers were written
on the sheets. Instead, a scale with 9 different “more than”, “equal” and
“less than” symbols was used. The further to the left a symbol was circled,
the more valuable (or expensive) was the left requirement than the right
one. If the requirements were regarded equally valuable (or expensive) the
“equal” symbol was circled.

For PG, the subjects were given two sets of cards (one set for Value and
one for Price) with one mobile phone requirement written on each. The
cards were partitioned into three piles, separately for the Value criterion

Which of the two features is more valuable to you?
Alarm <<<< <<< << < = > >> >>> >>>> Timer
WAP <<<< <<< << < = > >> >>> >>>> SMS

Figure 5.  Example of PWC sheet

86



Part 11

and the Price criterion, see Figure 6. The piles represent (1) Necessary, (2)
Adds to the value and (3) Unnecessary, for the Value criterion, and (1)
Very high price, (2) Reasonable price and (3) Low price, for the Price
criterion.

Within the piles, the cards were then arranged so that the most
valuable (or expensive) one was at the top of the pile and the less valuable
(or expensive) were put underneath. Then the three piles were put
together and numbered from 1 to 8 and 1 to 16 so that a single list of
prioritised requirements was constructed for each criterion.

The subjects were given approximately 2 hours to conclude the tasks,
which was enough time to avoid time-pressure. During the experiment,
the subjects were instructed to note the time-consumption for each
prioritisation. Further, the subjects had the possibility to ask questions for
clarification.

Post-Test 1. The subjects handed in their experiment kit after finishing
the tasks and were then asked to fill out a post-test. This was made in
order to capture the subjects’ opinions right after the experiment. The test
included the questions below, as well as some optional questions
capturing opinions about the techniques and the experiment as a whole.
The questions were answered by circling one of the symbols “more than”,
“equal” or “less than”.

1. Which technique did you find easiest to use?
2. Which technique do you think gives the most accurate result?
Post-Test 2. After completing the analysis, the subjects were, in a second

post-test, asked to state which technique that, in their opinion, gave the
most accurate result. They were sent two sheets (one for Value and one for

1 2 3
L II 1 u 1
WAP
L] SMS . || Games
1 2 3
Timer _‘L MMS l WAP

Figure 6.  Example of PG cards
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Price) with two different lists of requirements, corresponding to the
results from the PG and PWC prioritisations. The post-test was designed
as a blind-test, thus the subjects did not know which list corresponded to
which technique, but were asked to select the list they felt reflected their
opinions the most. In order to get comparable lists, the ratio scale from
PWC was not shown, and neither was the pile distribution from PG.

3.2.3 Threats to Validity

In this section, the threats to validity in the experiment are analysed. The
validity areas considered are conclusion, internal, construct and external,
according to Wohlin et al. (2000).

Conclusion validity concerns the relationship between the treatment
and the outcome. Robust statistical techniques are used, measures and
treatment implementation are considered reliable. The data were plotted
and tested to check if it was normally distributed. In all cases, the data
could not be concluded to be normally distributed and, thus, non-
parametric tests were used. However, a threat is low statistical power, since
only 16 subjects were used.

Furthermore, we have tried to increase the reliability of measures by
conducting a pilot experiment and thereafter adjusting the wording and
instrumentation. Another issue is that objective measures, e.g., time-
consumption, are more reliable than subjective ones, e.g., ease of use and
accuracy. However, the subjective measures are very important in this
experiment and therefore we have chosen to include them. The
experiment took place during one single occasion and therefore the
implementation and setting are not a threat in this case.

Internal validity concerns the relationship between the treatments and
the outcome of the experiment. The internal threats that may have
affected the experiment are the fatigued effect, testing and group pressure.
The subjects could become fatigued during the experiment, which may
affect the concentration. In particular, the subjects who perform the tasks
with 16 requirements may get tired or bored. This has been checked in
the analysis, by calculating the consistency index for PWC. There is no
significant difference in consistency for groups using different numbers of
requirements (see Table 8). Hence, we draw the conclusion that the threat
to the fatigue is low.

The testing threat is that the subjects get practice during the
experiment and unconsciously get an opinion on the context using the
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first technique, which will affect the result for the second technique. At
least when using PG first, it may affect the PWC performance. In Table 9,
the order effect on consistency is analysed. There is no statistical
difference in consistency depending on the order. Hence, this indicates
that learning effects have not affected the experiment.

The third internal threat is the group pressure that may affect the
subjects to rush through the task. In Section 3.2.4, there is an analysis of
the correlation between the time used by the subjects and the consistency.
The data indicates that the time-consumption has not affected the
consistency of the prioritisation.

Construct validity concerns the relation between theory and
observation. One threat in the design has been observed. It would have
been valuable to start the session with an introduction explaining each
requirement in the prioritisation to clarify their meaning. However, the
subjects had their own interpretation of the requirements, which was the
same throughout the experiment and therefore this should not affect the
result.

External validity concerns whether the outcome of the experiment can
be generalized to the population. Threats to external validity limit the
generalisability of the experiment to industrial practice. The subjects are
sampled from software engineering PhD students. Hence, the outcome of
the experiment can be generalized to this group. In addition, for this
experimental context it is likely that this group would perform equally to
the requirements engineers and product managers who are intended to
use the techniques in practice. The subjects are familiar with the
application domain (mobile phone requirements) and several of the
participants had prior working experience. The difference between
industrial professionals and students in their final years has been
considered small in other studies (Host et al., 2000; Runeson, 2003).
Furthermore, if a student experiment shows that one technique is better
than another it is rather unlikely that professionals would come to the
opposite conclusion (Tichy, 2000).

As most experimental conditions, the time is an important factor. In
order to reduce the time needed for the experiment, the number of
prioritised requirements is rather few. In most real cases, the total number
of requirements is higher and therefore the results found in this study may
be valid if the prioritisation is performed on a subset of the requirements.
This may be the case e.g., if only the newly arrived requirements are
prioritised or only the requirements for a certain sub-system. It is difficult
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to judge whether extending the number of requirements would lead to
the same result. Therefore, future replications and case studies have to be
made in order to draw conclusions when more requirements are used.

As the requirements used in this experiment are rather independent,
they may have been easier to prioritise than is usually the case in industry.
For example, the time required to perform the prioritisation would
probably be larger in an industrial case due to more difficult trade-offs
and dependencies between requirements. Requirements dependencies can
require a group of requirements to be selected for a release instead of
individual ones. This has not been investigated in the experiment.

A recent study investigated different criteria for selecting requirements
for a certain release (Wohlin and Aurum, 2005). The results indicate that
technical concerns, such as requirements dependencies, are less important
than management-oriented criteria when deciding which requirements to
select for a project or release. Therefore it is likely that requirements
dependencies would have a relatively small effect on the results in an
industrial case. We believe that these results may be used as a pilot for
identifying trends before conducting a study in industry (Berander,
2004).

In summary, the main threats to the validity are that fewer, and more
independent, requirements were used than in most industry cases. Hence,
future replications are needed in order to reduce these threats. We believe
that the other threats are under control. However, one mistake was made
during the experiment. The scales “more than” and “less than” in the
PWC sheets were accidentally switched so that it could be interpreted in
the opposite way than was intended (see Figure 5). This caused some
confusion during the experiment. However, the interpretation was
explained and clarified and therefore this should not be considered as a
threat to validity.

3.2.4 Data Analysis

The analysis of the experiment was divided between two independent
researchers, in order to save time and to perform spot checks so that the
validity coul