The quality of a product is commonly deﬁned by
its ability to satisfy stakeholder needs and expectations. Therefore, it is important to ﬁnd, select, and
plan the content of a software product to maximize the value for internal and external stakeholders.
This process is traditionally referred to as requirements engineering in the software industry, while
it is often referred to as product management in
industries with a larger market focus. As an increasing number of software products are delivered
to a market instead of single customers, the need
for product management in software companies
is increasing. As a side effect, the need for mechanisms supporting decisions regarding the content
of software products also increases.
While decision-support within requirements engineering and product management is a broad area,
requirements prioritization together with release
planning and negotiation are considered as some
of the most important decision activities. This is
particularly true because these activities support
decisions regarding the content of products, and
are hence drivers for quality. At the same time,
requirements prioritization is seen as an integral
and important component in both requirements
negotiation (with single customers) and release
planning (with markets) in incremental software
development. This makes requirements prioritization a key component in software engineering
decision support, in particular as input to more
sophisticated approaches for release planning and

negotiation, where decisions about what and when
to develop are made.
This thesis primarily focuses on evolving the current body of knowledge in relation to release
planning in general and requirements prioritization in particular. The research is carried out by
performing qualitative and quantitative studies in
industrial and academic environments with an empirical focus. Each of the presented studies has its
own focus and scope while together contributing
to the research area. Together they answer questions about why and how requirements prioritization should be conducted, as well as what aspects
should be taken into account when making decisions about the content of products.
The primary objective of the thesis is to give guidelines on how to evolve requirements prioritization to better facilitate decisions regarding the
content of software products. This is accomplished by giving suggestions on how to perform research to evolve the area, by evaluating current
approaches and suggest ways on how these can be
improved, and by giving directions on how to align
and focus future research to be more successful
in development of decision-support approaches.
This means that the thesis solves problems with
requirements prioritization today, and gives directions and support on how to evolve the area in a
successful way.
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Abstract
The quality of a product is commonly defined by its ability to satisfy stakeholder needs
and expectations. Therefore, it is important to find, select, and plan the content of a
software product to maximize the value for internal and external stakeholders. This
process is traditionally referred to as requirements engineering in the software industry,
while it is often referred to as product management in industries with a larger market
focus. As an increasing number of software products are delivered to a market instead
of single customers, the need for product management in software companies is
increasing. As a side effect, the need for mechanisms supporting decisions regarding the
content of software products also increases.
While decision-support within requirements engineering and product management is a
broad area, requirements prioritization together with release planning and negotiation
are considered as some of the most important decision activities. This is particularly
true because these activities support decisions regarding the content of products, and
are hence drivers for quality. At the same time, requirements prioritization is seen as an
integral and important component in both requirements negotiation (with single customers) and release planning (with markets) in incremental software development. This
makes requirements prioritization a key component in software engineering decision
support, in particular as input to more sophisticated approaches for release planning
and negotiation, where decisions about what and when to develop are made.
This thesis primarily focuses on evolving the current body of knowledge in relation to
release planning in general and requirements prioritization in particular. The research is
carried out by performing qualitative and quantitative studies in industrial and academic
environments with an empirical focus. Each of the presented studies has its own focus
and scope while together contributing to the research area. Together they answer questions about why and how requirements prioritization should be conducted, as well as
what aspects should be taken into account when making decisions about the content of
products.
The primary objective of the thesis is to give guidelines on how to evolve requirements
prioritization to better facilitate decisions regarding the content of software products.
This is accomplished by giving suggestions on how to perform research to evolve the
area, by evaluating current approaches and suggest ways on how these can be improved,
and by giving directions on how to align and focus future research to be more successful in development of decision-support approaches. This means that the thesis solves
problems with requirements prioritization today, and gives directions and support on
how to evolve the area in a successful way.
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H A P T E R

Introduction

In everyday life, we make many decisions (e.g. buying a DVDplayer, food, a telephone), often without even being conscious of
making one. Usually, we do not have more than a couple of choices
to consider, such as which brand of mustard to buy, or whether to
take this bus or the next one. Even with just a couple of choices,
decisions can be difficult to make. When having tens, hundreds or
even thousands of alternatives, decision-making becomes much
more difficult.
When having many choices, it is often not obvious which choice is
better, because several aspects must be taken into consideration.
For example, when buying a new car, it is relatively easy to make a
choice based on speed alone (one only needs to evaluate which car
is the fastest). When considering multiple aspects, such as price,
safety, or comfort, the choice becomes much harder. When developing software systems, similar trade-offs must be made. The functionality that is most important for the customers might not be as
important when other aspects (e.g. price) are factored in. We need
to develop the functionality that is strategically most important
while satisfying customers and being least risky, least costly, etc.
Software engineering decision support plays a vital role in the value
generation processes, as it facilitates making the right decisions and
developing the right things. Hence, decision support is a crucial
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component in achieving the goal of delivering value to internal or
external stakeholders. When delivering business value, one of the
key issues is to decide what and when to develop, and it is important to make trade-offs between different objectives, stakeholders
and constraints. Even though having decision support is a prerequisite for doing this effectively, and despite an emerging awareness of
the role of decision support when determining what to develop, little attention has been devoted to providing appropriate support for
making decisions about what to include in products.
The processes of finding out and deciding what to develop is
referred to as requirements engineering or product management,
depending on the market situation. One of the keys to making the
right decision is to prioritize between different alternatives.
Although rather much research has been performed to investigate
when and how to use prioritization as decision support when making such decisions, there still exist little evidence on what prioritization approach to use in what situation. In this thesis, focus is put on
understanding the area of requirements prioritization and evolving
the area further by studying the applicability of different prioritization approaches in different situations.
In the subsequent chapters of this thesis, different research studies
are presented, all with their own focus and contribution. The common theme is that they focus on certain aspects of requirements
prioritization. Together, they aim at answering the general research
question of this thesis: How can requirements prioritization be evolved to
facilitate better decisions regarding the content of software products?
In the current chapter, the research area is presented (Section 1.1)
and the research is motivated by referring to trends in software
engineering (Section 1.2). In Section 1.3, the different vocabulary
used in relation to the research area is presented and it is determined how this vocabulary is used in this thesis. In order to give a
better understanding about the setting in which the research have
evolved, Section 1.4 presents this setting together with some motivation for the research from an industrial perspective within this
setting. Section 1.5 presents some basic theories behind research
methodology together with a discussion about the different kind of
research approaches that have been used in this thesis. Last, an outline is given to introduce the reader on what parts the thesis consist
of, how to read the thesis, and how the different chapters relate to
each other.
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1.1

Area of Research
In complex areas, such as economics, management research, operations research, game theory and cognitive sciences, decision support (and decision making) is a well-established research discipline
[138]. Software engineering has a strong component of management, which makes the situation similar to such areas [124]. Furthermore, software engineering is undertaken in a complex,
uncertain and/or dynamic environment with decisions regarding
products, processes, technologies, tools etc. [138]. The demand for
decision support in software engineering concerns the entire product lifecycle, from product idea to evolution and maintenance.
Activities in all these phases need support in how to describe, evaluate, sort, rank, and select/reject candidate products, processes etc.
[138]. Decision support that provides as much input as possible to a
decision maker is essential, and is tremendously important to be
able to develop software faster, cheaper, and of high quality [138].
The quality of a software product is often determined by the ability
to satisfy the needs of the customers and users [15, 150]. Consequently, by finding, selecting, and planning releases with suitable
functionality, the chance of a successful project or product
increases. Obviously, it does not matter how well other parts of
development are conducted (e.g. testing) if the wrong functionality
is implemented and users resist buying and using the product.
When developing products, decision makers often face the challenge of having more candidate functionality than is possible to
realize given different constraints (e.g., time, cost, and resources)
[90]. In such situations, it is necessary to identify the most important functionality to maximize the overall business value while satisfying different key interests, technical constraints, and preferences
of critical stakeholders [139]. By identifying the functionality that is
most important, least costly, least risky etc., it is possible to find a
favorable mix that can be used to produce a system that implements
only a subset of the functionality, while still satisfying users. To find
the requirements that add most value to business, it is possible to
utilize some of the available prioritization techniques.
In software engineering, prioritization has commonly been used in
prioritization of software requirements, even though prioritization
have been used in other parts of software engineering as well [13].
The whole process of managing requirements of software products
is traditionally referred to as requirements engineering [103]. In
more other (more mature) industries, however, this process is more
Area of Research
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commonly referred to as product management (see e.g. [36, 105]),
even though it sometimes is referred to requirements engineering in
other areas as well (see e.g. [3]). The reason for the difference in
vocabulary is probably related to the fact that most software
research has been focused on in-project decisions when products
are developed to specific customers in bespoke development [30,
48], while other industries mainly focus on market-driven product
development. However, one trend in the software industry is that
more and more products are developed in a market-driven context
[30] (see Section 1.2.3 for details).
The move towards a more market-driven environment in software
engineering has been highlighted and more and more focus is put
on this way of development. This manifested by the notion of market-driven requirements engineering (MDRE; see e.g. [57, 133]) as
well as the fact that the term “product management” is being
increasingly used in the area. For example, books have been written
[46] and a workshop has been conducted [73] on software product
management. As the way the software is handled in a market-driven
context is different in many ways from traditional development (see
e.g. [30, 148]), research must be conducted to increase the body of
knowledge when developing software products in a market-driven
context [171]. While there is much literature available about product
management in general (e.g. [36, 105]), there is few sources that
takes the specifics of software product management into account
(e.g. reproduction and distribution costs [153, 171]), and provides
support for the overwhelming tasks involved [46]. One of the most
important and challenging decision-making activities independently
of the market situation is to decide which functionality to include in
a product [124]. This thesis is focused on finding more efficient
ways of making such decisions by studying release planning
approaches in general and prioritization approaches in particular.
Although there are many differences between bespoke and marketdriven software development when it comes to challenges faced,
there are of course also many similarities. In this thesis, no specific
standpoint is taken whether the results should be applicable in
bespoke or market-driven settings (even though the research has
been conducted in a market-driven setting, see Section 1.4). Therefore, the process of managing the functionality to include in a product is referred to as requirements engineering in this thesis. This
also means that the process of prioritizing the functionality is
referred to as requirements prioritization. Further, the functionality
referred to is denoted as requirements independently of abstraction
4

Area of Research

Introduction

level (e.g. feature, function, goal) and type of requirement (e.g. functional or non-functional).

1.1.1

Positioning the Research
While decision support in requirements engineering is a fairly broad
area, requirements prioritization together with release planning,
elicitation, and negotiation are considered as some of the most
important requirements decision activities [124]. At the same time,
requirements prioritization is an integral (and important) part in
both requirements negotiation and release planning in incremental
software development [138]. This makes requirements prioritization
a very important component of software requirements decision
support, especially as input to other, more sophisticated release
planning methodologies and negotiation approaches for deciding
what to develop and when to do it.
As previously stated, most research in the area of requirements
engineering traditionally focus on development where one system is
developed for one customer (possibly with many users). Although
this focus is not explicitly stated, it is obvious that this is in mind in
different textbooks and research papers. In such development, decisions regarding content of the product are made within projects
and prioritization is used as input to negotiations with the customer
[48, 138]. Still, prioritization and negotiation can be made in different phases [29, 107], and several different aspects can be taken into
account (see Chapter 2). Nevertheless, the common view is that the
requirements engineering process is located in the beginning of a
project and can be understood similarly as presented in Figure 1.1
(note: this is a coarse grained and abstract model).

Requirements
elicitation

Requirements
analysis and
negotiation

User needs,
domain information,
existing system information,
regulations, standards, etc.

Figure 1.1

Requirements
documentation

Requirements
validation

Requirements
document
System
specification

Agreed
requirements

Coarse-grain activity Model of the Requirements Engineering
Process [101].
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As can be seen in this figure, a project is often started based on
some user needs, domain information, etc. that is input to the elicitation of requirements. The elicited requirements are then analyzed
and negotiated, documented, and validated, to finally end up with a
final list of agreed requirements that should be implemented. These
agreed requirements are then passed to design, implementation,
test, etc.
It should be noted that Figure 1.1 is in no ways complete, and that
the implementation varies greatly between different contexts [101].
It should also be noted that change management (which runs in
parallel with all the activities) is left out of this figure [101]. Still, the
figure presents the requirements engineering process at a high-level,
and it is possible to see where negotiation (and hence prioritization)
is located in the process. It should be noted that the main stakeholders in this process are the development organization (e.g.
requirements engineers) and the customer.
When looking at software product management (market-driven
requirements engineering), on the other hand, the situation gets a
bit more complex. Here, many more stakeholders must be taken
into account (e.g. market, partners) and more activities are involved
(e.g. portfolio planning, product roadmapping). In Weerd et al., an
initial reference framework for software product management is
presented, where key process areas, stakeholders, and their relations
are modeled [171]. This framework is presented in Figure 1.2.
When comparing Figure 1.2 with Figure 1.1, it is possible to see
that the situation is more complex in a market-driven environment.
For example, instead of caring for single products, a whole product
portfolio, product themes, etc. must be taken into account. Similarly, it is not possible to go and ask the customer about what
should be in the product. Instead, many different perspectives must
be taken into account, such as the company board (overall strategies) and all potential future customers (commonly represented as
market segments). Still, it is possible to see that the activities in Figure 1.1 are part of this process as well (although named differently).
In this thesis, the research performed primarily contributes in the
process area called “Release planning”. Within this process area,
three sub functions are the main focus. First, the sub-function
called “Requirements prioritization” is the primary focus of the thesis, and Chapters 2 to 7 covers requirements prioritization in-depth.
Still, some of these chapters also touches upon the “Requirements
6
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selection” sub-function. Moreover, “Requirements selection” and
“Scope change management” are studied in Chapter 8.
board requests
market trends

product development strategy

Portfolio management
Partnering &
collaborations
contracting

Product lifecycle
lifecycle decisions
management

trends

Market trend
identification

Product line
identification

trends
product lines

Market

Product roadmapping
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identification

themes

Core asset
identification
market trends
partner requests

Requirements management
Requirements
gathering
requirements

Roadmap
construction

core assets

roadmap
Requirements
identification

product requirements

product requirements list

Partner
companies
technology drivers

Requirements
prioritization
scope
changes

release
content

Requirements
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Scope change
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marketing

customer &
prospect requests
customer
requests

roadmap
release
definition

Release
definition

launch
information
Release
validation

adaptations
validated release definition

validation

Research &
innovation

Release planning
prioritized
requirements

Requirements
organizing

business case validation
validation

contracts

Company board
Product management

Launch
preparation
launch
preparation
package

Customer
launch preparation package

internal stakeholders
internal functions

Development

Support

Services

external stakeholders

change requests, bug fixes

Figure 1.2

Reference Framework for Software Product Management [171], with
Permission from Inge van de Weerd (Main Author).

Although there are one process area and three sub functions in
focus of this thesis, several others are of course related. For example, release planning needs input both from “Product roadmapping” (see e.g. [80, 108]) and product-line scoping (see e.g. [33, 149])
when planning software products (both for the product as such,
and the product family). Even though it is important to be aware of
the relationships to these related areas, this thesis primarily focus on
release planning in general and prioritization in particular (with
some focus on selection). The trend of market-driven development,
and the challenges faced, is further discussed in Section 1.2.3.
This section aims to position the work in this thesis in relation to
surrounding activities in software development in general and
requirements engineering and product management in particular.
Positioning the work in relation to related research performed previously is done in each chapter. In particular, Chapter 2 gives an
overview of what requirement prioritization is, what different techniques that exist, as well as a discussion about what to consider and
how prioritization can be performed.
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1.2

Some Trends in Software Engineering
As outlined in the previous section, this thesis is focused on release
planning in general and requirements prioritization in particular. In
this section, a deeper motivation for the need of research within
this area is given, by discussing some of the more obvious trends in
the software industry, without attempting to be exhaustive. The
focus is put on two trends that support the need for requirements
prioritization, as well as one trend that changes the conditions for
requirements prioritization. Below, three different trends are discussed, which all supports the need for prioritization in software
product management. The first two trends are also highlighted in
Boehm’s paper [22] about trends in software engineering, while the
last one falls outside the scope of that paper (as it focus on the conditions rather than the activities).

1.2.1

Value-Based Software Engineering
Much of the current work (practice and research) in the software
engineering area is done in value-neutral settings [21]. This means
that all requirements, test cases, defects, etc. are treated equally and
that earned value is tracked with respect to cost and schedule
instead of stakeholder or business value [21]. For example, current
earned-value approaches (e.g. [110, 118, 157]) do not focus on value
but rather on cost and schedule planning/monitoring. If not being
aware of the value, a 10-week project with a budget of 100 percent
(i.e. all involved activities) is planned as can be see in the white line
in Figure 1.3. As we do not know anything about the value, the
project is planned and monitored according to the cost and schedule in a linear fashion. In a value-based approach, the project is
rather planned and monitored according to the value that is added
in the activities performed. This means that we focus on the most
important activities first, and make them good, instead of planning
without considering value.
The situation explained in relation to the white line is still present in
industry despite the fact that most primary critical success factors
lie in the value domain (e.g. user focus, realistic time frames, realistic
objectives) [21]. The awareness of the drawbacks with being valueneutral has lead to an emerging community in software engineering,
called value-based software engineering (VBSE). The key focus
here is to deliver value to stakeholders rather than being value-neutral as in most current development approaches [20]. As a result of
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this community, an agenda has been developed with the objective of
integrating value considerations into existing and emerging principles and practices. Within this agenda, stakeholder and requirements prioritization as well as release planning are central
components [21]. While models for cost estimation are well established, definitions of value drivers (supporting decision-making and
prioritization) and frameworks are missing [50]. When decreasing
time-to-market with maximized stakeholder satisfaction, a valuebased approach is necessary, and decision support for release planning (and hence prioritization) plays a key role in identifying value
propositions [117].

Value-neutral

Value-based

Work Planned/Completed

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
0

1

2

3

4

5

6

7

8

9

10

Time (Week)

Figure 1.3

Value-based vs. Value-neutral Approach to Planning

By focusing on value, it is possible to create a strategy to achieve
long-term profitable growth and sustainable competitive advantage.
To achieve that, companies need to create value for current and
future products and find out how to deliver value to customers in
the most profitable way taking products, processes, and resources
into account [16]. This shows the importance of prioritization and
release planning in software engineering.

1.2.2

Agile and Lean Development
The traditional way of developing software is most often referred to
as the waterfall model (see e.g. [128, 162] for details). This process is
basically performed by eliciting and specifying all the requirements
of a system, and then implementing those requirements into a system through design, implementation, testing, and maintenance
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[162]. This model is most frequently interprested as a purely
sequential process, where the next step is not started until the previous one is finished [22]. As can be understood by its sequential
nature, the waterfall process does not align well with the valuebased approach (see Section 1.2.1) as it does not make sense to plan
development sequence based on value since everything will be
implemented anyway. Over the years, the waterfall model has been
highly criticized (see e.g. [128]) although the sequential nature is seldom followed in practice [162].
One of the main drawbacks that are mentioned in relation to the
waterfall model is the long cycle time (i.e. time-to-market/customer). In today’s business environment, customers do not tolerate
long development cycles as they are continuously looking for new
functionality [128]. To address this problem, a myriad of different
development approaches have been proposed, which are based on
phased approaches like iterative and incremental [128]. By developing with a phased approach, it is possible to deliver early by letting
the users use parts of the system while other parts are being developed [128]. It makes more sense to try and focus on the most valuable parts first, and hence try to get a similar development curve as
the black one presented in Figure 1.3.
Since the late 1990’s, several emerging development approaches
have been focused on simplicity and flexibility, in order to develop
software quickly and capably [128]. Several of these approaches
share the same values and beliefs, which have been documented in
the “agile manifesto” [34]. Some of the most known development
approaches within this movement is eXtreme Programming (XP)
[9] and SCRUM [151, 152]. Both focus on release planning, XP
with Planning Game, and SCRUM with its focus on product backlogs and sprints. Hence, they also focus on delivering value to the
stakeholders (although some authors argue that e.g. XP is not a
value-based approach [177]).
In parallel with the agile approaches, lean development has
matured. Lean development stems from lean production, which
was invented by Toyota [176]. The principles of lean production
from Toyota have been tailored to fit in the software engineering
domain, and is presented by Poppendick and Poppendick [129]. In
a nutshell, lean development is about reducing the development
timeline by removing all non-value-adding wastes. Waste is anything
that interferes with giving the users what they value at the time and
place where it will provide most value. Hence, anything that is done
10
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that does not add value is waste, and any delay that keeps the value
from the users is waste. The first thing to do when eliminating
waste is to understand what value actually is (what will the users
value?). Hence, we need to find the most important functionality
(only 20% of features in typical custom software is used regularly)
in order to delight customers as soon as possible. By adding extra
features, not only is time added, but also complexity [129].
As can be seen in the above discussion, both agile and lean development focus on delivering value to the users as soon as possible,
which aligns well with the value-based approach discussed in Section 1.2.1. The benefits of this way of working is evident as many
organizations are changing the way that they develop software, to
become more “lean” or “agile” [129], which indicate that more
research is needed to find suitable ways of finding the valuable parts
of a product. One of the most evident ways of finding those valuable parts is of course to utilize some kind of prioritization approach.

1.2.3

Market-Driven Requirements Engineering
As can be seen in Section 1.1, an increasing number of software
products are developed as market-driven products rather than tailor-made products (also denoted as contract-driven, bespoke, custom-made, etc.) that was more common only some years ago [58,
133]. This is not at least manifested by many of the large companies
(Microsoft, Google, Adobe, etc.), who develop products for a global market with millions of potential customers. Despite this fact,
most practices used in software engineering are aimed towards
bespoke development [58]. Requirements engineering in bespoke
projects focuses on eliciting, understanding, analyzing, documenting, and managing requirements within a project. In addition,
requirements engineering in market-driven situations also need to
manage requirements between releases and products [48, 58] as was
highlighted in Section 1.1.1. While Section 1.1.1 focused on positioning the content of this thesis within the market-driven context,
this section focuses on highlighting some of the challenges that are
faced in market-driven situations.
In market-driven situations, decisions regarding content of products are not only a negotiation between a customer and project
manager, but several additional stakeholders (e.g. product managers,
marketing) must be involved, and more aspects (e.g. business strategy, time-to-market) must be taken into consideration [48]. It also
means that instead of eliciting a number of requirements to impleSome Trends in Software Engineering
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ment from a defined set of users, a continuous inflow of new
requirements must be handled [93]. Further, it also means that
many different users and user types (i.e. market segments [100])
must be taken into account when making decisions in order to produce a successful product. A more elaborated discussion about different stakeholder situations is presented in Section 2.4.
In a market-driven context, the requirements come from several
internal (e.g. developers) and external sources (e.g. users, competitors) and are gathered by different means (e.g. focus groups, competitor analysis) [100, 105]. Regnell et al. present a survey where the
results indicate that only 21 percent of the continuously incoming
requirements are good enough to be implemented with regards to
market opportunities, product strategy, and development resources
[132]. Of course, this makes it hard to determine which functionality that should be included in a project/release. This is manifested
by the result that only 25-50 percent of decisions regarding requirements selection are correct [132]. Similarly, the 2003 Chaos report
showed that only 52 percent of the original requirements were
implemented in the final system, while the others were altered/
removed during development [163].
The above discussion shows that there is a large opportunity to
improve the requirements selection process (and hence prioritization and release planning) to develop better systems that provide
value to stakeholders. In particular, it is important to develop
approaches that are suitable in a market-driven context, as most
focus have been on bespoke situations (in-project) previously [48,
58]. This is further strengthen by the common opinion that the
accuracy of release planning (and hence prioritization) is a major
determinant of the success of a software product (e.g. [29, 58, 93]).

1.3

Vocabulary Definitions
Within the area of requirements prioritization, several requirements
prioritization approaches have been introduced. Such different
approaches work on different measurement scales, focus on different aspects, and have different levels of sophistication (see further
discussion in Chapter 2). The prioritization approaches introduced
vary from high-level prioritization process descriptions to detailed
prioritization algorithms. Approaches on different levels typically
focus on solving some parts of the prioritization problem and put
less emphasis on other challenges.
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One problem in the area of requirements prioritization is that there
exist no common vocabulary for how to denote different levels, and
what it is that characterizes each level. Further, different researchers
use different vocabulary for describing what is taken into account
(e.g. importance, cost) when performing prioritization (e.g. aspect,
criteria, factor). This has resulted in vocabulary confusion as different researchers use different words to denote approaches at the
same level, as well as different words for what is taken into account
when prioritizing. Since this vocabulary confusion may introduce
problems, especially when it comes to empirical studies within the
area, there is a need to structure the area and to suggest what
vocabulary that should be used. In this thesis, the vocabulary suggested for different levels is presented in Section 1.3.1 while the
vocabulary suggested for what is taken into account is presented in
Section 1.3.2.

1.3.1

Hierarchical Division of Approaches
To clarify the field of prioritization and to form a common vocabulary, a hierarchical division of prioritization approaches is presented
in this section. The four levels presented were defined by studying
existing prioritization approaches (as part of the workshop presented in Chapter 5) and identifying commonalities and differences
with regards to their characteristics. These different levels are still
rather coarse grained, and need further refinement. Since four different levels are proposed, and because different vocabulary is used
at each level, the word approach is used in this thesis when referring
to all levels. Below, the levels are presented where higher-level
approaches typically utilize lower-level approaches.

1.3.1.1

Level 1 (Activities):

In all prioritization approaches, some activities need to be done by
the people prioritizing the requirements to get the requirements prioritized. This level refers to these underlying activities where e.g.
requirements are compared to each other pair-wise, Monopoly
money are distributed between requirements, notes are used to put
requirements in piles, etc.
1.3.1.2

Level 2 (Techniques):

Prioritization techniques use the results from Level 1 (activities) as
input, possibly do some calculations with the data, and then present
the priorities. The way the priorities are presented is unique for each
technique. One example of a technique is numerical assignment
[82], which presents priorities ordered in groups, while it does not

Vocabulary Definitions

13

Introduction

prescribe how to end up with the result (activity). Other examples
of techniques are: Analytical Hierarchy Process (AHP) [145, 146],
Binary Search Tree [87], and Hierarchical Cumulative Voting (HCV;
see Chapter 6).
1.3.1.3

Level 3 (Methods):

Prioritization methods are usually specific to requirements engineering and are more sophisticated than techniques. Further, while
a technique commonly focuses on getting a priority on one aspect
(e.g. importance) that is not defined by the technique, a method
commonly takes more variables (e.g. importance, dependencies)
into account and also defines which ones to use. For example, the
Cost-Value approach uses cost and value priorities from AHP
(technique) to calculate a value-cost ratio and presents the result in
a graph as input to release decision. Other examples of methods are
EVOLVE [60], Quantitative Win-Win [139], and Wiegers’ method
[172]. Requirements selection approaches (see Figure 1.2) is an
example of approaches on methods level.
1.3.1.4

Level 4 (Process):

Prioritization process refers to the description of the steps needed
in the organization to prioritize the requirements. This level
includes issues like how stakeholders should co-operate, how prioritization of requirements fits to the selected software process, and
in which order things should be done, etc. Examples of processes
can be found in Karlsson et al. [87] and Regnell et al. [131].

1.3.2

What the Prioritization is Based on
When doing requirements prioritization, it is not enough to prioritize the requirements for a “priority”. Often it is necessary to combine priorities and make trade-offs between different characteristics
(e.g. importance, cost, time-to-market, and risk) of a project’s or
product’s requirements (see further discussion in Chapter 2). Different authors in the area seem to use different terms explaining
this issue. Actually, single authors sometimes use different terms in
different (and even the same) publications (up to four different
terms used to describe the same thing have been found within one
publication). When different terms are used for explaining the
same thing, or the same term is used to explain different things, it
often gets confusing. This section outlines the most commonly
used terms explaining what prioritizations should be based on. In
the description of each term, it is presented how different authors
have used the term and how the terms are defined in the Merriam-
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Webster online dictionary [120]. After going through these different
usages and definitions, an explanation is given on how the terms are
used in this thesis.
1.3.2.1

Aspect

Aspect is defined by Merriam-Webster as “a particular status or
phase in which something appears or may be regarded <studied
every aspect of the question>”. Hofmann and Lehner [64] use
aspect as something that influences rating (i.e. several aspects contributes to a rating). Carlshamre [29] uses the term to exemplify that
value and cost constitute a complex relationship of different
aspects. Further, he states that it is something that goes beyond
resource demands and relative values (i.e. implicit aspects of a problem). Ruhe and Momoh [142] state that urgency addresses the timeto-market aspect (i.e. time-to-market is the aspect and it is made
explicit through urgency). This means that some authors use aspect
as explicit and at a low level (e.g.[64]) while others use it at a higher
and more implicit level (e.g. [29, 142]). It should be clarified that the
use of aspect in a requirements prioritization context should not be
mixed with aspect oriented software development (AOSD).
1.3.2.2

Criterion

Criterion is defined by Merriam-Webster as “to judge or decide” in
the form “a standard on which a judgment or decision may be
based”, and also refers to “standard”. The term criterion has been
used by several authors but the actual meaning of the term differs a
little bit. For example, some authors (e.g. [28, 85, 106, 107, 131]) use
criterion as a term for explaining what the priority is based on (e.g.
importance or cost). Others have used criterion to explain weighting criteria that are used to adjust the influence between stakeholders, based on for example: revenue last year, profit last release, size
of total market segment [131]. Another usage of criterion is as
something that must be fulfilled. For example, Robertson and Robertson [135] discuss fit criterion, a quantified goal that any implementation of a requirement must meet (criteria that must be
fulfilled). Kontio et al. also apply this way of using the term when
explaining that companies in a study had to fulfill certain criteria
[99]. A last way to use the term criterion is when discussing success
criteria by which something can be judged in order to assess the
likelihood of success (e.g. [76]). Even though these last examples are
not directly related to requirements prioritization, it shows how this
word can be used (as a standard of what should be fulfilled).
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1.3.2.3

Factor

Factor is defined by Merriam-Webster as “one of the parts that
make up a whole <price was only one factor in my decision to buy
the car>” and also refers to “element”. As with criterion, the term
factor has been used in different contexts with different meaning.
Some authors (e.g. [103, 106, 107, 135]) use factor as a term for
explaining what the priority is based on (e.g. importance and cost)
when prioritizing product features or products (i.e. within a product
portfolio). It can also be used to explain what underlying principles
making up the priority of something, for example “[…] there are
three main factors in stakeholder satisfaction: quality, cost, and
delivery” [156], “requirements can be ‘risky’ due to a variety of factors” (e.g. technical risk, volatility) [112], or “[…] user value is a
combination of many factors and may be different for different
stakeholders” [60]. The term has also been used in a more mathematical sense when using it as “adjust the weighting factors until the
calculated priority sequence correlates well with the after-the-fact
evaluation […]” [172], and “[…] the stakeholder priority penalty is
multiplied by a user-specified factor larger than one” [60]. These
usages relate more to another meaning of the term factor that Merriam-Webster defines as “any of the numbers or symbols in mathematics that when multiplied together form a product”. Also, factor
has been used to highlight that a final decision might be based on
additional constraints and context factors, not possible to prioritize
explicitly [60], and that factors are circumstances not possible to
control or measure (often unknowns) [161]. The term factor is also
used outside a decision context as key factors, success factors, etc.
when discussing factors that are important, influences outcome,
and contributes to the success of something (e.g. [64, 105, 142]).
1.3.2.4

Other Terms Used

Beside the different terms that are outlined in the previous sections,
there exist additional terms that have been used to explain the same
thing. Examples of such additional terms are the following:

• Element, e.g. “If an organization wants to use a prioritization
method, practitioners need commonly defined guidelines about
the elements of the factors and usage of the scales.” [107].

• Dimension, authors mention dimensions of priority and refer to
for example benefit, penalty, cost, value, and risk [84, 142, 172],
or uses dimension when discussing which dimensions a product
should be evaluated against its competitors (relative advantage,
compatibility, risk, and role of analogous products) [105].
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• Parameter, e.g. “It became clear that the two parameters, cost and
value, were far from sufficient in determining the goodness of a
release suggestion” [29] and “[…] the processes and available
decision parameters are dynamically changing […]” [142].

• Attribute, this term is seldom used in a prioritization context but
has been used when stating that value and cost are important
attributes in release planning [29]. However, the term is more
commonly used as information regarding for example context
and background, connected to the requirements (e.g. [2, 172]).
As can be seen in the examples above, several different terms have
been used to explain what a decision is based on. However, the fact
that these different words are used is not very strange as many are
regarded as synonyms by Merriam-Webster. Even though the words
can be used as synonyms, and even though it is a good practice to
vary the vocabulary used in a text, it is sometimes seen as problematic as the usage of different words can cause vocabulary confusion.
If using different words for the same thing, or using the same word
for different things, it is not always possible to understand what different authors mean when they use different vocabulary. This also
means that it could be problematic when trying to understand,
compare or search for studies. Even though it would be hard work
to get the vocabulary used in the area to be aligned, a guideline for
usage of the different terms is presented below, which is followed
throughout the thesis:
Aspect:

The word aspect is used as something that is taken into account
when making decisions. This means that for example importance,
penalty, cost, etc. can be seen as decision aspects.

Criterion:

The word criterion is used to represent some “standard” (threshold)
that must be fulfilled. For example, to be included into a release, the
risk level of any requirement must not be above a certain value.

Factor:

This word is not used in relation to the decision making as such.
However, a factor could be used in mathematical calculations, such
as compensation factor as discussed in Chapters 6 and 7.

Attribute:

An attribute refers to values that characterize requirements. Examples of such attributes are source, slogan, dependencies, importance,
cost, etc. Hence, some attributes can present different aspects and
can both be the result of a prioritization and be used as input to
release planning.
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1.4

Research Setting and Industrial Motivation
This section aims to present the two primary settings where the
research has been conducted. Further, two studies that motivates
the research performed in the thesis are presented, together with a
discussion about industrial application of the research.

1.4.1

Thesis Setting
The work presented in this thesis has primarily evolved by using
empirical studies, both in academia and industry. The two primary
settings in which the thesis has been conducted is presenting in the
next two subsections. A deeper discussion about the characteristics
of industrial and academic research is presented in Chapter 4.

1.4.1.1

Ericsson AB, Karlskrona (Ericsson)

The research in this thesis project has been conducted together
with Ericsson AB in Karlskrona (further on denoted as Ericsson),
an ISO 9001:2000 (Tick-IT) [72] certified company. During the thesis project, the part of the organization that was the primary collaboration partner had in average 400 employees working in different
software development projects. Such projects typically included 60120 persons for 12-18 months. The employees of the organization
were organized in a matrix organization [125].
Ericsson is one of the market leaders within the telecommunications domain and sells systems to a market with all mobile operators worldwide as potential customers. This means that they sell
products on a market, but still considers specific customers since
the market is limited. The domain and the customer situation result
in that requirements have to be gathered from operators, end users,
standards and regulations, and so forth. This means that the
requirements situation is rather complex, making requirements
selection and release planning a hard task.
1.4.1.2

Blekinge Institute of Technology (BTH)

When not being able to perform studies in industry for different
reasons (e.g. cost, time, and schedule constraints), or when trying
out new techniques and methods, it is possible to carry out studies
in an academic setting. At Blekinge Institute of Technology (further
on denoted as BTH), the software engineering programme is one of
the study programmes offered. The software engineering program
is a three years programme resulting in a bachelor’s degree, with the
possibility to extend it with one and a half years of studies to get a
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degree of Master of Science with a major in software engineering.
At the bachelor’s programme, the students perform three projects
with different characteristics (more detailed information about the
projects in Chapter 4). At the Masters level, both students from the
bachelor’s programme at BTH and other students (both national
and international) attend courses in software engineering.
Since the software engineering education at the bachelor’s level is
conducted through a series of projects, it is possible to perform
research studies in both classroom environments and project environments. In classroom environments, the students could be everything from first year students to master or Ph.D. students. In
project environments, students could be first, second or third year
students at the software engineering program. The difference
between these two alternatives is that the students in a project environment are more close to reality (i.e. with customers, budgets,
quality constraints etc.) and hence seem to be a better alternative
when performing empirical studies as a substitute for an industrial
study. A more detailed description of different alternatives can be
found in Chapter 4, where the suitability of students as subjects
when performing prioritizations are evaluated.

1.4.2

Studies Motivating the Content of the Thesis
Except for the academic research motivation for the importance of
prioritization practices (presented in Section 1.2), studies at Ericsson have motivated the choice of topic. Below, two studies at Ericsson are presented and discussed as a motivator for the thesis topic.

1.4.2.1

Evaluation of Important Improvement Areas

As an initial study within this thesis project, a study was run at Ericsson to find interesting research questions. This study aimed to find
out which requirements areas that were most important to improve
and how important it was to improve those areas. More details on
this study is presented in Berander [13], and a brief summary is presented here, together with the main results.
The study was conducted by creating a questionnaire with four
questions about different issues in the requirements process. It was
sent out to 174 randomly chosen persons at Ericsson (all different
departments and roles were represented), out of which 66
answered. Two of these questions are of primary importance in this
thesis. Their focus was the following:
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1. Find what requirements engineering areas that were in most
need for improvements.
2. Find how important it was to improve the current requirements
management process.
The questions raised and the alternatives given were based on a previous study (regarding process management) at Ericsson, together
with information elicited from literature (books and articles) in the
requirements engineering area. The first question was conducted by
letting the participants prioritize (with Cumulative Voting; see
Chapter 2) 10 different areas within requirements management. In
Figure 1.4 the result from this question is presented.
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Question 1: How is the relative importance divided between the
following 10 areas to improve in the management of requirements
at Ericsson today?

Four areas seem to be more important than others. These four
areas are elicitation (20%), validation (13.5%), changes (13%), and
prioritization (11%). When analyzing these, all four areas relate to
improvements of the early phases of a development initiative:

• Elicitation is about finding the requirements.
• Validation ensures that the elicited requirements are interpreted
correctly.

• Prioritization finds the most important requirements to realize.
• Changes consider how and why changes occur and how well
such changes are handled.
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Elicitation, validation and prioritization are directly related to finding the “right” requirements. Changes, on the other hand, are rather
a way to rectify wrong decisions. However, if many requirements
are changed during development (for any reason), it indicates that
the other three areas have potential for improvement (why do we
have to do changes?). Hence, the fact that changes are regarded as
important supports the theory that there is room for improvement
in the early phases (elicitation, validation, and prioritization).
Further, several of the respondents (independent of how they
ranked different improvement areas) who answered with an openended response emphasized that the requirements must be handled
correctly from the beginning. They stated that it is important to set
the right scope of the project from the beginning and to deliver the
“right” products. Several said that limiting the scope from the
beginning through prioritization is the most urgent measure in the
requirements process. They thought that it is better to start with a
narrow scope and add things during the project rather than removing or changing requirements. Further, some respondents asked for
better and clearer requirements from the beginning in order to be
sure what should be developed. One respondent argued that the
people in the projects must learn to know the customer needs,
requirements, environment, and profitability.
With only the answers from the first question, it is possible to see if
one area is more important than another, and how much more.
However, due to that the areas are only weighted in relation to each
other, no absolute measure is given of how important it actually is
to improve. Hence, the second question aimed to get an impression
of whether they are just important in relation to each other, or if
they really were important. This question was based on a five level
Likert scale (i.e. an ordinal scale with five levels with labelled alternatives [136]) when answering the question: “How important is it to
improve the current way of managing requirements at Ericsson?”.
From the responses to the second question, it is possible to note
that 96.5 percent of the respondents think that it is important
(61%) or very important (35.5%) to improve the current way of
dealing with requirements. Only 3.5 percent of the respondents
were neutral to whether improvements were needed or not, and
none thought it was unimportant to improve. It should be noted
that even though there seems to be a need for improving the current practices at Ericsson, the organization is successful with profitable products on the market. This shows that even if an
organization is successful, there is always room for improvements.
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The importance of the four activities identified in the RE study has
been emphasized in the research literature (e.g. [64, 77, 126, 180]),
which implies that these areas are not unique for Ericsson. The
major question is of course in what area to focus further research.
One natural way would be to start with elicitation since this was the
highest prioritized area. Another would be to start by investigating
change requests of historical projects to find out the origin of
change requests historically (and thereby finding ways to prevent
such changes). However, prioritization was chosen as the primary
research area for several reasons, for example:

• Prioritization facilitates validation and elicitation by giving a better understanding of requirements [87].

• In the open-ended questions, several responses stressed the
importance of prioritizing requirements better.

• Prioritization has often been brought up as important during
informal discussions with personnel at Ericsson.

• Prioritization is rather stand-alone and is possible to try out in
different environments (e.g. with students), which is good when
time and resource limitations make it hard to conduct studies in
the industrial environment.
Even though requirements prioritization is chosen as the primary
research area and the topic of this thesis, several studies have been
performed at Ericsson where the change management issue has
been studied (see further discussion in Section 1.4.3).
1.4.2.2

Evaluation of Streamline Development

As can be seen in the description of the setting at Ericsson (Section
1.4.1.1), the development cycles can be considered as quite long
(12-18 months). One of the results of having such long project
cycles, together with being in a rapidly changing business (telecommunication), is that the projects are subject to changes. When having many changes in a project, the amount of waste is considerable,
since activities already worked on may be changed or removed.
Such waste is costly and it does not add any direct value to the business. As can be seen in the previous section (Section 1.4.2.1),
changes was considered as one of the major improvement areas by
the employees involved in the study. They also argued that focus
must be put on the most important requirements by having a narrow scope. In such a case, requirements may be added instead of
changed or removed. One way of reducing the amount of changes
during a project is to reduce the lead time and content in order to
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focus on the most pressing needs (and hence limit the amount of
waste). As discussed in Section 1.2.2, the idea with lean development is to reduce waste and focus on things that add value.
During the research collaboration with Ericsson, the above problems have been highlighted and it has been decided to reduce lead
time and waste, and that focus instead should be put on value creation (and hence productivity improvement and cost reductions). To
introduce more lean thinking and practices in the organization, a
new development approach has been developed by Ericsson. This
approach is called Streamline Development (SD) and it focuses on
reducing lead time and waste, and hence improve productivity. As
part of the research project presented in this thesis, an evaluation of
the implementation of SD at Ericsson has been conducted. The
main findings of this study are presented below, while a more
detailed presentation can be found in Tomaszewski et al. [166].
The study was conducted through a series of interviews in order to
identify the benefits and possible drawbacks of implementing SD.
Required changes in the organization (and its products) were also
identified. In the interviews, a representative sample of roles and
persons were identified in order to get a good picture about the
implementation of SD. The main findings of they study showed
that the involved interviewees were generally positive about SD,
although they noticed some drawbacks with SD as well as with its
possibility to be implemented at Ericsson. Among the benefits of
implementing SD, the interviewees mentioned increased motivation, improved productivity, and increased customer responsiveness. Among the drawbacks with SD, they mentioned that it would
be hard to assure quality, that the architecture may deteriorate, and
that there will be more dependence on individuals. Finally, the interviewees argued that a number of changes must be made in relation
to the organization and their products in order to get the SD concept to work. Among other things, they mention that continuous
requirements management must be enforced, together with better
pre-project planning and a better understanding about requirements
dependencies.
As can be seen in the above discussion regarding what required
changes that must be made, several issues related to requirements
management and release/project planning (other things were of
course also mentioned, such as preparation of architecture). The
interviewees argued that the requirements management and prioritization practices must be improved significantly to be able to han-
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dle a continuous inflow of new requirements, where new and old
requirements must be prioritized in relation to the current system
baseline. The requirements must be prioritized so that those
requirements are implemented that provides most value at the same
time as being least change prone. They also discussed that it is
highly important that projects and releases are planned in a efficient
way in order to care for both organizational and technical dependencies. If not having efficient project and release planning procedures, the concept would not be useful.
As can be seen in the discussion above, prioritization and release
planning procedures are of highest importance in order to be more
“lean” and being able to deliver value and reduce waste at Ericsson.
The results of this study align very well with discussions within the
agile and lean communities where prioritization and planning is
central parts (see Section 1.2.2).

1.4.3

Industrial Application of Research
In Section 1.6.1, an outline of this thesis is presented, and it is possible to see that a number of the papers are not directly based on
studies peformed at Ericsson (see Figure 1.5). However, the need
for better prioritization and release planning practices is motivated
both from an Ericsson perspective (see Section 1.4.2) and from an
academic research perspective (see Section 1.2). Instead of just
enforcing any of the available requirements prioritization techniques at Ericsson, it has been decided to focus on evaluating the
area to find the most suitable approach. As it is expensive to evaluate such approaches in industrial situations (see discussions in
Chapter 4), off-line evaluations (i.e. outside industrial practice) is a
good way to try out techniques before introducing them into industrial practice.
The initial hypothesis of this thesis work was that the Analytical
Hierarchy Process (AHP) would be a suitable technique to use for
requirements prioritization at Ericsson. However, the results in this
thesis indicate that AHP may not always be the most suitable technique to use (e.g. when it must be efficient as when introducing lean
development). In Chapter 3 it is shown that the Planning Game
(PG) is preferred over AHP mainly due to its simplicity. However,
as Ericsson have requirements on several different requirements
levels, PG might not be suitable. Instead, the work with Hierarchical Cumulative Voting (HCV) was initialized in order to be able to
cope with such hierarchies, and presenting the results on a ratio
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scale. This technique has been used (and to some extent been evaluated) at Ericsson successfully when prioritizing measurements from
the Goal-Question-Metric approach [160] (see Berander and Jönsson [14]). However, as can be seen in Chapter 6, there are still some
uncertainties regarding how to calculate priorities in hierarchies that
must be evaluated before introducing HCV into industrial practice.
In Chapter 7, such an evaluation is performed, and the results show
that a compensation factor should be used when prioritizing in
hierarchies. Hence, the studies performed outside industry are seen
as needed before introducing the techniques in industry.
Beside the work with evaluation of prioritization techniques outside
industry, the collaboration with Ericsson has resulted in a deep
understanding about the challenges faced in industry, leading to further improvements of the techniques investigated. This has been
achieved by discussing with employees to get their view and their
needs in the daily work. Further, the employees have contributed
with ideas and validation of ideas on a conceptual basis. In addition,
several studies have been performed at Ericsson that have not been
included in this thesis, but still added value to the chapters included.
For example, in parallel to the studies presented, work with change
requests has been performed in order to identify why changes occur
and how they could be prevented. Further, two measurement
frameworks have been defined; one within change management and
one within requirements management (see [14]). These different
studies have provided invaluable input to the further development
of the prioritization practices. For example, because of the studies
performed, HCV was introduced at Ericsson to facilitate prioritization of customer needs. Unfortunately, the work with introducing
HCV was interrupted by other changes and a major reorganization
(where the process owner changed role).

1.5

Research Approach
A commonly accepted definition of research and development
(R&D) is: “creative work undertaken on a systematic basis in order
to increase the stock of knowledge, including knowledge of man,
culture and society, and use this stock of knowledge to devise new
applications” [127]. There are three different types of activities in
relation to this definition: basic research, applied research, and
experimental development. While basic research concerns knowledge acquisition without having a particular application in mind,
applied research is directed towards a practical aim or objective.
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Experimental development uses this acquired knowledge from the
above-mentioned types of research to produce new, and improve
already existing, materials, processes, etc. [127].
In 1994, Glass discussed the “software-research crisis” and concluded that the main problems in software engineering are related
to that the researchers in software engineering studied problems
not relevant for industry [56]. The reason for this was that research
conducted was more close to basic research (since no practical aim
or objective existed) than applied research, and that research issues
neither originated from nor were they evaluated in industry. The
conclusion of this is that applied research in software engineering
should be conducted empirically together with industry in settings
where ideas can be tried out truly evaluative [56].
When conducting research together with industry, one of the challenges is to be able to say something sensible about a complex, relatively poorly controlled situation that is generally rather “messy”
[136]. In industry research, emphasis is on the substantive or practical importance rather than merely on statistically significant findings, and much could be gained from transferring a study to a real
environment [136]. This kind of research also implies that the
researcher must be more of a generalist than a specialist, have well
developed social skills, be able to use several different research
methods, etc. [136]. However, it still is possible to conduct both laboratory studies (with or without industrial professionals) and field
studies (in a “real” environment) [136].
The remainder of this section focuses on describing research methods suitable for the above-described way of performing research
(empirical research with industrial relevance). The purpose is to
provide the reader with the necessary information (in relation to the
content of this thesis) about empirical research and research methods and what considerations that should be done in order to obtain
reliable results. In the subsequent sections, empirical research methods and how to collect the data are discussed.

1.5.1

Empirical Research Methods
When conducting empirical studies, a number of different
approaches can be used to obtain the results and gather the data.
The three most common empirical methods used in software engineering are experiments, case studies, and surveys [96]. However,
other approaches (e.g. action research [43]) could also be used when
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performing a research study. Experiments, case studies, and surveys
are presented below, in decreasing level of formalism [96].
1.5.1.1

Experiment

Experiments are often conducted in small scale with much control
[96] and is made in order to investigate causal relationships between
factors by controlling surrounding variables [43]. This means that a
particular event is replicated with some conditional difference to
control its outcome. Hence, it could be evaluated if the conditional
difference affected the event positively or negatively.
1.5.1.2

Case Study

Case studies are conducted in typical conditions and are hence hard
to generalize to every possible situation [96]. In other words, a case
study is an investigation that is conducted on a particular situation
or problem, which is not replicated. This can be made directly (e.g.
interviews, observation) or indirectly (e.g. studying company
reports, documentation) [43].
1.5.1.3

Survey

Surveys are research in large scale [96] that tries to look at many
teams and projects at the same time, and are usually undertaken by
interviews or questionnaires. Hence, they include larger amounts of
data than case studies. Therefore, more consideration must be taken
to identify population, select samples, design questionnaires and
define interviews [43][96].

1.5.2

Approaches for Collecting the Data
When collecting the data in either of the research methods
explained in Section 1.5.1, some approach must be taken of how to
collect the data. The main question is whether to do a qualitative or
quantitative investigation. Below, explanations of the two are presented and then how to choose between them.

1.5.2.1

Qualitative Approach

Simply speaking, a qualitative study asks simple straightforward
questions but gets complex answers that contain a lot of information. Therefore, when having conducted the investigation, the
investigator has a lot of material to analyze and try to find patterns,
happenings and views within [167]. When analyzing, the investigator must interpret the answers and try to understand what the
respondents really meant [168]. Issues like frame of reference,
motive, social processes, and social context affect the results [65].
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Data collected in a qualitative study can be captured in several ways,
including observations, interviews, and ethnography [115].
1.5.2.2

Quantitative Approach

Simplified, a quantitative study introduces numbers into the
answers. It must not be just numbers in the general definition but
also in a figurative sense where words as “longer”, “more”, and
“larger” could be used [168]. The advantage of quantitative studies
is that statistical analyses could express the relationship of factors
[65]. Therefore, it is important to know the rules for what we can
do with the information that is collected in a quantitative study.
Quantitative studies are not able to find previously unknown information [159] and must therefore be supported by qualitative studies
(see Section 1.5.2.1) in order to find such information. When the
information is found, it is possible to investigate its magnitude
through quantitative studies. It is also possible to generalize the
results to a larger extent in quantitative studies since more subjects
can be reached and more standardization of the questions can be
obtained [65]. The data collected in a quantitative study are most
often captured by questionnaires or interviews (with large control)
[65] but could also be captured through analyzing measurements
from projects, and so forth.
1.5.2.3

Choosing between a Qualitative or Quantitative Approach

When choosing which approach to use, there is no right or wrong
answer but rather that the approach used depends upon the purposes of the investigation [168]. Further, the two different techniques are not mutually exclusive; it is possible to do a pre-study by
qualitative studies and the main investigation by quantitative studies,
or vice versa. In fact, combining them is often to prefer [115, 136].

1.5.3

Studies Performed in the Thesis
Beside the theories on research methods presented above, there
exist at least three different arenas where research studies could be
performed. One is to ask or study people when performing their
daily work (industry). Another way is to create a laboratory environment with people and thereby create an environment where studies
can be performed (as when using students in experiments). The
third way is to study literature for theory building in order to create
an understanding or draw conclusions based on previously conducted research. These different ways of how to conduct research is
gathered in Table 1.1 and each chapter is related to what ways of
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research that are performed within the chapter. In this table, the different ways of performing studies are presented in the first column
while the chapter number is presented in the first row. A mark in
the corresponding cell indicates that it is a major component of the
part of the study that is presented in the chapter.
Table 1.1

Ways of Conducting Research.

2
Experiment

3

4

x

x

Case Study
x

Qualitative

x

Quantitative

x
x

Industry
Laboratory

x
x

6

8

x

x

x

x

x

x

x

x

x

x

x

x

x
x

7
x

x

Survey

Literature

5

x

x
x

x
x

x

x

In Chapter 2, a qualitative literature survey about requirements prioritization is presented. Chapters 3 presents a quantitative experiment comparing two prioritization techniques in a laboratory
environment. Chapter 4 also presents a quantitative laboratory
experiment on requirements prioritization. However, Chapter 4 also
includes a literature survey and an industrial case study with quantitative data to which the experimental results are compared. Chapter
5 presents a research framework on requirements prioritization
based on a qualitative literature survey (systematic review). Chapter
6 presents an extended requirements prioritization technique for
prioritization of requirements in hierarchies. The development of
this technique is primarily based on a qualitative literature survey
but a number of quantitative industrial case studies also validates it.
In Chapter 7, a quantitative experiment in a laboratory setting is
presented. Finally, in Chapter 8, two qualitative and quantitative
industrial case studies are presented together with a qualitative comparison (based on a literature survey) with results from previously
performed studies in the area. Section 1.6 further presents what
each chapter includes and the overall contribution.
It should be noted that this presentation of research approaches is
not meant to be exhaustive. Other research approaches exist but the
above presented are those that are relevant for the research presented in this thesis. Further, it is possible to note that some combi-
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nations are more used than others. For example, when literature is
marked, survey is also marked. This is due to that a literature study
could hardly be performed without doing a survey of existing literature (e.g. a literature case study would more or less be a summary of
a specific literature source). Further discussions about the implications of this table could be interesting, but are not a part of the
scope of this thesis. Instead, the contribution of this thesis is presented in the next section.

1.6

Work Process and Outline
In this section, the work process of this thesis is presented, together
with additional information about what is included in each of the
chapters. Further, related publications that have not been included
in the thesis, are listed.

1.6.1

Thesis Outline and Research Questions
In this section, the outline of the thesis is presented and the relationships between the included chapters are discussed. It should be
noted that the relationships presented are those that could be considered as direct and internal relationships. Relationships to work
performed outside the thesis (e.g. research at Ericsson or external
research made by others) is not discussed here, although this has
large influence on the chapters presented. Further, this section
presents the main research contribution together with the research
questions in focus, and hence excludes Chapters 1 (introduction)
and 9 (conclusions and future work). Finally, it should be noted that
the overall content of the chapters is not in focus here, but rather
the relationships between the chapters and the research questions
they intend to answer. For more specific details about the chapters,
please consult Section 1.6.2 (abstract) or each individual chapter.
As has been stated previously in this chapter, the overall focus of
this thesis is to evaluate and improve the current body of knowledge in relation to requirements prioritization. This has led to the
following overall research question for the thesis: How can requirements prioritization be evolved to facilitate better decisions regarding the content
of software products? To answer this research question, a number of
studies have been performed where different research questions are
studied in order to answer this overall research question. In Figure
1.5, the thesis and the relationships between chapters are outlined.
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Chapter 2
Requirements Prioritization

Chapter 3
AHP vs. Planning Game

Chapter 4
Students as Subjects

Chapter 5
Prioritization Research
Framework

Chapter 6
Hierarchical
Cumulative Voting

Chapter 7
Hierarchy Priority
Calculation

Figure 1.5

Chapter 8
Decision Aspects

Thesis Outline and Relationships between Chapters

As can be seen in Figure 1.5, this thesis starts with Chapter 2, which
provides a foundation for the thesis and presents related work. In
this chapter, the fundamentals of requirements prioritization is presented by discussing techniques available, aspects to use, stakeholders involved, practical considerations, and so forth. The purpose of
this chapter is to get a solid understanding for the area of requirements prioritization in order to better be able to answer the overall
research question. Hence, the research question for Chapter 2 is:
What is the current state-of-the-art in requirements prioritization?
One of the techniques presented in Chapter 2 (Analytical Hierarchy
Process; AHP) is further studied in Chapter 3, where it is compared
with the Planning Game (PG) in a controlled experiment. The reason for performing an experimental comparison between these two
is that AHP has for some time been considered as one of the best
prioritization techniques available, while PG is one of the key components in one of the most popular agile methodologies (i.e.
eXtreme Programming). By performing this study, it is possible to
compare a straightforward and intuitive technique with a more
sophisticated approach, and investigate whether sophistication
beats simplicity. Hence, the research question for Chapter 3 is: How
well does a straightforward and intuitive prioritization technique compete with a
more sophisticated one?
In Chapter 3, it can be seen that the participants of the experiment
do not prioritize similarly as customers would do (i.e. most requirements in the “Most Important” pile), when using PG. As a follow-
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up study on Chapter 3, Chapter 4 is initiated to investigate the suitability of students as subjects in prioritization experiments. The
experiment is conducted with students as subjects, and the results
are compared with similar prioritizations from student projects,
industry, and literature. The research question to answer in this
chapter is the following: When and how can students be used as subjects in
requirements prioritization studies?
Another spin-off from Chapter 3 is presented in Chapter 5. Based
on the results in Chapter 3, together with other research results in
the area, it is recognized that different studies result in different
conclusions. To get an understanding of the reasons for differences,
a systematic review within the area of requirements prioritization
has been performed as part of a master thesis project. The result of
this project shows that it is not possible to compare different studies because they report on different variables. Based on this study, a
research framework in the area of requirements prioritization is
proposed. This framework aims to align the research within the area
in order to make it possible to draw conclusions based on several
studies. The chapter aims to answer the following research question: What is the current evidence in the area of requirements prioritization,
and what variables need to be measured to increase the evidence?
The result of the study in Chapter 3 shows that AHP might have
some problems of trustworthiness (due to hidden calculations) and
that the participants prefer the simplicity of PG. However, AHP
presents the results of the prioritization on a more powerful scale
(ratio scale), indicating that it still is preferable when a more powerful scale is needed. An alternative prioritization technique that is
presented in Chapter 2, which also results in ratio scale priorities, is
Cumulative Voting (CV). Similar to PG, CV is based on simplicity
and uses an easy and straightforward way to establish priorities. CV
has been used successfully in different studies in the software engineering domain, but falls short in comparison to AHP when it
comes to prioritization of requirements in hierarchies. In Chapter 6,
an extension of CV is presented (called Hierarchical Cumulative
Voting; HCV), that makes it possible to prioritize requirements
hierarchies with this technique as well. This chapter tries to answer
the following research question: How can a simple prioritization technique be evolved to cope with prioritization of requirements in hierarchies?
In Chapter 6, it is highlighted that it may not be possible to prioritize requirements hierarchies without compensating for differences
in balance between different parts of the requirements structure
32
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(tree). To investigate this observation further, a controlled experiment is presented in Chapter 7 where the usage of a compensation
factor is studied. As input to the design and reporting of this experiment, the experiences from Chapters 4 and 5 are accounted for, i.e.
commitment of participants is facilitated and the study is designed
and reported with the research framework in mind. The research
question answered is: When must imbalances in requirements hierarchies be
compensated for when calculating priorities of requirements in hierarchical
requirement structures?
In order to make the correct decisions regarding what functionality
that should be implemented in a system, it is not possible to rely on
prioritization of requirements from single aspects. In Chapter 2, the
importance of making trade-offs between different aspects is highlighted, and Chapter 8 presents an industrial case study where the
usage of decision aspects is further investigated. The last research
question of the thesis is: What aspects are important to prioritize when
selecting which requirements to include in a product release?

1.6.2

Papers Included in the Thesis
In the previous section, the different chapters were introduced and
relationships outlined. This section provides a more detailed description of the chapters by giving information about each paper, and by
presenting the original abstract. Last, a short description about the
contribution by the authors in the different chapters is given.

1.6.2.1

Chapter 2, Requirements Prioritization

Paper Information:

Berander, P. and Andrews, A. (2005): ‘Requirements Prioritization’,
in Engineering and Managing Software Requirements, ed. Aurum, A., and
Wohlin, C., Springer Verlag, Berlin, Germany, pp. 69-94.

Abstract:

This chapter provides an overview of techniques for prioritization of
requirements for software products. Prioritization is a crucial step
towards making good decisions regarding product planning for single and multiple releases. Various aspects of functionality are considered, such as importance, risk, cost, etc. Prioritization decisions are
made by stakeholders, including users, managers, developers, or
their representatives. Methods are given how to combine individual
prioritizations based on overall objectives and constraints. A range
of different techniques and aspects are applied to an example to
illustrate their use. Finally, limitations and shortcomings of current
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methods are pointed out, and open research questions in the area of
requirements prioritization are discussed.
1.6.2.2

Chapter 3, AHP vs. Planning Game

Paper Information:

Karlsson, L., Berander, P., Regnell, B., and Wohlin, C. (2004):
‘Requirements Prioritisation: An Experiment on Exhaustive PairWise Comparisons versus Planning Game Partitioning’, Proceedings of
the 8th International Conference on Empirical Assessment in Software Engineering (EASE 2004), Edinburgh, Scotland, pp. 145-154.

Abstract:

The process of selecting the right set of requirements for a product
release is highly dependent on how well we succeed in prioritizing
the requirements candidates. There are different techniques available
for requirements prioritization, some more elaborate than others. In
order to compare different techniques, a controlled experiment was
conducted with the objective of understanding differences regarding
time consumption, ease of use, and accuracy. The requirements prioritization techniques compared in the experiment are the Analytical
Hierarchy Process (AHP) and a variation of the Planning Game
(PG), isolated from Extreme Programming. The subjects were 15
Ph. D. students and one professor, who prioritized mobile phone
features using both methods. It was found that the straightforward
and intuitive PG was less time consuming, and considered by the
subjects as easier to use, and more accurate than AHP

1.6.2.3

Chapter 4, Students as Subjects in Prioritization

Paper Information:

Berander, P. (2004): ‘Using Students as Subjects in Requirements
Prioritization’, Proceedings of the 2004 International Symposium on Empirical Software Engineering (ISESE’04), Redondo Beach, CA, pp. 167-176.

Abstract:

When conducting research in software engineering, the ultimate goal
is usually to come up with results applicable in industry. However, it
is not always possible to get industrial professionals to act as subjects
in research studies. Instead, students are commonly used as representatives for professionals since they are more convenient to use.
This chapter presents an experiment on requirements prioritization
that was performed with classroom students as subjects. The result
of the experiment is compared to the results of similar prioritizations
made in student projects, other classroom studies, literature and in
an industrial case study. The objective of this comparison was to
evaluate in which cases students successfully could be used as subjects in experimentation. The result indicates that students in a class-
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room environment are less suitable than students in projects as
representatives for professionals in studies of this kind. Experience
is often mentioned as a factor to determine whether students are
suitable or not as subjects. However, commitment seems to be a
more important factor in this study. It is concluded that it is important that further research is performed in order to evaluate under
what circumstances students are suitable, and what factors that influence the suitability.
1.6.2.4

Chapter 5, Prioritization Research Framework

Paper Information:

Berander, P., Khan, K. A., and Lehtola, L. (2006): ‘Towards a
Research Framework on Requirements Prioritization’, Proceedings of
the Sixth Conference on Software Engineering Research and Practice in Sweden
(SERPS'06), Umeå, Sweden, pp. 39-48.

Abstract:

There exist a large number of approaches for prioritization of software requirements. Despite of several empirical studies, there is still
a lack of evidence of which approaches that are to prefer, since different studies have resulted in different conclusions. Reasons may be
due to differences in contexts, variables measured, and data sets
used. This paper presents a research framework for studies about
requirements prioritization, which aims to enable building a more
consistent knowledge base and stronger evidence. The framework
facilitates comparison, replication, and high-level analysis of prioritization approaches by proposing suitable variables to measure. The
basis of the framework comes from a systematic review conducted
on requirements prioritization techniques, and is further refined
through literature studies of similar frameworks in related areas, and
in a research workshop. The framework supports researchers in conducting and reporting prioritization studies, and supports practitioners in getting information about different approaches.

1.6.2.5

Chapter 6, Hierarchical Cumulative Voting

Paper Information:

Berander, P., and Jönsson, P. (2006): ‘Hierarchical Cumulative Voting (HCV) - Prioritization of Requirements in Hierarchies’, International Journal of Software Engineering and Knowledge Engineering (IJSEKE)
- Special Issue on Requirements Engineering Decision Support, 16(6), World
Scientific Publishing Company, Singapore, pp. 819-849.

Abstract:

Decision support in requirements engineering is an activity that
plays an important role in enabling the delivery of value to stakeholders. Requirements prioritization has been identified as an inte-

Work Process and Outline

35

Introduction

gral (and important) part of requirements negotiation and release
planning in incremental software development, which makes prioritization a key issue in requirements engineering decision support.
The Analytical Hierarchy Process (AHP) has for long been considered as the technique to use when prioritizing requirements on a
ratio scale. Several studies have reported positively about AHP, but
lately a number of studies have also reported about weaknesses,
without identifying any better ratio-scale alternatives. In this paper,
strengths and weaknesses of AHP and another ratio-scale prioritization technique, Cumulative Voting (CV), are compared. Based on
this comparison, a new technique for prioritizing hierarchically
structured requirements on a ratio scale is presented, called Hierarchical Cumulative Voting (HCV). HCV addresses the weaknesses of
AHP while inheriting the strengths of CV. The suitability of HCV is
discussed theoretically as well as in the light of empirical results from
using HCV and CV in industrial settings. It is concluded that HCV
seems very promising, but additional empirical studies are needed to
address some of the open questions about the technique.
1.6.2.6

Hierarchy Priority Calculation

Paper Information:

Berander, P. and Svahnberg, M. (2007): ‘Evaluating two Ways of
Calculating Priorities in Requirements Hierarchies - an Experiment
on Hierarchical Cumulative Voting’, submitted to Journal of Systems
and Software, February 2007.

Abstract:

When developing large-scale software systems, there is often a large
amount of requirements present, and they often reside on several
hierarchical levels. In most cases, not all stated requirements can be
implemented into the product due to different constraints, and the
requirements must hence be prioritized. As requirements on different abstraction levels shall not be compared, prioritization techniques that are able to handle multi-level prioritization are needed.
Different such techniques exist, but they seem to result in unfair
comparisons when a hierarchy is unbalanced. In this paper, an
empirical experiment is presented where an approach that compensate for this challenge is evaluated. The results indicate that some
form of compensation is preferred, and that the subjects' preference
is not influenced by the amount of information given.
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1.6.2.7

Decision Aspects

Paper Information:

Berander, P. and Wohlin, C. (2007): ‘Decision Aspects in Software
Product Planning’, submitted to IEEE Transactions on Software Engineering, February 2007.

Abstract:

When making decisions about product content in software engineering, several different decision aspects (e.g. importance, cost) commonly must be accounted for. This paper presents an empirical
study consisting of two industrial case studies where the objective is
to understand which aspects that are important to consider when
making decisions regarding 1) which Change Requests to accept/
reject in a project, and 2) which requirements that should be selected
to include in a project/release. As part of each case study, decision
aspects are elicited, defined, prioritized, and discussed within the
case study company. In addition, the results are compared with previously performed studies in the area. The results indicate that the
importance of aspects differ based on part of development process
and current focus of the product. This shows that it is hard to define
generic aspects, and it is suggested to develop methods that are
applicable in many different situations and contexts to efficiently
defining which aspects to use, and determine relative importance
between the defined aspects.

1.6.2.8

Statement of Contribution

Patrik Berander is the main author of all chapters in the thesis
excluding Chapter 3. In Chapter 3, Dr. Lena Karlsson (Ph.D. Student at the time of writing) and Patrik Berander performed the
design and analysis of the results together to a large extent, while
Dr. Lena Karlsson made most of the writing and division of work.
In Chapter 5, the three authors share the main authorship of the
chapter and are listed in alphabetical order. In this chapter, Kashif
Ahmed Khan (with Patrik Berander as supervisor) was responsible
for the systematic review that was used as a basis for the chapter,
while Patrik Berander and Laura Lehtola were responsible for
designing the framework and writing the chapter. In addition, Patrik
Berander is the originator of the ideas of the systematic review and
the research framework.

1.6.3

Papers not included
Except for the papers included in this thesis, a number of related
papers have been published:
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1.7

Paper I:

Berander, P. and Wohlin, C. (2003): ‘Identification of Key Factors in
Software Process Management - A Case Study’, Proceedings of the 2003
International Symposium on Empirical Software Engineering (ISESE'03),
Rome, Italy, pp. 316-325.

Paper II:

Berander, P. and Wohlin, C. (2004): ‘Differences in Views between
Development Roles in Software Process Improvement - A Quantitative Comparison’, Proceedings of the 8th International Conference on
Empirical Assessment in Software Engineering (EASE 2004), Edinburgh,
Scotland, pp. 57-66.

Paper III:

Karlsson, L., Berander, P., Regnell, B., and Wohlin, C. (2003): ‘Simple Is Better - An Experiment on Requirements Prioritisation’, Proceedings of the Third Conference on Software Engineering Research and Practice
in Sweden (SERPS'03), Lund, Sweden, pp. 9-18.

Paper IV:

Berander, P. and Jönsson, P. (2006): ‘A Goal Question Metric Based
Approach for Efficient Measurement Framework Definition’, Proceedings of the 5th ACM-IEEE International Symposium on Empirical Software Engineering (ISESE’06), Rio de Janeiro, Brazil, pp. 316-325.

Paper V:

Karlsson, L., Thelin, T., Regnell, B., Berander, P., and Wohlin, C.
(2007): ‘Pair-Wise Comparisons versus Planning Game Partitioning
– Experiments on Requirements Prioritisation Techniques’, Journal
of Empirical Software Engineering (EMSE), 12(1), pp. 3-33.

Paper VI:

Tomaszewski, P., Berander, P., and Damm., L-O. (2007): ‘From
Traditional to Streamline Development - Opportunities and Challenges’, submitted to Journal of Software Process Improvement and Practice,
January 2007.

Summary
As the quality of a software product is often determined by its ability to satisfy stakeholder needs, software engineering decision support plays a vital role, as it facilitates making the right decisions and
developing the right products. In software engineering, the process
of finding and deciding what to develop is traditionally referred to
as requirements engineering, while it is normally referred to as
product management in other industries. As an increasing number
of software products are delivered to a market instead of single customers, the need for product management increases in the software

38

Summary

Introduction

industry. As a side effect, the need for mechanisms supporting decisions regarding the content of software products also increases.
While decision support within requirements engineering and product management is a fairly broad area, requirements prioritization
together with release planning, elicitation, and negotiation are considered as some of the most important decision activities. This is
particularly true because the content of products are decided as part
of these activities. At the same time, requirements prioritization is
seen as an integral and important part in both requirements negotiation (with single customers) and release planning (with markets) in
incremental software development. This makes requirements prioritization a key component in software engineering decision support,
especially as input to more sophisticated release planning and negotiation approaches for deciding what to develop when. This thesis
primarily focuses on evaluating and improving the current body of
knowledge in relation to requirements prioritization.
The importance of the research performed in this thesis is supported by a number of trends within the software engineering area,
as well as by industrial studies at Ericsson. The studies presented in
this thesis use a wide range of different research methods to explore
the area of release planning in general and requirements prioritization in particular. For example, literature studies, industrial case
studies, and experiments in a lab environment are applied. Each of
these chapters has different focus and scope while together contributing to the research area. In the next seven chapters, the result of
this research is presented, while the last chapter discusses the overall conclusions and the future research needed in the area.
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H A P T E R

Requirements Prioritization
Patrik Berander and Anneliese Andrews

As outlined in Chapter 1, requirements prioritization is an important component in the value generation process when developing
software products. Requirements prioritization is essential to provide the greatest product value at the lowest cost, particularly when
developing products in an incremental fashion. In Chapter 1,
requirements prioritization was positioned in relation to requirements engineering and product management in general, and
requirements selection/release planning and negotiation with customers in particular. The intention with this chapter is to position
and describe the work conducted in the thesis in relation to the current body of knowledge about requirements prioritization area. By
doing this, it is possible to provide a foundation for the thesis and
introduce the reader to the area.
This chapter is outlined as follows. First, Section 2.1 discusses what
requirements prioritization is and why it is needed. This is followed
by a presentation of and discussion about different aspects that
could be used when prioritizing (Section 2.2). Next, some prioritization techniques and their characteristics are discussed in Section
2.3, followed by a discussion of different stakeholders’ situations
that affect prioritization in Section 2.4. Section 2.5 discusses additional issues to take into account when prioritizing software requirements, and Section 2.6 provides an example of how prioritization
could be performed. Last, Section 2.7 summarizes the chapter.
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2.1

What is Requirements Prioritization?
The quality of a software product is often determined by the ability
to satisfy the needs of the customers and users [15, 150]. Hence,
eliciting and specifying the correct requirements and planning suitable releases with the right functionality is a major step towards the
success of a project or product. If the wrong requirements are
implemented and users resist using the product, it does not matter
how solid the product is or how thoroughly it has been tested.
Most software projects have more candidate requirements than can
be realized within the time and cost constraints. Prioritization helps
to identify the most valuable requirements from this set by distinguishing the critical few from the trivial many. The process of
requirements prioritization and selection provides support for the
following activities (e.g. [86, 161, 172, 178]):

• for stakeholders to decide on the core requirements for the system.
• to plan and select an ordered, optimal set of software requirements for implementation in successive releases.

• to trade off desired project scope against sometimes conflicting
constraints such as schedule, budget, resources, time to market,
and quality.

• to balance the business benefit of each requirement against its cost.
• to balance implications of requirements on the software architecture and future evolution of the product and its associated cost.

• to select only a subset of the requirements and still produce a
system that will satisfy the customer(s).

•
•
•
•

to estimate expected customer satisfaction.
to get a technical advantage and optimize market opportunity.
to minimize rework and schedule slippage (plan stability).
to handle contradictory requirements, focus the negotiation
process, and resolve disagreements between stakeholders.

• to establish relative importance of each requirement to provide
the greatest value at the lowest cost.
The list above clearly shows the importance of prioritizing and
deciding what requirements to include in a product. This is a strategic process since these decisions drive the development expenses
and product revenue as well as making the difference between market gain and market loss [5]. Further, the result of prioritization
might form the basis of product and marketing plans, as well as
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being a driving force during project planning. Ruhe et al. summarize
this as: “The challenge is to select the ‘right’ requirements out of a
given superset of candidate requirements so that all the different
key interests, technical constraints and preferences of the critical
stakeholders are fulfilled and the overall business value of the product is maximized” [139].
Of course, it is possible to rectify incorrect decisions later on via
change management, but this can be very costly since it is significantly more expensive to correct problems later in the development
process [18]. Frederick P. Brooks puts it in the following words:
“The hardest single part of building a software system is deciding
precisely what to build. […] No other part of the work so cripples
the resulting system if done wrong. No other part is more difficult
to rectify later.” [26]. Hence, the most cost effective way of developing software is to find the optimal set of requirements early, and
then to develop the software according to this set. To accomplish
this, it is crucial to prioritize the requirements to enable selection of
the optimal set.
Besides the obvious benefits presented above, prioritizing requirements can have other benefits. For example, it is possible to find
requirement defects (e.g misjudged, incorrect, and ambiguous
requirements) since they are analyzed from a perspective that is different from that taken during reviews of requirements [87].
Some authors consider requirements prioritization easy [161], some
regard it of medium difficulty [172], and some regard prioritization
as one of the most complex activities in the requirements process,
claiming that few software companies have effective and systematic
methods for prioritizing requirements [111]. However, all these
sources consider requirements prioritization a fundamental activity
for project success. At the same time, some text books about
requirements engineering (e.g [25, 135]) do not discuss requirements prioritization to any real extent.
There is no “right” requirements process and the way of handling
requirements differs greatly between different domains and companies [5]. Further, requirements are typically vaguer early on and
become more explicit as the understanding of the product grows
[141]. These circumstances imply that there is no specific phase
where prioritization is made, rather, it is performed throughout the
development process (more about this in Section 2.5.2) [29, 106].
Hence, prioritization is an iterative process and might be performed
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at different abstraction levels and with different information in different phases during the software lifecycle.
Prioritization techniques can roughly be divided into two categories: methods and negotiation approaches. The methods are based
on quantitatively assigning values to different aspects of requirements while negotiation approaches focus on giving priorities to
requirements by reaching agreement between different stakeholders
[107]. Further, negotiation approaches are based on subjective
measures and are commonly used when analyses are contextual and
when decision variables are strongly interrelated. Quantitative
methods make it easier to aggregate different decision variables into
an overall assessment and lead to faster decisions [35, 141].
One must be mindful of the social nature of prioritization. There is
more to requirements prioritization than simply asking stakeholders
about priorities. Stakeholders play roles and should act according to
the goals of that role, but they are also individuals with personalities
and personal agendas. Additionally, many organizational issues like
power etc. need to be taken into account. Ignoring such issues can
raise the risk level for a project.

2.2

Aspects of Prioritization
Requirements can be prioritized taking many different aspects into
account. An aspect is a property or attribute of a project and its
requirements that can be used to prioritize requirements. Common
aspects are importance, penalty, cost, time, and risk. When prioritizing requirements based on a single aspect, it is easy to decide which
one is most desirable (recall the example about the speed of a car
from Chapter 1). When involving other aspects, such as cost, customers can change their mind and high priority requirements may
turn out to be less important if they are very expensive to satisfy
[103]. Often, the aspects interact and changes in one aspect could
result in an impact on another aspect [141]. Hence, it is essential to
know what effects such conflicts may have, and it is vital to not only
consider importance when prioritizing requirements but also other
aspects affecting software development and the satisfaction with
the resulting product. Several aspects can be prioritized, and it may
not be practical to consider them all. Which ones to consider
depend on the specific situation, and a few examples of aspects
suitable for software projects are described below. A deeper discus-
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sion about decision aspects together with two industrial case studies
is presented in Chapter 8.

2.2.1

Importance
When prioritizing importance, the stakeholders should prioritize
which requirements are most important for the system. However,
importance could be an extremely multifaceted concept since it
depends very much on which perspective the stakeholder has.
Importance could for example be urgency of implementation,
importance of a requirement for the product architecture, strategic
importance for the company, etc. [106]. Consequently, it is essential
to specify which kind of importance the stakeholders should prioritize in each case.

2.2.2

Penalty
It is possible to evaluate the penalty that is introduced if a requirement is not fulfilled [172]. Penalty is not just the opposite of importance. For example, failing to conform to a standard could incur a
high penalty even if it is of low importance for the customer (i.e. the
customer does not get excited if the requirement is fulfilled). The
same goes for implicit requirements that users take for granted, and
whose absence could make the product unsuitable for the market.
Such requirements are basically what Kano calls ‘Must-Be’ requirements (see e.g. [116]).

2.2.3

Cost
The implementation cost is usually estimated by the developing
organization. Measures that influence cost include: complexity of
the requirement, the ability to reuse existing code, the amount of
testing and documentation needed, etc. [172]. Cost is often
expressed in terms of staff hours (effort) since the main cost in
software development is often primarily related to the number of
hours spent. Cost (as well as time, cf. Section 2.2.4) could be prioritized by using any of the techniques presented in Section 2.3, but
also by simply estimating the actual cost on an absolute.

2.2.4

Time
As can be seen in the section above, cost in software development
is often related to number of staff hours. However, time (i.e. lead
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time) is influenced by many other factors such as degree of parallelism in development, training needs, need to develop support infrastructure, complete industry standards, etc. [172].

2.2.5

Risk
Every project carries some amount of risk. In project management,
risk management is used to cope with both internal risks that the
organization have some control over (e.g. technical and market
risks) and external risks that the organization have little or no control over (e.g. regulations, suppliers). Both likelihood and impact
must be considered when determining the level of risk of an item or
activity [125]. Risk management can in a similar way also be used
when planning requirements into products and releases by identifying risks that are likely to cause difficulties during development
[112, 172]. Such risks could for example include performance risks,
process risks, schedule risks etc. [161]. Based on the estimated risk
likelihood and risk impact for each requirement [5], it is possible to
calculate the risk level of a project.

2.2.6

Volatility
Volatility of requirements is considered a risk factor and is sometimes handled as part of the risk aspect [112]. Others think that volatility should be analyzed separately and that volatility of
requirements should be taken into account separately in the prioritization process [103]. The reasons for requirements volatility vary,
for example: the market changes, business requirements change,
legislative changes occur, users change, or requirements become
more clear during the software life cycle [49, 141]. Irrespective of
the reason, volatile requirements affect the stability and planning of
a project, and presumably increase the costs since changes during
development increase the cost of a project. Further, the cost of a
project might increase because developers have to select an architecture suited to change if volatility is known to be an issue [103].

2.2.7

Other Aspects
The above list of aspects has been considered important in the literature but it is by no means exhaustive. Examples of other aspects
are: financial benefit, strategic benefit, competitors, competence/
resources, release theme, ability to sell, etc (see further aspects in
Capter 8). For a company, we suggest that stakeholders develop a
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list of important aspects to use in the decision-making. It is important that the stakeholders have the same interpretation of the
aspects as well as of the requirements. Studies have shown that it is
hard to interpret the results if no guidelines about the true meaning
of an aspect are present [104, 106].

2.2.8

Combining Different Aspects
In practice, it is important to consider multiple aspects before
deciding if a requirement should be implemented directly, later, or
not at all. For example, in the Cost-Value approach, both value
(importance) and cost are prioritized to implement those requirements that give most value for the money [84]. The Planning Game
(see Chapter 3) uses a similar approach when importance, effort
(cost), and risks are prioritized [8]. Further, importance and stability
(volatility) are suggested as aspects that should be used when prioritizing while others suggest that dependencies also must be considered [28 , 103]. In Wiegers’ approach, the relative value
(importance) is divided by the relative cost and the relative risk in
order to determine the requirements that have the most favorable
balance of value, cost, and risk [172]. This approach further allows
different weights for different aspects in order to favor the most
important aspect (in the specific situation).
There are many alternatives of combining different aspects. Which
aspects to consider depend very much on the specific situation and
it is important to know about possible aspects and how to combine
them efficiently to suit the case at hand. A deeper discussion about
decision aspects together with two industrial case studies is presented in Chapter 8.

2.3

Prioritization Techniques
The purpose of any prioritization is to assign values to distinct prioritization objects that allow establishment of a relative order
between the objects in the set. In our case, the objects are the
requirements to prioritize. The prioritization can be done with various measurement scales and types. The least powerful prioritization
scale is the ordinal scale, where the requirements are ordered so that
it is possible to see which requirements are more important than
others, but not how much more important. The ratio scale is more
powerful since it is possible to quantify how much more important
one requirement is than another (the scale often ranges from 0 -
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100 percent). An even more powerful scale is the absolute scale,
which can be used in situations where an absolute number can be
assigned (e.g. number of hours). With higher levels of measurement,
more sophisticated evaluations and calculations become possible
[52]. See a further discussion about ordinal and ratio scale prioritization in Section 6.1.1.
Below, a number of different prioritization techniques are presented. Some techniques assume that each requirement is associated
with a priority, and others group requirements by priority level.
When examples are given, importance is used as the aspect to prioritize even though other aspects can be evaluated with each of the
techniques. It should be noted that the presented techniques focus
specifically on prioritization. Numerous methods exist that use
these prioritization techniques within a larger trade-off and decision
making framework for requirements selection (e.g. EVOLVE [60],
Cost-Value [84] and Quantitative Win-Win [139]). See Section 1.3.1
for a detailed discussion about the differences between prioritization methods and techniques.

2.3.1

Analytical Hierarchy Process (AHP)
AHP is a systematic decision-making technique that is designed to
solve complex multi-aspect decision problems [4, 145, 146]. The
technique was originally developed by Thomas Saaty [145] and has
later been adapted for prioritization in software engineering [84,
165]. In fact, AHP is the most commonly referred prioritization
technique within decision making in requirements engineering
[124]. AHP is conducted by comparing all possible pairs of hierarchically classified objects (requirements, stakeholders, etc.), in order
to obtain relative priorities for all objects. For each pair to compare,
the prioritizing person estimates the importance relationship
between the objects on a nine-level scale where 1 means equal
importance and 9 is the maximum difference (absolutely more
important) [145]. If requirement i is assigned an importance value
when compared to requirement j, then j has the reciprocal value
when compared to i [145]. This means that each pair of requirements is compared once, resulting in n(n-1)/2 (where n is the
number of requirements) pair-wise comparisons at each hierarchy
level.
Since prioritizations seldom are consistent when making comparative judgments, AHP assumes inconsistency in judgments and
allows for the calculation of a consistency ratio to re-evaluate incon-
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sistent judgments [114]. This consistency check is possible due to
the redundancy of the pair-wise comparisons [145, 146]. However,
this redundancy also results in a dramatic increase in the number of
comparisons when the number of requirements increases (see the
formula above), and studies have shown that AHP is not suitable
for large numbers of requirements (e.g. [107, 113]). To decrease the
number of comparisons, different researchers (e.g. [62, 154]) have
found ways of decreasing the number of comparisons with as much
as 75 percent [85]. However, by minimizing the number of redundant comparisons, the ability to identify inconsistent judgments is
also reduced [87].
AHP was originally designed with the aim to hierarchically prioritize
different objects with several different aspects in mind [4]. However, it is also possible to use AHP with hierarchically classified
objects, such as quality attributes (see e.g. [87]). Nevertheless, when
using AHP in the software domain, it is commonly used without
considering its hierarchical feature, neither with multiple aspects
nor with objects on different levels. Using hierarchies to priorities
objects on different levels in AHP means that the number of comparisons is reduced and thus that the number of redundant comparisons decreases, which makes the technique more sensitive to
judgmental errors [87]. When not using the hierarchical feature, the
“flat” variant is commonly referred to as “the pair-wise comparison
technique” (see, e.g., [82, 92, 109]. However, it should be noted that
comparing requirements pair-wise is nothing unique to AHP, but is
also utilized by other techniques, such as bubble sort [87] (pair-wise
comparisons are hence at the activity level; see Section 1.3.1).
When using AHP, independent of the use of hierarchies or not, the
resulting priorities are presented on a ratio scale. The calculations
for achieving the final priorities fall outside the scope of this thesis,
but could be further studied in for example Karlsson and Ryan [84],
Saaty [145] or Saaty and Vargas [146].
Since AHP to some extent has become a de facto standard for
ratio-scale prioritization in software engineering, it has appeared
several times in different research papers. For example, it has been
implemented in tools (e.g., Focal Point [53]) and methods (e.g.,
EVOLVE [60]). Moreover, it has been used in industrial applications (e.g., in the Cost-Value approach [84]), and in evaluation studies (e.g. [87]). In Chapter 3, an experiment with AHP is presented,
and a deeper discussion about the strengths and weaknesses of
AHP are presented in Chapter 6.
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2.3.2

Cumulative Voting, the Hundred-Dollar Test
Another technique that produces ratio-scale results is the Cumulative Voting technique (also known as the Hundred-Dollar Test),
further on denoted as CV [104]. This technique has been used for a
long time within other fields, such as political elections and elections for company boards [23, 71]. In the software engineering
domain, CV has not been reported in as many cases as AHP, even
though the number of reported cases has grown in the last years,
for example in requirements prioritization [131] and in prioritization of process improvements [11]. CV is considered as a simple
and straightforward technique where the stakeholders are given 100
imaginary units (money, points, etc.) to distribute among the objects
to prioritize [104]. In requirements prioritization, the number of
units assigned to a requirement represents that requirement’s relative priority (e.g. importance, cost, risk) in relation to the other
requirements. Since the requirements are assigned numbers in this
way, it is possible for a stakeholder to give a requirement zero in priority. This is not possible in AHP since all requirements take part in
pair-wise comparisons, meaning that a requirement always gets
some amount of importance.
A problem with CV arises when there are too many requirements to
prioritize. For example, if you have 25 requirements, there are on
average four points to distribute for each requirement. Regnell et al.
faced this problem when there were 17 groups of requirements to
prioritize [131]. In the study, they used a fictitious amount of
$100,000 to have more freedom in the prioritizations. The subjects
in the study were positive about the technique, indicating the possibility to use amounts other than 100 units (e.g. 1,000; 10,000; or
100,000). Another possible problem with CV (especially when there
are many requirements) is that the person performing the prioritization miscalculates and the points do not add up to 100 [12]. This
can be prevented by using a tool that keeps count of how many
points have been used.
One should only perform the prioritization once on the same set of
requirements, since the stakeholders might bias their evaluation the
second time around if they do not get one of their favorite requirements as a top priority. In such a situation, stakeholders could put
all their money on one requirement, which might influence the
result heavily. Similarly, some clever stakeholders might put all their
money on a favorite requirement that others do not prioritize as
highly (e.g. Mac compatibility) while not giving money to requirements that will get much money anyway (e.g. response time). One
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solution is to limit the amount spent on individual requirements
[104]. However, the risk with such an approach is that stakeholders
may be forced to not prioritize according to their actual priorities.
CV is further particularly useful with multiple stakeholders since it
is possible to weigh in different stakeholders’ priorities in an easy
way [92]. When using CV, it is not necessary to perform a consistency check, since consistency always is ensured when comparing all
requirements directly to each other. The strengths and weaknesses
of CV are further discussed in Chapter 6, where an extension of CV
also is presented to make it possible to prioritize requirements hierarchies with CV.

2.3.3

Numerical Assignment (Grouping)
Numerical assignment (also denoted as numeral assignment in
some publications) is the most common prioritization technique
and is suggested both in RFC 2119 [24] and IEEE Std. 830-1998
[70]. The approach is based on grouping requirements into different priority groups. The number of groups can vary, but in practice,
three groups are very common (e.g. [104, 161]). When using numerical assignment, it is important that each group represents something that the stakeholders can relate to (e.g. critical, standard,
optional), for a reliable classification. Using relative terms such as
high, medium, and low will confuse the stakeholders [172]. This
seems to be especially important when there are stakeholders with
different views of what high, medium and low means. A clear definition of what a group really means minimizes such problems.
A further potential problem is that stakeholders tend to think that
everything is critical [103, 161]. If customers prioritize themselves,
using three groups; critical, standard, and optional, they will most
likely consider 85 percent of the requirements as critical, 10 percent
as standard, and 5 percent as optional [172]. One option is of
course to put restrictions on the allowed number of requirements in
each group (e.g. not less than 25 percent of the requirements in
each group). However, one problem with this approach is that the
usefulness of the priorities diminishes because the stakeholders are
forced to divide requirements into certain groups [86]. However, no
empirical evidence of good or bad results with such restrictions
exists. The result of numerical assignment is requirements prioritized on an ordinal scale with ties. Hence, the requirements belonging to the same group have the same priority, which means that
each requirement does not get a unique priority.
Prioritization Techniques
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2.3.4

Ranking
As in numerical assignment, ranking is based on an ordinal scale but
the requirements are ranked without ties in rank. This means that
the most important requirement is ranked 1 and the least important
is ranked n (for n requirements). Each requirement has a unique
rank (in comparison to numerical assignment) but it is not possible
to see the relative difference between the ranked items (as in AHP
or CV). The list of ranked requirements could be obtained in a variety of ways, as for example by using the bubble sort or binary
search tree algorithms [87]. Independently of sorting algorithm,
ranking seems to be more suitable for a single stakeholder because
it might be difficult to align several different stakeholders’ views
due to the use of an ordinal scale. Nevertheless, it is possible to
combine the different views by taking the mean priority of each
requirement but this might result in ties for requirements which this
method wants to avoid.

2.3.5

Top-Ten Requirements
In the top-ten requirements approach, the stakeholders pick their
top-ten requirements (from a larger set) without assigning an internal order between the requirements. This makes the approach especially suitable for multiple stakeholders of equal importance [103].
The reason to not prioritize further is that it might create unnecessary conflict when some stakeholders get support for their top priority and others only for their third priority. One could assume that
conflicts might arise anyway if, for example, one customer gets
three top-ten requirements into the product while another gets six
top-ten requirements into the product. However, it is important to
not just take an average across all stakeholders since it might lead to
some stakeholders not getting any of their top requirements [103].
Instead, it is crucial that some essential requirements are satisfied
for each stakeholder. This could obviously result in a situation that
dissatisfies all customers instead of satisfying a few customers completely. The main challenge in this technique is to balance these
issues.
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2.3.6

Which Prioritization Technique to Choose
Table 2.1 summarizes the presented prioritization techniques, based
on measurement scale, granularity of analysis, and level of sophistication of the technique.

Table 2.1

Summary of Presented Techniques

Technique

Scale

Granularity

Sophistication

AHP

Ratio

Fine

Very Complex

CV

Ratio

Fine

Complex

Ranking

Ordinal

Medium

Easy

Numerical Assign.

Ordinal

Coarse

Very Easy

Top-ten

-

Extremely Coarse

Extremely Easy

A general advice is to use the simplest appropriate prioritization
technique and use more sophisticated ones when a more sensitive
analysis is needed for resolving disagreements or to support the
most critical decisions [113]. As more sophisticated techniques generally are more time consuming, the simplest possible technique
ensures cost effective decisions. The trade-off is to decide exactly
how “quick and dirty” the approach can be without letting the quality of the decisions suffer. It should also be noted that there exist
several commercial tools that facilitate the use of more sophisticated techniques (e.g. AHP) and that it is possible to construct simple home-made tools (e.g. in spreadsheets) to facilitate the use of
different prioritization techniques.

2.3.7

Combining Different Techniques
The techniques in Table 2.1 represent the most commonly referenced quantitative prioritization techniques. It is possible to combine some of them to make prioritization easier or more efficient.
Some combinations of the above techniques exist and probably the
best known example is Planning Game (PG) in eXtreme Programming (XP) [8]. In PG, numerical assignment and ranking are combined by first dividing the different requirements into priority
groups and then ranking requirements within each group (see more
details in Chapter 3). Requirements triage is an approach where parallels are drawn to medical treatment at hospitals [42]. Medical personnel divide victims into three categories: those that will die
whether treated or not, those who will resume normal lives whether
treated or not, and those for whom medical treatment may make a
significant difference. In requirements prioritization, there are
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requirements that must be in the product (e.g. platform requirements), requirements that the product clearly need not satisfy (e.g.
very optional requirements), and requirements that need more
attention. This means that the requirements are assigned to one of
three groups (numerical assignment) and requirements that need
more attention are prioritized by any of the other techniques (AHP,
ranking, CV etc.). In this approach, not all requirements must be
prioritized by a more sophisticated technique. Hence, the effort
needed is decreased.
The two examples above show that it is possible to combine different techniques for higher efficiency or to make the process easier.
Which technique or combination of techniques is suitable often
depends on the individual project.

2.4

Involved Stakeholders when Prioritizing
In Regnell and Brinkkemper, market-driven software development
is discussed and similarities and differences between market-driven
and bespoke software development are presented [133]. As can be
seen, similarities and differences also apply when prioritizing software requirements. In a bespoke project, only one or a few stakeholders must be taken into consideration while everyone in the
whole world might serve as potential customers in market-driven
development. Table 2.2 outlines some of the differences between
market-driven and bespoke development that affects requirements
prioritization.
As can be seen in Table 2.2, there are large differences between
these two extremes and different projects have to consider different
ways to handle, and hence prioritize, requirements. Table 2.2 shows
the two extremes in software development; a real case probably falls
somewhere in between. For example, it is possible that a company
delivers for a market, but the market is limited to a small number of
customers (see for example Ericsson’s market situation in Section
1.4.1.1). The discussion here focuses on three different “general”
scenarios: one customer, a number of “known” customers, and a
mass-market.
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Table 2.2

Differences between Market-driven and Bespoke Development [27]

Facet

Bespoke Development

Market-driven
Development

Main stakeholder

Customer organization

Developing organization

Users

Known or identifiable

Unknown, may not exist until
product is on market

Distance to users

Usually small

Usually large

Requirements conception

Elicited, analyzed, validated

Invented (by market pull or
technology push

Lifecycle

One release, then maintenance

Several releases as long as
there is a market demand

Specific RE issues

Elicitation, modeling, validation, conflict resolution

Steady stream of requirements, prioritization, cost
estimating, release planning

Primary goal

Compliance to specification

Time-to-market

Measure of success

Satisfaction, acceptance

Sales, market share

2.4.1

One Customer
In a one customer situation, there is only one customer’s priorities
that need to be considered. Many of the present software development processes are based on one customer and assume that this
customer is available throughout the project [27]. For example,
eXtreme Programming has an “on-site customer” as one of the
core practices (the focus is on having one customer even though
this customer could represent a market) [8]. One important issue to
consider when having a one-customer situation is that the customer
and the end-user(s) are not always the same. In this case, the person
who prioritizes and the persons who will use the system may not
have the same priorities [60]. Such situations are of course undesirable since it may result in reduced use of the product. In this case, it
would be better to involve the end-users in prioritizing the requirements since they are the ones who know what they need. For example, if the customer is an employer, and the user is an employee of
the company buying the product, this may result in conflicts. It is
possible to imagine features that are desirable to an employer, but
not an employee.

2.4.2

Several Known Customers
When having several customers, the issue of prioritization becomes
more difficult since the customers may have conflicting viewpoints
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and preferences [5]. This introduces the challenge of drawing these
different customer views together [106]. The ultimate goal in these
situations is to create win-win conditions and make every stakeholder a “winner” [19]. If one perspective is neglected the system
might be seen as a failure by one or several of the stakeholders [5].
Hence, it is of tremendous importance that all stakeholders are
involved in this process since the success of the product ultimately
is decided in this step. A discussion on how to make trade-offs
between different stakeholders is provided in Section 2.4.5.

2.4.3

Mass-Market
When developing for a mass-market, it is not possible to get all customers to prioritize. When eliciting information for prioritization in
a mass-market situation, different sources exist [100]: internal
records (e.g. shipments, sales records), marketing intelligence (e.g.
information from sales force, scientists), competitor intelligence
(e.g. information about competitors’ strategies, benchmarking competitors’ products) and marketing research (e.g. surveys, focus
groups). When conducting marketing research, the sample must be
representative for the intended market segment (group of consumers with similar needs) [100]. For example, if developing products
for large companies, it is meaningless to involve small companies in
the focus groups or the surveys. Hence, it is very important to
decide which market segments should be the focus of the product
before performing the prioritization.
The result from a prioritization for a mass-market product could
provide a good base for analyzing which requirements are high priorities for all different market segments. By using this information,
it is possible to identify which parts of a system should be common
for all market segments and which parts should be specifically
developed for specific market segments. This way of dealing with
requirements is valuable when developing software product lines
(see e.g. [33]).
One way of dealing with the problem that all possible users are not
known or accessible is to use the concept of ‘personas’ that originated in marketing and has been used in system design [61]. These
‘personas’ are fictional persons, representing market segments.
They have names, occupations, possessions, age, gender, socioeconomic status, etc. They are based on and inspired by real people
that are supposed to use the developed product. This information is
gathered from ethnographies, market research, usability studies,
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interviews, observations, and so forth. The intention is to help the
developing organization focus the attention on ‘personas’ that the
system is and is not designed for, and to give an understanding of
these target ‘personas’. Further, ‘personas’ enhance engagement
and reality by providing fictional users of the system. The developing organization can use the ‘personas’ in decision-making (and prioritization) by asking questions like: Why are we building this
feature (requirement)? Why are we building it like this? When having such explicit but fictitious users of the system, the organization
can get an understanding of which choices the ‘personas’ would
make in different situations [61].

2.4.4

Stakeholders Represented in the Prioritization
Since requirements can be prioritized from several different aspects,
different roles must also be involved in the prioritization process to
get the correct views (e.g. product managers prioritize strategic
importance and project managers prioritize risks). At least three
perspectives should always be represented: customers, developers,
and financial representatives [42]. Each of these stakeholders provides vital information that the other two may neglect or are unable
to produce since customers care about the user/customer value,
developers know about the technical difficulties, and financial representatives know and care for budgetary constraints and risks [42].
Nevertheless, it is of course suitable to involve all perspectives
(beside these three) that have a stake in the project or product.

2.4.5

Trade-Off between Different Stakeholders
In both market-driven and bespoke projects, there can be several
different stakeholders with different priorities and expectations of
the system. How to make trade-offs between several stakeholders
with different priorities is an issue that is commonly mentioned as a
problem by product managers in software organizations. First, this
could be a problem when having one or a few very strong stakeholders since their wishes are often hard to neglect (i.e. when the
big customer says jump, the company jumps). Second, “squeaky
wheel” customers often get what they want [106, 178].
In such situations, it is important to have a structured way of handling different stakeholders. Regnell et al. adjust the influence of
each stakeholder by prioritize for different aspects [131]. This can
be done by weighting market segments based on for example: reve-
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nue last year, profit last release, size of total market segment,
number of potential customers, etc. The weighting aspect depend
on the strategy most suitable in the current market phase ([122]).
Priorities are then used to weigh each stakeholder in the prioritization process. This approach is also possible when dealing with specific stakeholders (see Section 2.4.2) even though the aspects on
which the priorities are based might be different. The weighting of
the stakeholders could be performed in the same way as ordinary
prioritization, and the techniques described in Section 2.3 could be
used to provide the weights (preferably the techniques based on a
ratio scale since these will provide distances of importance between
the stakeholders).

2.5

Using Requirements Prioritization
As can be understood by the discussion above, requirements prioritization needs to consider several different aspects, techniques, and
stakeholder situations. This section presents additional issues to
consider and ways of dealing with such issues.

2.5.1

Abstraction Level
Requirements are commonly represented at different levels of
abstraction [57], which causes problems when prioritizing requirements. One reason is that requirements on higher abstraction levels
tend to get higher priorities [107]. For example, if prioritizing
requirements in a car, a lamp in the dashboard cannot be compared
with having a luggage boot. Most customers would probably prefer
a luggage boot over a lamp in the dashboard but if one had to compare a lamp in the luggage boot and a lamp in the dashboard, the
lamp in the dashboard might have higher priority. Hence, it is really
important that the requirements are not mixed at different abstraction levels [172].
Deciding on the level of abstraction can be difficult and depend
very much on the number of requirements and their complexity.
With a small number of requirements, it might be possible to prioritize the requirements at a low level of abstraction while it might be
a good idea to start with requirements at a high level and prioritize
lower levels within the higher levels later when having many
requirements to prioritize [172]. In other cases, it might even be a
good idea to just prioritize the high level requirements, and then letting the subordinate requirements inherit the priorities. If choosing
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this approach, it is important that all stakeholders are aware of this
inheritance [172]. Chapter 6 further discusses requirements on different abstraction levels, and suggest an extension to CV (see Section 2.3.2) that makes it possible to prioritize requirements on
different abstraction levels similarly as in AHP (see Section 2.3.1).

2.5.2

Reprioritization
When developing software products, it is likely that new requirements will arrive, requirements are deleted, priorities of existing
requirements change, or that the requirements themselves change
[60, 107]. Hence, it is important that the prioritization process is
able to deal with changing requirements and priorities of already
prioritized requirements (see for example the issues identified at
Ericsson in Section 1.4.2.2). When prioritizations are on an ordinal
(e.g. ranking and numerical assignment) or absolute scale (estimating cost) this does not introduce any major problems since the new
or changed requirement just need to be assigned a value, or a correct priority. Such iterations of the numerical assignment technique
have been used successfully [42].
When using prioritization on a ratio scale (such as AHP), the situation becomes more complex since all requirements should be compared to all others to establish the correct relative priorities.
However, it is possible to tailor this process by comparing new or
modified requirements with certain reference requirements and
thereby estimating the relative value. For example, when using CV
test it is possible to identify the two requirements with higher and
lower ranking, and then establish the relative value in comparison to
these and normalize the weights (of the complete requirements set).
However, this means that the original process is not followed and
the result might differ from a complete reprioritization even though
the cost versus benefit of such a solution might be good enough.
Cost and benefit must be taken into consideration when choosing a
prioritization technique.
Further, it is important to not forget that priorities of already implemented requirements can change; especially non-functional requirements. Approaches such as gap-analysis (see Section 2.5.5) could be
successfully used to prioritize already implemented requirements in
order to take these into account in a reprioritization.
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2.5.3

Non-Functional Requirements
Previously in this chapter, no differences in analyzing functional
and non-functional (quality attributes) requirements have been discussed. It is not always advisable to prioritize functional and nonfunctional requirements together, for the same reasons that requirements at different abstraction levels should not be prioritized
together. Differences between functional and non-functional
requirements include, but are not limited to [103, 135, 162]:

• Functional requirements usually relate to specific functions
while non-functional requirements usually affect several functions (from a collection of functions to the whole system).

• Non-functional requirements are properties that the functions
or system must have, implying that non-functional requirements
are useless without functional requirements.

• When implemented, functional requirements either work or not
while non-functional requirements often have a “sliding value
scale” of good and bad.

• Non-functional requirements are often in conflict with each
other, implying that trade-offs between these requirements must
be made.
Thus, it is not always possible or advisable to prioritize both types
of requirements together. For example, if there is one functional
requirement about a specific function and one non-functional
requirement regarding performance of the whole system, it could
be hard to prioritize between them. In such cases, it is possible to
prioritize them separately. Some techniques are especially suitable
for prioritizing non-functional requirements. One such approach
(from marketing) is conjoint analysis where different product alternatives are prioritized based on the definition of different attribute
levels [55]. It should be noted that there does not seem to be a need
to include all levels of all attributes (e.g. faster response time is
always preferable). Since trade-offs often must be made with such
attributes (e.g. maintainability vs. performance), one idea is to only
include comparisons where trade-offs are taken into consideration.

2.5.4

Introducing Prioritization into an Organization
As with other technology transfer situations, it is recommended to
start small with one or a few of the practices (e.g. using numerical
assignment to prioritize importance and cost) and then add more
sophistication (and thereby complexity) as need and knowledge
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increase. Since introducing and improving prioritization is a form
of process improvement, rules and guidelines for software process
improvement should be applied (e.g. changes should be done in
small steps and should be tested and adjusted accordingly [67]). A
good idea could be to monitor future extensions by measuring
process adherence and satisfaction of the involved stakeholders
(both internally and externally). This way, it is possible to continuously measure the process and thereby determine when the costs of
sophistication exceeds the benefits.

2.5.5

Evaluating Prioritization
Both for the reasons of improving and adjusting the prioritization
process, and for improving and adjusting a product, it is necessary
to evaluate the result of prioritizations in retrospect [90]. For both
purposes, it is important that information about the priorities is
kept since these provide the best information for analyzing both the
product and the process [106]. This includes information about
both selected and discarded requirements from a release [130].
When having access to this information, it is possible to do post
mortem analysis to evaluate if the correct requirements were
selected and if they fulfilled the stakeholders’ expectations. If they
did not, it is possible to change the process and the product for
subsequent products/releases to get better prioritizations and more
satisfied stakeholders.
One way of evaluating if the correct priorities were assigned is
through gap-analysis where the ‘gap’ between perceived level of fulfillment of a requirement and the importance of the requirement is
calculated [63]. The result shows how well each requirement, or
type of requirement, is fulfilled according to how important the
stakeholders think the requirements are. In this case, the requirements with the largest gaps get the highest priorities for improvement (PFI) [63]. This makes it possible to improve parts of the
product with a low level of fulfillment, but it could also be used to
tune the process to avoid such situations again.
While gap-analysis focus on improving the product, PARSEQ (Postrelase Analysis of Requirements Selection Quality) focus on identifying improvements in the process through conducting retrospective
analysis [88, 91]. In this approach, a number of candidate requirements for previous releases are sampled and reprioritized based on
the knowledge gained since the product was released. This is done
to find decisions that would be made differently with the available
Using Requirements Prioritization
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knowledge. Based on the new information, “faulty” decisions can
be identified and the root causes of the problems can be identified.
Based on this information, improvements with the release planning
process are elicited and prioritized in order to improve the process
in the future [90].

2.5.6

Using the Results of Requirements Prioritization
The results of a prioritization exercise must be used judiciously
[107]. Dependencies between requirements should be taken into
consideration when choosing which requirements to include.
Dependencies could be related to cost, value, changes, people, competence, technical precedence, etc. [38, 140]. Such dependencies
might force one requirement to be implemented before another,
implying that it is not possible to just follow the prioritization list.
Another reason for not being able to solely base the selected
requirements on the priority list is that when the priority list is presented to the stakeholders, their initial priority might have emerged
incorrectly [107]. This means that when the stakeholders are confronted with the priority list, they want to change priorities. This is a
larger problem in techniques where the result is not visible throughout the process (e.g. AHP).
The product may have some naturally built-in constraints. For
example, projects have constraints when it comes to effort, quality,
duration, etc. [141]. Such constraints makes the selection of which
requirements to include in a product more complex than if the
choice were solely based on the importance of each requirement. A
common approach to make this selection is to propose a number of
alternative solutions from which the stakeholders can choose the
one that is most suitable based on all implicit context factors (e.g.
[60, 106 , 139, 141, 172]). By computerizing the process of selecting
nominated solutions, it is possible to focus the stakeholders’ attention on a relatively small number of candidate solutions instead of
wasting their time by discussing all possible alternatives [51]. In
order to automate and to provide a small set of candidate solutions
to choose from, it is necessary to put some constraints on the final
product. For example, there could be constraints that the product is
not allowed to cost more than a specific amount, the time for development is not allowed to exceed a limit, or the risk level is not
allowed to be over a specific threshold.
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2.6

An Example of Requirements Prioritization
To illustrate the different aspects, prioritization techniques, tradeoffs between stakeholders, and combinations of prioritization techniques and aspects, an example of a prioritization situation is given.
The method for selecting requirements for implementation is influenced by a model proposed by Wiegers [172] but is tailored to fit
this example. The example analyses 15 requirements (R1-R15) in a
situation with three known customers (see Section 2.4.2). The analysis is rather sophisticated to show different issues in prioritization
but still simple with a small amount of requirements. While many
more requirements are common in industry, it is easier to illustrate
how the techniques work on a smaller example. Each of the 15
requirements is prioritized according to the different aspects presented in Section 2.2. Table 2.3 presents the aspects that are used in
the example together with the method that is used to prioritize the
aspect and from which perspective it is prioritized.
As can be seen in Table 2.3, all prioritization techniques presented
in Section 2.3 are used. However, two clarifications are in order.
First, numerical assignment for time (7) and risk (3) uses a different
number of groups to show varying levels of granularity. The customer importance is prioritized both by the top-ten technique and
CV depending how much time and cost the different customers
consider reasonable.
Table 2.3

Aspects to Prioritize

Aspect

Prioritization Technique

Perpective

Strategic importance

AHP

Product Manager
a

Customers

Customer importance

CV/Top-ten

Penalty

AHP

Product Manager

Cost

CV

Developers

Time

Numerical Assignment (7)

Project Manager

Risk

Numerical Assignment (3)

Requirements Specialist

Volatility

Ranking

Requirements Specialist

a. The top-ten technique is modified to a top-four technique in this example due to the limited
number of requirements

To make the prioritizations more effective, requirements are further
refined. First, requirements R1 and R2 are requirements that are
absolutely necessary to get the system to work at all. Hence, they
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are not prioritized by the customers but they are estimated when it
comes to cost, risk, etc. since R1 and R2 influence these variables
no matter what. This is a way of using the requirements triage
approach presented in Section 2.3.7. Further, two groups of
requirements have been identified as having high dependencies
(must be implemented together) and should hence be prioritized
together. Requirements R3, R4, and R5 are grouped together as R34-5, and requirements R6 and R7 are grouped into R6-7.
The next step is to prioritize the importance of the requirements. In
the case at hand, the three known customers and the product manager prioritize the requirements. These four stakeholders are
assigned different weights depending on how important they are
deemed by the company. This is done by using CV to get the relative weights between the stakeholders (see Section 2.4.5). Table 2.4
presents the result of the prioritization, where the three customers
are denoted C1-C3 and the product manager is denoted PM
Table 2.4

Priority results of strategic and customer importance. Priority,

P ( R X ) = RP C1 × W C1 + RP C2 × W C2 + RPC3 × W C3 + RP PM × W PM

where RP is the Requirement Priority, and W is the Weight of the
stakeholder.

Requirement

C1 (0.15)

R3-4-5

C2 (0.30)

C3 (0.20)

PM (0.35)

Priority

0.04

0.18

0.17

0.11

R6-7

0.25

0.29

0.04

0.16

0.19

R8

0.25

0.24

0.16

0.15

0.19

0.07

0.14

0.03

0.06

0.05

0.13

0.29

0.18

R11

0.05

0.01

0.02

0.02

R12

0.16

0.04

0.01

0.06

R13

0.05

0.16

0.02

0.05

0.02

0.10

0.10

0.10

0.03

0.04

0.05

0.03

1

1

1

1

R9
R10

R14

0.25

0.25

R15
Total:

1

As can be seen in this table, the different stakeholders have different priorities, and it is possible to combine their different views to
an overall priority. The weights (within parenthesis after each stakeholder) represent the importance of each customer, and the product manager is assigned the highest weight (0.35) in this example. In
this case, the mission of this product release is to invest in long-
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term requirements and attract new customers at the same time as
keeping existing ones, which resulted in the high priority of the
product manager. As also can be seen, C1 used the top-ten technique and hence the priorities were evenly divided between the
requirements that this customer regarded as most important. The
list to the far right presents the final priority of the requirements
with the different stakeholders and their weights taken into account.
This calculation is possible since a ratio scale has been used instead.
The next step is to prioritize based on the other aspects. In this
case, the Priority from Table 2.4 is used to express Importance in Table
2.5. It should also be noted that requirements R1 and R2 (absolutely
necessary) have been added in Table 2.5, where a prioritized list of
the requirements is presented (based on IP). With this information
there are two options: 1) pick prioritized items from the top of the
list until the cost constraints are reached, 2) analyze further based
on other prioritized aspects, if prioritizations of additional aspects
are available. The example has two major constraints: 1) the project
is not allowed to cost more than 65% of the total cost of the elicited
requirements, and 2) the median risk level of the requirements
included is not allowed to be higher than 2.5.
Table 2.5

Requirement
R1

Descending priority list based on Importance and Penalty (IP).
IP ( R X ) = RP I × W I + RP P × W P , where RP is the Requirement
Priority, and W is the Weight of Importance (I) and Penalty (P).

Importance
(0.7)

Penalty
(0.3)

IP

Cost

Time

Risk

Volatility

1

1

1

0.11

3

1

2

R2

1

1

1

0.13

4

2

1

R8

0.19

0.20

0.20

0.07

1

3

7

R67

0.19

0.09

0.16

0.10

6

3

5

R10

0.18

0.01

0.1

0.24

2

3

11

R14

0.10

0.16

0.12

0.01

1

3

10

R345

0.11

0.02

0.08

0.03

3

2

8

R9

0.06

0.12

0.08

0.09

3

2

9

R15

0.03

0.17

0.08

0.05

5

1

4

R12

0.06

0.06

0.06

0.11

4

2

6

R11

0.02

0.114

0.06

0.02

3

1

3

R13

0.05

0.03

0.05

0.04

7

1

12

3

3

3

1

3

2

-

Total/Median:
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Based on this, we first try to include the requirements with the
highest IP. The result of this is presented in Table 2.6 where the list
is cut when the sum of costs reached 65% of the total cost of elicited requirements.
Table 2.6

Selected Requirements Based on IP and Cost

Requirement

IP

Cost

IP/Cost

Time

Risk

Volatility

R1

1

0.11

9.09

3

1

2

R2

1

0.13

7.69

4

2

1

R8

0.20

0.07

2.80

1

3

7

R6-7

0.16

0.10

1.59

6

3

5

R10

0.13

0.24

0.54

2

3

11

Total/Median:

2.48

0.65

21.71

3

3

-

Table 2.6 shows that we managed to fit within the cost constraints
but could not satisfy the risk constraint. As a result, the project
becomes too risky. Instead, another approach is taken to find a suitable collection of requirements. In this approach, we take the IP/
Cost ratio into consideration. This shows which requirements provide most IP to the lowest cost. In this case, we try to set up a limit
of only selecting requirements that have an IP/Cost-ratio higher
than 1.0. The result is presented in Table 2.7.
Table 2.7

Selected Requirements Based on Cost and IP/Cost Ratio

Requirement

IP

Cost

IP/Cost

Time

Risk

Volatility

R1

1

0.11

9.09

3

1

2

R2

1

0.13

7.69

4

2

1

R8

0.20

0.07

2.80

1

3

7

R6-7

0.16

0.10

1.59

6

3

5

R14

0.12

0.01

11.70

1

3

10

R3-4-5

0.08

0.03

2.71

3

2

8

R15

0.08

0.05

1.50

5

1

4

R11

0.06

0.02

2.94

2

1

3

R13

0.05

0.04

1.17

7

1

12

Total/Median:

2.73

0.56

41.19

3

2

-

Table 2.7 shows the cost constraints are still met (even nine percent
less cost) while also satisfying the risk constraint. Comparing tables
2.6 and 2.7 shows that the IP-value of the second candidate solu-
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tion is higher which indicates that the customers are more satisfied
with the product. Note also that the IP/Cost ratio is almost doubled. The second candidate solution satisfies 91 percent (2.73/3) of
the IP aspect, compared to 83 percent in the first candidate solution. The fact that the second alternative costs less and is less risky
also favors this choice. Nevertheless, the above example is not optimal since cost was constrained at 0.65 and other combinations of
requirements may be more optimal for the selection.
This type of requirements selection is known in operational
research as the binary knapsack problem [29]: maximize value when
the selection is bounded by an upper limit. However, the difference
between a classical knapsack problem and the problem faced above
is that release planning and requirements selection is a “wicked
problem” [29]. This means that an optimal solution may not exist,
that every requirements selection situation is unique, and that no
objective measure of success exists, etc. [29]. In addition, the values
of the aspects in the above example are estimates and subjective
measures in comparison to objective measures such a length,
weight, and volume. Instead of finding the optimal set, different
alternative solutions should be discovered and the alternative that
seems most suitable should be chosen [29].
This implies that the purpose with prioritization is not to come up
with a list of final requirements, but rather to provide support for
decisions made by a decision maker. This way of combining formalization (science) and human intuition (art) is what Ruhe and Saliu
refers to when arguing that art and science complements each other
in requirements selection [143]. Vetschera also align with this when
arguing that subjective judgments must complement objective
results to evaluate trade-offs between aspects [170].
In comparison to the example outlined in this section, real projects
generally have more requirements, and more complex dependencies
[29]. However, this example was meant to show how to handle
trade-offs between different (sometimes conflicting) aspects. It is
also possible, as illustrated, to fine-tune an existing technique or
method to suit a company specific situation.

2.7

Summary
This chapter has presented a number of techniques, aspects, and
other issues that should be thought of when performing prioritiza-
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tions. These different parts together form a basis for systematically
prioritizing requirements during software development. The result
of prioritizations suggests which requirements should be implemented, and in which release. Hence, the techniques could be a valuable help for companies to get an understanding of what is
important and what is not for a project or a product. As with all
evaluation methods, the results should be interpreted and possibly
adjusted by knowledgeable decision-makers rather than simply
accepted as a final decision.
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AHP vs. Planning Game
Lena Karlsson, Patrik Berander, Björn Regnell, Claes Wohlin

Software requirements need to be prioritized when the elicitation
process has yielded more requirements than can be implemented at
once. In Chapter 2, a number of requirements prioritization techniques were presented. This chapter describes an experiment aimed
at comparing two requirements prioritization techniques. The intention with the experiment is to compare a rudimentary prioritization
technique (Planning Game) with a more sophisticated one (Analytical Hierarchy Process). The main variables that are investigated are
the difference in time consumption, accuracy, and ease of use. In
order to investigate the trade-off between different aspects in the
prioritization, the prioritization was performed with respect to both
Price and Value (benefit). The experiment also aims at investigating
if the preferred choice of prioritization technique depends on the
number of features to prioritize.
This chapter is structured as follows. Section 3.1 explains and discusses the matter of requirements prioritization in general and the
two compared techniques in particular. Section 3.2 describes the
design of the experiment and brings up some validity issues. Further, Section 3.3 presents the results discovered in the experiment
while Section 3.4 discusses what the results may imply. Finally, the
chapter is summarized in Section 3.5.
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3.1

Requirements Prioritization
As can be seen in the discussion put forward in Chapter 2, requirements prioritization can be used for several purposes but the main
application is to distinguish the critical few from the trivial many. In
order to select the correct set of requirements, decision makers
must understand the relative priorities of the requested requirements [172]. By selecting a subset of the requirements that are valuable for the customers and can be implemented within budget,
organizations can become more successful on the market. As
shown in Chapter 2, there are several different techniques to choose
from when prioritizing requirements. Some techniques are based on
more or less structured sorting algorithms, while others use pairwise comparisons or numerical assignment [82].
The two techniques compared in this chapter are (1) the Analytical
Hierarchy Process (AHP) that is based on exhaustive pair-wise
comparisons [145], and (2) the Planning Game (PG) [8] that uses a
sorting algorithm to partition the requirements. The two techniques
are further described below.

3.1.1

Analytical Hierarchy Process (AHP)
As can be seen in the description of AHP in Chapter 2, AHP is a
decision-making technique based on pair-wise comparisons that can
be used to prioritize requirements in software development (consult
Chapter 2 for the essentials of AHP). Karlsson et al. [87] performed
an evaluation of six different prioritization techniques based on
pair-wise comparisons, including AHP. The authors concluded that
AHP was the most promising approach because it is based on a
ratio scale, is fault tolerant, and includes a consistency check. AHP
was the only technique in the evaluation that satisfied all these criteria. Furthermore, it includes a priority distance, i.e. a ratio scale,
while the other approaches only provided the preferred order.
However, because of the sophistication of the technique, it was also
the most time-consuming technique in the investigation.

3.1.2

Planning Game (PG)
In the last years, there has been an increased use and interest in agile
methodologies, such as Extreme Programming (XP). Agile methodologies are based on streamlined processes, attempting to reduce
overhead such as unnecessary documentation. The interest and use
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of agile methodologies have been both from industry and academia
(see discussions in Sections 1.2.2 and 1.4.2.2). Tom De Marco has
aligned to this interest and have expressed that “XP is the most
important movement in our field today” [10].
XP is composed of 12 fundamental practices, of which Planning
Game (PG) is one. For the purpose of this experiment we have isolated PG despite that the practices likely affect each other [8]. PG is
used in planning and deciding what to develop in a XP project. In
PG, requirements (written on so called Story Cards) are elicited
from the customer. When the requirements have been elicited, they
are prioritized 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 [8].
At the same time, the developers estimate the time required to
implement each requirement and sort the requirements by 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 [10]. Based on the time estimates, or by choosing the
cards and then calculating the release date, the customers prioritize
the requirements within the piles and then decide which requirements that should be planned for the next release [123].
The result of this easy and straightforward technique is a sorted
vector of requirements. The requirements are represented as a ranking on an ordinal scale without the possibility to see how much
more important one requirement is than another.

3.1.3

Cost-Value Trade-off
As discussed in Chapter 2, it is often not enough to just prioritize
the importance of the requirements from a customer point-of-view.
Other aspects such as risk, time, cost, and requirements dependencies often should be considered before deciding if a requirement
should be implemented directly, later, or not at all. Karlsson and
Ryan [84] use AHP as an approach for prioritizing both Value and
Cost in order to implement those requirements that give most value
for the money. The data can be further used to provide graphs to
visualize the Value to Cost ratio between the requirements.
In PG, a similar approach is taken when requirements are prioritized based on both customer value and implementation effort. The
Requirements Prioritization
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information that can be extracted from PG should hence be possible to use in the same way as it is used by Karlsson and Ryan [84]
with the difference that the result from PG is based on an ordinal
scale instead of a ratio scale.

3.2

Experiment Design
This section describes the experiment approach and execution as
well as the analysis performed by the researchers1. Finally, it is concluded with a number of validity issues.

3.2.1

Experiment Approach
The experiment was carried out with a repeated measures design,
using counter-balancing [136, 173]. The 16 subjects in the convenience sample included 15 Ph.D. Students in their first or second
year, and one professor. 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, before the experiment
a pre-test was performed, and a few weeks after the experiment a
second post-test was conducted.
The two requirements prioritization techniques described in Section
3.1 (and Section 2.3.1) were used as input to the experiment, but
were modified in order to be further comparable. The system
aspect of AHP was not considered, and thus there is only one level
of the hierarchy in this investigation [145]. Neither were any measures taken to reduce the number of comparisons, resulting in
exhaustive pair-wise comparisons.
PG was modified so that the piles were labelled according to Value
and Price: (1) Necessary, (2) Adds to the value and (3) Unnecessary,
and (1) Very high price, (2) Reasonable price and (3) Low price. In
practice, PG is performed by a customer representative and a developer, but in this experiment each subject plays both roles.

3.2.1.1

Research Hypotheses

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

1. More info: http://serg.telecom.lth.se/research/packages/ReqPrio/
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• The average time to conclude the prioritizations is larger when
using AHP.

• The ease of use is considered higher for PG.
• AHP reflects the subjects’ views more accurately.
This means that the experiment measures three dependent variables. The time to conclude the priotization is measured objectively
by measuring each subject’s time to conclude the tasks. Ease of use
and accuracy were captured in a subjective way by giving each participant a questionnaire to anwer as part of the experiment. In addition, accuracy was also measured objectively through a blind-test of
which priority list that best corresponded to the subjects’ view.
3.2.1.2

Pilot Experiment

A pilot experiment was performed before the main study to evaluate the design. Six colleagues participated and they prioritized ten
features each, with both techniques. After this pilot experiment, it
was concluded that the experiment should be extended to 8 and 16
features in order to capture the difference depending on the
number of objects to prioritize. Another change was to let the subjects use the techniques and aspects in different orders to eliminate
order effects. Further, the AHP sheets (see Figure 3.1) were
changed to remove the scale and instead use the “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.
3.2.1.3

Pre-Test

Before the session, the subjects were given a pre-test to get input
for sampling. This was done by sending out a questionnaire by email to the participants to get an understanding of their knowledge
about mobile phones and the their knowledge and opinion of the
two prioritization 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 features. Nine
of the 16 subjects stated that they consider buying a new mobile
phone at least every second year, which indicates that they have a
quite good picture about the price of mobile phones.
3.2.1.4

Experiment Execution

The experiment was cunducted in the mobil telephone domain,
which all subjects were familiar with (according to the pre-test). The
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objects to prioritize were mobile phone features, for example SMS,
Games, WAP, Calendar, etc. In this experiment, the prioritization
aspects were “Value for me” (Value), which corresponds to how
important and interesting the subject find the feature, and Added
price on the phone (Price), which is an estimation of how much the
feature might add to the price of a mobile phone. Note that this is
not the same as development cost, which would be difficult for laymen to estimate.
The Value aspect has probably been regarded by most of the subjects when buying or consider buying a mobile phone. The Price
aspect may also be accounted for since comparing mobile phones
when consider buying a mobile phone gives a clue of how much the
features add to the price. Thus, there is a trade-off between Value
and Price when buying a mobile phone.
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 prioritize 8 features, while the other half prioritized 16 features. 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 AHP and half started with PG. The order
of the Value and Price 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 Table 3.1.
Table 3.1

Subject

Experiment Using Counter-balancing Design

Number of Features

Technique 1

Technique 2

Aspect 1

Aspect 2

A

8

AHP

PG

Price

Value

B

8

AHP

PG

Price

Value

C

16

AHP

PG

Price

Value

D

16

AHP

PG

Price

Value

E

8

AHP

PG

Value

Price

F

8

AHP

PG

Value

Price

G

16

AHP

PG

Value

Price

H

16

AHP

PG

Value

Price

I

8

PG

AHP

Price

Value

J

8

PG

AHP

Price

Value

K

16

PG

AHP

Price

Value
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Table 3.1

Subject

Experiment Using Counter-balancing Design

Number of Features

Technique 1

Technique 2

Aspect 1

Aspect 2

L

16

PG

AHP

Price

Value

M

8

PG

AHP

Value

Price

N

8

PG

AHP

Value

Price

O

16

PG

AHP

Value

Price

P

16

PG

AHP

Value

Price

The experiment was conducted in a classroom with the subjects
spread out. Each subject was given an experiment kit consisting of
the AHP sheets and the PG cards.
For AHP, one sheet per aspect and person had been prepared, with
all possible pair-wise combinations of the features to compare. For
the purpose of eliminating order effects, the order of the pairs was
randomly distributed so every subject got a different order of the
comparisons.With 16 features to compare, there was 16(16-1)/2 =
120 pair-wise comparisons for Value and Price, respectively. With 8
features, there was 8(8-1)/2 = 28 pair-wise comparisons for both
Value and Price. In between the requirements in each pair, there was
a scale where the difference of the requirements’ Value or Price was
circled, see Figure 3.1
Which of the two features are most valuable to you?
Alarm <<<< <<< << < = > >> >>> >>>> Timer
WAP <<<< <<< << < = > >> >>> >>>> SMS
Figure 3.1

Example of AHP Sheet

In order 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
feature than the right one. If the features were equally valuable (or
expensive) the “equal” symbol was circled.
For PG, the subjects were given two sets of cards (one for Value and
one for Price) with one mobile phone feature written on each. The
cards were partitioned into three piles, separately for the Value
aspect and the Price aspect, see Figure 3.2.
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SMS
SMS
SMS

Necessary

WAP
Timer

Very high price

Figure 3.2

WAP
WAP

Adds to the value

SMS
SMS
SMS
MMS

Reasonable price

SMS
SMS
SMS
Games

Unnecessary

SMS
SMS
WAP

Low price

Example of PG Cards

Within the piles, the cards were then arranged so that the most valuable (or expensive) one is at the top of the pile and the less valuable (or expensive) are 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 prioritized features was constructed for each aspect.
The subjects were given two hours to conclude the tasks to avoid
time pressure. During the experiment, the subjects were instructed
to note the time consumption for each prioritization. Further, the
subjects had the possibility to ask questions of clarification.
3.2.1.5

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 the 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?
3. Which technique do you think is most sensitive to judgemental
errors?
3.2.1.6

Post-Test 2

After completing the analysis, the subjects were asked to state
which technique they thought gave the most accurate result in a second post-test. They were sent two e-mails (one for Value and one
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for Price) with two lists of ranked features, corresponding to the
results from the PG and AHP prioritizations. 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 agreed the best with their views. As the both priority lists
were presented as ranking, neither the ratio scale from AHP nor the
pile distribution from PG was presented. This was necessary in
order to get comparable lists.

3.2.2

Analysis
The analysis of the experiment was divided between two independent researchers, in order to save time and to perform spot checks to
improve validity. The analysis was performed with Microsoft
ExcelTM and the computing tool MATLABTM.
Two different scales were tried for the AHP analysis: 1~5 and 1~9.
According to Zhang [179] the scale 1~5 is better than 1~9 at
expressing human views and therefore the scale 1~5 was used when
compiling the prioritization ranking lists.
Saaty [145] has calculated random indices (RI) that are used in the
calculation of the consistency ratios. Unfortunately, this calculation
only includes 15 factors while this experiment included as many as
16 factors. However, the RI scale was extrapolated and the RI for
16 factors was set to 1.61.

3.2.3

Validity
The experimental design involves some threats to validity, which we
have tried to prevent. Using the counter-balancing design, the order
effects have been balanced out since the subjects were randomly
given different orders to perform the techniques and using the
aspects. Therefore, we believe that the order of the techniques and
aspects will not affect the results.
It is also possible that the subjects could become fatigued during
the experiment. Especially the subjects who perform the tasks with
16 features may get tired or bored, which in turn may affect the
concentration. This has been tested during the analysis, by calculating the consistency for AHP and the results indicate that there is no
significant difference in consistency depending on the number of
features (see Table 3.8).
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Another possibility is that the subjects get practice during the
experiment and unconsciously get an opinion on the context using
the first technique, which will affect the result for the second technique. Especially when using PG first, it may affect the AHP performance. This is not the case. Although the mean values in Table
3.10 indicate a difference in the consistency, the hypothesis tests
show that the difference is not significant.
Group pressure and the measure of each subject’s time to complete
the task might impose time pressure, which could affect the results.
However, it may not be a large problem since there is no major correlation between the time and the consistency in the results (see
Table 3.9). Therefore we can argue that time pressure will not affect
the performance of the prioritization.
The number of subjects was only 16, which reduces the generalisability, i.e. there is a threat that the findings are specific to this particular group or context. On the other hand, Ph.D. students may have
similar views as the requirements engineers and customers who are
intended to use the techniques in practice [68]. At the same time, it
is unlikely that the subjects take the prioritization as seriously as a
requirements engineer or customers would in a real project (see
Section 3.3.7).
Unfortunately, the scales with “more than” and “less than” in the
AHP sheets were accidentally switched so that it could be interpreted in the opposite way than was intended (see Figure 3.1). This
caused some confusion during the experiment. However, the interpretation was explained and clarified and therefore this should not
be considered a threat to validity.
It would have been valuable to start the session with an introduction explaining each feature in the prioritization to clarify their
meaning. However, the subjects had their own interpretation of the
features, which was the same throughout the experiment and therefore this should not affect the result.

3.3

Results
This section presents some of the results found during analysis.
First, the three hypotheses are discussed, then some other interesting findings are described.
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3.3.1

Hypothesis 1: Average Time to Prioritize
As expected, the time to conclude the prioritization is larger with
AHP than with PG, for both aspects. As Table 3.2 shows, the difference in time between the two techniques is 6.1 minutes for 8 features and 14.7 minutes for 16 features.

Table 3.2

Average Time Consumption for the Prioritization

Number of Features
8

Aspect

AHP

PG

Diff.

Value

7.8 min

3.6 min

4.2 min

Price

6.4 min

4.5 min

1.9 min

14.2 min

8.1 min

6.1 min

Value

12.6 min

6.5 min

6.1 min

Price

14.1 min

5.5 min

8.6 min

26.7 min

12.0 min

14.7 min

88%

48%

Total:
16
Total:
Increase in Percent:

The time increase in percent from 8 to 16 features for AHP is 88
percent, while the same for PG is only 48 percent. Thus, a larger
number of objects to prioritize affect the time consumption for
AHP more than for PG, at least when using 8 and 16 features.This
can also be studied in Figure 3.3 where the median values are higher
for AHP than for PG, and the difference between 8 and 16 features
is larger for AHP than for PG. Additionally, the boxplot indicates
that the subjects’ time to conclude the prioritization with AHP are
more dispersed.
40

Time (minutes)

35
30
25
20
15
10
5
0
Figure 3.3

8 AHP

8 PG

16 AHP

16 PG

Box plots of the Time Spent on Prioritization
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In Table 3.3 it is possible to see that the subjects have in average
used less time per feature when they had more features to prioritize.
It is particularly interesting to see that it takes less time per feature
to perform PG with 16 features than with 8. One could expect that
it should be more complex to perform PG with more features but
this result show that it is even faster with more features. However,
there might be a breakpoint when the number of features is too
great and it becomes hard to obtain an overview.
Table 3.3

Time Consumption per Feature

Number of Features

AHP

PG

8

53.5 s/feature

30.5 s/feature

16

50 s/feature

22.5 s/feature

Four hypothesis tests (see Table 3.4) were performed, for 8 and 16
features respectively, and one for each aspect. The frequency distribution was plotted in histograms to check the distribution.
Table 3.4

Wilcoxon Tests for the Time Difference between AHP and PG

Number of Features
8
16

Aspect

Wilcoxon p-values

Value

0.0117

Price

0.0781

Value

0.0098

Price

0.0039

Due to the not normally distributed sample, a non-parametric test
was chosen, the Wilcoxon test. The hypothesis tests show that on
the 5 %-level there is a significant time difference for three of the
four cases. In the fourth case, the Price aspect on 8 features, the test
shows that the difference is only significant on a higher level. This is
illustrated in Table 3.4, where the p-value is lower than 5 % in three
of the four cases.

3.3.2

Hypothesis 2: Ease of Use
Immediately after the experiment the subjects filled out the first
post-test that, among other things, captured the opinions of the
techniques’ ease of use. Among the 16 subjects, 12 found PG more
or much more easy to use than AHP. Only 3 found them equally
easy and 1 stated that AHP was more easy to use (see Table 3.5).
Hence, 75 percent of the subjects found PG easier to use.
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Table 3.5

Result from the Post-Test: Ease of Use

Favor AHP
Number of Features

Equal

Favor PG

Much More

More

More

Much More

8

0

0

1

3

4

16

0

1

2

1

4

Total:

0

1

3

4

8

0%

6%

19%

25%

50%

Total Percent:

It seems as if the subjects prioritizing 16 features are a bit more
sceptical to PG than those prioritizing 8 features, indicating that it is
hard to keep all features in mind as the number of features grow.

3.3.3

Hypothesis 3: Accuracy
The first post-test also captured which technique the subjects
expected to be the most accurate. As Table 3.6 illustrates, a majority
of the subjects expected PG to be better, while less than a fifth
expected AHP to be better.

Table 3.6

Results from the First Post-test: Expected Accuracy

Number of Features

Favor AHP

Equal

Favor PG

8

1

3

4

16

2

1

5

Total:
Total Percent:

3

4

9

19%

25%

56%

For most subjects, the actual ranking that was captured in the analysis differed somewhat between the two prioritization techniques. In
order to evaluate which technique that gave the most accurate
results, a second post-test was sent out to the subjects. This was
done a few weeks after the experiment, when the analysis was finished. The result of this test is presented in Table 3.7.
As Table 3.7 shows, the most common opinion was that PG
reflects the subjects views more accurately. Half of the ones that
have stated that both techniques are equally accurate actually had
the same order in the lists. An interesting observation is that this
implies that PG was actually not as good as the subjects expected
even if it was better than AHP.

Results

81

AHP vs. Planning Game

Table 3.7

Results from the Second Post-test: Perceived Accuracy

# of Features
8
16

Aspect

Favor AHP

Equal

Favor PG

Value

0

2

6

Price

4

3

1

Value

3

1

4

Price

2

2

4

Total:
Total Percent:

3.3.4

9

8

15

28%

25%

47%

Judgement Errors
Another question at the first post-test was which technique the subjects expected to be most sensitive to judgemental errors. The
objective was to find out the subjects’ views, although it has been
shown that AHP is insensitive to judgemental errors due to the
redundancy in the pair-wise comparisons [87, 145]. However,
among the subjects 75 % expected AHP to be most sensitive. Perhaps this is because the AHP-technique “feels like pouring requirements into a black-box” as one of the subjects stated. It may be
difficult to trust something that you are not in control of.

3.3.5

Consistency Ratio
The consistency ratio (CR) describes the amount of judgement
errors that is imposed during the pair-wise comparisons in AHP.
The CR is described with a value between 0 and 1 and the lower CR
value, the higher consistency. Saaty [145] has recommended that CR
should be lower than 0.10 in order for the prioritization to be considered trustworthy. However, CR exceeding the limit 0.10 is used
frequently in practice [84].
The CR limit above is only valid for the scale 1~9, and in this
experiment the scale 1~5 was used instead. Therefore, the limit for
acceptable CR will be lower. The average consistency ratios for
scale 1~5 are presented in Table 3.8. The frequency distribution for
the consistency was plotted in histograms to check the distribution.
The data was not normally distributed and therefore we chose a
non-parametric test. The Wilcoxon test shows that on the 5 %level, there is no significant difference in consistency depending on
the number of features prioritized. It was decided not to exclude
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any of the prioritizations, even though CR was high, in order to
keep all available data.
Table 3.8

Mean Consistency Ratio and Wilcoxon Test for the Difference in
Consistency

Aspect

Number of Features

Mean CR

8

0.11

16

0.08

8

0.10

16

0.12

Value
Price

Wilcoxon p-values
0.3270
0.6744

In order to investigate if the time spent on each comparison affects
the consistency, the correlation between the parameters was calculated. The Pearson correlation coefficients indicate an insignificant
correlation between the time and the consistency, positive for the
Value aspect and negative for the Price aspect, see Table 3.9. Generally, the absolute value of the correlation coefficient should be
greater than 0.5 in order for the values to be considered correlated
[158]. Thus, the conclusion is drawn that the consistency is not particularly influenced by the time consumption.
Table 3.9

Correlation between Time and Consistency

Pearson Correlation Coefficient

3.3.6

Value

Price

8 Features

0.06

-0.25

16 Features

0.26

-0.21

Order Effects
There is a chance that the order in which the two techniques are
used can influence the result. Table 3.10 shows that the mean consistency ratio is a bit lower for the subjects who used PG before
AHP. This may indicate that using PG can provide an image of
ones preferences that are not possible to get from using AHP.
Therefore it may be easier to prioritize and be consistent when PG
precedes AHP.

Table 3.10

Order Effect on Consistency

Mean Consistency

AHP-PG

PG-AHP

M-W p-values

Value

0.11

0.08

0.6773

Price

0.12

0.10

0.6773
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However, the hypothesis tests show that the difference is not significant on the 5 %-level. Due to the not normally distributed sample,
we chose a non-parametric test, the Mann-Whitney test. The p-values are all larger than 5 %, and therefore we can draw the conclusion that there is no significant difference depending on the order.
This finding validates that the experiment analysis have not suffered
from any order effects since there is no significant difference
between the two groups.

3.3.7

Distribution in Piles
For PG the subjects were asked to distribute the features in three
different piles, dependent on Value and Price. In average, the
respondents distributed 41 percent of the features in the middle pile
(independent of aspect). This is a result that might not correspond
well to how the features would have been distributed in a real case.
One could assume that customers would put most of the features in
the highest priority pile, which is often the case when customers
need to prioritize between their wishes [103, 161, 172]. Therefore,
this result might be somewhat misleading and further studies
should clarify this condition. In the next chapter, a study is performed to investigate the reasons for the discrepancy between this
experiment and a “real” situation.

3.3.8

Prioritizing the Price Aspect
One problem identified before the experiment was that the
respondents may find it difficult to prioritize the Price aspect, since
may be hard to estimate the price of different features. However,
the results show that the mean standard deviation in PG was lower
when prioritizing the Price aspect than the Value aspect, see Table
3.11. This result shows that the respondents are in more agreement
when prioritizing Price than Value, which is a rather expected result
since the Price is a more objective aspect. Therefore, it is concluded
that the Price aspect is not considered a threat to validity.

Table 3.11

Mean Standard Deviation

Aspect

84

8 Features

16 Features

Value

1.73

3.02

Price

1.25

2.79
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3.3.9

Qualitative Answers
In the post-test performed right after the experiment, the subjects
had the opportunity to answer some optional questions about their
general opinion. Opinions about AHP include “effort demanding
but nice”, “it feels like a black-box wherein you pour requirements”,
“good but boring”, “it feels like you loose control over the prioritization process”, and “straightforward”. Opinions about PG are for
example “fast and easy”, “lets the respondent be creative”, “intuitive”, “prone to errors”, “good overview”, and “logical and simple”. These opinions correspond well to the results of the captured
subjective dependent variables: ease of use and expected accuracy,
discussed in prior sections.

3.3.10

Price-Value Graphs
In order to illustrate the possibility of using the Cost-Value
approach for requirements selection, two examples of Cost-Value
graphs are available in Figures 3.4 and 3.5 (PG and AHP with 8 features). However, in this experiment, we use the term Price instead of
Cost. The graphs are made in order to visualise the results from the
experiment and to see how much the two techniques differ regarding Price-Value graphs.

9
8
7

Alarm
Calendar

Value

6

Colorscreen

5

Games
Notebook

4

Timer
3

Wap
Vibrating call alert

2
1
0
0

1

2

3

4

5

6

7

8

9

Price

Figure 3.4

Price-Value Graph for PG with 8 Features
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0,3

0,25
Alarm
0,2

Calender

Value

Colorscreen
Games

0,15

Notebook
Timer
WAP

0,1

Vibrating Call Alert
0,05

0
0

0,05

0,1

0,15

0,2

0,25

0,3

Price

Figure 3.5

Price-Value Graph for AHP with 16 Features

The three areas in the graphs represent different grades of contribution [83] and the lines visualise which Value to Price ratio each
requirement has, as explained in [84]. The upper line in each graph
divides those features that had more than 2 in Value to Price ratio
from those that had between 2 and 0.5. The lower line in each
graph divides those features that had between 2 and 0.5 from those
with a ratio below 0.5 [84]. The Price and Value markings for AHP
are based on the mean of the subjects’ relative weight of the features. In PG, the markings are based on the median of the subjects’
ranking number (since it is based on an ordinal scale).
In the case with 8 features, the two methods provide the same result
when it comes to which feature that are located in which area of the
graph. The features Alarm and Vibrating call alert have in average a
high Value to Price ratio (above 2) and therefore they would give
high contribution to the fictive product. The features Colorscreen
and WAP have a low Value to Price ratio (below 0.5), and would
bring low contribution to the product. Finally, Calendar, Games,
Notebook and Timer bring medium contribution (between 0.5 and
2 in Value to Price ratio).
The results indicate that it is possible to provide Price-Value (or
Cost-Value) graphs with both PG and AHP. However, further stud-
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ies are needed in order to validate if this result applies to other prioritizations. In Karlsson et al. the usage of ordinal scale
prioritization techniques is studied further, and the results indicate
that Cost-Value graphs with ordinal data seems feasible if slightly
modifying the way the graph is presented [89].

3.4

Discussion
Prioritization is a very important activity in requirements engineering because it lays the foundation for requirements selection and
release planning. However, it is also a difficult task since it requires
domain knowledge and estimation skills in order to be successful.
The inability to estimate implementation effort and predict customer value may be one of the reasons why organisations use ad
hoc methods when prioritizing requirements. For a prioritization
technique to be used it has to be fast and easy to manage since
projects often have strict time and budget pressure. Therefore, a
strong argument for PG is that the time consumption is reasonable
and the usage easy and intuitive.
In this experiment two groups prioritized 8 and 16 features, respectively, in order to investigate if there is a breakpoint between 8 and
16 where one of the methods is more efficient than the other. It
was suspected that a greater number of requirements would eliminate the valuable overview in PG, since it would be difficult to keep
all features in mind. However, this experiment only shows a slight
tendency of less overview when prioritizing 16 features (see Table
3.5). Therefore, it is suspected that the breakpoint is at an even
higher number of features. Another interesting observation in this
experiment was that the time consumption did not affect the consistency in AHP. One could assume that if someone stresses
through the comparisons, the consistency would be worse. However, this is only initial results and with more difficult features to
prioritize, the results might be different.
In practice, it is common that a larger number of requirements need
to be prioritized. When the number of requirements grow, it is hard
to get an overview. Therefore, visualisation is very important in
order to share information. This experiment showed that it should
be possible to visualise the result of both AHP and PG, which is
also supported to some extent in Karlsson et al. [89]. However, it
should be further evaluated how the ordinal scale in PG affects the
visualisation. In a real project, it may also be more valuable to use
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the ratio scale in order to, in more detail, differentiate requirements
from each other. Thus, it may not be sufficient to determine which
requirement that is of higher priority, without knowing to what
extent (i.e. ordinal scale priorities). However, without tool support,
AHP will be very time consuming with a greater number of requirements, both to perform and to analyse.
Due to the small sample and the specific domain it is questionable
if the results can be generalized to an industrial situation. Although
the subjects may have opinions similar to decision-makers in industry, the context of mobile phone features is a bit too simplistic. The
main weakness is that mobile phone features are on a high level and
rather independent, while requirements in a real case often have
interdependencies. It is also possible that industrial experience
would affect the results, although we believe that in a relative comparison between these two techniques, it is likely that the rudimentary PG technique still would be preferred.
In the experiment performed by Karlsson et al. [87], AHP was
ranked as the better technique in relation to the others. The main
reasons were that AHP had reliable results, was easy to use, was
fault tolerant, and was based on a ratio scale. This experiment
shows that PG is better than AHP on all of these variables except
for that it is not based on a ratio scale. Therefore, it is interesting to
imagine a combination of the two techniques similarly as presented
in Section 2.3. In order to decrease the number of comparisons,
AHP could be used on the three piles, separately. Another possibility is to use AHP only on those requirements that end up in the
middle pile in PG. This would imply that PG is used first, to divide
the requirements into three groups according to the PG approach
described earlier. The high priority group of requirements will most
certainly be implemented, the low priority group will be postponed
and looked into in a following release, while the ones in the middle
need special treatment to determine the outcome.
This approach agrees with what Davis [42] has written about the
requirements triage where he recommends requirements engineers
to focus on the difficult requirements and skip the ones that will
either be implemented or rejected anyway. In this manner, AHP can
be used on the requirements that are difficult to estimate and need a
more precise scale for determining its cost and value. The technique’s ratio scale and fault tolerance would then come to its right.
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The discussion above is based on the assumption that most requirements are not put into the same pile, which might be common in an
industrial situation. Therefore, some constraints might be needed in
order to force the piles to be rather evenly distributed. With three
piles, this could for example mean that no pile is allowed to have
less than 25 % of the requirements. However, as discussed in Section 2.3.3, one problem with this approach is that the usefulness of
the priorities diminishes since the stakeholders are forced to divide
requirements into certain groups [86]
Based on the results from this experiment, it could not be concluded if a combination of the two techniques is efficient or not, or
how such a combination should look like. However, we strongly
believe that such a combination could be valuable and is worth evaluating. Therefore, it is recommended that a combination is tried in
a separate experiment or case study, with more data points.

3.5

Summary
This chapter describes an experiment aimed at comparing two
requirements prioritization techniques regarding time consumption,
ease of use and accuracy in the result. The investigated techniques
are the sophistsicated Analytical Hierarchy Process (AHP), which is
based on pair-wise comparisons and has a ratio scale, and the rudimentary Planning Game (PG), which is based on numerical assignment and ranking, and has an ordinal scale.
The results reveal that the intuitive and quick PG technique is better
with regard to time consumption, ease of use, and accuracy. The
average time consumption was higher when using AHP and the
result is statistically significant in three of four cases. PG was considered easier to use by 75 percent of the subjects, although it is
more preferred by those who prioritized 8 features. A blind-test
performed after the experiment shows that 47 percent found the
priority order from PG more accurate, while 28 percent favored the
order from AHP and 25 percent found both priority orders equally
accurate. However, it is concluded that a combination of the two
techniques would further improve prioritization. By first using PG
to get an overall picture of the problem and then use AHP for the
most difficult decisions, you would, with reasonable effort, get an
accurate priority list.
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The generalizability of the study is limited due to the small sample
and the specific context. A real project has requirements dependencies, and time and budget pressure to consider, which cause the
decision-making to be far more difficult. However, we believe that
PG is valid as prioritization technique, although it does not have the
same elaborate and valuable attributes as AHP.
The main disadvantage of the experiment being the difficulty to
generalize to industrial projects, it would be valuable to try the
experiment out in a case study. The participating organization
would then get knowledge about prioritization and perhaps find a
technique that suits their needs. The presented experiment design
could also be used on more subjects to get a larger data set and
thereby a stronger basis for conclusions. There are, as discussed,
several other prioritization techniques presented in Chapter 2 that
would be interesting to look into and compare to the presented
techniques as well.
One interesting issue that was noticed in this experiment was that
the subjects did not distribute the requirements into the piles of PG
as would be expected in an industrial situation. In this experiment,
the subjects distributed the requirements rather evenly between the
piles while prioritizations in industry commonly results in a significant amount of requirements in the high priority pile. In the next
chapter, this finding is further investigated and a number of different studies are observed in order to see what is influencing the suitability of subjects for prioritization studies.
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H A P T E R

Students as Subjects in Prioritization
Patrik Berander

When conducting research in software engineering, the goal is usually to come up with results applicable in industry. In order to
obtain such results, industrial professionals are most suitable as subjects in research studies. Nevertheless, students are often used
instead of professionals as subjects in empirical research [68]. The
reason for this is that professionals often are impossible to use for
reasons of cost and access while students are easy to access, cheap
to use, and are willing to participate as a part of the courses they
attend [68][155].
When conducting empirical research with students as subjects, it is
not only the suitability for research that must be accounted for. An
ethical dimension must also be taken into account, i.e. the study’s
suitability in the education. A study that should be performed with
students must be in line with the education and preferably give the
students practical experience, state-of-the-art knowledge, industry
relevance, and so forth [31]. This means that learning objectives of
courses and research objectives of studies should be combined [68].
In fact, both the researchers and the students should get some benefit out of the study [31].
The approach of using students as subjects could most often be
seen as convenience sampling. Robson [136] states that: “Convenience sampling is sometimes used as a cheap and dirty way of doing
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a sample survey. You do not know whether or not the findings are
representative”. This statement implies that the largest problem
with convenience sampling is that it is hard to know if the sample is
representative. When using students as subjects, it is often hard to
know if they are representative as professionals (or customers).
Nevertheless, studies with students as subjects have made important contributions to empirical software engineering [32].
This chapter presents an experiment on requirements prioritization,
with students as subjects. The main objective was to give the students an exercise in release planning. The prioritization technique
used in this study is Planning Game, which is one of the practices in
eXtreme Programming (see Chapter 3 for details). The study presented in Chapter 3 indicates that students in a classroom environment do not prioritize similarly as in industry. Hence, some
measures have been taken in this experiment to get the students to
prioritize as similar as possible to prioritizations made in industry.
Beside the objectives from an educational viewpoint, the research
objective of the study is to evaluate in which cases students can be
used as subjects. Further, the evaluation aimed to investigate what
environmental factors that might affect the students’ suitability as
research subjects in software engineering in general, and in requirements engineering and prioritization in particular. This evaluation is
done by studying additional cases (from industry, literature, students
in projects, and students in a classroom environment) where similar
prioritizations have been performed.
As can be seen above, the study contains two parts, one experiment
performed in a classroom environment with students, and one part
where the result from this experiment is compared to the results of
studies in other environments. The former part is referred to as the
experiment while the latter part is referred to as the study. Based on
the result of this comparison, it is discussed under which circumstances students are useful as subjects and how different types of
education could influence the suitability of students as subjects.
This chapter is structured as follows. In Section 4.1, requirements
prioritization is briefly described. In Section 4.2, the method used in
the experiment with the classroom students is presented. Section
4.3 presents the results from the experiment while Section 4.4 analyses the result in comparison to the other cases in the same area but
in other environments. Section 4.5 gives a discussion of the implica-
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tions of the findings in this study and discusses this in relation to
related work. Finally, Section 4.6 presents a summary of the chapter.

4.1

Requirements Prioritization
As discussed in Chapters 1 and 2, prioritization aims at selecting
and implementing a subset of the elicited requirements and still
produce a system that meets the most essential needs of the stakeholders, and by this provide a quality product [15][84][150][172].
The activity of requirements prioritization could be performed
using different techniques. Examples of techniques presented in
Chapter 2 are the Analytic Hierarchy Process (AHP) [145], Cumulative Voting (CV) [104], and numerical assignment [161][172]. There
are also methods that combine different techniques. For example,
Chapter 3 presents Planning Game (PG), which combines numerical assignment and ranking and is one of the 12 fundamental practices of eXtreme Programming (XP) [8].
In Chapter 3, a more detailed description of PG was given and this
is not repeated here. However, as indicated in Chapters 2 and 3, one
commonly mentioned problem with numerical assignment is that
stakeholders tend to think that everything is critical [103][161][172],
which results in that most of the requirements are put into the pile
with highest priority. Thus, the underlying meaning with prioritization may be lost (i.e. if all requirements are put into the high priority
pile, they are not really prioritized). However, this problem is
reduced in PG since it introduces a ranking of the requirements.
In Chapter 3, it was also discussed how to reduce the impact of the
above issue by putting restrictions on how many requirements that
are allowed in each pile (e.g. not less than 25 percent of the requirements in each pile). With this approach, it is possible to get requirements divided between the piles more evenly. However, one
problem with this approach is that the usefulness of the priorities
diminishes due to that the stakeholders are forced to divide requirements into certain piles [86]. Another problem could be that
requirements are made up just to put them in the low priority pile.
This means that the number of requirements increase even though
the number of important requirements is not increased. However,
no empirical evidence of either good or bad results of setting such
restrictions has been found.

Requirements Prioritization
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In the previous chapter, PG was compared to AHP, using students
as subjects. Here, the phenomenon with most requirements in the
high priority pile (as suggested in literature) did not arise. Instead,
the requirements were fairly evenly divided between the different
piles. The experiment presented in this chapter is launched to see if
another set of students prioritize the requirements less evenly
between the piles. If not, why do they not prioritize similarly as
described in the literature?

4.2

Method
The experiment presented in this chapter was performed in a classroom environment. The students that are used as subjects were
fourth year Software Engineering Master’s students. The experiment was performed within an optional course in Project and Quality Management at Blekinge Institute of Technology in Sweden.
The students in the course were both national and international students and all course participants took part in the experiment as a
mandatory element of the course. The main objective of the experiment was not to use it for research purposes but rather as a planning exercise for the students. The purpose was to give awareness
for the students of the difficult trade-offs that must be made when
developing software products. As a side effect, it was possible to
observe the result and collect empirical research data.
The purpose of the experiment from a research point of view was
to observe how the subjects planned releases. In order to really
show the students the difficult trade-offs in release planning, and to
get research results on how such trade-offs are handled, some
attempts were made to get them to prioritize in a similar way as in
industry (i.e. put most of the requirements in the high priority pile).
In order to get the students to act as real customers, a couple of
pilot studies were conducted with Ph.D. students to see how they
could be stimulated to give most of the requirements highest priority. After two pilot studies and a couple of hours of discussion,
some conclusions were drawn. First of all, in Chapter 3, and in the
pilot studies, predetermined mobile phone features were used as
requirements. In order to get the students to really being able to act
as customers, it was hypothesized that they should come up with
their own mobile services (further on called requirements). The
intention was that they should care more about the requirements to
prioritize and negotiate, when they had created them themselves.
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However, the question was if they would care enough to distribute
the requirements similarly as in industry.
Second, in order to really get the students to prioritize as customers,
it was seen as important to motivate them to act as customers and
convince them that they were allowed to put many of the requirements in the same pile. If the students would not respond to these
two stimulations, a second research objective was formulated: What
are the reasons for why students do not prioritize as in industry?

4.2.1

Experiment
When performing the experiment, the students were randomly
divided into groups of four or five persons and the experiment was
performed in a two-hour session. In order to give the participants a
view of the task, an introduction to the domain and the exercise was
given. The domain chosen in this experiment was the mobile telephone domain since the students ought to have rather equal knowledge in this domain. In the introduction, the students were also
given a list of the functionality in the mobile phone/network they
should develop for (e.g. camera, MMS, Bluetooth, positioning, etc.).
After the introduction and the division of groups, the experiment
process was conducted as can be viewed in Figure 4.1.

2a. Estimation
1. Elicitation

3. Negotiation 1

4. Negotiation 2

2b. Prioritization

Figure 4.1

Experiment Process

In the first step of the experiment (1), the students got the task to
come up with 10-20 requirements, give each requirement a unique
number, and write the information on post-it notes. An important
issue at this stage was that everyone in the group should develop
the requirements together and everyone in the group should agree
about the meaning of each requirement in order to avoid different
interpretations. After the requirements were written down and all
group members agreed on the meaning of each requirement, each
requirement was duplicated for use in the next step.
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In the second step (2a and 2b), each group was divided into two
sub-groups by random. At this stage, the different roles were separated and the developers were relocated to another room together
with one set of the requirements. The relocation was made in order
to not let the different roles know what the task of the other role
was. Half of the persons in each group were assigned the role of
customers and the other half was assigned to be developers.
First (2a), the developers were given the task to put relative cost of
implementing each requirement. This was done by using CV (see
Section 2.3.2) through giving them 1000 points (representing cost
of development) to distribute between the requirements at hand.
Second (2b), the customers were given instructions to put the
requirements in three piles (Less Important, Important, Very Important).
Further, the customers were also given instructions to rank the
requirements within the piles in order to get a prioritized list.
Before giving the customers these instructions, they were motivated
to act as real customers. This was done by repeating that they
should act as demanding customers (you want of course everything), and they were instructed that they were allowed to put as
much as 85 percent of the requirements in one pile. This number
was set in order to get them to understand that they were allowed to
distribute the requirements unequal between the piles.
In the next step (3), the groups were reunited by relocating the customers to the developers’ room. The task was to plan three releases
of the product together, based on the priorities of the customers
and the cost estimates of the developers. The restriction was that
300-350 points should be in each release. When the negotiation was
finished, the groups documented and handed in the results.
The last step (4) in the exercise/experiment was to do another
negotiation. This time, the conditions were changed. Instead of
having three releases with 300-350 points in each, the students
should plan three releases with a different amount in each release.
In the first release, they were allowed to put 150-200 points. In the
second they were allowed to put 300-350 points, and in the third
release, they were allowed to put 450-550 points. The intention with
this change was to show that other factors (e.g. time-to-market,
learning-effects, work with platforms) could have effect on the
release planning.
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4.3

Result
When performing the experiment, the 20 students from the course
that were present were divided into 5 randomly composed groups.
The random composition of groups was made through giving each
student a number from one to five and resulted in that students
with different backgrounds were mixed. Each of the initial groups
consisted of four students but some students arrived late. These late
students were put into existing groups, which resulted in that some
groups contained five persons. In the section below, the result for
each step in the exercise/experiment is presented, and the numbers
within parenthesis represent the step illustrated in Figure 4.1.

4.3.1

Elicitation of Requirements (1)
The groups started with eliciting requirements for the mobile
phones. Some groups had some problems to come up with requirements in the beginning but all groups were very eager to find out
new requirements after a while. Each group came up with between
10 and 18 requirements. Examples of requirements are (shortened):
“record videos”, “remote control of other devices”, “find location
of friend”, “digital TV”, etc.

4.3.2

Cost Estimations of Requirements (2a)
When performing the cost estimations, the developers had problems to do the estimations due to their limited domain knowledge.
However, after some discussions within the groups, they agreed on
estimations. The assigned points on each requirement varied rather
much. The span was from 5 to 615 points. However, 615 was an
extreme outlier with the next most costly requirement at 250 points
(these were in different groups).

4.3.3

Prioritization of Requirements (2b)
The students that acted as customers, directly started to put the
requirements into different piles. As stated earlier, the students were
motivated to act as much as customers as possible. The result was
that in average, 31 percent of the requirements were put into the
Less Important pile, 35 percent in the Important pile, while 34 percent
were put in the Very Important pile. The result of each group’s distribution can be viewed in Figure 4.2. The numbers in the figure represent the number of requirements put into each pile.
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Less Important

Important

Group 2

Group 3

Very Important

9

Number of Requirements

8
7
6
5
4
3
2
1
0
Group 1

Figure 4.2

Group 4

Group 5

Distribution of Requirements in Piles

As can be seen in this figure, Groups 4 and 5 put most of their
requirements in the Important pile. Group 1 put most of their
requirements in the Very Important pile, Group 2 most of the
requirements in the Less Important pile, while Group 3 put equally
many in Very Important and Less Important.

4.3.4

Negotiation One (3)
In the first negotiation, the students were allowed to put 300-350
points in each release. The result was that most developers succeeded in giving the customers the Very Important requirements in
the first release, the Important requirements in the second and the
Less Important in the third. Only two of the groups needed to put
Very Important requirements in the last release. One of these was
Group 1, with a requirement (which was Very Important) estimated
to 615 points. However, this group is not taken into account in the
analysis because their dominant requirement could not be included
in one single release. Therefore, this group will not be further discussed in relation to the negotiations.

4.3.5

Negotiation Two (4)
In the second negotiation, the conditions were changed and the students were told to put different amounts of points in each release.
The result of this change was not as revolutionary as might be
expected since none of the four groups needed to put Very Important requirements in the last release. Hence, the result was that only
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minor adjustments were needed in the releases and in most cases,
the releases were even more coupled to their priority (i.e. Less Important requirements in the third release).

4.4

Analysis
In this section, the results presented in Section 4.3 are analyzed in
comparison to other studies performed in the same area. This analysis is divided into five different sections. First, a short résumé of
the study presented in Chapter 3 is presented (Section 4.4.1). Second, two student projects that have distributed requirements into
piles are presented (Section 4.4.2). Third, literature about numerical
assignment is presented (Section 4.4.3). Then a presentation of how
an industrial company has divided their requirements in a requirements specification is given (Section 4.4.4). Last, a combined analysis of the four preceding sections and the experiment is presented
(Section 4.4.5).

4.4.1

Students in Classrooms
In Chapter 3, a similar experiment as in this chapter is presented. In
that study, 16 subjects were included to compare AHP against the
variant of PG that is described in this chapter. Half of the subjects
in that study prioritized 8 predetermined features while the other
half prioritized 16. In the experiment, three different piles were
used:

• Unnecessary
• Adds to the value
• Necessary
The result when prioritizing 8 features was that (in mean) 31 percent of the requirements were put into the Unnecessary pile, 47 percent of the requirements were put into the Adds to the value pile,
while 22 percent of the requirements were put into the Necessary
pile. When prioritizing 16 features, 23 percent of the requirements
were put into the Unnecessary pile, 43 percent of the requirements
were put into the Adds to the value pile, while 34 percent of the
requirements were put into the Necessary pile. These results show
that, in mean, the requirements were rather distributed between the
three piles, which correspond well to the experiment presented in
this chapter.
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4.4.2

Students in Projects
At the Software Engineering programme, at Blekinge Institute of
Technology, the students have several project-based courses during
their education. At the first year, the students conduct an individual
project with real customers. This project is conducted by one student and lasts for approximately 200 hours. At the second year, the
students conduct a small team software engineering project. In this
project, the students are divided into project groups of approximately five persons. Each person should work 280 hours and the
customers are most often industrial companies. In the large team
software engineering project at the third year, approximately 15
software engineering students, one business administration student,
and two human-computer interaction students participate and each
student work full time for 20 weeks (800 hours) with industrial
companies as customers. This approach results in that the projects
conducted are very realistic and similar to projects in industry that
develops bespoke software.
In order to see how the students and their customers prioritize the
requirements in these projects, one small and one large team software engineering project have been studied. Unfortunately, none of
these two projects used a numerical assignment prioritization with
three piles. Instead, both groups used a numerical assignment prioritization with two piles.
In the small team software engineering project, 5 persons worked
with the development of a distributed system to present 3D presentations on several screens and/or projectors. The requirements
specification comprised of 18 functional and 18 non-functional
requirements. 30 (83%) of the requirements were prioritized as
while 6 (17%) were prioritized as Secondary.
In the large team software engineering project, 11 software engineering students developed a system to visualize the benefits of
autonomous entities interacting via distributed networks in a
marine environment. The requirements specification comprised of
69 functional and 49 non-functional requirements. Out of these
were 107 Mandatory (91%) and 11 Optional (9%).
As can be seen in these numbers, both projects had a rather large
portion of the requirements in the pile of highest priority. Even
though it cannot be directly compared with the result from prioritizations with three piles, it looks like these students put more
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requirements in the high priority pile and less in the low priority pile
than the classroom students.

4.4.3

Reference Literature
In literature, it is commonly stated that customers tend to think that
everything is critical and that they prefer putting most of the
requirements in the pile with highest priority [103][161]. Wiegers
[172] has put some numbers on how customers prioritize and states
that if they prioritize themselves, customers probably will establish
5 percent of the requirements as May, 10 percent as Should, and 85
percent as Must (if having three piles; May, Should, and Must). It is
not clear where these numbers originates from, but it could be suspected that they are estimations based on experiences from industrial companies. However, the numbers do not correspond very well
to how students in a classroom environment distributed the
requirements, as can be seen in Sections 4.3 and 4.4.1.

4.4.4

Industry
Within the research collaboration between Blekinge Institute of
Technology and industry, companies often indicate that they face
the problem that customers tend to put most requirements into the
high priority pile when using numerical assignment as a prioritization technique. A common statement by employees in these organizations is that “nearly all requirements are Must requirements”. One
of the companies that are using numerical assignment as prioritization technique are using the following piles:

•
•
•
•

May, an optional requirement of the system
Should, recommended to include in the system
Must, an absolute requirement of the system
Must not, absolute prohibition of the system

In order to get some numbers to verify the suspicions that most
requirements are Must requirements, the number of requirements in
each pile has been counted. This was done by choosing the main
requirements specification for a typical project within the organization. This resulted in that out of 69 requirements, 5 were Should, 1
was Should not, 59 were Must, and 4 were Must not. As can be seen,
Should not was not prescribed in the list presented earlier. This
means that this requirement does not follow the internal prioritization standard. However, if aligning the piles to the aforementioned
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piles of three, it is possible to merge the Should not and Must not piles
with the Should and Must piles respectively. The reason for this is
that it is possible turn around Must not requirements to Must
requirements (e.g. ‘performance must not be decreased’ could be
‘performance must be equal or increase’). This means that the
Should not requirement that is not following the internal standard
should not be a problem. Hence, the following piles are used in this
study for comparison:

• May, 0 requirements (0%)
• Should, 6 requirements (8.7%)
• Must, 63 requirements (91.3%)
These numbers correspond well with the numbers presented by
Wiegers (Section 4.4.3) while they are very different from the numbers presented in Sections 4.3 and 4.4.1.

4.4.5

Comparison
As can be seen in the discussions in the previous sections, there are
rather large differences between classroom students, students in
projects, reference literature, and the industry case. When dividing
requirements into piles, it is possible to use several different names
and explanations of the piles. In this chapter, several sources have
been studied and the name and explanation of the piles differ. In
order to compare the different studies with each other, parts of
RFC 2119 [24] are used. RFC 2119 specifies five piles of requirements: May, Should, Should not, Must, and Must not. However, the piles
Must not and Should not have been excluded in order to make the different sources comparable according to three piles.
The translation between the individual names and the names prescribed in RFC 2119 means that requirements that were in the low
priority pile (e.g. Unnecessary, Less Important) have been translated to
May requirements while requirements in the high priority pile (e.g.
Necessary, Very Important) have been translated to Must requirements.
In Figure 4.3 the different cases are illustrated in order to visualize
the differences. In the figure, PG8 and PG16 refer to the experiment presented in Section 4.4.1, and PQM refer to the experiment/
exercise presented in Section 4.3. STP and LTP refer to small and
large team software engineering projects respectively (Section
4.4.2). Wiegers refers to the numbers from literature presented in
Section 4.4.3, while Industry refers to the industrial case, presented
in Section 4.4.4.
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Pile Distribution in Prioritizations

As can be seen in the figure, there are three groups of similar
results, considering distribution. PG8, PG16 and PQM provide
rather similar results. Wiegers and the Industry case provide similar
results, and these have much more requirements in the Must pile
than the classroom students had. The two project studies also form
a group. This is mostly dependent on that these only used two piles
(converted to Must and May in the figure).
As also can be seen in the figure, there is a very large difference
between the classroom studies and the studies that are based in
industry (Wiegers and Industry). The studies based in industry have
much more requirements in the Must pile and much less in the
Should and May pile (the industrial case did not even have requirements in the May pile). This shows that students in classroom studies do not prioritize in the same way as it is done in industry.
However, if thinking strictly about prioritization, the classrooms
students have done better prioritizations (theoretically) because
they have distributed the requirements more.
It is harder to draw general conclusions about the results of the prioritizations made in the student projects. This mostly depends on
that they have used fewer piles. However, it is possible to do some
reasoning about the result. First of all, it is evident that the project
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students have put much more requirements in the Must pile and
much less requirements in the May pile than the classroom students.
If these projects had extended their prioritizations with a Should
pile, it would probably mean that there would be less requirements
both in the Must and the May pile. This means that, without knowing the exact distribution, the students in projects put much less
requirements in the May pile than the classroom students. This
result indicates that the students in projects are more similar to
industry than the classroom students are.
It could be questioned if the conversion from Optional and Secondary
to May is correct in the student projects. The alternative would be
to convert them to Should requirements. However, by converting
them to Should instead of May, the similarities with literature and
industry would have been even larger. In order to not draw too
extensive conclusions of this uncertain data, it was decided that they
should be converted to May instead of Should.
To conclude this section, it is possible to see that classroom students do not seem to be good subjects when doing research on distribution of requirements with numerical assignment. In order to
being able to use classroom students for this purpose, they have to
be better aligned to industry. Students participating in projects seem
to be more similar to industry cases and hence more suitable for
experimental usage in cases of requirements prioritization.

4.5

Discussion
In the past, several studies have been conducted that try to evaluate
if students are suitable or not as research subjects within software
engineering. The studies have come up with both cases where students are suitable and where they are not. In this chapter, a study
was presented where the suitability of students was further investigated. As can be seen in the previous sections, students were both
seen as suitable and not suitable, depending on the environment in
which they were used.
This section discusses the appropriateness of using students as subjects. In Section 4.5.1, literature about students as subjects and the
results of this chapter is combined in order to investigate in which
areas students could be suitable as subjects. In Section 4.5.2, experi-
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ence and commitment are discussed as factors that influence the
suitability of students as subjects.

4.5.1

Suitability of Students as Subjects
Different studies have been conducted that discuss the appropriateness of students as subjects. Some of these studies have found that
there are no significant differences compared to professionals (e.g.
[68]) while others have found that there are significant differences
(e.g. [134]).
The fact that different studies come up with different results is not
very surprising. In some areas it is suitable to use students and in
others it is not. However, it is very important to clarify under which
circumstances students are useful and not. In the experiment presented in this chapter, for example, it was concluded that classroom
students were not suitable to use when evaluating how professionals or customers prioritize their requirements.
On the other hand, in an experiment by Höst et al., it was concluded
that students were representative when it comes to problems focusing on project impact assessment [68]. However, when looking in
different literature sources that have cited that paper, it is evident
that the paper sometimes is used as a motivation for using students,
even though the studies have nothing to do with project impact
assessment. This combination could be very dangerous since situations in which students are not representative could be considered
as representative because of a misinterpretation of the cited reference. For example, if Höst et al. [68] was referred in this chapter, it
could be concluded that developers and customers in an industrial
setting distribute the requirements well between the different piles
of importance.
Another article that sometimes is used as a motivation for using
students in research is Tichy [164], who gives eight hints for reviewing empirical work. One of these hints is named “Don’t dismiss a
paper merely for using students as subjects” where he outlines four
different situations where it is acceptable to use students as subjects. The essence of these situations is that students could preferably be used when doing initial research in a subject. This could for
example mean that the researchers could study behaviors, trends,
and performing pilot studies with students before using empirical
studies in industrial situations.

Discussion

105

Students as Subjects in Prioritization

The results of the above studies and discussions lead to some conclusions where students generally could be used as subjects. The
different settings that are seen as appropriate are presented and discussed below.
4.5.1.1

Pilot Studies

The most obvious one, and the one most commonly mentioned
and accepted in literature, is to use students as subjects in pilot
studies (e.g. [31][164]). By doing this, it is possible to try a study,
obtain preliminary evidence, control factors, show the relevance,
develop experimental kits, and so forth [31]. This means that students could successfully be used to identify trends and to try studies
before running them in a more costly and complex environment,
i.e. in industry practice.
4.5.1.2

Validating Education

Another area where students successfully could be used is when
validating education. As can be seen in Höst et al. [68], students
could be used to validate that the education given is appropriate for
giving the students a good foundation for working in industry.
These kinds of experiments are very valuable for verifying that the
appropriate skills are taught at the university. Such an experiment is
of course only possible with students. However, if knowing in what
areas students at a specific university are comparable with professionals, it is also possible to use the students as replacement for
professionals in research, and draw more valid conclusions. For
example, the students in the study by Höst et al. [68], could probably
be representative as professionals in areas of project impact assessment. However, it is not possible to draw the conclusions that all
students at all universities always are representative in this area. Different universities have different curricula and teaching methods,
which of course affects the suitability of the students for use in
empirical studies in the area.
4.5.1.3

Worst Case Scenarios

A further area where students could be used as representatives for
professionals is when doing studies with “worst case” scenarios, as
presented by Kuzniarz et al. [102]. In this paper, the authors argue
that if having two methods, A and B, and the effectiveness of B is to
be studied, the worst case is if the subjects have more knowledge in
A than in B. If the subjects find B better under these circumstances,
it is most probable that others (including professionals) find B better as well. However, when performing studies under such conditions, it is important to carefully document the knowledge and
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education of the students used as subjects. In the experiment conducted in Kuzniarz et al. [102], the students in the “worst case”
group had education and practical experience with the Unified
Modeling Language (UML) while less experience with UML
extended with graphical stereotypes. In such situations, it is highly
probable that the result will be in the same direction when using
professionals that have experience with UML but not with UML
extended with graphical stereotypes.
4.5.1.4

Trends and Behaviors

When doing studies with two independent methods that the students have no prior knowledge of, it is more uncertain what conclusions that could be drawn. In such a case, it could depend very
much on factors that could not be controlled in the experiment. For
example, if comparing two programming techniques, A and B, and
no prior knowledge could be documented, experience with other
things such as design, other programming languages, code inspections and so forth could affect the results. This kind of information
could be very hard to document and control. Nevertheless, this
kind of experiments should not be neglected just because of this.
Even though the above information could be hard to control, students could show a clear advantage for one method over another.
With such results, it could be suspected that the professionals will
have results in the same direction, but to another extent [164]. Further, the more clear the advantage is, the more probable it is that the
results are in the same direction in other environments as well.
Remus presents a study where students were worse than professionals on making decisions through a decision support system
[134]. However, as Remus states, it is possible that even if the students are worse on making decisions, it is possible that they
respond similarly to a variety in environment factors and/or experimental manipulations. This means that even if students produce
less lines of codes per hour, they could increase or decrease their
productivity as much as professionals, if using a new development
methodology (like pair programming). Hence, it is not possible to
just look at the difference and similarities in performance between
students and professionals but also on the relative difference in
response to treatment (e.g. improvement in percent). Further, the
preferred method may be the same but the extent of difference
between the methods may not necessarily be the same.
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4.5.2

Experience and Commitment
As can be seen in the results (Section 4.3) and analysis (Section 4.4)
presented in this chapter, the distributions of requirements in piles
differ rather much in the different situations (i.e. classroom, project,
industry, literature). If looking at these results, it seems like students
in a classroom environment are not representative as customers/
professionals when doing prioritizations of requirements. However,
students performing projects seem to be more similar to an industrial setting, even though the projects in this study did divide the
requirements into two piles instead of three. One question that
arises is about which factors that influence the suitability of students in different studies.
Prior experience is sometimes mentioned as a factor influencing if
students can be used or not in an empirical study [32]. However, in
the experiment performed in this chapter, experience does not
seem to be important. This means that other factors that influence
the suitability of students as subjects in this kind of experiments.
If excluding the literature case in this chapter, three cases were
based on running projects (the industry case and the student
projects) while three cases were based on classroom studies. The
cases that involved a project had much more Must and much less
May requirements than the others. This indicate that the customers
in the projects have more at stake and therefore puts more requirements into the Must pile. In the classroom studies, the customers
will get nothing even if they prioritize every requirement as a Must
requirement. Hence, it is easier to spread them between the piles.
This leads the discussion into a matter of commitment. In the classroom studies, the students have no commitment to the experiments
they are involved in. In a real project (including student project),
much more is at stake and the subjects must take responsibility for
everything in the project. This means that they have to make the
customer happy at the same time as they want to stay within budget
and time schedules. The customers put high demands on the
project while the subjects must think about what they could do
within their budget.
The argumentation about commitment is further strengthen by the
fact that some of the students in the experiment presented in this
chapter have been involved in the project courses described in Section 4.4.2. In these projects, they (together with the customer) pri-
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oritized more similar to industry than in the classroom study. This
means that they know the difficulties of prioritization but they are
not affected when not having the commitment to a real project.

4.6

Summary
This chapter presented an experiment on requirements prioritization with students in a classroom environment as subjects. The
result of the experiment was that the prioritizations did not align
well with the result of prioritizations in industry practice, even
though the students were stimulated to act as in an industrial setting. Further, a comparison was made between the result from the
conducted experiment and other cases where similar prioritizations
have been made in different environments. This showed that
requirements prioritizations made by students and customers in
projects seem to be more similar to industry. However, the projects
presented in this chapter prioritized on a different scale than the
other cases. Hence, no definitive conclusions could be drawn about
the suitability of students in projects. However, the results indicate
that students in projects at least are more suitable than students in a
classroom environment for studies when commitment is an issue.
However, in studies with other objectives, classroom students might
be more suitable than students in projects.
In literature, a commonly mentioned factor of the suitability of students is the experience of the students. This means that fourth year
students should be more suitable than second year students
(because their knowledge in developing software). However, the
students that were represented in the classroom studies in this study
were fourth year students and Ph.D. students. The students in the
projects, on the other hand, were second and third year students.
This indicates that the most experienced students (based on their
level of education) were the least suitable subjects. Hence, it seems
that commitment is a more important factor than experience in this
study. This is of course not the factor that is most important in all
studies, but knowledge of which factors that are important in what
kind of studies is very important to have when judging if students
are suitable or not as subjects.
This means that students should be used in empirical studies, as
long as they are suitable and the study fits into the students’ education. However, some general contexts where students most often
seem to be suitable are:
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• Students could be used as subjects in pilot studies, before running the studies in industrial environments.

• Students are the only ones that could be used when evaluating if
the education is giving them the right skills.

• Students could be used when evaluating if a new technique is
better than a known technique.

• Students could be used for identifying trends and behaviors.
However, more research within the area must be performed in
order to identify under which circumstances students could be used
and when they could not. Until such results are present:: Use students as subjects with care!
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Prioritization Research Framework
Patrik Berander, Kashif Ahmed Khan, Laura Lehtola

As can be seen in previous chapters, rather much research has been
performed within the requirements prioritization area. At the same
time, little evidence exists regarding which approaches that are to
prefer over others in different situations and environments. This is
especially supported by the fact that different studies have shown
different results when comparing the same or very similar
approaches. Hence, it is not possible to get a real understanding of
whether one approach is better than another. One reason for this
may be that different studies are done in different contexts, measure
and report different variables, and use different data sets. This
makes it hard to compare different studies with each other to get an
understanding of when different prioritization approaches are suitable to use. It also makes it hard to replicate studies, which is essential for maturing the body of knowledge in the area [169].
This chapter addresses this existing problem by proposing a
research framework that guides researchers on what to measure and
report when conducting studies within about requirements prioritization. The purpose is to create a better and more consistent
knowledge base. The recommendations presented in the framework
can preferably be used as a checklist to make sure that nothing is
missed when planning, conducting and reporting empirical studies.
Further, the framework open up possibilities for researchers to analyze results from different studies at a high level in order to draw
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conclusions based on several studies. In addition, by having results
presented consistently, it will be possible for researchers to easier
and more confidently decide which studies to conduct and replicate
to improve the evidence in the area. The objective with the framework is also to give support on how to design a study by specifying
what variables to measure. Last, but not least, this may in the long
run give opportunities for industrial professionals to give for example product type, type of requirements, number of requirements as
input and get the most suitable prioritization approach as output.
To sum up; the framework presented in this chapter is needed for
guiding study arrangements and data collection, and to facilitate
replication of studies and to get commensurable research results.
The framework was developed through an analysis of the results
from a systematic review (see e.g. [97]) and by looking at similar
frameworks from other areas within software engineering. In addition, a two day workshop was conducted to complement the framework by consolidating the views of the three authors.
This chapter is structured as follows. In Section 5.1, the status of
the empirical evidence i relation to requirements prioritization is
presented. In Section 5.2, the background for, and process of creating, the framework is presented. The proposed research framework
for requirements prioritization is presented in Section 5.3. Section
5.4 presents an analysis of how well existing research papers fulfill
the framework while Section 5.5 summarizes the chapter.

5.1

Evidence on Requirements Prioritization
According to Ngo-The and Ruhe [124], there is rather much
research done within the prioritization area (e.g. [87, 92, 107]). Nevertheless, when investigating the research made within the area,
there seems to be little evidence regarding which approaches that
are to prefer over others and in what situations and environments.
This observation is especially supported by the fact that different
studies have shown different results when comparing the same (or
very similar) approaches.
In order to more structurally investigate the level of evidence
present in the area, and if the initial observation is right or wrong, a
systematic review of requirements prioritization was conducted
within the scope of a master thesis (see [95]). A systematic review is
“a means of evaluating and interpreting all available research rele-
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vant to a particular research question, topic area, or phenomenon of
interest” [97] that stems from medical sciences. Within software
engineering, a few attempts to conduct systematic reviews have
recently been reported (e.g. [47, 119]). The systematic review of
requirements prioritization was conducted by one of the authors of
this chapter by carefully following the available guidelines about
how to conduct systematic reviews (e.g. [17, 94, 97]). The reviewer
can be regarded as independent, since no studies of his own were
included. To limit the scope of the systematic review, and to find
comparable studies, only approaches at the “technique” level (see
Section 1.3.1) were included. This further means that studies comparing approaches at different levels, although one or more was at
the “technique” level (e.g. [107]), were excluded. However, the proposed framework in this chapter covers all four levels, since variables needed to report the studies are not that level-dependent.
Within the systematic review, a comprehensive search strategy was
utilized where eight papers finally qualified to be included, based on
the study selection criteria. This can be seen as a small number of
papers, but these were the only ones presenting empirical studies
with the approaches investigated exclusively at the “technique” level
with software requirements. The papers were carefully examined
according to the predefined quality assessment questions and the
data from the studies were extracted into a data extraction form. As
a part of the systematic review, the results where synthesized in
order to identify commonalities and differences in the results, along
with reasons for potential differences. The process of doing the systematic review is not in the focus of this chapter and will therefore
not be described in detail. Detailed description of the study can be
found in Khan [95].
When synthesizing the results, it was apparent that different studies
came up with different results. For example, in Karlsson [82] it was
concluded that the Analytical Hierarchy Process (AHP) was better
than numerical assignment regarding time consumption, while the
studies presented in Chapter 3 and Ahl [1] showed that Planning
Game (which basically is an extended way of doing numerical
assignment where also ranking is introduced) was better than AHP
for the same variable (time).
The problem discussed above may not be huge if it is possible to
analyze why, when, and how the results differ. However, as the
result showed, different studies reported differently about the study
setting (e.g. some did not report on experience of subjects, others
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not on the number of subjects) as well as measured different variables (e.g. some did not measure time, others not accuracy), and in
different ways (see Section 5.4 for more information). This means
that it was not possible to get any answers as to why the results differed, and when one technique is to prefer over another. Hence,
clear evidence of whether one technique is better than another
could not be found, even though some preliminary evidence of
course is better than no results at all. It is apparent that more studies are required to really get knowledge about when a prioritization
approach is useful and it is important that studies report on the
same variables, in the same way, to make findings comparable and
hence be able to determine the suitability of different approaches.

5.2

Creation of the Framework
As can be understood by the previous section, some structure when
studying requirements prioritization approaches is needed. The sections below present similar frameworks from different research
areas and the background of the framework (Section 5.2.1), as well
as the process of creating it (Section 5.2.2).

5.2.1

Background and Similar Frameworks
In currently available studies, different variables are not seldom left
out when reporting the results. The reasons for this may differ, but
one reason could be that the variables are not seen as essential in
that isolated study. Instead, the focus is put on finding out if a technique or method is better than another one for some isolated variable. However, to get reliable evidence, different prioritization
approaches needs to be compared with each other, and tested in
various environments with different aspects (e.g. importance, cost).
However, this situation is not unique for requirements prioritization, but has been recognized in other areas of software engineering
as well. Hence, it is interesting to investigate how such situations
have been addressed in other areas.
In Gallis et al., a framework for evaluating pair programming is suggested [54]. In this framework, independent (e.g. technique),
dependent (e.g. quality), and context variables (e.g. type of task) are
proposed to be measured and monitored in different research studies related to pair programming. Similarly, Runeson et al. presents a
framework for comparing different models to identify fault-prone
components by giving researchers a template for how to character-
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ize and evaluate the capabilities of different models [144]. The reasons that are highlighted as the motivation for the frameworks in
these two papers are basically the same reasons as the ones highlighted in this chapter. Hence, it may be a good idea to use these as
input when developing a similar framework in the area of requirements prioritization.

5.2.2

Process of Creating the Framework
The first step when eliciting and deciding upon the variables to
include in the framework was to consult the result from the systematic review (see Section 5.1) and extract the variables that were
reported in the included studies. With the systematic review as
input, a two-day workshop was held where two of the authors of
this chapter (the ones not involved in the systematic review) used
the variables found in the studies included in the systematic review
and complemented them with variables from studies about prioritization approaches that had been excluded from the systematic
review. Studies excluded from the systematic review include (but are
not limited to) studies focusing on prioritization approaches on
other levels than “technique” level (see Section 1.3.1). Furthermore,
papers representing similar frameworks in other related areas (e.g.
[54, 144]) were studied, which made it possible to find relevant variables that have been reported in other areas but not yet within the
requirements prioritization area. In addition to these sources, previous experience from research within the area of requirements prioritization was used as input for the work. This means that the
systematic review was the main input for the framework, but the
framework was complemented during the workshop and from additional literature sources. The main reason for complementing the
systematic review was to take into account variables missed in the
included studies as well as including variables that reside on other
levels than “technique” level (see Section 1.3.1). Based on these
inputs, variables were defined and classified into three main classes:
dependent, independent, and context variables.
When all variables were defined, classified, and structured, the third
researcher was invited to critically evaluate the framework. The
exclusion of the third author before this point was done to allow
him to be able act as an outsider without preconceived thoughts
about what it should look like (even though it was not entirely possible due to his work with the systematic review). This made it possible for him to come up with improvement suggestions for the
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framework. These improvements were then discussed and
accounted for in the framework.

5.3

Research Framework
This section presents the research framework for requirements prioritization. The framework provides a checklist to facilitate decisions related to how to conduct studies in a suitable way (i.e. what
variables to measure and how to design a study), which will in the
long run facilitate decisions on what studies to conduct and replicate (i.e. where are the weak spots). In addition (if followed), the
long-term effect would be that it facilitates high-level analysis where
the results from different studies can be analyzed to determine
when an approach is suitable or not. Furthermore, practitioners can
study the results in a more structured way and the results could
hence be very valuable for decision makers in industry when choosing between different prioritization approaches. Hence, the framework should be seen as recommendations of what to collect and
measure, and can be used as a checklist to make sure that no crucial
variables are omitted.
In Table 5.1, an overview of the variables in the framework is presented. The framework consist of the three most common variables
[37]: independent, dependent, and context. Although this framework may seem extensive at a first glance, most variables are easy to
report and do not require any additional effort by the subjects.
Table 5.1

Variables in the Research Framework

Independent Variables

Dependent Variables

Context Variables

Qualitative Process Description

Time

Environment

Goal

Accuracy

Study Setup

Hierarchy Level

Ease of Learning

Subjects

Input

Ease of Use

Requirements

Output

Fault Tolerance
Scalability
Understandability of Results
Attractiveness

The independent variables are further discussed in Section 5.3.1,
the dependent variables in Section 5.3.2 and the context variables in
Section 5.3.3.
116

Research Framework

Prioritization Research Framework

5.3.1

Independent Variables
An independent variable is a variable that cause, influence, or
affects outcomes of a study [37]. In prioritization studies, the independent variable is the approaches since changing approach affect
the outcome. However, besides just stating which approaches that
are investigated, it is important to report some additional characteristics about the approaches. This is especially important since
authors sometimes use different names for the same approach or
the same name for different approaches.

5.3.1.1

Qualitative Process Description

A prioritization approach is not always applied as described in the
original source, even though the researchers may think it is. Therefore, a description of the approach used should be reported as well.
When doing so, it is important to describe the implementation of
the approach and how the prioritization was actually conducted in
the study (e.g. order of activities during the study, instructions to the
subjects, if discussions between the subjects were allowed, and how
the results were evaluated).
5.3.1.2

Goal

Explicating the ultimate goal of the prioritization done in the study
is important, since the goodness of an approach is dependent on
the purpose for what it is needed. For example, sometimes the
intention is to find a few killer features, sometimes the intention is
to put thousands of requirements in order, while sometimes only
two or three piles of requirements is needed. Of course, different
approaches are able to handle these different goals differently well
and hence it is important to report. Examples of goals could for
example be to create a release plan or to get a feeling of which the
most important requirements are.
5.3.1.3

Hierarchy Level

As discussed in Section 1.3.1, prioritization approaches belong to
different hierarchical levels. When presenting a study, it should
clearly be pointed out to what level the evaluated approaches
belongs. In relation to this, it should be noted that approaches on
different levels should not be compared. By following and reporting according to the classification presented in Section 1.3.1, it is
possible for fellow researchers to compare results from different
evaluations with approaches at the same level.
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5.3.1.4

Input

When reporting about the approaches under investigation, it is
important to report on the inputs that are used for the approach.
Here, inputs are divided into two different parts.
Lower-level approaches used: As can be seen in Section 1.3.1,
higher level approaches commonly use one or several lower level
approaches as input. For example, the Cost-Value approach uses
AHP which is in turn uses pair-wise comparisons. Since high-level
approaches can be implemented in many different ways, the usage
of lower-level approaches should be reported (e.g. if using HCV
instead of AHP in the Cost-Value approach).

Prioritization can be performed with
many different aspects in mind (see Chapter 2). When reporting a
study, it is important to clearly point out what aspects were
accounted for by the subjects when conducting the prioritization. It
is also important to be clear about the definition of the aspects
used. Furthermore, what information did the subjects base their
priorities on?

Aspects taken into account:

5.3.1.5

Output

Output refers to the form of results from using the prioritization
approach (i.e. measurement scale). The output depends on the
approach and could be described for example as “a ranked list”,
“grouped in three importance groups” or “percentage of contribution to total importance”. Output may have a significant effect on
understandability of results and is important information to share.

5.3.2

Dependent Variables
A dependent variable is a variable that depends on the treatment of
independent variables (see Section 5.3.1), i.e. it is an outcome of the
influence of the independent variables [37]. Dependent variables
are used to give an answer to when, why, and how an approach is to
prefer over another. A dependent variable is the measurement criterion that is chosen when evaluating an approach. In this section,
dependent variables that have been considered as valuable in different research studies are presented. Several of the dependent variables can be measured both as perceived (subjective) and actual
(objective) and it should be noted that these two different measures
often can be combined. Note also that results can be measured
both in an absolute (one approach in isolation) and in a relative
(comparison between approaches) manner.
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5.3.2.1

Time

Time is commonly crucial in industrial situations, which makes it a
very important variable when judging an approach. Time has been
measured in several studies (e.g. [1, 131]). Further, time is often correlated with scalability (see Section 5.3.2.6), i.e. if the time consumption increases significantly, an approach is probably less scalable.
Perceived time consumption is measured by simply asking the subjects about how much time it took to perform the prioritization (i.e.
how long time they thought it took). Actual time consumption, on
the other hand, is measured by monitoring time manually or automatically. When measuring time consumption, it is of course also
possible to correlate the results with, for example, accuracy, to get
results on how efficient an approach is.
5.3.2.2

Accuracy

Accuracy is a measure of how well the results correspond to ‘gut
feeling’ of what the subjects of the study see as their correct priority
order. It is important to measure the accuracy of an approach since
incorrect results would imply wasted time. Perceived accuracy could
be measured by asking the subjects how accurate they think the
results are, or how well they think the resulting priorities corresponded to their view (see e.g. [131]). Actual accuracy would rather
be measured by letting the subjects compare the results of different
approaches (preferably through a blind test) in order to determine
which is most accurate (see e.g. Chapter 3).
5.3.2.3

Ease of Learning

It is important to measure how easy an approach is to learn in order
to get an understanding of what is required by the subjects to use
the approach efficiently. Measuring this variable is useful in two different ways when determining when to use the approach; 1) the
required competence level, and 2) the required familiarity with the
approach. Ease of learning is preferably measured through perceived ease of learning, i.e. asking the subjects how easy it was to
understand what to do and how to do it (see e.g. Chapter 7).
5.3.2.4

Ease of Use

Ease of use means how easy it is for an experienced user of the
approach to use it in every-day-work. By measuring ease of use, it is
possible to get an understanding of how convenient the subjects
find the approach to be. It is important that an approach is easy to
use in order to get people to prioritize, and to get it done in a correct way. Ease of use is preferably measured by how easy the subjects perceive the usage of the approaches in the study (see e.g.
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[87]). It may also be possible to investigate the actual ease of use by
utilizing some kind of usability tests, but no such attempts have
been reported so far.
5.3.2.5

Fault Tolerance

Fault tolerance is in some ways related to accuracy (see Section
5.3.2.2) since it measures to what extent judgment errors affects the
accuracy (e.g. what effects an incorrect assignment of a priority has
for the end results). This measure is preferably measured by perceived fault tolerance where the subject is asked how much he/she
thinks that judgment errors affect the end result (see e.g. Chapter 3).
5.3.2.6

Scalability

The number of requirements an approach can handle is of tremendous importance since industrial products/projects often have hundreds, or even thousands of requirements. At the same time,
scalability is one of the most commonly discussed problems and
several studies have highlighted and discussed scalability problems
(see e.g. Chapter 6). When measuring perceived scalability, the subject can be asked for how well he or she thinks that the approach
scales (see e.g. [1]). Actual scalability, on the other hand, could be
measured by letting subjects perform prioritizations with different
number of requirements, and then measure how this affects the variables of interest, such as time consumption (see e.g. Chapter 3).
5.3.2.7

Understandability of Results

When making decisions based on the results of a prioritization
effort, it is of course very important that the results are easy to
understand. If they are not, wrong decisions could easily be made.
Hence, it is important to measure how easy it is to understand the
results from a prioritization. Measures of understandability could
for example regard results presented on different scales, different
visualization approaches (e.g. graphs), etc. When measuring perceived understandability, the subject can answer a question about
how easy it is to understand/interpret the results (e.g. [82]). When
measuring actual understandability, on the other hand, the results
from different approaches could be compared (preferably through a
blind test) to determine which approach that presents the result in
the most understandable way. However, no such measures have
been seen in the area so far.
5.3.2.8

Attractiveness

Although accuracy, scalability, etc. are measured, it does not matter
how well the approach behaves if it is really boring or complex
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(even though this variable and other variables probably are correlated positively most of the time). Hence, it is also important to
measure the attractiveness of an approach. This is preferably measured by simply asking the subjects how they liked the approaches of
interest (e.g. [82]).

5.3.3

Context Variables
As indicated earlier in this chapter, the result of a study can depend
on many different contextual factors and it is seldom possible to
generalize findings from one isolated study. In order to know when
an approach is suitable or not, and being able to generalize results, it
is hence important to monitor under which circumstances an
approach are evaluated. This section presents a number of variables
that are considered as important to monitor with regards to the
context of the study. These kinds of variables are sometimes also
referred to as intervening or mediating variables [37].

5.3.3.1

Environment

Especially in studies conducted in industry, basic information about
the organizational characteristics is needed to understand the practical context and constraints in which prioritization is performed.
The following variables are recommended to report:
Market situation refers to how the organization's
market look like, i.e. if it is a bespoke or market-driven situation and
if the customers are professionals or not. Since the suitability of an
approach may differ depending on market situation, and because a
market situation can look in many different ways (see e.g. Section
2.4), it is important to explain the situation.

Type of market:

Process model: The process model an organization uses may
influence the suitability of a prioritization approach. For example,
prioritizing requirements upfront in a waterfall situation where the
full scope of the project shall be captured is very different from prioritizing in an agile environment where several increments shall be
planned and where change is considered as part of the process.
Since implementation of different processes varies greatly, it is
important to not only mention which process that is used but also
describe how it is implemented in the organization.
Phase of Prioritization: The phase of the product development in
which the requirements are prioritized may influence suitability
since the purpose and scope of the prioritization differ in different
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phases (see for example differences in Chapter 8). Hence, the phase
where the prioritization is performed should be reported.
Information about project
and organization size is useful to determine if the approach is most
suitable in large or small settings. Reporting the number of persons
involved, size from a technical point of view (e.g. LoC, complexity),
etc. is recommended.

Size of the project and organization:

Application Domain: Since different application domains (e.g.
game industry, nuclear systems) require a different amount of control, stability, etc. and have to follow different rules and regulations,
reporting about application domain may be important in order to
know when an approach is suitable.

5.3.3.2

Study Setup

When reporting from a research study, it is important to give information about the study setup. This information is valuable both in
terms of how to interpret the results and also to get additional
knowledge about how things were performed, especially if the study
should be possible to replicate. The following variables are recommended to be reported.
The tools used to prioritize the requirements
during the study are important to describe since tool usage may
affect the results (see e.g. [92]). If using commercial tools, a reference to the tool should be given, together with possible configurations. If using a tool that is not publicly available, or a tool that is
developed with the study in mind, a description of the tool should
be reported. It may also be interesting to report about other tools
used within an organization (e.g. requirements management tools)
but such reporting is yet considered as optional. If no tools are used
at all, it is of course still important to describe how the prioritization was conducted (see e.g. Chapter 3).

Prioritization Tools:

When prioritizing requirements, some approaches
may be better to use in a team-based prioritization while others are
more useful in individual prioritization. To be able to get knowledge
of what approaches that are useful for different ways of prioritizing,
it is important to report how the prioritization was conducted.
When reporting about team-based approaches, it is of course
important to state how many were involved, and how the assignments of priorities were decided in the group.

Work Mode:
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Location/Amount of Control: When performing studies, the location of where the subjects performed the prioritization can affect
the results greatly. For example, if subjects prioritize in their ordinary work places, they might answer phone calls, get e-mails, etc.
that may affect time consumption, concentration, etc. Such disturbances may of course not only be bad (since this is the normal situation) but it could give different results than if doing it in isolation.
Because of this, it is important that researchers report the environment where the prioritization was made, to make it possible to get
an understanding about differences between different studies.

In contrast to time (see Section 5.3.2.1), duration does not only regard the actual time for prioritization, but
includes the time for the whole study. For example, if the subjects
do several consecutive prioritizations, the subjects (and hence the
results) may be affected.

Duration of Study:

Selection Strategy for Prioritization Approach: The subjects may
perform differently if they get to choose/invent the prioritization
approach by themselves, or if a boss or researcher has chosen it.
The motivation is probably affected by the choice and it should
hence be reported.
Role of the Researcher: The degree of involvement by the
researcher may affect the results of a study since the amount of
steering, information given, trust, etc. will affect the subjects’ possibilities to perform the prioritization. For example, if using students
as subjects, the subjects may be affected if their tutor (researcher)
arranges the study since they have a special relationship to him/her.

5.3.3.3

Subjects

Information about the subjects involved in a study is important to
report because their background, demographics, commitment, etc.
probably will affect the results in different ways. As with study
setup, this information can be very valuable when interpreting the
results and when understanding how the study was performed. The
following variables are recommended to be reported.
Roles/Perspectives: Besides just presenting the number of subjects, it is good to report what roles/perspectives the ones that prioritize have since some approaches may be more suitable for
certain kinds of roles/perspectives. Previous experience on prioritizations performed in industry show that subjects with different
roles/perspectives prioritize differently, and it is likely that they also
favor different approaches.
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When conducting studies on requirements prioritization, it has been shown that commitment is one of the major factors that determine if the subjects are suitable or not (see Chapter
4). In Höst et al. a classification scheme for degree of commitment
is proposed, where four different classes are presented [69]. In addition to such a classification, it would be good to also express the
commitment to the product as such, for example if it is a toy system
(that may be developed in a project), a product ordered by a customer, or a product that the subjects themselves care about. In
addition to this kind of commitment, the suitability can also be
influenced by how the subjects were recruited or what rewards they
get through being part of the prioritization. However, this kind of
commitment is seen as of secondary importance.
Commitment:

Experience: Experience is another variable related to the suitability
of subjects [69]. Höst et al. present a classification scheme for subjects with regards to their experience based on education and recent
and relevant industrial experience [69]. To make this classification
scheme more fine-grained, it is possible to separately ask for education and recent and relevant industrial experience. In addition, it
could be a good idea to ask for experience with the approaches
included in the study.
View on Software Development: One variable that may affect the
results with regards to what the subjects think about an approach is
the view they currently have on software development, i.e. if they
favor agile or plan-driven processes. By measuring this variable, it is
possible to get a feeling for if some approaches are more suitable
with a certain process model.
Gender and Age: Gender, age, or similar demographics are possible to measure in order to get an understanding of to what extent
an approach suits a particular type of person better.

5.3.3.4

Requirements

Information about the requirements to prioritize is important to
report since different approaches may be suitable for different types
of requirements. Below follows a number of characteristics of
requirements that are recommended to be monitored. It should be
noted that it may be a good idea to present examples of requirements included in the study to make it possible to ensure similar
interpretation of type, abstraction level, and structure of the
requirements.
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The number of requirements prioritized greatly influences the results regarding a prioritization
approach. For example, an approach may be seen as easy to use,
gives good overview, etc. with a few requirements but as the
number of requirements increases, the usefulness decreases. This
makes it very important to report the number of requirements,
especially from scalability (Section 5.3.2.6) point of view.

Number of requirements:

Type of requirements: There exist several different types of
requirements, e.g. functional requirements, non-functional requirements, and constraints [135]. The suitability of an approach may be
influenced by which type of requirements that are prioritized. The
reason for differences in suitability may for example depend on the
extent and kind of dependencies between different requirements.
Abstraction level: The abstraction level of requirements may also
influence suitability to a large extent since, for example, the extent
and kind of dependencies, and the number of requirements may
differ greatly between high level (e.g. features) and low level (e.g.
deep technical) requirements. However, there do not exist any commonly accepted standards or guidelines about abstraction levels yet
(see e.g. Chapter 6 for differences).
Structure: Requirements structures are experienced in many different ways, e.g. amount of overview, dependencies, and complexity.
These structures may very well influence suitability very much but
as with abstraction level, there exist no rules or guidelines yet in
relation to structure.

5.4

Fulfillment of the Framework
As indicated in Section 5.1, one of the main reasons of constructing
the research framework was due to make different researchers
report information about the same variables. In order to evaluate
how well the current studies fulfill the proposed framework, an
attempt has been made to classify the papers from the systematic
review (see Section 5.1) according to the proposed framework. It
should be noted that the systematic review as such is presented elsewhere (see [95]) and that the presentation below mainly serves as an
evaluation of how well existing studies fulfill the framework.
The initial idea was to present a table where the fulfillment of each
variable could be presented. However, when constructing such a
table, it was evident that the presented information in the different
Fulfillment of the Framework
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studies was too diverse to quantitatively analyze the fulfillment.
Instead, this section presents a qualitative evaluation of how the
papers in general measure and report the different variables presented in the framework. The papers that were included in the systematic review are presented in Table 5.2 and the analysis is based
on the results from the systematic review.
Table 5.2

Papers Included in the Systematic Review

Study

Techniques Studied

[1]

AHP, Binary Search Tree (BST), PG, CV, PG&AHP

[81]

AHP

[82]

Numerical Assignment, AHP

[83]

AHP

[84]

AHP

[87]

AHP with hierarchies, “flat” AHP, Minimal Spanning
Tree, Bubble Sort, BST, Priority Groups

Chapter 3

PG, AHP

[131]

CV

As can be seen in Table 5.2, AHP is the technique that has received
most attention in the past. However, it should be noted that there is
an overlap of studies in [82, 83, 84]. Paper [87], on the other hand,
presents two studies but only the main study is included in the evaluation here since the second study was given too little attention in
the paper. A similar situation is present in [85] where a study of
tool-supported-AHP is mentioned very briefly and hence is not
included in the evaluation. Further, an extension of the study presented in Chapter 3 is presented in Karlsson et al. [92]. However,
this study was not published at the time when the systematic review
was conducted. It should also be noted that several of the papers
presented in Table 5.2 are almost ten years old and it can not be
expected that they are as well planned, conducted, and reported as
more recent papers (due to maturation in the field). This maturation
effect is visible in the papers, which is a good sign that the field is
getting more mature; year by year and study by study.
In Section 5.4.1, the fulfillment of the independent variables is discussed while Sections 5.4.2 and 5.4.3 present the fulfillment for
dependent and context variables respectively.
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5.4.1

Independent Variables
In general, the papers fulfill the requirements of the framework
quite well when it comes to the independent variables. In most of
the papers, information about “qualitative process description”,
“goal”, “input”, and “output” are provided. Since hierarchical levels
have not been introduced before, no paper explicitly identifies
which level the technique they discuss about belongs to. However,
the papers often describe the techniques well enough to identify the
level. Based on this analysis, it seems that papers fulfill the requirements well already, even though it may become more explicit if following the suggested framework.

5.4.2

Dependent Variables
When it comes to the dependent variables, there is a rather big difference between different papers on what variables they report and
how they report on these variables. One reason for why different
variables are reported is of course that the different studies investigate different issues. However, if being aware of what other variables to measure, many of the studies could easily collect and present
the results of those variables as well. There are big differences
between different variables on how often they are collected and
reported. Understandability, for example, is measured in only one
study (qualitatively) while time is measured in most of the studies.
If looking at the variable “time”, it is also evident that the way of
reporting about this variable differs very much between different
studies. For example, some studies measure time objectively (by
using a stop watch), others report on how much time the subjects
perceived it to take, and still others present time consumption on an
ordinal scale in relation to the other techniques evaluated.
Another observation with regard to the dependent variables is that
the same or similar variables are presented under different names.
Accuracy, for example, has been investigated using accuracy, 'gut
feeling', certainty, and reliability.
The above analysis of the reporting shows that there is a need for a
research framework that makes the reporting and analysis of
dependent variables more coherent in the field.

Fulfillment of the Framework
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5.4.3

Context Variables
Context variables are important to get an understanding of the suitability of the approach in different situations. Nevertheless, when
looking at the reporting of context variables in the papers analyzed,
it seems that this is the kind of variables that are most often omitted. This does not mean that all the investigated papers are bad on
reporting on all context variables. Instead, it seems that some
papers focus on reporting on some variables and others on some
other variables.
If looking at the environmental variables (primarily interesting for
industrial studies) the application domain is commonly reported
while the others often lack description. One reason may be due to
company regulations but the information of interest is not of critical nature for a company (which can be seen in some papers that
gives very good descriptions). Instead, the reason for why not
reporting extensively on environmental variables may rather be
because of not knowing about what is interesting to present.
When it comes to study setup variables, the information is also
commonly a little bit thin. Most papers explain very well on some
variables but the problem is that different authors seem to favor
different variables. This means that some report on tools used,
some on work mode, and yet others on location. The situation with
subjects is similar even though it is slightly better. Most papers
report on the number of subjects and also try to explain what roles/
perspectives the subjects have. The variables concerning commitment and experience, on the other hand, are commonly weakly
reported in the papers even though it has been shown that this is
important to measure. The other context variables are also commonly left out or presented sparingly.
The description of the requirements prioritized in the study is also
very different between different papers. Some papers report very
well while others barely mention the number of requirements. One
good practice that can be seen in some papers is that they present
the requirements used (or at least some descriptive examples). This
is very good since there does not exist unambiguous agreements
about abstraction levels and structure of requirements, which would
make it possible for others to see and value the requirements.
As can be seen in this section about context variables, there is a
great need for more homogenous reporting to build up a knowl-

128

Fulfillment of the Framework

Prioritization Research Framework

edge base about when to use certain approaches. If not reporting
on the same context variables, it is impossible to determine when
one approach is to favor over another.

5.5

Summary
Requirements prioritization is recognized as a challenging decisionmaking activity that requires support. Many approaches for prioritization of software requirements are introduced in the literature.
Despite of several empirical studies, there is still a lack of evidence
of which prioritization approaches that are to prefer, since different
studies have resulted in different conclusions. One reason for this
may be that studies are done in different contexts, measure and
report different variables, and use different data sets.
By conducting a systematic review, the authors of this chapter recognized that there is a need for a research framework that could
guide researchers on what to measure and report when conducting
studies within the area. Based on this need, such a framework is
proposed based on the result of the systematic review. With the systematic review as main input together with input from papers presenting similar frameworks in other areas, a two-day workshop was
held where the variables recognized were discussed and the content
of the framework was decided.
The framework proposed in this chapter should, however, be seen
as a first step to towards a more standardized framework. Similarly
to similar frameworks (e.g. [74]), the framework needs to be further
refined based on experience gained from evaluation (see e.g. evaluation of Jedlitschka and Pfahl [74] in Kitchenham et al. [98]) and
usage of the framework. It should also be noted that following and
reporting the issues given in this framework does not replace the
need of following and reporting on good practices regarding
research methodology issues. This means that it is important to
report about what kind of study was performed, how validity
threats were handled, how the study was designed, etc. For example,
it is advised that the maturing guidelines presented in [74] are followed in parallel when reporting requirements prioritization experiments. At the same time, the framework can and should be used as
input when designing studies, i.e. a study should be designed with
the framework in mind and enable collection of the proposed variables. Even though the framework may seem extensive at a first
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glance, most variables are easy to report and do not require any
additional effort by the subjects.
Threats to validity regarding this research are mostly due to the fact
that the presented framework has not been evaluated in practice yet.
To get the framework really useful, researchers must report according to the framework and hence validate that it is correct (and if
not, improve it further). Additionally, the fact that three researchers
constructed the framework may imply a threat that the framework
represents only their view and opinions. However, the framework
originated from a systematic review in the requirements prioritization area and from other similar frameworks in other areas. Furthermore, the three authors come from different environments and
have different backgrounds, which mean that they account for different perspectives. In addition, two of the authors have conducted
an extensive amount of research in the area and were able to use
their experience concerning the validation of variables when constructing the framework. At the same time, the third researcher was
able to take an outsider’s perspective to not make the framework
colored only by experience from the prioritization area. Based on
these facts, the framework can be regarded as a good starting point
when it comes to what and how to design and report results in the
area. However, the need for empirical evaluation and further refinements of the framework is essential.
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H A P T E R

Hierarchical Cumulative Voting
Patrik Berander and Per Jönsson

Chapter 3 presents a comparison between the Analytical Hierarchy
Process (AHP; see description in Section 2.3.1) and the Planning
Game (PG) where PG was considered better than AHP regarding
time consumption, ease of use, and accuracy. However, as discussed
in Chapter 3, AHP presents the priorities on a more powerful scale,
and hence makes it possible to perform operations that are more
advanced. For example, it is possible to prioritize requirements at
different levels in requirements hierarchies, and then calculate individual priorities. Section 2.3.2 presents Cumulative Voting (CV) as
an alternative to AHP when it comes to presenting the results on a
ratio scale. CV shares some of the good features of PG (e.g. openness) while also sharing some of the good features of AHP (e.g.
ratio scale). However, no guidelines exist about how CV could be
used for prioritizing requirements hierarchies. This chapter presents
an extension to CV that makes it possible to prioritize requirements
hierarchies with CV as well.
This chapter is outlined as follows: Section 6.1 presents the pros
and cons of different measurements scales and prioritization techniques (AHP and CV), as well as discussing the implications of
requirements hierarchies when doing prioritization. In Section 6.2
presents the main contribution which is a new technique for conducting requirements prioritization called Hierarchical Cumulative
Voting (HCV). Section 6.3 presents empirical results from the use
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of CV and HCV. Section 6.4 discusses some open issues with HCV
as well as issues to think about when using it in practice, while Section 6.5 concludes the chapter.

6.1

Requirements Prioritization
Chapter 2 of this thesis presents an overview of the area of requirements prioritization, and it is not repeated here. However, two parts
of requirements prioritization brought up in Chapter 2 are discussed in-depth in this chapter as well as some empirical results in
relation to AHP and CV. Section 6.1.1 presents more information
about what scales are available when prioritizing software requirements, and differences between the scales. In Section 6.1.2, a walktrough of the empirical results available in relation to CV and AHP
is presented. Last, Section 6.1.3 presents a discussion about requirements at different hierarchical levels.

6.1.1

Scales of Priority
As can be seen in Chapter 2, different prioritization techniques are
based on different types of measurement scales, where ordinal and
ratio scales are the most common ones. The scale used determines
which arithmetic operations that are allowed, and thus which kinds
of analysis that can be performed [52]. An ordinal scale preserves
ordering among elements and the numbers assigned to elements
represent ranks, which means that no arithmetic operations (e.g.,
addition, subtraction, multiplication) are allowed [52]. With a ratio
scale, all arithmetic operations are applicable, there can be a zero
element, and not only ordering is relevant but also interval sizes and
element ratios [52]. Thus, the ratio scale provides more information
about the elements and can be said to have finer granularity than an
ordinal scale (see Chapter 2).
In a study by Karlsson, a comparison between AHP (see description in Section 2.3.1), a technique that produces ratio-scale priorities, and five-level numerical assignment, a technique that produces
ordinal-scale priorities (with multiple requirements sharing the same
priority), was made [82]. The numerical assignment approach, suggested in both RFC 2119 [24] and IEEE Std. 830-1998 [70], is the
most common technique for prioritization of requirements. When
using numerical assignment, requirements are assigned to different
priority groups (i.e., different importance levels). In the study by
Karlsson, it was found that subjects who prioritized requirements
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using both techniques found the additional information gained with
the ratio scale to be important [82]. One observation was that there
sometimes were larger differences in priorities (as measured by
AHP) within a single priority group than between two priority
groups, implying that the ordinal scale in this case may have resulted
in a too coarse-grained prioritization. It was concluded that AHP
was better because it was seen as more accurate and informative,
due to that it provides relative ratio-scale priorities rather than absolute ordinal-scale ones. This conclusion is also supported in Karlsson et al. where a more comprehensive experiment was conducted
with a larger set of techniques [87].
When using a prioritization technique that provides relative priorities on a ratio scale, it is possible to calculate the total importance of
a set of requirements by adding together their priorities. It is also
possible to combine different aspects and calculate ratios inbetween aspects. For example, it is possible to calculate a cost-value
ratio that shows how much value each requirement adds in relation
to its cost (see the example in Section 2.6). This way of finding the
most efficient requirements to implement is not possible with ordinal-scale techniques (although cost-value calculations for ordinalscale prioritization have been investigated in Karlsson et al. [89]).
Another advantage of ratio-scale techniques is the ability to take
into account distances between requirements. For example, consider three requirements that have been prioritized as accounting
for 80, 15 and 5 percent of the total importance, respectively. Given
the high importance of the first requirement, it could be decided
that it is sufficient to implement only that. With ordinal-scale prioritization, on the other hand, there would not be enough information to support such a decision.
The power of the ratio scale and the benefits when working with
decision support in relation to product requirements makes it interesting to further investigate ratio-scale prioritization techniques.
The ratio scale allows for sophisticated calculations for preparing
different candidate solutions to base decisions on. Since AHP more
or less is considered as a de facto standard for ratio-scale prioritizations, it is interesting to look at existing alternatives and possible
pros and cons in relation to AHP.

6.1.2

Empirical Results Related to AHP and CV
A number of empirical studies have reported results in favor of
AHP, pointing to that it is trustworthy, produces ratio-scale prioriRequirements Prioritization
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ties, is fault-tolerant, and includes a consistency ratio [82, 87]. However, a common criticism is that the number of comparisons
increases dramatically with the number of requirements, and consequently that it is not realistic to use AHP when the number of
requirements grows [107, 113, 172]. The studies that have reported
positive results have primarily dealt with cases with a limited
number of requirements (less than 20, e.g. [87]). Even though the
number of comparisons can be decreased in different ways. However, as can be seen in Section 2.3.1, such approaches result in more
uncertain results and few studies have looked at these side effects.
Even though some studies have reported that AHP is trustworthy,
other studies have reported that the ones who prioritize the requirements seem to mistrust the results since control is somewhat lost
when doing pair-wise comparisons [92, 107]. In Lehtola and Kauppinen, the subjects argued that the pair-wise comparisons were
unnecessary and that it would have been easier to just select the
most important requirements or put the requirements in descending order of importance without any pair-wise comparisons [109].
Furthermore, when AHP was compared to PG in the controlled
experiment presented in Chapter 3, the subjects had similar comments about AHP; “it feels like a black-box wherein you pour the
requirements”, and “it feels like you lose control over the prioritization process”. About PG, which is a less sophisticated technique,
some comments were instead “intuitive”, “logical and simple”, and
“good overview”. The comments indicate that the subjects have
problems with the hidden calculations (and hence lost control) in
AHP, and that they prefer a simpler and more straightforward
approach with better overview of the prioritization process.
In one study where AHP and numerical assignment were evaluated,
the subjects thought that the relative comparisons in AHP were easier than assigning absolute priorities in numerical assignment [82].
However, other studies have found that subjects think it is easy to
establish which one of two requirements that is most important, but
have serious problems of assigning to what extent one requirement
is more important than another one [109]. In one study, none of the
subjects used more than three of the nine available importance levels in AHP because the subjects thought it was hard to distinguish
between the numbers (e.g., what is the practical difference between
a 3 and a 5?) [109]. Also, in the experiment comparing AHP and PG
presented in Chapter 3, PG outperformed AHP on all three measures (ease of use, time consumption, and accuracy). Thus, it is not
always the case that AHP is better than other techniques. However,
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AHP still produces priorities on a more powerful scale, and the
benefits of this are hard to measure in such an experiment.
When it comes to CV, which is a ratio scale alternative, there also
exist some drawbacks and question marks that threaten its usefulness. First of all, it is not certain how many requirements CV can
handle even though it has been used successfully with more than 20
objects to prioritize (see, e.g. [79]). However, this number is small in
comparison to the number of requirements of an industrial product
development project. In a study conducted by Regnell et al., the
stakeholders prioritized 58 requirements with $100,000 to distribute
among the requirements (the large amount of “money” was chosen
to cope with the large number of requirements)[131]. Even though
the stakeholders were positive about the technique, they distributed
the money on a limited number of requirements only (on average
34 percent in a case with 58 requirements, and 53 percent in a case
with 17 requirements), which was considered a problem. This
would have been solved with AHP, where stakeholders need to take
a stand for every requirement [131]. The problem is probably
caused by the fact that the stakeholders lose overview as the
number of requirements increases (note that a higher percentage
was obtained with fewer requirements in the study). It is hardly realistic to think that it is possible to keep an overview of, say, 200
requirements (which is not unusual in industry) when using CV. On
the other hand, it is as unrealistic to get stakeholders to do 19,900
pair-wise comparisons as in the case of using AHP with the same
number of requirements. An additional problem with CV (especially with many requirements) is that the stakeholders may miscalculate the points so they do not add up to the correct sum [12].
An additional issue that has been raised in relation to CV is that it
might be sensitive to “shrewd tactics”, which means that stakeholders might distribute their points based on how they think others will
do it [131]. For example, if a stakeholder considers requirements A
and B to be important, but realizes that others see only A as important, he may put few points on A and many on B in order to create
a balance between the two requirements. This problem is of course
even more evident when doing several consecutive prioritizations,
since each stakeholder then knows how the others prioritized the
last time [104]. It should be said that the problem with “shrewd tactics” is not unique to CV, but is present in every available prioritization technique, even though techniques such as AHP might
diminish the problem somewhat [131].

Requirements Prioritization

135

Hierarchical Cumulative Voting

The fact that the person who prioritizes always has full overview of
the requirements makes CV better than AHP with respect to the
trust on the results as mentioned in relation to AHP above. Furthermore, Ahl conducted a study where several prioritization techniques were compared, where AHP and CV were the only two
producing ratio-scale results [1]. When only looking at the results in
terms of AHP and CV, the study showed that CV was easier to
apply, faster, providing more accurate results, thought of as more
scalable, and was considered as better in total. The results from this
study give an indication that CV is better than AHP (used without
its hierarchical feature) in some contexts, on the variables measured.
However, the study does not really address the question about scalability in an objective way (just as many other studies).

6.1.3

Requirements Levels and Hierarchies
When working with software requirements, it is common that the
requirements can be defined at different levels of abstraction. Dahlstedt and Persson, for example, discuss requirements interdependencies in different forms, where one form is when high-level
requirements are refined to a number of more specific (further
explanation, detail, or clarification) requirements [39]. They also
mention the opposite situation, when one high-level requirement is
generalized from one or several more detailed requirements, and
that a requirement can be divided into several parts (i.e., several
simpler requirements from a more complex one) [39].
Rolland and Salinesi also discuss similar relationships with goaldriven requirements engineering approaches where goals are
decomposed into operational and alternative sub-goals [137]. Operational means that all sub-goals must be satisfied for the parent goal
to be fulfilled, which in turn means that the sub-goals have AND
relationships among themselves. Alternative goals, on the other
hand, means that the parent goal can be fulfilled by satisfying a subset of the sub-goals, which in turn means that the sub-goals have
OR relationships among themselves. Requirements, in this context,
can be seen as low-level goals [39], which can possess both kinds of
relationships. Goals as a part of the requirements structure can for
example be seen in Gorschek and Wohlin, who divide requirements
into four different abstraction levels: product level (goals), feature
level (features), function level (functions/actions), and component
level (details - consists of) [57].
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It is evident that requirements exist naturally on different levels of
abstraction and can form hierarchical structures. In large-scale software development in general, and in market-driven software development in particular, requirements commonly arrive in different
shapes and form, at multiple levels of abstraction, and are described
at various level of refinement [41, 57, 113]. Different authors have
reported problems when trying to compare (prioritize) requirements that reside on different levels of abstraction with each other
(e.g. [57, 109, 172]. For emple, Lehtola and Kauppinen concluded
that requirements on different abstraction levels caused problems
when performing prioritizations since lower level requirements
were considered as less important than higher level requirements
(e.g., “multi-language support” is commonly prioritized higher than
“language shall be configurable at runtime” since the latter is only
one way of achieving the former) [109]. Thus, it is important to be
aware of different abstraction levels when prioritizing requirements,
and requirements should only be compared with requirements on
the same abstraction level.
When dealing with multi-level requirements prioritization, lowerlevel requirements can either inherit priorities from higher-level
requirements, or be assigned their own priorities [172]. The former
is preferable when the lower-level requirements have AND relationships among themselves (cf. operational sub-goals), while the latter
is preferable with OR relationships (cf. alternative sub-goals), since
alternative requirements related to the same higher-level requirement commonly have different priorities [172]. If it is decided to
give lower-level requirements unique priorities, it is favorable to use
a ratio-scale prioritization technique that allows various kinds of calculations to be performed both within a level and between levels.
Given that the nature of requirements is suitable for hierarchical
prioritizations, and that AHP has been successfully applied when
prioritizing hierarchically structured requirements (see e.g. [87]), it is
surprising that multi-level prioritization seldom is seen when prioritizing with AHP within software engineering. This is especially
strange when considering the fact that AHP in its flat variant is
regarded as an unrealistic technique for coping with the large
amounts of requirements that are common in industry. In AHP, it is
possible to reduce the number of comparisons by using the hierarchical feature, and thereby make it more scalable. For example,
dividing 200 requirements into a hierarchy with 10 equally large
groups would reduce the number of comparisons from 19,900 to
1,945 – a rather dramatic decrease.
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Consider the same example with CV; instead of prioritizing a list of
200 requirements, the task could be broken down into several prioritizations with only 20 requirements each, and one prioritization on
group level. This would of course reduce the prioritization complexity considerably. However, CV does not currently support this
kind of hierarchical prioritization (Regnell et al. have prioritized with
CV on different levels, but treated the levels independently [131])
even though it is based on ratio-scale prioritization. Since it is indicated that CV is better than AHP in some aspects (Section 6.1.2), it
would of course be interesting to investigate the possibility for CV
to handle hierarchically structured requirements, which is done in
the next section.

6.2

Hierarchical Cumulative Voting (HCV)
This section describes how CV (see Section 2.3.2) can be extended
to give support for managing hierarchical prioritization. This
extended version of CV, which shares several characteristics with
AHP, is further on called Hierarchical Cumulative Voting (HCV).
Like AHP, it is possible to use HCV as a tool to solve complex
multi-aspect decision problems by arranging the problem into hierarchies. It is also possible to use the technique when prioritizing
objects (requirements, for example) on different abstraction levels
(which is the focus in this chapter). In such cases, HCV assumes
that it is possible to hierarchically divide the objects into different
levels but does not contain any mechanism for doing so (which
AHP does neither). The remainder of this section presents HCV
from a requirements perspective. It is assumed that the requirements already are divided hierarchically into a number of abstraction levels where requirements on different levels are related to each
other with parent-child relationships (see more about how to structure hierarchies in Section 6.4.2). It is also assumed that child
requirements have OR relationships among themselves.

6.2.1

General Idea of HCV
The idea behind HCV is basically the same as behind CV, to use an
open and straightforward technique to quantify the importance of
different requirements. As in CV, the prioritization is conducted by
distributing points between requirements. However, when prioritizing with HCV, not all requirements are prioritized at the same time.
Instead, prioritizations are performed at different levels of a hierarchy, and within different blocks of requirements in that hierarchy.
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An illustration of a very basic hierarchy of requirements is presented in Figure 6.1.
100 points

HLR_1

LLR_1

LLR_2

HLR_2

LLR_3

100 points
Figure 6.1

LLR_4

LLR_5

100 points

Simple Hierarchy of Requirements

Two different levels of requirements are introduced in this figure;
high-level requirements (HLR) and low-level requirements (LLR).
In HCV, only requirements within a prioritization block (i.e., the
grey areas of Figure 6.1) are prioritized together. In the example in
Figure 6.1, instead of prioritizing five LLRs at the same time, they
are divided into two prioritization blocks with two and three
requirements prioritized at a time. In Regnell et al., a similar
approach was used, but the subjects prioritized all LLRs at the same
time [131]. However, in a post-test, the subjects in this study supported the idea of dividing LLRs into prioritization blocks. This
makes it is easier to keep an overview of the requirements to prioritize and the risk that not all requirements are explicitly considered
(as discussed in Section 6.1.2) decreases.
Still, it may be desirable to obtain a final prioritization list where all
requirements at the LLR level are viewed in relation to each other.
In CV, such a list is the immediate outcome of the prioritization,
whereas in HCV, it is necessary to do some calculations to retrieve
the final LLR priorities. Roughly speaking, this is done by multiplying the priority of each LLR with the priority of the HLR it is
related to. Below is an outline of the steps involved in carrying out
prioritization using HCV:
The first step is to assign priorities to all requirements on
relevant levels in the hierarchy. This is done by performing ordinary

Step 1:
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CV within each prioritization block, on each level. Note that it is
not necessary to assign priorities to requirements on levels below
the lowest one of interest, as final priorities for these requirements
will not be calculated anyway.
When all requirements have been assigned priorities, the
next step is to calculate intermediate priorities for the requirements.
This can be done using straight or compensated calculation,
depending on the characteristics of the requirements hierarchy and
the objective of the prioritization. The outcome of the prioritization
depends on which of these two ways of calculating priorities that is
used. In Sections 6.2.1.1 and 6.2.1.2, the two ways are explained,
and trade-offs to consider when choosing which way to use are further discussed in Section 6.4.1. How to deal with an arbitrary
number of levels in the hierarchy is discussed in Section 6.2.3.

Step 2:

Final priorities are calculated for all requirements at the
level of interest through normalization. The normalization is performed across the prioritization blocks at the specific level, which
means that all requirements at the level get priorities in relation to
each other. The normalization is explained in Section 6.2.1.1.

Step 3:

Step 4 (optional): If several stakeholders have prioritized the
requirements, their individual results should be weighted together.
When doing so, it is possible to let different stakeholders influence
the result to different extents. How to handle such a situation is discussed in Section 6.2.2.

6.2.1.1

Straight Calculation

The first way of calculating the final priorities of the LLRs should
be used when the requirements set is final or the LLRs in a prioritization block forms a complete decomposition of the corresponding
HLR. In this case, the final priority of each LLR is obtained in two
steps. First, the assigned LLR priority is multiplied with the
assigned priority of the “parent” HLR to get the intermediate (nonnormalized) priority. Let pi denote intermediate priority and pa
assigned priority. Assuming LLR_u has parent HLR_v, then:
p i, LLR_u = p a, LLR_u × p a, HLR_v

(6-1)

Second, normalization is performed over all LLRs (level normalization). Let pf denote final priority. The final, normalized priority for
LLR_u at LLR level becomes (the summation is over all k LLRs):
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p i, LLR_u
p f, LLR_u = ---------------------------∑ pi, LLR_k

(6-2)

k

6.2.1.2

Compensated Calculation

The second way of calculating the final priorities of the LLRs
should be used when the decomposition is not an exhaustive breakdown of the HLR or when the requirements set is not considered as
final. This could be the case when not all LLRs are elicited or broken down yet, for example. In such a situation, the total value of the
LLRs in a prioritization block may be different than the value of the
parent HLR.
If Equation 6-1 is used to get the intermediate LLR priorities, prioritization blocks with few LLRs will be favored over blocks with
many LLRs simply because the point average per LLR will be
higher. To avoid this, a way of compensating for block size must be
utilized. This is done when calculating the intermediate priorities by
multiplying the assigned priority of each LLR with a block-specific
compensation factor, c. The intermediate priority of LLR_u with
parent HLR_v becomes:
p i, LLR_u = c HLR_v × p a, LLR_u × p a, HLR_v

(6-3)

Normalization is still performed according to Equation 6-2. Note
that the compensation factor is common for all LLRs below a HLR,
and is thus indexed by the HLR in question. An example of a compensation factor is the number of requirements within the prioritization block. Using this example, the compensation factor for
LLR_1 and LLR_2 in Figure 6.1 would be 2, whereas the factor
used for LLR_3, LLR_4 and LLR_5 would be 3.

6.2.2

Multiple Stakeholders
When developing software products, it is normally the case that
several stakeholder’ views must be taken into consideration (see
Section 2.4). HCV has support for taking several stakeholders of
different importance into account. Stakeholders can be divided in
different ways (e.g., according to market segments), and different
stakeholders or stakeholder groups may have different weights
from the point of view of the organization [131, 143].
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When several stakeholders prioritize the requirements within a hierarchy, the formulas presented in Section 6.2.1 must be extended to
account for stakeholder importance. Let wx denote the normalized
weight of stakeholder S_x (i.e. wx for each stakeholder is between 0
and 1, summing up to 1 for all stakeholders), and pmf the final priority for all stakeholders. The calculation for LLR_u becomes (the
summation is over all k stakeholders):
p mf, LLR_u =

∑ wk × pf, LLR_u, S_k

(6-4)

k

As can be seen in this formula, the final priority for each stakeholder is multiplied by the stakeholder weight, and the weighted priorities are added together to produce the combined priority of all
stakeholders for the LLR. By using this approach, it is possible to
achieve a complete prioritization of the requirements in the hierarchy where different stakeholders’ views are taken into account. Similar calculations would not be allowed if an ordinal-scale technique
had been used.
When assigning priorities to stakeholders, it is of course possible to
use CV (stakeholders on one level) or HCV (stakeholders on multiple levels) for this purpose as well.

6.2.3

Multiple Levels
In Figure 6.1, the requirements to prioritize were divided into two
different hierarchical levels. This is of course a simplified view of
reality, since requirements (or other objects of prioritization) can
come on many more levels than that. When having more levels, it is
still possible to use HCV since the technique is not sensitive to the
number of requirement levels. Let R_k denote the kth requirement
at an arbitrary level, and H be a function that returns the parent
requirement for any given requirement. In Equation 6-5, the compensated calculation is generalized to account for requirements at
any level (the generalization of straight calculation is of course similar, except for the compensation factor):
p i, R_k = c H ( R_k ) × p a, R_k × p i, H ( R_k )

(6-5)

The result from this calculation can then be normalized at any of
the levels in the hierarchy according to Equation 6-2. It should be
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noted that the intermediate priority of a requirement at the highest
level of the hierarchy of course corresponds to its assigned priority.

6.2.4

Example: Two-Level Hierarchy, One Stakeholder
In order to give a more practical view of how HCV works, an example is presented below. In this example, there are two abstraction
levels and one stakeholder. Furthermore, there are four high-level
requirements (HLRs) and nine low-level requirements (LLRs). Figure 6.2 visualizes the structure of the requirements hierarchy.

HLR_1

LLR
1

HLR_2

LLR
2

Figure 6.2

LLR
3

LLR
4

HLR_3

LLR
5

LLR
6

LLR
7

HLR_4

LLR
8

LLR
9

Requirements Hierarchy

As can be seen in Figure 6.2, a single LLR can relate to several parent HLRs (LLR_5 is related to both HLR_2 and HLR_3). For
example, clock functionality (LLR) may belong to two different
HLRs of a mobile phone, such as calendar and alarm. Besides this,
one of the HLRs in the figure does not have any LLRs related to it.
At a first glance, this might seem strange, but it is possible that no
LLRs have been elicited for this HLR yet (as can be seen in the
industrial case presented in Regnell et al.[131]). The LLRs in the
example are not considered as being an exhaustive decomposition
of the HLRs, which mean that compensated calculation (see Section 6.2.1.2) should be used.
The first step in the prioritization is to distribute 100 points
between the HLRs. After these are prioritized, the stakeholder distributes 100 points in each of the prioritization blocks (grey areas in
the figure). After all requirements in all prioritization blocks have
been assigned priorities, the intermediate LLR priorities are calculated according to Equation 6-3 with the compensation factor being
equivalent to block size. The final, normalized LLR priorities are
calculated according to Equation 6-2. Table 6.1 presents the results
of the prioritization with contrived values.
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Table 6.1

HLR/LLR
HLR_1/LLR_1

Resulting Priorities and Calculations

HLR

LLR

Compensation
factor (c)

Intermediate
priority (i)

Final
priority (f)

Rank

25

70

2

3500

12%

3

HLR_1/LLR_2

25

30

2

1500

5%

9

HLR_2/LLR_3

45

30

3

4050

14%

2

HLR_2/LLR_4

45

55

3

7425

26%

1

HLR_2/LLR_5

45

15

3

2025

7%

7

HLR_3/LLR_5

20

33

5

3300

12%

4

HLR_3/LLR_6

20

27

5

2700

9%

5

HLR_3/LLR_7

20

18

5

1800

6%

8

HLR_3/LLR_8

20

22

5

2200

8%

6

HLR_3/LLR_9

20

0

5

0

0%

10

HLR_4

10

-

-

-

-

-

In the first column of Table 6.1, the HLRs and LLRs to prioritize
are listed. The second and third columns show how many points
the HLRs (in relation to the other HLRs) and LLRs (in relation to
the other LLRs within the same prioritization block) got in the prioritization. The fourth column presents the compensation factor
used (in this case the number of requirements in the prioritization
block). The fifth column presents the intermediate LLR priorities as
per Equation 6-3, and the sixth column shows the final, normalized
LLR priorities as per Equation 6-2 expressed as percentage values.
The seventh and last column lists the ranks of the requirements,
mainly for clarification.
As can be seen in the table, HLR_2 was considered as most important (almost half of the importance of the HLRs) followed by
HLR_1 (25%), HLR_3 (20%), and HLR_4 (10%). LLR_4 was considered as most important of the LLRs and accounted for 26 percent of the importance of all LLRs while LLR_9 was considered as
least important due to the lack of assigned priority.
The result for LLR_5, which relates to both HLR_2 and HLR_3
(see grey area in Table 6.1), is interesting to study. This LLR has
been prioritized twice, once in the context of HLR_2 and once in
the context of HLR_3. Because of its dual importance, it may be
valuable to add the results of the prioritizations from both HLRs
together. Doing so, the value of LLR_5 increases to 19 percent (7%
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+ 12%), which makes it the second highest ranked requirement. It
should be noted that this addition only makes sense if LLR_5 later
on is reused in implementing both HLR_2 and HLR_3. However,
even if only one of these HLRs should be chosen for implementation, the duality of LLR_5 may be important input to decision making for two reasons. First, if it is known that the requirement will be
reused in an upcoming release, some measures may be taken to prepare for this. Second, if choosing between two requirements of similar value (e.g., HLR_2/LLR_5 and LLR_8), it may be beneficial to
choose the one that is possible to reuse in a future release (and
hence also add value to that release).
Another interesting observation is that HLR_4, which has no
related LLRs, was assigned a priority at the HLR level. Even though
this may seem unnecessary, priorities at HLR level can, for example,
indicate where elicitation efforts of LLRs should be focused. Here,
focus should probably not be on finding LLRs for HLR_4 since it
was considered as least important of the HLRs. However, a HLR
may get low priority also because it is new and not completely
understood, in which case this argument does not hold. Nevertheless, by prioritizing HLR_4 despite the lack of LLRs, new LLRs
found in the future related to this HLR could easily be prioritized
and then included in the hierarchy (resulting, of course, in a number
of re-calculations of final priorities). Hence, the technique is flexible
for changes in terms of added and removed requirements, but also
when it comes to changed priorities within the hierarchy.
A problem with the presentation of results seen in Table 6.1 is that
it is difficult to get an overview of. Figure 6.3 presents another way
of making the results explicit and hence more informative. This way
of visualizing makes it possible to get a more holistic picture of the
situation and the priorities since it makes it possible to see the distribution between HLRs, priorities of LLRs within an HLR, as well
as the LLR priority in relation to all other LLRs. These different
views can be used by different roles with different objectives and
goals, for example:

• Product Managers may look primarily at the high level and make
decisions about which HLRs to focus on in the next release(s).
They may also use the information to determine where to focus
most elicitation efforts in the future.

• Project Managers may primarily look at the priorities between
the levels in order to know how to plan the project. For example, if using time boxing, it is important to know which require-
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ments to implement first and which ones to throw out if not all
can be implemented.

• Designers and developers may be interested in the priorities of
the LLRs, especially in situations like the one with LLR_5. With
this situation they may be interested in making LLR_5 more
reusable if it is likely that the requirement will be further integrated in an upcoming release.

25%

45%

20%

70% 30%

30% 55% 15%

33% 27% 18% 22% 0%

12
%

5%

Figure 6.3

14%

26%

7%
+
12%

9%

6%

10%

8%

0%

Example of Visualization of Results

This list of how different roles can use the result is of course of
speculative nature and is not the only way in which the information
can be used. It is also so that even though product managers is said
to care for the HLRs, it may also add value for them to see what is
actually in each HLR, and the value distribution within. By highlighting the priorities in the hierarchy, it is possible for different
roles to discuss the result and what measures to take.

6.2.5

Description Epilogue of HVC
In this section, HCV has been presented and its use has been exemplified in a contrived but still realistic situation. Even though the
power of the technique may not be obvious in the simple example
given, the strengths of this technique will increase as the number of
requirements grows (in comparison to techniques like CV and techniques based on “flat” pair-wise comparisons). When the number
of requirements grows, the need for a structured approach gets
larger. HCV provides that structure by using natural relationships
between requirements to perform the prioritization in a number of
consecutive steps, and hence limits the number of requirements prioritized at a time (thereby increasing scalability). Similar existing
approaches, like the one presented in Regnell et al. [131], also
account for requirements on different abstraction levels but fall
short when it comes to the possibility of reducing the number of
requirements to prioritize at a time.
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HCV has been presented theoretically above, but it is of course
essential to verify that the technique also works well in a real setting.
The next section provides a discussion about HCV based on some
empirical studies made.

6.3

Evaluation of HCV in Comparison to CV
In this section, an empirical evaluation of HCV is presented. In the
evaluation, the scalability of HCV in comparison to CV and opinions about the use of HCV are investigated. As can be seen in Section 6.1.2, one of the major drawbacks with CV is that it does not
scale very well. HCV, on the other hand, theoretically scales much
better due to the increase in overview and decrease in complexity
that follow from arranging the objects to prioritize into hierarchies.
An overview of the empirical studies discussed in the evaluation can
be seen in Table 6.2.
Two aspects of scalability (or rather, scalability measurements) have
been considered. The first aspect is the number of objects that have
been given explicit (i.e., non-zero) weights in the prioritization. The
second aspect is the extent to which different weights are given to
different objects (i.e., amount of divergence). These two measurements are somewhat speculative, and should be interpreted as such,
and are not used in any statistical analysis in this chapter.
The studies on which the cases are based were all conducted at
Ericsson (see Section 1.4.1.1). The persons participating in the
studies were all experienced professionals working with the processes in question. Given the context of process improvement, they
were arguably commitment to the prioritization task. As can be
seen in Table 6.2, it is actually not product requirements that were
prioritized. This may of course be a threat to the validity of discussing the cases in a requirements prioritization context. However, the
aim is not to draw conclusions about the correctness of the prioritization results, but rather to discuss the scalability of CV and HCV.
Furthermore, it has been shown that commitment by the prioritizing persons is the main influential factor regarding their suitability
as subjects (see Chapter 4). Thus, it is likely that the potential threat
is insignificant here.

Evaluation of HCV in Comparison to CV

147

Hierarchical Cumulative Voting

Table 6.2

Case

Technique

Prioritization Cases

Number of
Objects

Number of
Respondents

Case description

A

CV

14

19

Prioritization of current decision
aspects used when determining
whether to accept or reject change
requests, in order to improve decision
making related to change management
in the organization. See Chapter 8.

B

CV

14

19

As case A, but prioritization of desired
decision aspects. See Chapter 8.

18

Prioritization of uses (i.e. outcome and
resulting activities) of change impact
analysis in order to improve change
management processes in the organization. See [78].

C

CV

20

D

CV

25

18

Prioritization of change impact analysis
issues, in order to improve change
managment processes in the organization. Organizational prioritization perspective. See [78].

E

CV

25

18

As case D, but with individual prioritization perspective instead. See [78].

F

HCV

24

17

Prioritization of questions in a measurement program created with the
Goal Question Metric approach (see
[160]) in order to measure (and ultimately improve) change request handling in the organization. See [14].

G

HCV

25

19

As case F, but with a measurement
program related to requirements handling instead. See [14].

HCV was used in cases F and G while CV was used in the remaining.
In the HCV cases, compensated calculation as described in Section
6.2.1.2 was used due to the nature of the prioritization; questions in a
Goal Question Metric tree are not an exhaustive decomposition of
the goals, and the set of questions can be incomplete. In the HCV
cases, the questions (corresponding to LLRs) being prioritized were
divided hierarchically under six (Case G) and seven (Case F) goals
(corresponding to HLRs). Thus, the questions were not prioritized
all at once, but in smaller blocks as described in Section 6.2.1.
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It should be noted that the object lists in all cases were relevancebased, i.e. they were elicited from the processes in question by persons from the organization (these persons were also part of the prioritization) with the aim to improve their future work conditions.
Thus, it can be argued that the participants were not only committed to the prioritization, but also to the objects being prioritized.

6.3.1

Extent of Explicit Weights
The reason to look at how many objects that have been given a
non-zero value is because it could give an indication of to what
extent the prioritizing person explicitly considered all objects when
assigning weights. For example, if only three objects out of 20 are
given a non-zero value, the prioritizing person may not have seriously considered each of the remaining 17 objects. Obviously, this
situation could as well be correct, but with a relevance-based object
list, it seems unlikely that only a few of the objects answer for all of
the importance of the list. This measurement relates to scalability in
the sense that it can give an indication of to what extent the ability
to consider all objects is retained (or lost) as the number of objects
to prioritize increases. Figure 6.4 shows the average percentage of
non-zero object weights for all cases, with black bars for the CV
cases and white for the HCV cases.

100%
80%
60%
40%
20%
0%
A
Figure 6.4

B

C

D

E

F

G

Average Percentage of Objects given a Non-zero Value

As can be seen in the figure, there is a notable drop in percentage
from case A with 14 objects to case E with 25 objects. This shows
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that for CV, the ability (or desire) to explicitly consider all objects in
the prioritization decreases when the number of objects increases.
However, the most interesting with the figure is the difference
between cases D/E and F/G. All these four cases had 24 to 25
objects to prioritize, but cases F and G used HCV rather than CV.
The difference, which is in favor of HCV, shows that the increased
overview and reduced prioritization complexity of HCV allows for
a larger proportion of the objects to be explicitly considered. This
reflects the fact that HCV has better scalability than CV.

6.3.2

Divergence of Given Weights
The second scalability aspect complements the first one. Hypothetically speaking, a person could give a large amount of points to a
single object, while distributing the remaining points evenly over
the other objects. Thus, the divergence of given weights would be
low, possibly indicating that the prioritizing person did not seriously
consider the uniqueness of each object in relation to the other
objects, but rather grouped (mentally) a number of objects together
and put identical weights on them. As with the first measurement,
the situation depicted may of course be correct, but it is unlikely
that the objects in a relevance-based list should be that homogenous. With respect to scalability, this measurement can give an indication of the ability to differentiate between the objects as the
number of objects increases. Figure 6.5 shows the divergence of
given weights for all cases.
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As can be seen in the figure, the outcome of this measurement is
similar to that of the explicit weights measurement. The divergence
drops notably from case A with 14 objects to cases D and E with 25
objects each. The key issue may not solely be lack of overview, but
also time. To carefully consider unique weights for all possible
objects is time consuming for large numbers of objects.
Also with this measurement, it is interesting to see the difference
between cases D/E and the HCV cases F and G. With a similar
number of objects, HCV outperforms CV in terms of ability to differentiate between objects, due to increased overview and reduced
prioritization complexity (the reason for the difference between
case F and case G is unknown). This is yet another indication of the
high scalability of HCV compared to CV. It should be noted that
the divergence for cases F and G was calculated based on the final
priority list on the question level. The alternative would be to base it
directly on the given weights, which however would mean that two
equal weights given to questions under different goals (and thus prioritization blocks) would affect the divergence negatively.

6.3.3

Reflections on Scalability
Miller argued already in 1956 that the human brain is capable of
managing at most seven objects at the same time, give or take two
[121]. Although this claim has been questioned (see e.g. [45]) the
data presented in the two previous sections support the existence of
an upper limit on the number of objects that can be prioritized at
the same time. The best results were achieved when using CV with
few objects, and when using HCV where the prioritization task is
distributed (to yield multiple prioritizations with few objects each).
The limit has most likely to do with how easy it is to get an overview of all objects to prioritize, which probably is be correlated to
the number of objects that the human brain can manage simultaneously. As for a precise limit, neither the data presented here nor the
theory about 7+/-2 are conclusive. Further studies have to be performed to determine the maximum reasonable size of an object list.
As has been mentioned, HCV owes its scalability to the benefits
that follow from performing multiple “small” prioritizations rather
than one “large”. However, next to increased overview and reduced
complexity, there may be a loss in prioritization consistency due to
the fact that the final LLR priorities are calculated (based on the
hierarchy) rather than given. Thus, there is a potential trade-off
between scalability and consistency. To understand more about this
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trade-off, it is relevant to see how satisfied the prioritizing persons
are with the result. This aspect is investigated in the next section.

6.3.4

Opinions about HCV
In case G mentioned above, the prioritizing persons were asked to
fill out a post-test after the prioritization. Before the post-test, the
final question priorities (corresponding to final LLR priorities) were
presented, and the prioritizing person had the opportunity to go
back and revise the given weights before accepting the outcome.
The post-test investigated among other things to what extent the
result matched the opinion of the person. Table 6.3 shows the posttest questions/statements relevant for this discussion, the scales for
the questions and the median of all respondents’ answers.

Table 6.3

Result of Post-test

#

Question/statement

Scale

Median

1

The method of prioritization was considered as
useful.

Strongly disagree (1)
to strongly agree (5)

4 (agree)

2

The method of prioritization provided reliable
results.

Strongly disagree (1)
to strongly agree (5)

3 (neutral)

3

The structure of the prioritization made the prioritization efficient.

Strongly disagree (1)
to strongly agree (5)

4 (agree)

Did the initial list of prioritized questions reflect
your “gut feeling” of what was important?

Not at all (1) to
perfectly (5)

4 (fairly well)

5

To what extent did you change your priorities after
you saw the initial list of prioritized questions?

Not at all (1) to
very much (6)

2 (very little)

6

Did the modified list of prioritized questions
reflect your “gut feeling” of what was important?

Not at all (1) to
perfectly (5)

4 (fairly well)

Overall, the post-test results are favorable for HCV. The respondents did agree that the technique was useful; they were satisfied with
the resulting list of priorities, to the extent that they did not feel a
large need to adjust the given weights. In the light of this, it is somewhat surprising to see that they were only neutral when it came to
the reliability of the technique. A possible explanation is that they
may have been uncertain about the definition of reliability in this
context and thus reluctant to give a strong opinion. A potential
problem with the results from the post-test is that the respondents
did not have another prioritization technique (and its results) to
compare with. Thus, the assessment of the technique in relation to
the three first questions in Table 6.3 may have been difficult.
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In summary, the post-test results indicate that HCV is a useful and
stable technique in that the resulting priorities concur fairly well
with the expectations of the prioritizing person. It should be noted
that hardly any prioritization technique can be expected to provide
perfect results; there is always an uncertainty associated with assessing the importance or relevance of an object, especially when numbers are involved. For multiple objects, the uncertainty adds up to
the point that a “correct” prioritization can hardly ever be achieved.
However, it seems that the respondents were not less satisfied with
the results from HCV than from CV even though calculations were
made to compensate for not considering all low-level requirements
at the same time (see similar results in Regnell et al. [131]). Since
HCV is more scalable than CV, it seems safe to conclude that HCV
is to favor over CV as the number of requirements grows. The
improvement in scalability is most likely more important than the
potential loss in consistency (as discussed in the previous section).
In relation to this, it would be interesting to compare HCV to AHP,
for example, which also has potential consistency problems.

6.4

Discussion
In this section, a number of different unclear issues are brought up
and discussed. First, the issue about compensation (see Section
6.2.1.2) is discussed further in Section 6.4.1. This is followed by a
discussion on how to construct the hierarchies that HCV relies on
in Section 6.4.2. Last, discussions about issues that must be cared
for when using HCV in practice are discussed in Section 6.4.3.

6.4.1

Using Compensation or Not?
As seen in Section 6.2.1, it is possible to use both straight and compensated calculation when prioritizing with HCV. The reason for
using compensated calculation is to make sure that some requirements do not get high ranks just because they belong to a prioritization block with few requirements. For example, imagine a situation
with two HLRs, where HLR_1 has 60 in priority and HLR_2 40 in
priority. HLR_1 has 10 related LLRs while HLR_2 has only one
related LLR. If the requirements within each block would get 100
points to share, the LLRs in HLR_1 would get 10 points each in
average while the LLR in HLR_2 would get 100 points. Assuming
that the points are distributed evenly between the requirements in
the HLR_1 block, the intermediate priority for each LLR would be
600 (10×60), while the intermediate priority of the LLR related to
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HLR_2 would be 4,000 (100×40). In fact, one single LLR related to
HLR_1 would need to get at least 70 points to beat the single
requirement in HLR_2. By compensating for block size, the risk of
ending up in such a situation is reduced.
While compensation is used to make sure that small prioritization
blocks are not favored, there is a risk that it results in large blocks
being favored instead (since these get more points to distribute). In
extreme cases, this situation may happen and could be problematic.
In the empirical studies described in Section 6.3, there were rather
large differences in block size (some blocks had six objects and
some only one), but it was never seen that a large block was favored
due to its size. Thus, under normal conditions, this is probably not
an issue.
Guidelines for when to use compensation are briefly stated in Section 6.2.1. To reiterate, the guidelines are:

• Do not use compensation with a final requirements hierarchy,
or when the LLRs form a complete decomposition of the corresponding HLRs. The motivation is that prioritization at each
level can take into account the entire hierarchy, and that the
composition relationship between an HLR and its LLRs implies
that the collective value of all LLRs within the block equals the
value of the HLR.

• Use compensation with a non-final requirements hierarchy, or
when the decomposition of an HLR into LLRs is not exhaustive. In these cases, there are likely unknown requirements that
will be added later on, and the collective value of LLRs in a prioritization block can not be said to equal the value of the HLR.
While the guidelines are based on the authors’ experience, they are
somewhat speculative. The effects of using compensation are of
course not evident. One way of dealing with compensation if its use
is doubtful is to present both compensated and uncompensated
results to stakeholders and let them choose whatever feels best.
This has the added benefit that it is possible to get direct feedback
on how good the compensation approach used was.
It should be noted that the issue with compensation is not unique
to HCV. AHP, for example, would experience the same issues with
prioritization blocks of different sizes. The topic of compensation
is important to investigate since many studies (e.g. [87, 131] have
encountered prioritization blocks of different sizes. When to use
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compensation, how to use it, and which compensation factor to use
need to be investigated further. In the next chapter, a study is presented where the use of compensation factor is studied further.

6.4.2

Constructing Hierarchies
Without having requirements that can be organized into hierarchies,
it is not possible to use HCV as a technique for prioritizing requirements. Saaty (the creator of AHP) argues that there is no set way of
arranging hierarchies, and that the difficulty in doing so depends on
the complexity of the system[145]. Even though software systems
generally are considered to be very complex, several authors in software engineering (e.g. [39, 41, 57, 113]) argue that software requirements often can be naturally organized in hierarchies. Thus, what is
needed as input to HCV (and also AHP) is some way to structure
the requirements into hierarchies in an efficient way.
One approach for structuring requirements into hierarchies is the
Requirements Abstraction Model (RAM) which was initiated based
on the needs of industrial companies to support the management
of requirements in hierarchies [57]. RAM assumes that requirements exist on different abstraction levels and it facilitates the
abstraction and breakdown of incoming requirements in order to
place them on the suitable abstraction levels. One of the goals with
RAM is to make it possible to compare requirements on the same
abstraction level rather than on different levels [57].
The division into abstraction levels also implies a notion of value
dependencies (see Dahlstedt and Persson [39] for more information
about different kinds of dependencies) between requirements at
different levels. For example, in a situation where one LLR relates
to two HLRs, it is possible that the implementation of the LLR for
one HLR can be reused in the implementation of the second and
thereby add value to it. This might give valuable input to, for example, scoping of software product lines to see if one requirement can
or is expected to be reused in several parts of the system [149].

6.4.3

Using HCV in Practice
As can be seen in Chapter 2, software product planning can be considered as a “wicked problem“, which means that an optimal solution may not exist, that every development plan is unique, and that
no objective measure of success exists [29]. Since an optimal solution seldom exists, it is not possible to rely only and directly on the
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results of requirements prioritization. The reason for this is that
several different aspects (e.g., benefit, penalty, cost, risk) must be
accounted for when planning releases to have as much information
as possible as support for making the right decisions (see Chapter
2). Furthermore, additional constraints and dependencies between
requirements must also be considered in release planning, such as:

• Value dependencies may imply that even though some requirements are of low priority, they need to be implemented since
they add much value to other requirements [39].

• Implementation dependencies may imply that a certain requirements is easier to implement if another requirement also is
implemented[39].

• A release theme, which often is desirable, may imply that
requirements that fit well together should be implemented
together. (see Chapter 2).
HCV and other prioritization techniques do not (and should not)
take all these different factors into account (see the levels presented
in Section 1.3.1). This is because such techniques are not intended
for further processing of the priorities after they are obtained. Nevertheless, several consecutive prioritizations can of course be made
with several different aspects in mind, just as shown in, for example, [4, 146, 172]. However, prioritization techniques should primarily be seen as providing input to further analysis (e.g., negotiation,
qualitative analysis). Such further analysis can be done in more
sophisticated decision-support tools (referred to as methods in Section 1.3.1) like Quantitative WinWin [139], EVOLVE [60], or the
Cost-Value approach [84]. These all use prioritization results as
input and also incorporate other implicit and explicit factors to
allow for a good, final, decision.
Irrespective of what the prioritization results are used for, it is
important to interpret them in a rational way and not have an overtrust in them. In techniques such as HCV, it is easy to play around
with numbers just because it is possible to do so. However, the best
way to take advantage of the results is to use them to graphically
visualize the stakeholders’ needs and wants. Studies have shown
that decision-support tools are most effective when they are easy to
understand and grasp, and when they are able to present overwhelming volumes of information in a clear way [44]. In HCV, a lot
of information is retrieved and it is necessary to present how stakeholders favor things in a suitable way for decision makers. One way
of doing that is to present the information in charts. Charts that
156

Discussion

Hierarchical Cumulative Voting

already have been applied with convincing results in industrial settings include but are not limited to distribution charts, disagreement
charts, satisfaction charts, and cost-value charts [84, 131]. This way
of presenting the information may also facilitate better communication with stakeholders that are not that knowledgeable of how the
technique works or what the numbers represent.
It is sometimes stated that CV is easy to learn and use, and does not
require tool support to any further extent [79]. Even though this
might be true, it has been found that stakeholders sometimes have
problems ending up at the desired amount of points [12]. HCV is
more complex than CV, and requires much more calculations to
reach the final priorities. Both from a complexity point of view and
from a presentational point of view (stakeholders should not be
bored with performing or being involved in any of the computational aspects of the technique), tool support is preferable when
using HCV in practice. The use of tools allows the stakeholder to
concentrate more on performing the prioritization than on keeping
the number of points left to distribute in the head, for example. It
probably also makes the prioritization more correct since it is not
necessary to use “easy” numbers (e.g., 10, 20…) to be able to calculate the point sum.
In its simplest form, it is possible to achieve good tool support by
constructing simple spreadsheets that automatically perform the
calculations and present the result to the stakeholders. Spreadsheets
were successfully used in the studies presented in Section 6.3, where
none of the stakeholders handed in miscalculated results.
When using tools, it is easy to present the final results to the stakeholder when all prioritizations are performed, which gives him or
her the opportunity to go back and make adjustments if necessary.
More advanced tools may even directly present charts such as the
ones mentioned above. Presenting the final results directly may
motivate the prioritization as the stakeholders can see the value of
their efforts. However, as people might get suspicious about hidden
calculations and complex tools (see Chapter 3 and Lehtola and
Kauppinen [107]), it is probably a good idea to show stakeholders
the overall principles of HCV before performing the prioritization.
As with CV, there is a threat for shrewd tactics (see Section 6.1.2 for
details) when using HCV, although the hierarchies may diminish the
threat somewhat. It is of course important to be aware of this
threat, and one way to reduce it is to limit the number of points
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possible to assign to each individual requirement [104]. However, a
consequence of such an approach is that stakeholders might be
forced to prioritize in other ways than what they actually think is
right (see Chapter 2). Another way of dealing with shrewd tactics
may be to introduce a disagreement chart to visualize the dispersion
between stakeholders [131]. By doing so, it would be possible to
spot and act upon large disagreement among stakeholders, which
could be a sign of shrewd tactics.
As discussed in Section 6.1.3, it is possible to handle requirement in
hierarchies in different ways when it comes to prioritization. When
using HCV, two basic criteria need to be fulfilled. First, the requirements must be arranged hierarchically already, as HCV does not
include support for doing this. Second, lower-level requirements
should have OR relationships among themselves. This means that a
subset of the requirements can be satisfied to fulfill the corresponding higher-level requirement. With AND relationships, prioritization on the lower level does not add value since all requirements
must be implemented anyway to achieve the higher-level requirement. However, it may very well be the case that requirements have
a mix of AND and OR relationships (or other interdependencies
[39]). Then, it is recommended to combine the requirements having
AND relationships since they need to be implemented together
anyway (and it is unnecessary work/distraction to prioritize them
separately), as suggested by Wiegers [172].

6.5

Summary
In the software engineering industry, several different prioritization
techniques exist, and these produce results on different scales. In
the past, Analytical Hierarchy Process (AHP) has been regarded as
a de facto standard when it comes to ratio-scale prioritization, especially because of positive reports from empirical studies performed.
However, other empirical studies have lately also been reporting
about weaknesses of AHP.
This chapter presents strengths and weaknesses of both AHP and
CV, a prioritization technique that also produces ratio-scale results.
While the techniques in many cases complement each other, an
important weakness of CV is that it currently does not support
hierarchical requirements structures, which AHP does. The importance for a prioritization technique to do so is two-fold: first,
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requirements are commonly structured in hierarchies, and second,
by using hierarchies, scalability can be improved.
Based on the strengths and weaknesses of the two compared techniques, a new technique, called Hierarchical Cumulative Voting
(HCV), has been presented. This technique combines the strengths
of AHP with those of CV to improve the prioritization of requirements. The main difference between HCV and CV is that HCV has
support for hierarchically structured requirements, which also
means that it scales better than CV. In addition to the presentation
of the technique, some empirical results from studies using both
CV and HCV are discussed. These results clearly support the fact
that scalability improves with HCV compared to CV, and show that
HCV produces good resulting priorities.
The results presented in the chapter indicate that HCV is very
promising and that it competes well with other ratio-scale techniques such as CV and AHP. Still, it is important to remember that
priorities obtained from any prioritization technique must be processed further because of factors that are out of control of the technique, such as requirements interdependencies and how well
requirements fit together. That said, we conclude that HCV is a
technique that can be used with good results as a precursor to further decision-making activities.
However, since only a few empirical studies have been conducted to
evaluate the suitability of HCV, more are needed to get knowledge
about when HCV is suitable to use, and also how to use HCV most
efficiently. In particular, it is not evident when and how to use a
compensation factor to compensate for size differences of prioritization blocks. Hence, this issue must be studied further, and a first
attempt to get an understanding of how to use compensation factor
is presented in the next chapter.
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Hierarchy Priority Calculation
Patrik Berander and Mikael Svahnberg

The previous chapter presented Hierarchical Cumulative Voting
(HCV), a prioritization technique that is able to handle prioritization of requirements in hierarchies while also reducing the complexity of the prioritization. In HCV, as well as in the Analytical
Hierarchy Process (AHP), priorities are calculated by using arithmetic operations to receive a final priority of requirements on each
level in the hierarchy. As discussed in the previous chapter, one
problem with these approaches is that the priorities of requirements
depend on the size of the requirements block they belong to (one
block of requirements all belong to the same higher-level requirement). This means that requirements belonging to a block with
fewer requirements tend to get higher priority than requirements
belonging larger blocks. This chapter presents an experiment where
the usage of compensation factor (see Chapter 6) for solving the
problems with block size is evaluated.
This chapter is structured according to the guidelines for reporting
experiments in software engineering proposed by Jedlitschka et al.
[75], as well as the research framework for requirements prioritization presented Chapter 5. The remainder of the chapter is organized as follows. In Section 7.1, problem statement, research
objectives, and the context of the study is presented. Section 7.2
presents related work. Section 7.3 presents the planning of the
experiment while Section 7.4 presents the execution of the experi-
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ment. In Sections 7.5 and 7.6, the results of the experiment are analyzed and discussed, and Section 7.7 summarizes the chapter.

7.1

Introduction
In order to introduce the reader to the purpose and scope of this
chapter, three sections are presented below that present the problem statement (Section 7.1.1), research objectives (Section 7.1.2),
and context of the study (Section 7.1.3).

7.1.1

Problem Statement
As discussed in Chapter 6, requirements often come on different
hierarchical levels at different abstraction levels. When dealing with
multi-level requirements prioritization, lower-level requirements
(LLR) can inherit priorities from higher-level requirements (HLR),
or be assigned their own priorities [172]. If deciding to give LLRs
unique priorities, it is favorable to use a ratio-scale prioritization
technique that allows various kinds of calculations to be performed
both within a level and between levels (not at least for scalability
reasons). Examples of such techniques are AHP and HCV.
There is one possible problem with prioritization of hierarchies as
proposed by AHP and HCV. Since priorities are calculated based on
the priorities of requirements on higher levels, it may be a problem
if the block size differs (see discussion in Chapter 6). Since points
are spent within each block at the lower level in HCV, and pair-wise
comparisons are performed within each block in AHP, there is a
harder competition of the priorities between the requirements in a
larger block than a smaller one. What can be done is to compensate
for the block size when performing the calculations by introducing
a factor that is related to the size of the block. In Chapter 6, it is
argued that although this compensation seems to be fairer, there
may be a problem that larger blocks are favored instead. However,
studies (see [14]) where compensation has been used indicate that it
should not be a large problem under normal circumstances.
In Chapter 6, a number of guidelines with respect to the usage of
compensation are presented. While these guidelines are based on
experience, they are somewhat speculative and there are no final
results on when and how to use compensation. When to use compensation, how to use it, and which compensation factor to use
needs to be investigated further. The topic of compensation is
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important to investigate since many studies (e.g., [87, 131]) have
shown that requirements structures seldom are balanced (i.e.
equally many LLRs related to the HLRs). It should be noted that
the matter of compensation is not a problem if using AHP or HCV
for multi-aspect decision making since all blocks are equal in that
case (see further discussion in Section 7.2.2). In this chapter, an
experiment is presented where the usage of compensation factor is
investigated when using Hierarchical Cumulative Voting (HCV).

7.1.2

Research Objectives
In the study presented in this chapter, the objective is to: Analyze a
hierarchical requirements prioritization technique for the purpose of evaluating the impact of compensating for the number of requirements in each subhierarchy with respect to accuracy of the results from the point of view
of the end-user in the context of Master’s students prioritizing features for a
next generation course management system.

7.1.3

Context
The study is done in the context of Master’s students taking a
course on research methodology at Blekinge Institute of Technology. In the study, the students are requested to prioritize features
for the next generation of the university’s web-based course management system using a hierarchical requirements prioritization
technique (i.e. HCV). More information about the subjects is presented in Section 7.3.2.

7.2

Related Work
This section presents previously conducted research that is related
to the content of this chapter. However, general related work is previously described in Chapter 6 and is not repeated here. Instead,
two different parts of related work are discussed in detail below.
First, a discussion motivates the research from a practice point-of
view in Section 7.2.1. Next, a deeper discussion about the technology under investigation is presented where the calculation of priorities in AHP and HCV is explained (Section 7.2.2).

Related Work
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7.2.1

Relevance to Practice
Requirements prioritization is used (in one way or another) in most
companies developing software products. The most common way
to prioritize requirements is numerical assignment, where the
requirements are put into different groups (e.g. high, medium, low
importance), which means that it results in priorities on an ordinal
scale with ties (see Chapter 2). Although this technique is widely
used, studies have shown that ratio scale techniques are to prefer
since they make it possible to see how much more important one
requirement is than another (see discussion in Chapter 6). It seems
that the results with ratio-scale techniques are positive although
scalability is discussed as a problem (i.e. the techniques are hard to
use, or the results are poor if having too many requirements).
There exists different approaches for increasing scalability of AHP
by developing methodologies that are less accurate, but more easyto use and less time consuming, which are more preferable in industrial practice [6]. One way of increasing scalability (reduce the
number of comparisons) is by using the hierarchical feature of AHP
or HCV (see discussion in Chapter 6). By using the hierarchical feature, the complexity of the prioritization is reduced, a view that also
is shared by Saaty and Ozdemir [147] who argues that the number
of comparisons should be kept small to enable consistency.
Even though the hierarchical feature of AHP and CV (HCV) would
help to minimize the scalability problems, and even though AHP
and CV have been used in industrial practice, there are very few
studies when the hierarchical feature of the two techniques has been
used. This is not at least strange when considering the fact that
requirement sets are often structured in hierarchies (see Chapter 6).
Nevertheless, it is clear that techniques for improving scalability and
being able to handle requirements in hierarchies are needed, and
hence it is needed to be able to calculate resulting priorities so that
the results agree with opinions of the person performing the prioritization. HCV with compensation has been tried in industry, prioritizing goals and questions from the Goal-Question-Metric
approach with promising results (see [14]), but the issue with compensation factors must be investigated further to use it efficiently as
a decision support tool in product development.
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7.2.2

Technology under Investigation
AHP was originally designed to solve decision-making problems
based on many aspects (e.g. importance and cost) [4]. This basically
means that you have a number of alternatives that you want to
assess according to a number of predefined aspects. For example,
three different models of a car brand are of interest when buying a
new car. At the same time, three different aspects affect the choice
of which one is most suitable, e.g. price, safety, and comfort. With
this example, it is possible to use AHP to 1) compare the three
aspects and establish relative weight between the aspects, and then
2) compare the three car models according to each other for each of
the three aspects. Based on these, it is possible to calculate the overall priority for each car by multiplying the priority of each car in
relation to each aspect and then summing this value over all aspects.
This is presented in Equation 7-1 where Sj is the overall score, wi is
the weight for aspect i, and pij is the priority of aspect i and car j [4].
Sj =

∑ wi pij

(7-1)

i

By this calculation, it is possible to get an overall priority for each
alternative and it is possible to see which one that best fulfill the
needs when considering all relevant aspects. When using this
method with different alternatives, the purpose is to get this rating
for each of the alternatives, meaning that all the alternatives are
always compared with all of the aspects. This means that the hierarchy is always balanced at the lowest level (i.e. the number of alternatives at the lowest level are constant) even though there may be
unbalance within the tree (see e.g. [40, 146]).
When prioritizing requirements, the requirements themselves are
commonly structured in hierarchies and it may sometimes be of
high importance to prioritize the full hierarchy (see discussion in
Chapter 6). In such cases, it is possible to utilize the hierarchical feature of AHP to prioritize the whole requirements set for one single
aspect. This means that, in comparison to the prioritization
explained above, the purpose with the prioritization is somewhat
different. Instead of prioritizing each alternative according to each
of the available aspects, each LLR is pair-wise compared with the
other LLRs related to the same HLR. However, these LLRs are
never directly compared in relation to other HLRs, which is always
the case in the example above. To get a final priority for each LLR
in relation to all other LLRs, the priorities are propagated down in
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the hierarchy (i.e. the priority of the HLR is multiplied by the priority of the LLR). The calculations are presented in Section 6.2.
As can be seen in Section 6.2, there are different ways of calculating
the priorities of the requirements depending on the the characteristics of the requirements set. As stated above, it may be necessary to
include a compensation factor when dealing with unbalanced hierarchies, as LLRs belonging to a HLR with many LLRs would be disfavored in relation to LLRs related to HLRs with fewer LLRs (see
discussion in Chapter 6). As previously identified, requirements
hierarchies are seldom balanced. This means that the number of
objects may be different on different levels of the hierarchy, and
that the size of the prioritization blocks needs to be compensated in
some way not to favor certain blocks. To the best of our knowledge,
no studies have been performed where such compensation is studied (even though prioritization of hierarchies has been performed
with unbalanced hierarchies in e.g. [87]). However, the issue with
compensation was brought up in Chapter 6, where an approach on
how to address this problem was suggested (see Section 6.2.1.2).
By introducing a compensation factor that is indexed by the HLR in
question, it is possible to compensate for different block sizes in a
requirements hierarchy. An example of a compensation factor is the
number of requirements within the prioritization block. However, it
should be noted that the compensation factor introduced in Chapter 6 is based on reasoning and that it has not been empirically or
mathematically studied to a deeper extent (compensation factor was
used in the studies presented in Berander and Jönsson [14] but was
not evaluated further). Hence, as recognized in Chapter 6, the idea
with compensation factor must be evaluated further. It may not
only be the balance of the hierarchy that determines whether to use
a compensation factor or not, but also the amount of information
may influence the usage. I.e., if knowing all requirements in an
unbalanced hierarchy, compensation is probably performed implicitly when prioritizing the HLRs, and hence no explicit compensation factor is needed. To try if this assumption is correct, the role of
the amount of information given is accounted for in the study presented in this chapter.

7.3

Experiment Planning
In this section, the planning of the experiment is described in terms
of the goals, the experimental units, experimental material, hypothe-
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ses, parameters, variables, experiment design, experiment procedure, and the analysis procedure.

7.3.1

Goals
The goal with this study is to evaluate if the idea with using compensation when prioritizing in requirements hierarchies is reasonable or not. This consists of two parts: 1) decide whether the
participants prefer compensated or uncompensated calculation and
2) if the choice depends on the amount of information given. This
means that it is evaluated whether the preference of the participants
differs if they see the full hierarchy or only one abstraction level at
the time when prioritizing. An additional goal is to perform an evaluation of HCV according to the framework presented in Chapter 6
since no previous studies has been conducted where this prioritization technique (see Section 1.3.1) is evaluated.

7.3.2

Experimental Units
The sample in this experiment was taken from a Masters course in
Research Methodology at Blekinge Institute of Technology. Most
students attending the course are enrolled in either of the Masters
programs in Software Engineering, Computer Science, Security
Engineering, Intelligent Software Systems, or Intelligent Logistics.
The experiment was conducted as an optional part of the course
(and hence not graded), but participation was recommended by the
course responsible. The reason for not making the experiment
mandatory was not to force students to participate, but also to only
get participants that were motivated to be a part of the experiment.
Before the experiment, an introduction letter was sent to all 101
students in the course where the experiment was shortly presented
and some motivations for participation were highlighted. Besides
information about time, place, etc., the motivations outlined in the
invitation e-mail were the following:

•
•
•
•

Opportunity to try a state-of-the-art prioritization technique
Hands-on experience in participating in an experiment setup
Being part of strengthening the research at the university
Opportunity to influence the next generation course
management system
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By outlining such motivations, the idea was to attract students with
different personal agendas. For example, some are interested in the
research conducted and want to contribute to the research at the
university, others want to complement their toolbox for application
in industry, while still some others want more in-depth knowledge
about to have their opinions accounted for in the future evolution
of the course management system they use daily.
In the invitation letter, the students were asked to notify if they
intended to participate in the experiment, to be able to arrange
computer rooms, prepare the groups, etc. 16 students answered to
this e-mail and showed an interest in participating. When conducting the experiment, 15 of these showed up while three additional
students also came, resulting in 18 participants in total.
Of these participants, 15 studied on the Master of Science in Software Engineering program, two studied on the Master of Science in
Computer Science program, and one studied on the Master of Science in Intelligent Software Systems program. The participants primarily have Bachelor or Master degrees in Computer Science or
Software Engineering. Many of the participants also have industrial
experience, ranging from 0 to 72 months with an average experience of 22 months. The age of the participants range from 24 to 42
(26 in average) years old and three are females. Most of the participants are from Pakistan (10), but there are also participants from
Brazil (1), Mozambique (1), India (1), China (1), Thailand (1), German (1), Nigerian (1), and Turkey/Bulgaria (1). The participants’
previous knowledge with different key concepts in the experiment
is presented in Table 7.1.
Table 7.1

Experience/Knowledge of Key Concepts

Very Little

Little

Some

Much

Very Much

HCV

11

4

2

1

0

Requirements Prioritization

1

3

6

7

1

Course Management Sustems

1

4

6

7

0

In the experiment, the participants were asked about their view on
software development (i.e. if they preferred agile or plan-driven
approaches). Most of the participants regard themselves as being
neutral to this question (9) while six regard themselves as rather (5)
or very (1) plan-driven while only three students favor agile
approaches (2 very agile, 1 rather agile). Most of the students regard
themselves as skilled in the English language.
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7.3.3

Experimental Material
In the study, functional requirements of a course management system are used, divided under six high-level requirements (feature
groups): Personal Planning, Communication, Assignment Management,
Examination Status, Course Information, and Course Evaluation. Each of
these HLRs has between one and seven LLRs (features) associated
with it, totaling 21 LLRs. The requirements are described on a fairly
high level, with a title and a brief description. Below, one example
of a HLR and a LLR is presented:

• Assignment Support - Features that supports the management
of assignments

- Assignment Submission - It shall be possible to submit
assignments in a course through the system
The reason for using requirements from a course management system is that the participants (students) are familiar with the domain,
which means that no further training is necessary. Thus, the participants have, or are able to quickly form, an opinion of what they
value as important as end-users of the system. Further, since the
students were motivated by the fact that their input ultimately
should be used as input for future development of the current system (or replace it), it was seen as a suitable system to use in order to
get the students committed when performing the prioritization (as
has been previously recognized as important in Chapter 4). Finally,
the requirements for the course management system have been
evaluated by researchers in previous studies (e.g. [59]).

7.3.4

Tasks
During the study, the participants are requested to prioritize the
requirements in relation to each other using HCV (i.e. the participants are requested to distribute 100 points between the requirements in each block). The goal with the prioritization was to find
the most important requirements of the course management system. The participants should prioritize according to what they
believe as important in the system from their view as Master’s students (i.e., “How important do you think it is that a particular feature (group) is part of the system?”). When all HLRs and LLRs are
prioritized, the final priorities of the LLRs (in relation to all other
LLRs) are calculated and presented in two lists (representing percentage of contribution to total value), one with and one without
compensation. The compensation factor used is simply the number
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of requirements in the sub-hierarchy (i.e. the same compensation
factor as suggested in Chapter 6). The participants are requested to
decide which of the two lists they prefer, and to what extent.
One of the guidelines presented in Chapter 6 is that compensation
probably should be used if the ones prioritizing do not know the
LLRs when prioritizing HLRs. Conversely, they argue that it should
probably not be used when the ones prioritizing have information
about the whole hierarchy (since they then probably take differences in block size into account). In order to evaluate if this guideline is true, it is also tested whether it makes any difference in terms
of preferring compensated or uncompensated calculations if the
participants are able to see the entire requirements hierarchy or only
one abstraction level at the time. This is done by letting half of the
participants receive full information from the start, and the other
half receive information about one abstraction level at the time.
In a post-test, information is collected regarding the participants’
perception of the process of hierarchical requirements prioritization, how understandable the requirements are, and some further
details concerning the ease of use, accuracy, scalability, etc. of the hierarchical requirements prioritization. Together, these questions provide further evidence towards the credibility of the results from
applying the prioritization technique (HCV).

7.3.5

Hypotheses, Parameters, and Variables
As previously stated, it is expected that the choice of calculation
method depend on the amount of information accessible for the
person. The hypothesis is that if the participant has access to the
full information about the requirements hierarchy (i.e. knows about
all requirements), he/she would prefer an uncompensated calculation. Conversely, participants with access to information about each
hierarchy level at a time probably prefer to use a compensated calculation to compensate for different block sizes. This hypothesis is
aligned with the discussions put forward in Chapter 6, and becomes
as follows:

• H0: Percentage of Preferring CompensatedLimited

Info

= Per-

• H1: Percentage of Preferring CompensatedLimited

Info

> Per-

centage of Preferring CompensatedFull Info
centage of Preferring CompensatedFull Info
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If it is possible to reject the null hypothesis above, it would be interesting to further investigate the influence of the amount of information. It would then be interesting to investigate whether those
that only had access to limited information would change their preferred method of calculation if getting access to full information.
The hypothesis here is that these participants will change their mind
from compensated to uncompensated calculation. The same
hypotheses are used as above, but on different data (one group of
participants’ first and second prioritization). If it is possible to reject
the null hypothesis in this test as well, it is possible to conclude that
the preferred calculation method is dependent on the amount of
information accessible.
As can be understood by the hypotheses formulated above, the
independent variable in this experiment is the amount of information that is given to the participants (at two levels: full information
and limited information). The dependent variable in the experiment
is the method for calculating the priorities of the requirements (two
types: compensated and uncompensated). Except for information
about which of the two methods that the participants prefer, the
participants are also asked about to what extent the chosen calculation method was better. This information, however, is only presented descriptively in this chapter, as it is regarded as most
interesting to determine which one is preferred. In addition to the
primary purpose of this experiment, additional dependent variables
are also collected through a post-test in order to get more knowledge about HCV as such. Those variables follows the variables recommended in Chapter 5, and are presented in Table 7.6.

7.3.6

Experiment Design
Guided by hypotheses presented above, the experiment was initially
designed as a ‘Post-test only, two group design, used to compare
two treatments’ [136], i.e.:
1. Set up two groups, 1 and 2, using random assignment
2. Group 1 gets treatment A (full information about the hierarchy)
and Group 2 gets treatment B (information limited to each hierarchy level at a time)
3. Post-test is given to both groups (if they prefer compensated or
uncompensated calculation)
However, as it would be interesting to see if Group 2 would change
their mind when getting access to full information, the design must
Experiment Planning
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be adjusted to be able to investigate the second hypothesis. To test
the second hypothesis, the experiment is designed as a ‘Simple
repeated measures design, using counter-balancing’, i.e.:
1. Set up two experimental groups using random assignment
2. Group 1 gets treatment A followed by treatment B while Group
2 gets treatment B followed by treatment A
3. Both groups are tested after they have received treatment A and
treatment B
By following this design, the experiment is designed as presented in
Table 7.2.
Table 7.2

Experiment Design

1st Round

2nd Round

Group 1

Full Information

Limited Information

Group 2

Limited Information

Full Information

As can be seen in this table, both groups are given the task to perform the prioritization twice, with a different amount of information. It should be noted that the second prioritization for Group 1
is of no interest for the research questions of this chapter since the
participants in this group already are tainted due to that they have
seen the information once already. What cannot be seen in this
table is that the two groups also are subdivided into sub-groups
where half of the subjects for each treatment are presented with the
compensated vector to the left of the uncompensated, and half are
presented with the compensated vector to the right. The reason for
this subdivision is to prevent any possible effects of the participants
choosing the list on the left or right unconsciously. Hence, this is
not part of the treatment but rather an attempt to increase the validity of the experiment. Further, the participants are randomly
assigned to the treatments in a balanced fashion so that the treatments received an equal amount of participants.

7.3.7

Procedure
The experiment is run in two computer rooms at Blekinge Institute
of Technology, each with 16 computers. The experiment is scheduled for four hours to give the participants more than enough time
to complete the study. The experiment starts with a one-hour introduction by the researchers about the experiment and experiment
setup, requirements prioritization, HCV, the course management
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system, etc. After this, the participants are divided into the two
computer rooms so that an equal number of participants are allocated to each computer room. The groups are predefined before
the experiment based on those that show interest in participating.
The whole experiment is conducted through MS Excel spreadsheets with macros in order to control the process. For each part of
the experiment, the participants get an Excel file through e-mail by
the researchers to fill in, and then the file is returned when finished.
When the researchers get the file, the next part of the experiment is
sent to the participant. This is done until all parts of the experiment
are conducted. This results in a process as presented in Figure 7.1.

Participant

E-mail

Pre-test
E-mail
E-mail
1st Round
E-mail
E-mail

Researcher

2nd Round
E-mail
E-mail
Post-test
E-mail

Figure 7.1

Experiment Process

As can be seen in Figure 7.1, the experiment is started by letting the
participants answer a pre-test with questions regarding background,
experience, knowledge, etc. Next, they receive the experiment
instrument and prioritize the HLRs followed by the LLRs. It should
be noted that the participants do not have access to the LLRs until
the HLRs are submitted. While prioritizing the HLRs as well as
each of the prioritization blocks of LLRs, the participant get information about ranking for each requirement as well as the amount of
points left to distribute. After this, the result of the prioritization
based on the two ways of calculating the priority lists is presented.
The subjects are requested to decide which of the two vectors that
most closely resembles their opinions, and to what degree. Next,
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they submit their results and get the second round of prioritization,
which is conducted in the same manner. The last step is that the
subjects get a post-test were they should answer a number of questions regarding what they think about the experiment and HCV.
Then, the participant gets some refreshments and is free to leave
the computer room.
One week after the experiment, a debriefing is held with the experiment participants where further details concerning the experiment
setup is discussed (since it is run in a research methodology course),
along with a presentation of and discussion about the results.

7.3.8

Analysis Procedure
The main purpose with the experiment presented in this chapter is
to determine whether to use compensation factor or not when prioritizing unbalanced requirements hierarchies. As stated in Section
7.3.5, the hypothesis is that compensation should be used when
having access to limited information about the requirements hierarchy while it should not be used when having full information about
the hierarchy. As the dependent variable investigated is of a categorical nature, the number of tests to run is limited. As highlighted by
Wohlin et al. [173], non-parametric tests should be used when working with data on less than an interval scale.
For the first hypothesis stated in Section 7.3.5, two independent
samples (Groups 1 and 2 in Table 7.2) are used, which means that it
is possible to run Fisher’s exact test or Chi2-test, depending on the
data available [158]. Since there are only two options available (compensated or uncompensated) and as the two independent samples
are relatively small, the Fisher’s exact test seems to be the most suitable test to run [158].
For the second hypothesis stated in Section 7.3.5, two related
(matched) samples are used (since the same participants are used
twice). As the other variables are the same, it is possible to use the
McNemar change test to determine whether the participants
change their choice regarding preferred prioritization method.
However, as in the Chi2-test mentioned above, the sample size
needs to be quite large with the McNemar change test. Instead, the
Binomial test could be used as presented in Siegel and Castellan
[158]. For both the hypothesis tests, SPSS 14 for Windows is used.

174

Experiment Planning

Hierarchy Priority Calculation

7.4

Execution
In this section, the execution of the experiment is presented. The
presentation is focused on the deviations from the experiment planning described in the previous section.

7.4.1

Preparation
The students who were willing to participate were randomly allocated into the two main groups and sub-groups. Each main group
was assigned to a separate computer room, after receiving the same
introductory presentation to the experiment, and was then given
time to log in and set up their working environment (e.g. enabling
macros in Excel). After this, the experiment was executed as
described in Section 7.3.7.

7.4.2

Deviations
Three new students wanted to participate, and one who had previously expressed interest in participating did not show up. The new
students were incorporated into the existing groups with as little
impact as possible on the balance between the group sizes and
number of participants per treatment.

7.5

Analysis
In this section, the data collected during the experiment is presented and analyzed. First, descriptive statistics are presented, followed by a discussion about how the data set was prepared. Finally,
the hypotheses are tested.

7.5.1

Descriptive Statistics
18 students participated in the experiment and these had a demographic distribution as presented in Section 7.3.2. The duration of
the experiment was around 2 hours and 45 minutes (when the last
student submitted the results), where introduction etc. represented
around 1 hour. The result of which calculation method the subjects
preferred is presented in Table 7.3. In the table, the G’s represent
the groups (see Section 7.3.6). It should be noted that even though
Group 1 got limited information (i.e. one hierarchy level at a time)
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in the second round, they already had seen the full hierarchy from
the first round.
Table 7.3

Preferred Calculation Method

Preferred Calculation Method
Round

Amount of Information

1st Round
2nd Round

Compensated

Uncompensated

Full Information (G1)

6

3

Limited Information (G2)

7

2

Full Information (G2)

8

1

Limited Information (G1)

8

1

Total:

29

7

Besides the question about which calculation method that was preferred, the participants also answered to what extent the preferred
method was better. In Table 7.4, the result is presented.
Table 7.4

Amount of Betterness

Compensated
Amount of Betterness

Uncompensated

Quantity

Percentage

Quantity

Percentage

Better

4

13.8%

1

14.3

Much better

20

69.0%

5

71.4%

Much, much better

5

17.2%

1

14.3%

Total:

29

100%

7

100%

The participants also got a question of how well they agreed with
the lists that were presented, since preferring a list does not say anything about the overall quality of the list. The result from this is presented in Table 7.5.
Table 7.5

Agreement with Priority List

Compensated
Agreement

Uncompensated

Quantity

Percentage

Qantity

Percentage

Strongly Agree

5

13.9%

3

8.3%

Agree

25

69.4%

10

27.8%

Neutral

4

11.1%

15

41.7%

Disagree

2

5.6%

8

22.2%

Strongly Disagree

0

0.0%

0

0.0%

Total:

36

100%

36

100%
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In this table, note that there are 36 observations for each group.
This is because the participants were asked to state how well each
priority list corresponded to their view (i.e. each participant
answered twice for every prioritization round). Except for the evaluation of the calculation method to use, and how good this result is,
the participants also got a post-test where they answered questions
about HCV as such and this result is presented in Table 7.6.
Table 7.6

Post-test Answers

Strongly
Disagree

Disagree

Neutral

Agree

Strongly
Agree

It was easy to understand
what to do based on the
description of HCV

0

1

0

13

4

2

CV was easy to learn (Ease
of Learning)

0

0

1

10

7

3

HCV made it easy to perform the prioritization
(Ease of Use)

0

1

3

8

6

4

HCV made it fun to perform the prioritization
(Attractiveness)

0

1

3

9

5

5

It was easy to interpret the
features/feature groups
based on the description
given

0

2

0

11

5

6

It was easy to understand
and interpret the resulting
priority list (Understandability of Results)

0

2

8

6

2

7

HCV seems to provide reliable results if using the correct calculaton method

0

1

9

7

1

8

HCV seems to be fault tolerant if using the correct
calculation method (Fault
Tolerance)

0

4

9

4

1

9

The structure of HCV
made the prioritization efficient

0

0

3

11

4

3

19

53

141

72

#

Statement

1

Total:

Analysis

177

Hierarchy Priority Calculation

Table 7.6

Post-test Answers

Strongly
Disagree

Disagree

Neutral

Agree

Strongly
Agree

10

It would be benefcial to get
the opportunity to iterate
between the levels (i.e. feature groups and features)

0

0

3

10

5

11

It was probably easier to
distribute ‘money’ within
each feature group than it
would be to prioritize all
features at the same time

0

3

0

7

8

12

It seems possible to use the
technique with larger sets
of features/feature groups
without major drawbacks
(Scalability)

2

4

8

4

0

13

The provided ranking was a
good support when assigning priorities

0

0

1

9

8

14

The added value of distributing ‘money’ (instead of
just ranking) to the requirements was considered as
valuable

1

0

2

9

6

15

I would consider using
HCV in the future (Attractiveness)

0

0

2

11

5

16

I really liked this way of prioritizing requirements
(Attractiveness)

0

0

1

12

5

3

19

53

141

72

#

Statement

Total:

A couple of clarifications are needed in relation to Table 7.6. First,
the information within parenthesis for some of the questions
relates to the dependent variables outlined in the research framework in Chapter 5 (this was not shown to the participants). As can
be seen in Table 7.6, all variables from that framework are covered,
except for accuracy and time. Accuracy is measured as part of the
primary purpose (how well they agreed with the lists) while time
unfortunately was missed because of problems with the tool (see
Section 7.6.4 for details). Further, question 10 was posed since the
participants did not have the opportunity of returning to the higher
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level once they had finalized that prioritization (the tool was
designed to block this). Question 13 was posed to see if the participants enjoyed the support they got by the provided rankings of the
requirements beside the ratio scale priorities (i.e. points assigned).
Besides these questions, the participants were asked if they thought
the information about the LLRs made it easier to prioritize the
HLRs when having full information. All participants answered
“Yes” to this question. They were also asked about their strategy
when distributing the points, and 15 of the participants started with
the most (or least) important while three started at the top of the
list. The participants also got the opportunity to provide comments,
etc. in two open-ended questions. The results of these, together
with discussion about the results presented in Table 7.6, are presented in Section 7.6.1.2.

7.5.2

Data Set Preparation
Based on the input from the participants, only a small amount of
values was missing and/or possible to misinterpret. The day after
the experiment, participants with such values were contacted and
they clarified their point. Hence, no missing values were present in
the final data set and hence no measures for missing values were
needed to prepare the data set for statistical analysis.

7.5.3

Hypothesis Testing
As stated in Section 7.3.5 it is expected that the choice of calculation method is dependent on the amount of information accessible.
The suspicion is that the subjects would prefer compensated calculation if they do not have access to LLRs when prioritizing HLRs.
Conversely, the suspicion is that they would prefer uncompensated
if having access to the full hierarchy. So, what we basically want to
do is to determine if there is a relationship between the amount of
information and the calculation method preferred. The fairest comparison in this case would be to use only the data from the first
round of prioritization since the participants may be tainted by their
first prioritization in the second round.
Since the data is categorical, there are two independent samples,
and it is expected that one or more cells will have a frequency of
less than five, the Fisher exact test for 2 × 2 tables is used [158],
with α = 0.05 . The hypotheses are as follows:
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• H0: Percentage of Preferring CompensatedLimited

Info

= Per-

• H1: Percentage of Preferring CompensatedLimited

Info

> Per-

centage of Preferring CompensatedFull Info
centage of Preferring CompensatedFull Info

When summarizing the data in a 2 × 2 cross tabulation, the result
becomes as can be seen in Table 7.7. When running Fisher’s exact
test, it results in a one-tailed probability of 0.5, which means that we
cannot reject the null hypothesis. Hence, we cannot conclude that
the choice of calculation method is affected by the amount of information given (as measured by full vs. limited information).
Table 7.7

Cross Tabulation Hypothesis 1

Preferred Calculation Method
Amount of Information

Compensated

Uncompensated

Total:

Limited

7

2

9

Full

6

3

9

Total:

13

5

18

Since the test shows that there does not seem to be a relationship
between amount of information and calculation method, there is no
point in running a test to determine whether Group 2 change their
preferences when having access to full information. Not the least
since fewer subjects in Group 2 chose uncompensated calculation
when receiving full information. Actually, only one participant in
Group 2 changed preferred calculation method, and that was from
uncompensated to compensated calculation. Instead, it would be
interesting to investigate if one calculation method is more preferred than the other. Since the results do not show a relationship
between amount of information and calculation method, it could be
assumed that it is equally probable that the subjects choose compensated as uncompensated calculation. However, the subjects
argued in the feedback seminar that compensated calculation made
more sense independently of amount of information. For this reason, the following hypotheses are formulated:

• H0: Percentage of Preferring Compensated = Percentage of
Preferring Uncompensated

• H1: Percentage of Preferring Compensated > Percentage of
Preferring Uncompensated
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Since the amount of information does not seem to influence the
result, and since the subjects performed two independent prioritizations (several subjects in Group 1 changed their preference between
the 1st and the 2nd prioritization), it should be possible to use the
preference from all four prioritizations performed (see Table 7.3).
Hence it is possible to look at the data as a one-sample case and
hence use the Binomial test as the data is from a dichotomous population [158] with the one-tailed significance level set to α = 0.05 .
The result of the Binomial test is that the probability for H0 is less
than 0.001. This means that it is unlikely that the sample is taken
from a population where there is an equal distribution of preference
for compensated and uncompensated calculation method. Hence, it
is possible to reject the null hypothesis that preferred calculation
method is distributed equally. The results from this test together
with the results from using the same test on the 1st and 2nd round
(discussed below) are presented in Table 7.8 (Note: the two-tailed
probability is divided by two to get the one-tailed probability [158]).
Table 7.8

Round
All
1st Round
2nd Round

Data from the Binomial Test

Calculation

Observations

Prop.

Compensated

29

0.81

Uncompensated

7

0.19

Compensated

13

0.72

Uncompensated

5

0.28

Compensated

16

0.89

Uncompensated

2

0.11

Test
Prop.

Significance
(2-tailed)

0.5

0.000a

0.5

0.096

0.5

0.01

a. Based on a Z approximation

One may argue that it is not possible to use all four prioritizations
to establish these results since it cannot be seen as one sample (they
perform the prioritization twice) but rather two related samples.
Hence, it may be argued that only the result from the first prioritization should be used because this was the “real” experiment. In that
case, the probability for H0 is 0.048, which means that it is possible
to reject the null hypothesis for this sample as well. On the other
hand, it is also possible to argue that the second prioritization
would be more suitable to use for this test. This because the participants were more familiar with the requirements and because this
prioritization probably is more in agreement with what the participants actually think (this is supported by the fact that the participants agreed more with the priority lists in the second
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prioritization). If running the test on this data, the one-tailed probability for H0 is less than 0.001, which means that it is possible to
reject the null hypothesis.
The discussion above implies that independently of which of these
data sets that are used, the results indicate that the preferred calculation method is not distributed equally, and that compensated calculation is preferred more often than uncompensated calculation,
independently of the amount of information.

7.6

Discussion
Based on the findings presented in Section 7.5, a number of issues
can be discussed. In this section, the results from the study are evaluated and the implications are discussed (Section 7.6.1) along with
threats to validity (Section 7.6.2), inferences from the study (Section
7.6.3), and, lessons learned from the experiment (Section 7.6.4).

7.6.1

Evaluation of Results and Implications
The purpose of this experiment is two-fold. The primary purpose is
to evaluate if the participants prefer compensated or non-compensated calculation and if the choice depends on the amount of information given. In addition, the experiment is run to evaluate further
the use of HCV as a technique to use when prioritizing requirements hierarchies. The primary research objective is further discussed in Section 7.6.1.1 while the secondary objective is discussed
in Section 7.6.1.2.

7.6.1.1

Using Compensation or Not

As previously stated, the basic assumption for this experiment is
that the choice of calculation method is dependent on the amount
of information available. However, based on the results of this
experiment, it is not possible to find a correlation between the
amount of information available and the preferred calculation
method. I.e., it is not possible to reject the null hypothesis that there
is no difference between the preferred calculation method when
having full and limited information respectively. Instead, it is possible to test whether there is a general tendency that one calculation
method is preferred over the other. When testing this, it shows that
compensated calculation is to prefer over uncompensated calculation. The result of the experiment is a little bit surprising since one
would argue that the persons having full information available
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would perform the compensation themselves implicitly, and hence
no compensation is needed. However, as it seems that the compensated calculation is better overall, it seems that this method is better
to use when prioritizing requirements hierarchies with HCV (and
probably also with AHP).
The reason for why the compensated calculation was considered as
better independently of the amount of information may be quite
simple. Miller argued already in 1956 that the human brain is capable of managing at most seven objects at the same time, give or take
two [121]. Even though the participants had the full information
available, they could not keep an overview of the whole hierarchy,
and hence not perform the compensation implicitly when prioritizing. The question is of course if this is dependent on the way the
hierarchy was presented (outlining the LLRs in relation to the
HLRs) or if is a general issue that people cannot get an overview of
too many requirements (and hence not make the compensation
implicitly). Independently of the answer to this question, it seems
that compensated calculation is needed when prioritizing in unbalanced hierarchies, not the least since other approaches for giving
the participants an overview of the hierarchy also have some upper
limit when the overview is lost. In addition, the number of requirements prioritized in this study is quite limited, totaling in 21 LLRs.
Still, the participants did not seem to be able to keep an overview of
the LLRs and their high-level parents in their mind.
It should also be noted that the participants did not have an opportunity to go back and reprioritize the HLRs when they started to
prioritize the LLRs. At the feedback seminar, they argued that this
should be possible since they learned more about the requirements
as they started to prioritize the LLRs. If having this possibility
(which probably should be possible in a real case), the need for
compensation factor may be less. Still, 13 of the participants chose
compensated calculation in the first prioritization while 16 chose it
in the second prioritization. This indicates that more knowledge
about the hierarchy does not necessarily mean that the need for
compensation is much less (since the participants had more knowledge about the requirements and their importance in the second
prioritization). Further, it should be noted that everyone that
expressed their opinion at the feedback seminar (14 out of the 16)
thought that using compensation factor were better in general than
not using it. They gave this answer after getting a walkthrough
about the formulas, and before having seen the results of the study.
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The fact that the subjects prefer the compensated calculation over
the uncompensated one does not per se mean that the resulting priority lists reflect their opinions. Instead, it could of course be the
case that both results are bad and that the compensated calculation
is merely not quite so bad. However, when studying the results in
Table 7.5, it is possible to see that a majority of subjects are neutral
or agree with the priority results. In this table, it is also possible to
see that those that prefer the compensated calculations also tend to
be more positive towards the priority results. This means that the
compensated results are not only preferred over the uncompensated in terms of number of participants preferring it, but also in
terms of satisfaction with the results.
7.6.1.2

Overall Evaluation of HCV

The secondary objective with the study is to investigate the suitability of HCV as a technique to use when prioritizing requirements.
For this purpose, a number of questions are posed in a post-test
questionnaire (see Table 7.6). As all these questions are posed as
statements indicating a positive attitude towards HCV, it is obvious
that most of the participants were positive to most of the issues
raised (213 out of 288 answers agreed or strongly agreed with the
statements). As a deeper analysis of each of the questions asked
goes beyond the scope of this chapter, it is especially interesting to
investigate those questions with an average response lower than
“agree”. As can be seen in Table 7.6, four questions got an average
response lower than “agree”, i.e. questions 6-8, and 12. The results
of these questions were presented at the feedback seminar and discussed together with the participants.
In question six, the participants were asked how easy it was to interpret the resulting priority lists. These lists were presented beside
each other with the requirements in descending order of priority.
For determining which priority list that they preferred, they utilized
many different ways of interpreting the list. Some of the participants looked at the first 5 or 10 requirements, others looked at the
first 5 and last 5, while still others looked for requirements that they
expected in certain positions. According to the participants, the reason why they were negative about this way of presenting the
requirements was that they thought it was hard to get an overview
of the 21 requirements in the lists. They thought that there were too
many requirements in the list to be able to determine really well if it
represented their view, even though they thought it was manageable
with some effort. After discussing the way of presenting the
requirements, it was concluded that for 21 requirements, this way of
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presenting the requirements is ok, but it would be better with some
approach that gives better overview, especially if the number of
requirements grow.
In question seven, the participants were asked whether they
thought that HCV provides reliable results if using the correct calculation method. As they agreed quite well (at least they stated
“agree” in the post-test) with the resulting list that best corresponded to their view, it seems that their response on this question
were based more on their lack of knowledge about the technique as
such. This was verified by the participants as they argued that they
did not know the details about HCV, and that HCV was in its initial
stages and was not mature enough. Still, it should also be noted that
only one disagreed with the statement while most of the participants were neutral (and 8 agreed or strongly agreed).
In question eight, the participants were asked about whether they
thought the technique was fault tolerant if using the correct calculation method. In this question, four disagreed that the method was
fault tolerant while nine were neutral. When discussing the results
on the feedback seminar, the participants argued that the technique
could not be considered fault tolerant if not all requirements are at
the expected place. While this of course is true, it is seldom possible
to get all requirements in the correct place. It is also questionable
how valid the results are in relation to this question since the participants answered the question after they had seen four different priority lists with different calculation methods. It is of course highly
probable that the list that they thought were less accurate did not
have the requirements at the right place. It is hence not possible to
exclude the possibility that they answered the question based on the
“wrong” calculation method rather that the “right” one, not the
least since they agreed quite well with the “best” list.
In question twelve, the participants were asked whether they
thought that HCV could be used without major drawbacks with a
larger number of requirements (i.e. if they think it is scalable). This
was the question where the participants were most negative about
the technique, which seems quite surprising since the scalability
drawbacks of CV should be addressed in HCV (see Chapter 6).
However, it was obvious in the discussions at the feedback seminar
that their answers actually related to CV as such since they discussed the problems with scalability when prioritizing within each
prioritization block. The participants argued that if having say 100
requirements in one block, it would be extremely hard to prioritize.
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As HCV intends to limit these problems by grouping requirements,
the participants were briefed about the intention with HCV and its
differences with CV. After this, the participants agreed that HCV is
quite scalable assuming that the blocks do not grow considerably.
The question is of course how big these blocks should be, something that has been discussed in relation to AHP as well [147].
Except for the negative results outlined above, the participants were
quite happy with the prioritization technique, as well as the experiment as such. This was validated both by the open-ended questions,
were the participants primarily clarified their view, and in the feedback seminar. Overall, the participants thought that HCV was a
good technique, and that this way of performing an experiment as
part of a course helps students to understand the technique for
future usage in industry. Even though the results are positive, it
should be noted that this experiment was performed independently
of other techniques available, and it is not clear how the participants
would like the technique in relation to other techniques.
Two recommendations based on the results of the post-test can be
given future usage of the technique. First, the participants would
appreciate the opportunity to iterate between levels, something that
was not possible in the experiment performed. Further, the participants enjoyed the support by continuously being aware of the ranking of the requirements in the block under prioritization (in
addition to the ratio priority given by the participants themselves).
Such support should be present also in an industrial application.
Actually, the support for seeing the priority of different requirements could be further refined by continuously ordering the
requirements according to their priority. This would probably make
the prioritization even easier.

7.6.2

Threats to Validity
A question with all experiments is how valid the results are. In this
section, four different kinds of validity threats and their implications are discussed. The threats to validity covered are the main
validity threats as outlined by Wohlin et al.; i.e., conclusion validity,
internal validity, construct validity, and external validity [173].

7.6.2.1

Conclusion Validity

Conclusion validity concerns the relationship between the treatment and the outcome, i.e. issues that affect the ability to draw correct conclusions [173]. In this experiment, there are not many
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threats to conclusion validity, since it was performed in a controlled
environment with a quite homogenous group. However, the sample
size is not very big which may affect the possibility to draw accurate
conclusions. At the same time, the results from the statistical tests
are quite clear, and the tests are carefully chosen not to violate any
assumptions for the tests. In relation to the primary research objective, objective measures are primarily used (at least in the statistical
tests) which means that these measures can be rather reliable. Still,
the participants indicated some problems of choosing between the
lists even though it was manageable (see Section 7.6.1.2). Even
though this issue is not considered as a large threat, it may be a
good idea to only present the order of the lists (and skip the ratio
values) when comparing the lists since focus may be put on the
numbers instead of the order (which is the primary indication of
correctness). It is suggested that only if the participant has a high
correlation between the two lists, the ratio numbers may be introduced. For the second research objective, there might be a problem
with wording for some of the questions. For example, what is the
difference between reliability and fault tolerance? However, the
same (or similar) questions have been used in previous studies and
have been improved accordingly. Hence, the results of the post-test
are not considered to be threatened by validity issues to a further
extent. Consequently, the experiment is not seen as having any
major validity threats regarding conclusion validity.
7.6.2.2

Internal Validity

Threats to internal validity concerns influences that can affect the
independent variable with respect to causality without the
researcher’s knowledge (i.e. the treatment causes the outcome)
[173]. As the experiment is conducted by random assignment into
the groups, the participants are treated and compensated in the
same way during the experiment, the experiment was run on the
same day at the same place, and there was no mortality during the
experiment, several of the common internal validity threats are not
an issue. At the same time, there are internal validity threats regarding the fact that the participants were given very similar treatments
twice (with the same objects). Hence, it is possible that the participants mature between the two prioritizations as they have more
knowledge in the prioritization technique and the objects to prioritize. However, as the results were not fed back to the participants,
this threat is limited. Further, the results of the second prioritization
does not show any signs of being dirty since more participants
favored the compensated calculation in the second round.
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The selection of the participants can be a validity threat as the participation in the experiment was voluntary. The participants of the
experiment were probably more motivated than the students in
general would be to participate in the experiment. Nevertheless, this
is not considered as a threat as the participants were asked to prioritize requirements of a software system that they would use in the
future. In a normal situation in requirements prioritization, the person prioritizing is motivated to do so, and hence the students participating probably are more similar to a real person prioritizing
than the ones that did not attend would have been. In general, it can
be said that internal threats are small because multiple groups were
used and that the participants did not know what they favored or
not, or how their treatment differed from the other group.
7.6.2.3

Construct Validity

Construct validity concerns the relation between theory and observation (i.e. the extent to which the experiment setting reflects the
construct under study) [173]. Several of the common threats to
construct validity (especially social threats) are not a problem
regarding the primary objective of this study. The reasons are for
example that the method of calculation is hidden for the participants, because the calculation method does not affect other variables (e.g. ease of use), and because the measure of preferred
calculation method is quite uncontroversial (answer which one is
most close to opinion). It may however be a threat to use students,
as they want to do well and support the hypothesis of the teachers.
However, as the students did not know the hypothesis, and because
they did not know which list that supported the hypothesis, it cannot be considered as a threat. Nevertheless, there are some construct validity threats that can be an issue. First, the same objects of
prioritization were used in all four prioritizations which may have
under-represented the cause construct. However, as this was an initial study about the potential use of compensation factor, this does
not seem to be an issue. The purpose was to see whether the
amount of information affects the choice and if compensation factor is relevant at all. This study showed that it is relevant for at least
some situations, which means that further studies are needed with
different requirements and different subjects. Another threat that
may be an issue (especially regarding the second objective) is the
fact that only one type of measures was used in the experiment. As
stated in Section 7.6.1.2, all statements in the post-test were stated
positively about HCV and the experiment, which can influence the
results. Although this may be a threat, the fact that the students
were positive about the method at the feedback seminar indicates
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that their positive responses in the post-test are true. As with the
previous threats to validity, no major threats to construct validity
seem to be present.
7.6.2.4

External Validity

The final type of validity threats is threats to external validity. These
threats regard the ability to generalize the experiment results outside the experiment setting (i.e. industrial practice) [173]. External
validity may be the hardest type of validity threats to assess, as it is
hard to know which factors that really makes a difference in a general sense. The first question is if the sample is representative for
the population to which we want to generalize. For the second
research objective, this may be an issue since the subjects in the
study are more knowledgeable in software engineering, requirements engineering, and requirements prioritization than a normal
person prioritizing (e.g. a customer) would be. However, it is questionable if the knowledge of the participants has an effect on what
they think about the prioritization technique. At the same time, the
primary objective of the study should not be very much affected by
the background of the participants as long as the requirements are
relevant and that the participants are committed. In this experiment, a system was chosen that as far as possible would simulate a
system similar to an industrial reality instead of a toy system (the
requirements were actually real requirements of a course management system). By doing this, the subjects were as committed as possible to simulate prioritization in industrial reality. Within the
experiment, measures were taken to make the experiment as close
as possible to a realistic setting, even though the usage of a controlled experiment makes the situation somewhat special regardless of
measures taken to make it realistic. As it still is hard to assess the
external validity, the context variables of the experiment are presented according to the guidelines in Chapter 5 and Jedlitschka et al.
[75] for future studies to build upon the knowledge and making it
possible to assess the external applicability.

7.6.3

Inferences
As can be seen in Section 7.5.3, it was not possible to determine
that the chosen calculation method is related to the amount of
information given. However, it was shown that the participants preferred the compensated calculation in general, independently of
information given. It is of course very hard to know how general
the findings are for this experiment. However, some generalizations
can be made. First, the amount of information given to the persons
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prioritizing does not determine whether to use compensated or
uncompensated calculations. This is at least true when it is not possible for the person prioritizing to consider the whole hierarchy. As
this requirements hierarchy was quite small, it seems that persons
prioritizing cannot get a full view of the hierarchy if the hierarchy is
not extremely small (at least not with this way of presenting the
hierarchy). Nevertheless, it should be noted that the participants of
this experiment was not familiar with the requirements hierarchy
before the experiment, and the familiarity of the requirements hierarchy may influence the choice of calculation method. For example,
if someone with a very good knowledge about a requirements hierarchy is to prioritize the hierarchy, it is more probable that this person consider the whole hierarchy when prioritizing at higher levels.
Still, fewer participants favored uncompensated calculation the second prioritization round, when they had more knowledge about the
system. To conclude, it seems probable that the amount of information does not influence the choice of calculation method under normal circumstances, but more studies are needed to establish
guidelines about when it does.
In the experiment, it was concluded that compensated calculations
are favored over uncompensated calculations. This indicates that
compensated calculations are useful when prioritizing unbalanced
hierarchies. However, it cannot be concluded based on this study
alone that this is the case in every possible situation. What can be
said is that compensated calculations are necessary in some cases,
but more research is needed to determine when and how the calculations should be made. The most important finding of this experiment is hence that the suspicion that compensation should be used
in some cases (see Chapter 6) was true, even though some of the
assumptions outlined were not true (i.e. that the amount of information influence the choice). It should be noted though, that as the
number of requirements in the hierarchy increases, the importance
of using compensation factor probably increases quite much.
With regards to the second research objective (i.e. evaluation of
HCV) it is harder to generalize, partly because the participants did
not have anything to compare with, partly because the statements
were posed positively, partly because the participants may want to
provide “positive” research results, and partly because the experiment is run on one set of requirements only. Nevertheless, the participants were in general positive about the technique both in the
post-test and in the feedback seminar. In addition, some participants that had experience with AHP said that HCV made more
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sense and should be considered as better. Still, as the techniques
were not directly compared, and since not all participants had experience with AHP, these results are not included when evaluating the
study results. To conclude, HCV seems to be a good technique to
use, but more studies are needed in different contexts, and in comparison to other techniques (e.g. AHP).

7.6.4

Lessons Learned
Overall, the experiment went very well and both the researchers
and the participants thought that it was a suitable design and that
the way of conducting the experiment with Excel files was successful. Still, there are a number of things that could have been done
better and should be cared for in future experiments. These possible improvements are primarily related to the tool used. The participants thought it would have been smoother if the whole
experiment had been in one file instead of sending documents back
and forth by e-mail (see Figure 7.1). Even though this is true, the
decision to have several documents was taken due to the effort necessary to compile and verify four different treatments. However, in
retrospect, it would be better with one single document, both for
the researchers and the participants.
Another problem with the tool was that two of the features built
into the tool did not work as planned. The first problem made it
impossible to collect time stamps for the different steps of the
experiment (due to locked cells in the tool). The second problem
was related to the validity function to validate that the subjects used
all 100 points in all prioritizations. This function did not work
because of a last-minute addition to the Excel sheet. However, as
the number of requirements to prioritize at a time was quite small
(at most seven) and since the subjects still got information about
the amount of points left, only a few participants handed in results
where not all points were distributed. These few participants were
contacted the day after the experiment to fix their results according
to the instructions, and they did fix it instantly.
Some further refinements are also possible in relation to the tool,
which cannot be seen as errors in the tool. For example, in one of
the feature groups, there were only one requirement to prioritize,
leaving only one option for the persons prioritizing. The question is
if the person prioritizing should be forced to fill out this priority
although there are no options. One option would be that the value
is pre-filled and the user only passes it on the way to the next priorDiscussion
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itization block. Another option would be to hide it completely to
get the user to focus on blocks were it actually makes sense to fill
out priority. Besides this improvement, it would be a good idea to
improve the tool so that the requirements are sorted in order of priority, as suggested in Section 7.6.1.2. For industrial application, it
would also make sense to let the user iterate between the levels as
discussed in Section 7.6.1.2.

7.7

Summary
Requirements prioritization is used in most companies developing
software products. Since requirements are often organized in hierarchies, it makes sense to use a hierarchical requirements prioritization method. However, hierarchical prioritization methods such as
AHP (at least the way AHP is used to prioritize requirements) and
HCV suffer from a problem that the overall priority of an element
depends on how many objects there are in each prioritization block.
This means that important requirements may be disfavored because
they belong to a part of a requirements hierarchy that is well specified and contains many requirements. At the same time, other parts
of the hierarchy that contain fewer requirements would be favored.
In this chapter, an empirical experiment on two different ways of
calculating priorities of requirements when using a hierarchical prioritization method (i.e. HCV) is presented. The priorities are either
calculated with a compensation for the size of each block of
requirements, or without any compensation for block sizes. The
experiment is performed using Master’s students at Blekinge Institute of Technology, prioritizing features for a next-generation
course management system, and it is hypothesized that the amount
of information known about the requirements hierarchy determines
the users’ preferences.
It is found in the experiment that the amount of information of the
requirements hierarchy does not direct the users to prefer a compensated or an uncompensated priority calculation. Rather, it is
found that a priority calculation that compensates for block sizes is
in general preferred over an uncompensated calculation. Moreover,
a qualitative post-test indicate that the subjects are pleased with
HCV as a prioritization method, and believes that it is scaleable to
larger sets of requirements.
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7.7.1

Impact
The most important finding in this study is that
some form of compensation for block-size seems to be requested
by end-users of a hierarchical prioritization method in order to
increase the quality of the prioritization. In this study, the compensation factor is simply the number of objects in a priority block.
Further studies are needed to determine which compensation factor that provides the best results. Another advantage is that HCV
facilitates prioritization of large requirements sets by increasing
overview. By increasing overview, the quality (accuracy) of the
results is also improved.

Impact on Quality:

HCV provides an advantage over other
“flat” prioritization techniques because requirements are often
organized in hierarchies, so no extra work is needed before the prioritization. It also ensures that requirements are prioritized within
their abstraction level, which is recognized as important. Both these
advantages are important from a cost-perspective. Another advantage is that HCV localizes priority decisions, which means that
fewer comparisons need to be made, which reduces the time
needed for conducting a full prioritization.

Impact on Cost and Time:

The study does not claim that priorities should be calculated with compensation in every prioritization. Further studies
are clearly needed to determine under which conditions it is advisable to use compensated and uncompensated priority calculations.

Limitations:

Summary

193

Hierarchy Priority Calculation

194

Summary

C

8

H A P T E R

Decision Aspects
Patrik Berander and Claes Wohlin

As can be seen in Chapter 2, there is a myriad of different aspects to
consider when developing software systems. The question is what
aspects that are most important to consider when developing the
product that has the highest probability of being successful. To be
successful, the product should fulfill not only the customers’ needs
but also care for business and management aspects (e.g. cost of
development) and technical impact (e.g. dependencies).
Most focus regarding software product decision making have historically been focused on finding approaches to facilitate comparison between different alternatives (e.g. prioritization and release
planning approaches) and less focus have been put on finding what
aspects that actually are most important to consider as input to such
comparisons. However, recently, there have been some studies conducted that focuses on gaining knowledge about what decision
aspects that are most important to consider.
Although it is highly interesting and important to gain an understanding about which aspects that are most important in the software industry as a whole (broad studies), differences between
domains and companies may imply that different aspects are important for different decision-makers. Hence, it would also be important to get an understanding of what aspects that is important in
specific cases, for different stakeholders (deep studies).
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The objective of this chapter is to perform an in-depth study to
investigate what decision aspects different roles and perspectives
find as most important in one specific company. This is investigated
by conducting two consecutive case studies at Ericsson (see details
in Section 1.4.1.1). The studies are conducted by eliciting, prioritizing, and discussing possible decision aspects. The two case studies
focus on two different parts of the decision making process regarding software requirements. The first case study focuses on decision
aspects to use when determining if a Change Request (changes to
requirements; CR) should be accepted or rejected, while the second
case study focuses on decision aspects to use when selecting
requirements for projects/releases.
In the two case studies, several different roles have been included
since it is important to not only focus on some specific role in the
organization when deciding what aspects to use. The reason for not
only including single roles is that such an approach may imply that
just a certain perspective is taken into account while others are left
out (e.g. a product manager focuses on market needs, a software
architect on the system). Due to the nature of the two case studies,
some differences in the result on what aspects that is important are
expected. In CR determination, there is a focus on in-project decisions while there is a focus on pre-project decisions in requirements
selection. This means that the decisions are based on a relative
comparison with all other requirements in requirements selection,
while decisions regarding CRs are taken in a discrete fashion (the
decisions are taken based on the CR at hand, when it arrives).
Although these differences may influence the decision-making, one
could argue that the basis for all decisions in relation to a product
or project should be the same.
This chapter is structured as follows: In Section 8.1, related work is
outlined and discussed. Section 8.2 describes the method used in
the empirical study and Sections 8.3 and 8.4 present the results of
the two case studies. In Section 8.5, the results from the two case
studies are analyzed and compared, while Section 8.6 compares the
result of this study with previous results in the area. Finally, Section
8.7 discusses the overall implications of the study and Section 8.8
summarizes the chapter.
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8.1

Related Work
As can be seen in Chapter 2, it is important to consider multiple
aspects before deciding if to implement a requirement directly, later,
or not at all. Some of the most mentioned aspects in the literature
are importance, penalty, cost, time, and risk, but these are only a
small subset of all the aspects that can be utilized. Despite the recommendation to prioritize for several aspects, it may not be practical to consider all possible ones. Instead, the specific situation
should determine which ones to consider. In Chapter 2, it was suggested that stakeholders should develop a list of important aspects
to consider in the decision-making, and it was argued that it is
important that the stakeholders have the same interpretation of the
aspects as well as of the requirements.
When making decisions regarding what requirements to implement,
one must be aware that the introduction of several aspects implies
that different stakeholders must also be involved in the prioritization process to get the correct views (e.g. product managers prioritize strategic importance and project managers prioritize risks). This
does not mean that all stakeholders must be involved, rather that
the perspectives they represent should be cared for. In different prioritization methods (release planning approaches), it is considered
as good practice to involve several aspects when making decisions
regarding what to include in a product (see Chapter 2 for examples). When studying different such approaches, it is seldom clear
on what grounds the aspects to consider are chosen and if these are
the only ones relevant to consider. Since several different
approaches exist and each of them focus on different aspects, it is
unlikely that there exist an ultimate set of aspects. Further, it is seldom stated in what situations each of the approaches are suitable,
hence it is not possible to know when and how they are suitable.
The last years, a number of studies have been conducted where it is
investigated what aspects that are important. To the best of the
authors’ knowledge, there are three studies (in four papers) conducted that explicitly studies which decision aspects that are most
important ([7, 66, 174, 175]). All these studies are structured in the
similarly, in a three-step approach for subjects’ determination of
which aspects that are important. The steps are as follows:
1. Determine if the defined aspects are relevant
2. Prioritize the current influence of each aspect
3. Prioritize the optimal (ideal) influence of each aspect
Related Work
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The studies have been performed in different settings with slightly
different aspects defined (13-14 aspects). The studies were performed in a number of companies in Australia [7], China [66], and
Sweden [174]. The studies were primarily aiming at decision-makers
(e.g. product managers, project managers) as respondents, but other
perspectives were also represented to some extent (e.g. developers).
For all three studies, it is concluded that business-related aspects
generally are more important than other aspects (i.e. management
and system related aspects) when making decisions related to
requirements selection. Further, the management perspective was
commonly secondly important even though this was not always the
case (see e.g. [7]). Although all studies found that the business perspective was most important overall, it should be recognized that
the internal order between the aspects representing the business
perspective was quite different between studies and companies.
This is of course also true for the other perspectives and aspects.
Two of the studies found that the respondents in average preferred
more balance between the aspects in the ideal situation in comparison of how the aspects are regarded currently [7, 174]. That is,
those aspects that were considered as highly influencing today
should get less weight, and those with low influence should have
more weight in the ideal situation. Another thing highlighted in
Wohlin and Aurum [175] is that the priorities given on the different
aspects seem to reflect the subjects’ individual point-of-view rather
than the role they represent. However, since all the roles were decision-makers (e.g. product managers, project managers) the situation
can of course be different if the roles represent perspectives that are
more diverse. For example, it is more likely that product managers
and developers have different opinions, especially since they care
for two completely different perspectives (business and system).

8.2

Method
As previously stated, the objective of this study is to investigate
what decision aspects that is important in requirements selection
and Change Request (CR) determination. Even though some studies have tried to take a deep approach and involving people with
different perspectives (i.e. [66]), this study tries to makes this in an
even more structured way by collecting the major roles within one
single company (i.e. case study). The purpose with this approach is
to capture different perspectives within the organization and make
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sure that important perspectives are not neglected when determining which aspects to consider.
Besides the difference in depth between this study and previous
studies, the focus is also somewhat different. While the previous
studies solely focus on the decision aspects related to requirements
selection, this study performs one study concentrated on requirements selection and another on CR determination (i.e. if a change
request should be accepted or rejected). Both of these case studies
were conducted at Ericsson AB (see Section 1.4.1.1 for further
details). When developing the software at Ericsson, the product
managers elicit, specify and select a number of high-level requirements for a project. These requirements are broken down and
refined within projects for design, implementation and test. Since
the projects last for more than a year, and because the telecommunication business is moving very fast, the projects are subject to
changes. Changes to requirements are handled in a change management process similar to the one described in Wiegers [172].
When making decisions in relation to requirements, the decisionmakers at Ericsson (product managers assisted by some other central roles) choose among a large number of requirements. Hence,
the decisions are based on a relative prioritization among the
requirements to find those requirements that are most important to
implement in the upcoming release. When making decisions in relation to incoming CRs, the decision-makers (Change Control Board
[172]) decide on whether to accept or reject the change. Hence,
when deciding whether to accept or reject a CR, only the CR at
hand is evaluated. This means that the input for making the decision is quite different (relative vs. absolute judgment) although both
decisions could (and should) be based on a number of aspects that
are weighted together. In the remainder of this section, the design
of the study is presented.

8.2.1

Study Design
In order to investigate what aspects to consider in relation to
requirements selection and CR determination, two consecutive case
studies have been conducted, where the CR study was followed by
the requirements selection study. The overall process for each of
these two case studies is presented in Figure 8.1. As can be seen in
this figure, each case study constitute of four major steps. These
steps are discussed in the following sections.
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Step 1.
Elicitation of Decision
Aspects
Additional Decision
Aspects

Step 2.
Defining Decision Aspects

Step 3. Prioritization of Decision Aspects

Step 3a.
Is the Aspect Relevant?

Step 3b.
Current Influence of the
Aspect?

Step 3c.
Ideal Influence of the
Aspect?

Step 4.
Feedback Meeting

Figure 8.1

8.2.1.1

Process of Case Studies

Step 1: Elicitation of Decision Aspects

The first step in the case studies was to elicit decision aspects from
one representative for each of the roles included in the study. The
roles to include (and the persons representing each role) were
decided together with a management team within the organization
to get a representative sample with respect to the process in focus.
The elicitation was conducted through semi-structured interviews
where the participants were asked about which decision aspects
they thought were used today and what aspects they thought should
ideally be used in the future. Besides just asking questions about the
decision aspects, a number of additional questions were formulated
(e.g. quality of decisions, basis for decisions, perspectives when
deciding). These additional questions were formulated to find
implicit aspects that the participants did not think of when getting
the direct questions.
8.2.1.2

Step 2: Defining Decision Aspects

The second step was to use the input from the interviews and
define decision aspects. Besides the input from the interviews, additional information was elicited from literature in the field (e.g. [131,
172, 174]) where decision aspects have been discussed. In the
requirements selection case study, the decision aspects from the CR
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determination study were also used as input. The decision aspects
were defined with a heading, followed by a number of questions
characterizing the aspect.
8.2.1.3

Step 3: Prioritization of Decision Aspects

The third step was to prioritize the defined aspects to get an understanding of which aspects that are most important to consider. In
the prioritization, three representatives were chosen from each role
(including the ones that participated in the interviews) to get a
broader input from the organization. The prioritization was performed by the participants by filling out a questionnaire distributed
in an MS Excel file. As can be seen in Figure 8.1, this prioritization
consisted of three different steps.
The first step of the prioritization (3a.) was to answer the questions
“Is the aspect relevant when considering what decision to make
regarding a Change Request?” and “Is the aspect relevant when
deciding which requirements to develop?” for each of the cases
respectively. This part was done through letting the participants
choose from a drop-down list between “YES” and “NO”. As the
upcoming two prioritizations (3b. and 3c.) focus solely on relative
priority, these questions makes it possible to get an understanding
about the absolute importance of the aspects.
In the second step of the prioritization (3b.), the participants were
asked to answer the question “How do you consider the relative
WEIGHT TODAY between the different decision aspects?”. The
prioritization was performed through CV (see Section 2.3.2). In this
step, the participants got 1 000 points to distribute between the
decision aspects to show how they perceived the influence of each
aspects on the decisions today. By letting MS Excel calculate and
show the number of points left to the one prioritizing, it was possible to limit the threat of participators miscalculating the sum of the
points. When performing the prioritization for requirements selection, the participants also got the possibility to see the ranking of
the decision aspects while they did the prioritization to make it easier to establish priorities.
The third step of the prioritization (3c.) differed from the second
step (3b.) in terms of the question posed. The question in this prioritization was “How do you consider the relative WEIGHT
SHOULD BE between the different decision aspects?”. Instead of
expressing how they think the situation is today (as in 3b.) the purpose was to get an understanding of how they perceived the ideal
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situation. When conducting the prioritization, the participants were
given the opportunity to add aspects they thought were missing.
They were also given the possibility to express comments about the
study as such.
8.2.1.4

Step 4: Feedback Meeting

The last step was to report the results to the participants and discuss the results. The objective of this step was two-fold. First, it was
considered as a good way of reporting the results back to the organization, making it possible to improve accordingly. Second, it was
considered as a good idea to have such a meeting to discuss the
results and get a greater understanding about which aspects that are
important to consider. By having such a meeting, it was possible for
the participants to discuss the results with each other, and hence get
some new perspectives on which aspects that are important to consider in decision-making.

8.3

Case: Change Request Determination
The first case study to conduct was related to decisions regarding if
CRs should be accepted or rejected. The result of this study is presented in the following subsections.

8.3.1

Step 1: Elicitation of Decision Aspects
When eliciting the decision aspects for CR determination, a number
of key roles were identified by one researcher together with a management team. The purpose was to find the central roles and perspectives involved in the CR process. Seven roles within the
organization were identified, including product managers, project
managers, configuration managers, and software architects. One
person was identified to represent each of these roles.
One particular system (System A) within the organization was chosen as the primary target for the investigation. However, it was later
also decided to interview some additional persons from another
system within the organization (System B). The reason for involving personnel from System B was to see if any additional aspects
were identified. Two additional persons were invited to give a picture from System B, ending up with nine persons interviewed. The
two systems are from the same application domain (telecommunication), but the size and complexity of the systems differs (System
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A is much bigger). Further, System B could be marketed and sold
individually or as a part of System A.
For each of the roles and persons identified, a half-hour interview
was scheduled. During the interview, questions about current and
future decision aspects were discussed. Additional questions were
also asked to find implicit decision aspects. In total, six questions
were handled and each interview took between 30 and 40 minutes,
during a two-week period. When conducting the interviews, new
aspects were elicited in the first six interviews (all from System A).
In the last three interviews (one from System A, two from System
B), no new aspects were identified.

8.3.2

Step 2: Definition of Decision Aspects
During the interviews, a large number of different aspects (or flavors of aspects) were identified. The next step was to compile and
group these aspects to find a number of rather orthogonal aspects.
This was done by the researcher responsible for the interviews. The
defined aspects were based on the aspects elicited from the interviews, information from available literature (e.g. [172, 174]), lessons
learned from a previous similar study (i.e. inputs from participants
in Wohlin and Aurum [175]), and previous experience. The decision
aspects were defined by listing all the aspects identified and then
trying to consolidate these to a manageable number. This was done
by going through the 100+ decision aspects identified, and trying to
find common denominators that made it possible to group them
together. When this was done, a name was given to the group of
decision aspects, and a number of questions were formulated based
on the original aspects to characterize the defined aspect. Finally,
two additional researchers reviewed the list of aspects to find possible issues with the formulations, grouping, etc. This resulted in
some improvements of the aspects defined.
This process resulted in a list with 14 decision aspects with accompanying questions that characterized the aspects. The aspects identified were the following:

•
•
•
•
•

Key Customer Needs
Long-term Product Strategy
Market Value of Release
Competitor Analysis
Post Development Costs
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•
•
•
•
•
•
•
•
•

Indirect Consequences
Dependencies
Lead Time/Delivery Date
Risk and Volatility
Change Driver
Development Costs
Resources and Competencies
Long-term Architectural Impact
Short-term Architectural Impact

As stated above, each of these decision aspects were characterized
by a number of questions. For example, Key Customer Needs was
characterized by “How does the proposed change affect the satisfaction of key customers?” which were in turn divided into a
number of sub-questions:

• Do we need the change to keep key customers?
• Is it a high priority change for key customers?
• Do we need to implement the change to get new key
customers?

• Is the change already sold/promised to key customers?
A few clarifications are needed in relation to some of the aspects
(those that may be hard to understand based on the heading). Indirect Consequences aims to capture dependencies to projects, stakeholders, systems, etc., external to the current project/product.
Dependencies focus on dependencies within the project/product,
such as requirement dependencies (value, technical, etc.) and
dependencies between changes. Change Driver aims at the trustworthiness and importance of the person, organization, etc. that has
requested the change (the “owner” of the change).
By naming each aspect at a high level, and then break it down into
questions, it was possible to give the participants an understanding
of what the aspect really meant when prioritizing the aspects. The
list of aspects was then inserted into three MS Excel sheets to use in
the prioritization, and the questions were added as comments to
each aspect. In addition, an Adobe PDF-document was created
with all aspects and their accompanying questions, and made available to the participants.
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8.3.3

Step 3: Prioritization of Decision Aspects
In the third step, two persons were selected from System A, and
one was selected from System B, for each role. The reason for inviting persons from both systems was that it could be interesting to
see if there were any major differences in how decision aspects were
regarded in the two systems. More people were invited from System
A because this is the major system in the organization and it is considerably larger than System B. Among the respondents identified,
the nine persons interviewed were also included. This resulted in
that the questionnaire with the prioritization was sent to 21 persons
out of which 19 answered the questionnaire. Two persons did not
answer since they did not have time. When doing the prioritization,
the first question to answer was regarding if the aspects were relevant to consider. The result from this question is presented in Figure 8.2, where it can be seen that the respondents consider most of
the decision aspects as relevant.
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Figure 8.2

Is the Aspect Relevant when Considering what Decsion to make
Regarding a Change Request?

As can be seen in this figure, four out of the 14 aspects were considered as relevant by all respondents while nine of the aspects were
considered as relevant by a majority of the respondents. Only one
aspect (Change Driver) was regarded as relevant by less than 50 percent of the respondents. It is not very strange that most of the
aspects were regarded as relevant, since all of them to some extent
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are factors that affect the success of a project or product. However,
it is interesting to see that one aspect actually is considered as not
relevant by a majority.
The next step within the prioritization was to prioritize how the different aspects are considered today, and what the ideal situation
would look like. The result is shown in Figure 8.3.
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Figure 8.3

Priorities of Today and Ideal, together with Disagreement Index

In Figure 8.3, two different dimensions are presented. First, the
average priorities (over all respondents) are presented in the black
and white bars, where the percentage of importance is presented at
the left Y-axis. The lines, on the other hand, represents a disagreement measure, i.e. how much the respondents disagreed with each
other (high value on the right Y-axis = much disagreement). The
disagreement measure is based on the variation coefficient (standard deviation of the priorities divided by the average of the priorities) as presented in Regnell et al. [131].
As can be seen in Figure 8.3, there are some differences about how
the respondents perceived the importance distribution today and in
an ideal situation. The most striking differences are that the focus
on Key Customer Needs and Lead Time/Delivery Date should be less
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than today. At the same time, especially Long-term Strategy, and Longterm Architectural Impact are perceived as getting too little attention
today. In general, the result suggests that more attention should be
put on long-term analysis and not just focus on impact of today and
individual customers.
When analyzing the result from the two prioritizations, it is interesting to note that the respondents agree more regarding how the
decision aspects should be considered ideally than they do about
how decisions are based today. This is rather unexpected results
since one spontaneously would argue that people agree more about
how things are done than about how things ought to be done.
When conducting the prioritization, the respondents also got the
opportunity to express whether they thought any aspects were
missing. However, no additional aspects that could be used as decision aspects were stated.

8.3.4

Step 4: Feedback Meeting
In the feedback meeting, the results were presented and the
respondents discussed the results. The meeting was scheduled
simultaneously as the questionnaire was sent out and an invitation
was sent out to all respondents. A reminder about the meeting was
sent out the day before the meeting together with results from the
questionnaire. Despite the early invitation and the reminder, only
six persons from four roles (out of seven) showed up at the meeting. The main reason for the weak participation was that the meeting was held early in the morning before meetings usually starts
(confirmed by several of those that did not show up).
To initiate discussions, one task for the participants was to decide
which aspects that should be used for CR determination in the
future. When discussing this, it was rather obvious that the four
highest prioritized aspects (Market Value of Release, Key Customer
Needs, Long-term Product Strategy, and Lead Time/Delivery Date) should
be included. The reason to include these was that they were clearly
more important than the other aspects considering an ideal situation. However, as one of the participants highlighted, it is possible
to do some high-level grouping of the aspects. The participants
agreed that there were roughly three main such groups represented,
i.e. business, management, and system (see Wohlin and Aurum
[174] for a similar categorization). For example, Market Value of
Release is interesting from a business perspective (customers and
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markets), Resources and Competencies from a management perspective,
and Long-term Architectural Impact from a system perspective. At the
same time, some aspects are interesting for several perspectives. For
example, Lead Time/Delivery Date is interesting both from a business
(i.e. time-to-market) and a management point-of-view (i.e. can we
keep our deadlines). Since all three perspectives are important when
developing software, it may be a good idea to include aspects from
all three perspectives.
When discussing the high-level grouping, it was concluded that not
only the four highest can be selected since they do not represent all
three perspectives. Instead, it was decided to include three additional aspects. The reason for this was the following (note that these
were prioritized as 5th to 7th most important):

• Long-term Architectural Impact represents the system perspective
and is important to consider facilitating the long-term development of the product.

• Development Costs and Post Development Costs are important to consider to being able to do cost-benefit analysis.
In the interviews, in open-ended answers of the prioritization, and
at the meeting, it was stressed that cost-benefit analysis/calculation
is the ultimate decision aspect for CR determination. Other studies
(e.g. [174]) have used cost/benefit as an explicit aspect to prioritize.
In this study, however, cost and benefit was deliberately divided
between different aspects because they will be combined in later
analysis when knowing about what parts of cost and benefit that are
important to consider. Among the aspects viewed as most important to include, cost is represented by Development Costs and Post
Development Costs, while benefit is represented by Key Customer Needs,
Market Value of Release, and Long-term Product Strategy.
As highlighted at the meeting, benefit can be represented in two different ways. First, benefit can be expressed by estimating how much
more market shares that is obtained, how much the price of the
product can be increased, etc. Secondly, benefit can be expressed by
how much is lost by not including the CR in the product (i.e., no
customers will be happy if a standard component is present in the
system, but they will be largely unhappy if it is missing). Hence,
benefit comes both in the form of actual benefit of the CR and
penalty incurred if not realizing the CR (see further discussion
about benefit and penalty in Section 2.2). Both these perspectives
should of course be accounted for in relation to benefit.
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8.4

Case: Requirements Selection
As the first case study was focused on decisions related to CR
determination (in-project decisions), the second focused on decisions related to requirements selection (pre-project decisions). The
result of this study is presented in the following subsections.

8.4.1

Step 1: Elicitation of Decision Aspects
The roles represented in this case study were selected by the same
researcher and management team as in the previous case study, with
the aim was to find representative roles and persons for the process
in mind. However, because of a slightly different focus (requirements selection instead of CR determination), the roles identified
were also slightly different. For the interviews about requirement
selection aspects, 11 roles were identified as crucial to include, and
these roles represented everything from product managers to testers. For the interviews, only personnel from System A were
included, mainly because no differences were found between the
systems when conducting the previous case study.
For each of the roles and persons identified, a one-hour semi-structured interview was scheduled. During these interviews, ten questions were asked and there was a mix between explicit questions
about decision aspects and questions within related areas aiming to
find implicit aspects. The interviews were conducted during a threeweek period and lasted for 30 to 60 minutes.

8.4.2

Step 2: Definition of Decision Aspects
The next step was to compile all found aspects into defined aspects.
These aspects were primarily defined based on the interviews and
the aspects defined in the previous case study (see Section 8.3.2) but
also from gained experience and an additional literature study (e.g.
[131]). Based on this, aspects from the CR determination case study
were refined by one researcher to suit the requirements selection
process, and they were improved along with the new information.
When the list of aspects was defined, it was reviewed by two
researchers and some improvements were made.
This process resulted in a list with 17 decision aspects characterized
by accompanying questions similarly as in the previous case study.
In general, the list of aspects was the same as in the first case study,
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but with the following changes (smaller modifications to fit the
requirements process, and general improvements excluded):

• Key Customer Needs was changed to Customer Needs to focus on
individual customers overall and not only the ones that already
are key customers.

• Long-term Product Strategy was changed to Long-term Product and
Corporate Strategy in order to not only focus on the product strategies but also at the company strategies.

• Gut Feeling was added as a decision aspect.
• Economical Gain was added as a decision aspect.
• End-user Value was added as a decision aspect.
As in the CR determination case, the naming and its questions were
inserted into MS Excel sheets as definitions and comments, and
were attached in a PDF-document.

8.4.3

Step 3: Prioritization of Decision Aspects
When prioritizing the decision aspects for requirements selection,
each of the roles involved in the elicitation part (Section 8.4.1) were
represented by three persons, including the ones interviewed. As in
the previous case study, two representatives were taken from System A and one was taken from System B, for each role. The reason
for including System B again (it was excluded in interviews) was
that it would still be interesting to quantitatively analyze differences
between the systems. The selection strategy resulted in that 32 persons were invited to answer the prioritization (one of the roles only
had two persons having the role). However, since it took some time
from the establishment of persons to include until the prioritization
actually was sent out, four out of the persons were not able to
answer the questionnaire (parental leave, etc.), leaving it to 28 possible responses. Out of these 28 persons, 20 submitted their prioritizations (plus one that answered qualitatively), which could be seen
as a rather low response rate. However, since a major reorganization
was conducted when performing the study (with many of the
potential respondents in new roles) and that some of the projects
were in very critical stages, the response rate is considered as
acceptable after all. It should also be noted that the number of representatives for each role/perspective was relatively evenly distributed, indicating that the sample was not particularly skewed towards
any particular perspectives.
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The first part of the prioritization was to answer the question about
if the aspects were relevant to consider. The result from this question is presented in Figure 8.4, where it can be seen that most of the
decision aspects were considered as relevant by the respondents.
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Figure 8.4

Is the Aspect Relevant when Deciding which Requirements to
Develop?

Four out of the 17 aspects were considered as relevant by all
respondents while 11 more were considered as relevant by 14 persons or more (70%). Two aspects, however, were only considered as
relevant by 12 persons or less (60%). One of these (Requirements
Driver) were actually considered as relevant by less than half of the
respondents (eight persons regarded it as relevant). The next step of
was to prioritize how the different aspects are considered today, and
how they ideally should be considered in the future. The result is
shown in Figure 8.5 (structured in the same way as Figure 8.3)
As can be seen in Figure 8.5, there are some differences on how the
respondents perceive the situation today and how they perceive the
ideal situation to be. The most obvious differences between today
and ideal situation are that the respondents think that it should be
much less focus on Gut Feeling and Requirements Driver than today.
An interesting observation in relation to this result is that these two
aspects were those that got the lowest score regarding relevancy
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(see Figure 8.4). However, it should still be recognized that Gut Feeling is ranked as the fourth most important aspect considering the
ideal situation. At the same time, Gut Feeling got the highest disagreement when prioritizing the ideal situation, and one person
stood for more than 35 percent of its total importance. This person
stated in an open ended question that too many aspects are taken
into account and that more weight should be put on know-how of
personnel (i.e. gut feeling). This despite the fact that the overall
viewpoint of the respondents was that too much focus is put on
Gut Feeling today (second highest)..
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Priorities of Today and Wanted together with Disagreement Index

When looking at those aspects that are given too little attention
today, Market Value of Release increases the most. However, other
aspects such as Long-term Architectural Impact, and Dependencies also
should get more focus ideally. Interestingly, Post Development Costs
(installation, support, maintenance, etc.) should get more focus
while Development Costs (person-hours, hardware costs, etc.) should
get less focus in an ideal situation according to the respondents.
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8.4.4

Step 4: Feedback Meeting
When all answers were retrieved, a feedback meeting was scheduled
for those that contributed within the prioritization. At the meeting,
six out of the 21 invited persons showed up (four roles), which is a
rather low presence once again. Since it was a rather though time
schedule when inviting to the feedback meeting, it was quite short
notice on the meeting invitation. Hence, several of the participants
were booked for other appointments already. Further, the reorganization was still ongoing and some projects were still critical, which
means that several persons could not get time from other things.
Last, some persons that had accepted the meeting declined the
same day due to illness.
As in the CR determination study, discussions were initiated by
deciding which aspects to include in requirements selection in the
future. As opposed to the first case study, the participants did not
find a good way to select the decision aspects to include. The reason for this was that they regarded it as very hard to generalize
which aspects that should be in focus. They argued that it very
much depends on timing of project, type of project, type of requirements, etc. For example, which aspects to consider, and their relative importance, is different when a release is focused on getting
new customers/markets, in relation to when it is focused on
improving the quality attributes or the architecture. The participants
thought that all or most aspects listed were important, but their
importance differs based on type of project etc. The result presented in Figure 8.5, for example, is a snapshot of the current situation, with the current projects in mind.
One interesting thing that was realized when discussing the results
was the correlation between which aspects that were considered as
relevant and how priorities were distributed. In Figure 8.6, a graph
is shown where the number of times each aspect has been prioritized as first and last respectively. The number of times each aspect
was ranked first and last is presented in white and black bars on the
left Y-axis while the relevancy is presented in the white line on the
right Y-axis. As can be seen in Figure 8.6, the aspects seldom are
presented as integers in relation to the number of times it was
ranked first/last. This is because the value added to each of these
categories was divided by the number of ties for each respondent
and category. I.e., if one person had two aspects ranked last, these
two aspects got 0.5 points each in relation to Ranked Last.
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Relevancy vs. Ranked First and Last

As can be seen in Figure 8.6, there is a rather high correlation for
some of the aspects. For example, Customer Needs were considered
as relevant by all respondents, and it has been prioritized first most
times. Gut Feeling and Requirements Driver were considered as relevant
by few respondents and were prioritized last quite many times.
However, what also could be seen is that several aspects to the right
in the graph were considered as highly relevant, but still were
ranked last many times. A good example is Short-term Development
Impact that was considered as relevant by all but one respondent, but
was prioritized last almost three times. One argument could of
course be that people started to distribute their points from top and
down (left to right) and did not have any points left in the end
(hence, many aspects got zero). However, this reasoning was discussed, and specifically asked for, during the meeting, but the participants were sure that this was not the case. Instead, they thought
that it could be because “market” aspects are to the left and “system” aspects are to the right. When selecting requirements before a
project, the aspects on the right side seldom are in focus, these are
rather more important later in the process (e.g. CR determination).
They also argued that since the relevancy only is measured by YES
and NO, it may be so that many people regarded these aspects as
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relevant, but did not spend any points on it when prioritizing since
there were many other things that are more important.

8.5

Overall Analysis of the Cases
In the previous two sections, the two case studies have been presented and discussed separately. In this section, similarities and differences between the cases are discusses together with possible
threats to validity with the overall study.

8.5.1

Similarities between the Cases
As stated in the introduction of this chapter, one of the reasons to
involve people from different roles was that they probably care for
different perspectives and hence prioritize aspects differently. Further, representatives from two different systems within the organization prioritized the aspects, and these probably would prefer
different aspects. To investigate if any differences existed between
1) roles and 2) systems, correlations were calculated between the
different respondents in the two prioritizations (CR determination
and requirements selection), for the current and the ideal situation.
This correlation was calculated based on the ranks and not on the
actual weights, and by using the Pearson product-moment correlation coefficient since the data involved a number of ties. Based on
the correlation, each of the respondents were connected to the person they had most correlation with. The hypothesis was to find
clusters with respondents based on the role and/or system they
represent. When analyzing this data, it was not possible to find any
clusters of either roles or systems, neither when prioritizing the current nor the ideal situation. The reason for this is probably that the
respondents answered the prioritizations according to their view as
an individual rather than their view in a specific role or system.
Another interesting observation made in both cases studies was the
amount of agreement between the respondents, considering the
current and the ideal situation. In both case studies, the respondents agreed more on the ideal situation than on the current situation. The total variation coefficient was 12.05 and 17.66 for the
current situation for the two case studies while the total variation
coefficient was 9.59 and 14.17 for the ideal situation. When discussing this fact with the participants at the consensus meeting, they
agreed that this was somewhat strange, although they thought that
it is a good sign. If having more agreement about how it should be
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done in the future, it would probably be easier to agree on how it
should be done, and change along with this shared vision. They also
argued that different persons have different pictures of how it is
handled today, but a relatively common Ericsson picture regarding
how it should be handled.
Based on the two case studies, it is also possible to observe a trend
that the respondents think that there should be a more even distribution between decision aspects when making decisions. As can be
seen in Figure 8.3 and Figure 8.5 several of the high priority aspects
of the current situation get lower priority when looking at the ideal
situation. Similarly, aspects that have low priority when looking at
the current situation get higher priority when looking at the ideal
situation. This observation is also supported by the variation coefficient of the priorities assigned over the aspects. The variation coefficient in the CR determination case study was 0.73 for the current
situation and 0.52 for the ideal situation. Similarly, the variation
coefficient in the requirements selection case study was 0.65 in the
current situation while it was 0.60 in the ideal situation. Obviously,
these results indicate that the weight distribution between decision
aspects should be more even, and that more aspects should be considered when making decisions than is currently the case. This is
not at least true regarding the trade-off between aspects focusing on
different time horizons (i.e. long-term and short-term). The results
indicate that a good trade-off between short-term and long-term
strategies is important, as the weight between short-term and longterm strategies should be more even according to the two studies.

8.5.2

Differences between the Cases
The data from the two case studies also resulted in some interesting
differences. The most striking difference is the fact that three more
aspects were added, i.e. Gut Feeling, Economical Gain and End-user
Value. It could of course be argued that all these could have been
used also in the CR determination case. However, they are obviously perceived as more important for requirements selection since
they were explicitly stated in the interviews related to this case
study. One possible explanation for the use of Gut Feeling in requirements selection may be that it is important to select requirements
that make an interesting product. In CR determination, there is not
much room for inclusion of such requirements since changes more
commonly refer to things that must be changed (for technological,
management, or business reasons). When doing requirements selection, not all stakeholders realize the potential in a specific require-
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ment, but one individual may get a feeling that this is something to
go for. Thus, Gut Feeling is more important when deciding about
new requirements than changes to existing requirements.
Economical Gain is related to requirements, and people deciding on
CRs do not really see specific economical gains in changes; it is simply a too low level of granularity. Finally, End-user Value is also very
much connected to requirements and it is hard to judge the value of
specific changes in relation to the end-user.
14 aspects were more or less in common, although with some reformulations as expressed in Section 8.4.2. A comparison of these
14 aspects for the ideal situation is provided in Figure 8.7 (priorities
for requirements selection is re-calculated based on the 14 aspects).

Change Requests

Requirements

20%
15%
10%
5%

(K
Lo ey)
Cu
ng
-te
s
r m to m
er
P
M
ro
ar
du Nee
ke
ds
ct
tV
St
al
ra
ue
te
Co
gy
of
Re
Po mp
et
le
st
as
De itor
e
An
ve
a
l
In
op
l
y
di
sis
m
re
en
ct
tC
C
on
os
se
ts
qu
Le
en
De
ad
ce
-ti
pe
m
s
nd
e
en
/D
c
el
ie
iv
s
Ri
er
sk
y
D
an
at
d
e
Vo
la
t il
Re
ity
De
so
ve
ur
D
l
c
op
Lo
es
r iv
m
ng
er
an
en
-te
d
tC
rm
C
Sh
o
o
m
or
st
Ar
s
pe
t-t
ch
er
te
ite
m
n
c
c
tu
De
ie
ra
s
ve
lI
lo
m
pm
pa
ct
en
tI
m
pa
ct

0%

Figure 8.7

CR Determination vs. Requirements Selection

The two main differences identified in Figure 8.7 are with respect to
(Key) Customer Needs and Lead Time/Delivery Date. The needs of customers are clearly more important when it comes to requirements
than CRs. This is reasonable since requirements selection is a preproject activity and hence the voice of the customer is important
when taking early decisions. When the project is running, issues
related to the project becomes more important. This is shown with
the increased importance of the aspects to the right in Figure 8.7,
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and the focus on Lead Time/Delivery Date in particular. The change
of focus from external aspects to more internal aspects is quite natural as time goes by in a project. This was also validated in the feedback seminar of the second case study where this result was
discussed. The participants agreed that the later in the process, the
more focus it will be on the aspects on the right part of the figure.
The reason is simply that when it gets closer to “where it happens”,
it gets crucial to take issues such as cost, lead time, system impact,
etc. into account. Even though this argumentation makes sense, it
should be noted that there was an organizational discussion about
the importance of shortened lead time at the same time as the CR
determination study was conducted. Although this discussion might
have influenced the result somewhat, the shift from right to left in
the figure is obvious even if excluding the Lead Time/Delivery Date.

8.5.3

Threats to Validity
As for any empirical study, there are some threats to the validity of
the findings. The first threat is related to the fact that the two case
studies are conducted within one company, and hence it could be
questioned how representative the company is. However, given the
similarities with previous studies (i.e. [7, 66, 174, 175]) the company
seems representative of how the reasoning is done in many companies developing software-intensive system.
On an individual level, there is a risk that it is easier to agree to the
relevance of the aspect than to disagree. However, this is partially
taken care off by allowing the respondents to assign zero points to
some aspects if they so wish. It is also easier to stick to the stated
aspects than proposing new ones. This means that important
aspects may be missing. On the other hand, in the case studies presented in this chapter, the different steps of the study included
much more interaction with the participants than in the previous
studies and hence this threat is minimized. This way of interacting
also is limiting the threat that different respondents may interpret
the definition of the aspects in different ways.
Finally, a potential threat is the time span between the different
steps and the development at the company in the mean time,
including a re-organization. This threat is not believed to be critical, since it actually means that the studies have captured the view at
the company not at a specific time, but over a period of time.
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8.6

Comparison between Cases and Literature
The two case studies presented in this chapter are different from
the previous studies in several respects. First, the aspects are based
on the experiences from previous studies and they are discussed
much more in detail with the participants. This means that some
aspects from previous studies have been divided into two aspects,
e.g. cost and benefit. This also means that it is impossible to compare exactly with previous studies (see for example difference in
definition of requirements issuer between [66] and [174], and how
that affects the results). However, it was consider more important
to improve the formulation of the aspects than to provide a replication. Second, the two case studies here provide in-depth studies
instead of broad surveys that have been performed previously. Last,
the previous studies focused on aspects for requirements selection
solely, and not addressed change request determination.
Given the differences in aspects, it is difficult to compare on a
detailed level. However, it is possible to compare the three main
groups represented, i.e. business, management, and system. The
requirement selection case study here and the previous studies
point to the business perspective being most important. At the
same time, a majority of the studies indicate that in the ideal situation the distribution of the importance of the different aspects
should preferably be more even than the situation today. In particular, the long-term aspects with respect to architecture and product
strategy should be taken more into considerations in the requirement selection process.
A similarity between previous studies and the two cases studies here
is that none of the studies was able to show any difference between
the roles of the participants. It seems like the importance of different aspects is very much personal opinions rather than related to a
person’s work description. In addition, the case studies in this chapter provide valuable insight into the differences in the decisionmaking processes when it comes to requirements selection or
change request determination.

8.7

Discussion
Within the scope of the study presented, there are a number of
interesting observations to be discussed further. The most obvious
observation in this study and in related studies is that it does not
Comparison between Cases and Literature
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seem to be possible to 1) come up with a final set of decision
aspects (since different studies define the aspects differently) and 2)
find a final priority list of aspects that are most important. These
results are not very surprising, even though it is important to be
aware of this situation. The question is of course whether it is possible to find any patterns regarding what attributes that are important
in different situations. For example, the choice of aspects may be
dependent on market situation, size or maturity of organization/
project/product, culture, etc.
At the same time, the results of this study indicate two things. First,
the priority of the aspects did not seem to be dependent on role or
system but rather the individuals’ point-of-view (indicated in related
studies as well). Second, the discussions conducted as part of the
study indicate that the importance of different decision aspects
change over time. This change is seen in two different ways. First, it
seems that the importance of different aspects change during the
development process. Market-centered aspects are more important in
requirements selection while Project and System centered aspects are
more important later in the process, when it is closer to the “real”
situation. One question that may arise in relation to this is how this
trade-off is handled in agile environments when having short
release cycles and when always being close to the “real” situation.
Second, the importance of aspects seems to change depending on
external factors and internal strategies. This is manifested in the discussions when the participants argued that the choice of decision
aspects very much depends on the current situation and the focus
of the next release(s). For example, the choice of (and weight
between) decision aspects is different if we want to attract new customers or keep existing ones.
The above results indicate that it is impossible (or at least extremely
hard) to find general decision aspects to use in generic situations.
Hence, prioritization methods (release planning approaches) like
EVOLVE and Wiegers’ approach needs to be flexible to be able to
handle different aspects since different companies, organizations,
products, projects, etc. care for different aspects and the individual
weight in-between those aspects. Today, such methods often prescribe which different aspects to consider, something that might
not be suitable if we want to be able to use it in different situations.
However, most such approaches are possible to tailor with some
creativity (see for example how Wiegers’ approach was tailored in
Section 2.6) even though it is not part of the original method.
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As the usage of different aspects seem to differ greatly, and since
there have been quite some research conducted on release planning
approaches, it seems that some research is missing in the area.
Instead of just focus on the calculation and trade-off techniques
between different aspects, research should be focused on finding
flexible methods usable with many different aspects. Further, it
seems quite logical that research should be conducted where the
aim is to find efficient methods on how to define which aspects that
should be used in particular situations. Since, the aspects, and the
weight between them, seems to differ greatly in different situations,
such methods must be quick and accurate to be useful.
The conclusions, based on the above discussion, are that research
focus should be put on 1) methods to elicit aspects and 2) on
release planning approaches that are flexible to be used with different aspects. However, the current situation in many organizations is
that decisions are taken without considering any explicit aspects,
but rather on gut feeling (which implicitly takes into account many
different aspects). In such situations, it is commonly rather hard to
enforce a focus on explicit aspects by formalizing the decision-making since that would be a big step to make at once. However, finding good methods to elicit aspects is still necessary, even though
formal release planning approaches are not enforced.
As an example related to the above argumentation, the decisionmaking in the studied organization may not always have all decision
aspects explicitly defined (which could be understood by looking at
the result of the priorities of the current situation). The result is that
gut feeling is used (which is not necessarily wrong) by the different
persons involved in deciding what requirements to implement. This
also means that different persons use different implicit aspects, and
the decisions are affected by which persons that are involved at the
time. To make the decision-making less dependent on individuals, a
first step could be to make all involved persons aware of which
aspects that should be taken into account, and hence make the decision-makers aware of on what grounds decisions are and should be
taken. In this process, the aspects as such must not necessarily be
quantified as a first step, but the process could be more formalized
as the knowledge and understanding increase.
When the result from this study was brought up in the organization,
people within the organization regarded the current situation as a
possible threat, and agreed on that changes should be made. As
these people also agreed that the decision-making should not be
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improved by enforcing quantified aspects and release planning
approaches as a first step, they decided to start by explicitly defining
which aspects to care for. This approach would at least get the people in the organization to have a shared mindset, resulting in a better understanding between different roles and persons. It was
decided to start with four different perspectives (high-level aspects)
for decision-making: business (e.g. customers and markets), project
(e.g. budget and resources), product (e.g. system impact), and program
(e.g. product portfolio). By defining these aspects, people would get
a more common basis for decisions, and understand each other better. At the same time, it would be possible to state (for example):
“In the upcoming release, we will have a primary focus on the product perspective (e.g. improve the capabilities of the system)“. Then
decision-makers would know that this is the primary focus, but they
still know that the other aspects should not be neglected.
Even though this is not an ideal situation according to research literature (where aspects should be formalized), decisions would be
more consistent and gut feeling would be formalized to some
extent. Further, it would be possible to communicate the aspects
used for this particular project to the participants of the project,
making it possible for all involved persons to make informed decisions aligned with the overall strategy.
When discussing gut feeling, the inclusion of the aspect Gut Feeling
in the second case study must also be discussed. One could argue
that Gut Feeling should not be a part of the decision aspects since it
ultimately is a combination of different aspects. While this is true, it
was seen regarded as highly interesting to include this aspect to get
an impression about how much influence gut feeling really has currently, and if it should be used in an ideal situation. As the results
turned out, gut feeling should not be used as an explicit decision
aspect, even though we never will get rid of gut feeling completely.
First, gut feeling is used when prioritizing most aspects since it is an
estimate of the aspect prioritized (in comparison to an objective
measure). Secondly, gut feeling (subjective judgment) must be utilized in the decision-making process when deciding on how releases
are planned and when merging the priority results of all aspects
[170]. Using prioritization techniques/methods should not be decision-making, but rather decision support. We must always use some
amount of gut feeling to determine which release suggestions that
are most suitable, since the problem as such can be considered as a
“wicked problem”[29]. This means that it is nothing wrong with gut
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feeling, as long as we know about what it is, when it should be used,
and what the basis is for it.

8.8

Summary
This chapter presented two industrial case studies, with the objective to investigatie which decision aspects that are important in CR
determination and requirements selection. This assessment of
importance was done in three different ways for each case study:

• Are the aspects relevant?
• Which aspects influence the decisions the most today?
• Which aspects should influence the decisions the most in an
ideal situation?
Overall, the studies show that the participants find several different
aspects that are relevant to consider, but they disagree in terms of
the relative importance between the aspects. The results show that
this disagreement between participants cannot be explained by the
perspectives they represent (i.e. role and system) but rather by individual differences. When the participants were asked to determine
how the aspects are used today and how they should be used ideally,
the results show that they agree more on how it should be done ideally than how it is done today. Still, the participants argued that the
importance of different decision aspects depend very much on the
specific situation at hand. The importance of different aspects differs with respect to where in the development process a decision is
made, as well as it differs between different projects/releases.
Overall, the participants think that more focus should be put on
market related aspects as well as they think more focus should be
put on aspects related to long-term thinking. This result agrees very
well with previous studies in the area. However, the result from this
study and the related studies differ with respect to what order different aspects are important, as well as the relative weight between
the aspects. This indicates that it is not possible to come up with
any generic guidelines on which aspects to consider for a given situation, and it is hence hard to provide general decision-making tools
as the variables (aspects) differs between cases. If providing such
decision-making tools, it is considered as important that they are
flexible and possible to adapt for many different situations (or
explicitly state which aspects that are suitable). Instead, more
research should be focused on finding efficient methods for elicita-
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tion and definition of decision aspects, as well as establishment of
relative weights between the defined aspects. Such methods would
make it possible to quickly find suitable decision aspects for particular situations, and hence make it possible to adapt the usage of
aspects for different parts of the process as well as for different
types of projects/releases.
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H A P T E R

Conclusions and Future Work

In the previous chapters of this thesis, a number of different studies
are presented, focusing on the area of requirements prioritization.
Each of these chapters provide its own results and have their own
conclusions while together contributing to the overall area of
requirements prioritization. In this final chapter of the thesis, the
overall results and conclusions are presented (Section 9.1) and some
future research in the area is outlined (Section 9.2).

9.1

Results and Conclusions
Requirements engineering and product management are crucial to
deliver high-quality software products that provide value to internal
and external stakeholders. Requirements negotiation (bespoke
development) and release planning (market-driven development)
act as key activities when planning and developing successful software products. At the same time, requirements prioritization is considered as an integral and important component in both
requirements negotiation and release planning in incremental software development.
In the introduction of this thesis (Chapter 1), the following overall
research question is posed: How can requirements prioritization be evolved
to facilitate better decisions regarding the content of software products? The
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answer to this question is not straightforward but rather comes in
different shapes and forms. In this thesis, the question is answered
from three perspectives:

• The question is answered with respect to what needs to be
improved in the current approaches (i.e. how the approaches
can be improved for better decisions). This is done by looking
at already available results in the area, present studies that contradicts common “truths” in the area, and suggest new
approaches to handle requirements prioritization while addressing weaknesses of previously available approaches.

• The question is answered with respect to how to align future
research to be more successful in development of decision-support approaches (i.e. how the research should be focused). This
is done by identifying the need for a shift in focus in requirements selection approaches, where focus should be put on finding methods to elicit and define decision aspects, as well as
constructing selection approaches that are robust enough to
care for different types of aspects.

• The question is answered with respect to what needs to be done
to evolve the area (i.e. how the research should be performed).
This is done by showing that more evidence is needed in the
area to really know what should and could be evolved. It is clear
that more structured empirical research must be conducted to
know what needs to be improved to facilitate better decisions.
In this thesis, a number of different studies are conducted with the
overall objective to answer the research question. Based on this
overall objective, the first step is to understand why requirements
prioritization is needed, and the different components that it consists of. The next step is to gain a better understanding about how
prioritization is performed, and give suggestions on how it can
evolve. Last, a deeper understanding about what aspects to include
when making decisions based on priorities is regarded as important
since there exist few trustful guidelines on what aspects to consider.
This overall process resulted in that the chapters of the thesis are
divided in three main perspectives: why, how, and what. In Figure 9.1,
it shown how these perspectives relate to the different chapters
included in the thesis.
In Figure 9.1, it can be seen that Chapter 2 primarily relate to the
why perspective, Chapters 3-7 primarily with the how perspective,
and Chapter 8 primarily with the what perspective. However, it
should be recognized that this is a high-level division of perspec226
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tives and that several chapters relate to more than one perspective.
For example, Chapter 2 discusses why (motivation for prioritization), how (which techniques that are available), and what (aspects
must be taken into account). Still, the primary objective of Chapter
2 is to motivate why prioritization is needed, and to get an overall
understanding of the area.

WHY
Chapter 2

HOW

WHAT
Chapter 3

Chapter 4

Chapter 5

Chapter 6

Chapter 7

Figure 9.1

Chapter 8

The Perspectives Represented in the Thesis

Based on the studies from these different perspectives, it is possible
to draw a number of overall conclusions of this thesis. The most
obvious, and the most important conclusion from an overall perspective is that despite that rather much research is performed in
the area, little evidence exist about which techniques that are better
than others. The most clear example is that AHP has been a de
facto standard in research for prioritization of software requirements for several years. Still, the comparison between AHP and PG
presented in Chapter 3 shows that PG outperforms AHP concerning time consumption, ease of use, and accuracy. Ahl [1] obtained
similar results as AHP was regarded as the least attractive approach
when comparing five different prioritization techniques. Further,
AHP and CV was recently compared as part of a Master thesis
project with 15 and 30 requirements, and CV was considered as better than AHP in this study as well. Even though all these studies
have been performed in a experimental setting, they indicate that
AHP may not be the technique to use in all different situations, and
that more research is needed to establish evidence on when different techniques are to prefer.
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Based on these findings, two measures were taken. First, a systematic review was undertaken as part of a Master thesis project to
determine the current state of evidence in the area. This systematic
review revealed that it is not possible to collect studies in the area
and provide a high-level analysis to determine when to use different
approaches. The reasons are primarily that too few studies are conducted with approaches residing at the same hierarchical level (e.g.
technique A vs. technique B instead of technique A vs. method B),
and that the conducted studies reported on too diverse variables. As
a reaction to this result, a research framework is constructed with
the purpose to align future research in the area to be able to get
more evidence and to identify where more research is needed. As a
side effect, this framework also facilitates the research process as it
helps when designing and reporting studies. In addition to this
research framework, a study focused on the suitability of students
as subjects is presented in Chapter 4. The results from this study are
valuable as input when designing and evaluating research studies in
requirements prioritization.
The second measure taken based on the finding that AHP may not
always be the most suitable approach to use, is the development of
HCV. Even though some studies shows that AHP not always is
suitable for requirements prioritization, there are not many
approaches that present the results on a ratio scale. CV, just as AHP,
however presents the results on a ratio scale, but falls short in comparison to AHP with regards to the ability to prioritize hierarchically structured requirements structures. To address, this weakness
of CV, HCV is developed. Based on the studies conducted, HCV
seems to be a good approach that addresses some of the weaknesses with AHP (e.g. overview of requirements). However, when
developing HCV, it was found that unbalance in the requirements
tree may result in that the priorities calculated are wrong if not compensating for the differences between size in different parts of the
tree (this problem applies for AHP as well). When studying this
observation further, it is evident that some compensation factor is
needed, although it is still not clear exactly what such a compensation factor may look like. Again, more studies are needed to investigate this further.
When deciding the content of software products and releases of
products, it is important to include several different aspects, as can
be seen in Chapter 2. However, despite the fact that some studies
have been performed about what aspects to care for, there are still
no confirmed guidelines on what aspects to take into account in
228
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different situations. To investigate this issue further, a case study is
performed to get a deeper understanding about which decision
aspects to use. The results show (together with previous research)
that it may not be possible to provide any generic guidelines.
Instead, focus should be put on finding efficient approaches for
eliciting and deciding on what aspects to use, and the relative weight
between the aspects. This in turn also means that requirements
selection approaches (sometimes denoted as release planning
approaches) must be flexible to be able to care for different kinds
of aspects, with different relative importances between the aspects.

9.2

Future Work
As can be seen in the previous section, this thesis presents a
number of results that move the areas of release planning and
requirements prioritization forward. At the same time, the results of
the studies point towards that more research is needed in the area.
In this section, a number of areas that are regarded as important to
study further are presented. This discussion does not attempt to be
exhaustive, but rather points out the most important areas where
research should be focused, based on the results of this thesis.

9.2.1

Follow and Validate the Research Framework
In Chapter 5, a research framework on requirements prioritization
is presented to address the problem with the lack of evidence in the
area by outlining which variables that should be measured. If
researchers in the area apply this framework, it will be easier to
aggregate the results and draw accurate conclusions based on several different research studies. However, as this framework is an initial initiative, it needs to be used and validated. First, the research
framework is less useful if no researchers use and apply the framework. Second, the research framework needs to be validated and
refined to make as much use of it as possible. In both cases, usage
of the framework is necessary in order to mature the research area
of requirements prioritization. In Chapter 7, the research framework is used when designing and reporting an empirical experiment. In this study, the framework was supportive both when
designing and reporting the study. Still, much more usage and validation, by different authors, are necessary to really make use of the
framework and evolve the area of requirements prioritization further.
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9.2.2

Further Research with Students as Subjects
In order to provide as good research results as possible, and as a
support for the research framework discussed in the previous section, it is important to gain knowledge about the subjects and
objects of the studies. Chapter 4 presents a study that investigate
the suitability of students as subjects. This study shows that it is not
always the experience that matters, but also the commitment of the
subjects. It is hard to do any generalizations, but it seems like classroom students are not suitable for experiments that involves commitment and “project dependent decisions”, which is often the case
in studies about prioritization. This also implies that students in
classrooms are not very suitable in exercises of the kind presented
in Chapter 4 (although they may be suitable in other studies).
It is considered as very important that more studies are performed
that investigates in which situations students are suitable as subjects
and in which they are not. Such research would ultimately lead to
some sort of classification of when students are suitable as subjects.
Such classifications should probably depend on for example: nature
of the problem, experience of the students, needed commitment
etc. In such a classification, the nature of the object (the task) may
also be necessary to include since that may be a determinant as well.
For example, in Chapter 7 a “real” object was used instead of a
“toy” object (the subjects prioritized requirements of a future system that they care about). In this situation, the students probably
act more like “real” customers since they to some extent are stakeholders. Hence, it may not be as simple as only care for the subjects
as such.

9.2.3

Further Studies on the Use of HCV
Even though some empirical results on HCV are presented in
Chapters 6 and 7, more studies are required. As with all new techniques, methods and models, HCV needs extensive empirical evaluation to determine its strengths and weaknesses in order to use it in
the right situations. Below a number of open questions in relation
to HCV are presented:
How do HCV compare to AHP with hierarchically arranged
requirements? Since both approaches support requirements in hierarchies and produce ratio-scale results, an empirical comparison
between the two would be interesting. An experiment (with students as subjects) has recently been conducted as part of a Master
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thesis project where “flat” AHP and CV were compared with 15
and 30 requirements. In this comparison, CV was at least as good as
AHP in all measured variables (following the research framework
presented in Chapter 5) for both 15 and 30 requirements. Would
the result be similar if dealing with requirements hierarchies? Would
the result be similar in a different context?
When and how should compensation be used? The study presented
in Chapter 7 indicates that compensated calculations are to prefer
over uncompensated calculations. However, studying this issue in
different contexts with different aims, objectives, and requirement
structures is necessary. Also, further research is needed to investigate what a suitable compensation factor would be. For example,
should the compensation factor have a linear relationship with the
group size? As the work presented in Chapters 6 and 7 is based primarily on reasoning, a mathematical approach may be suitable for
further refinement of what compensation factor to use.
How many points should be distributed when using CV/HCV?
Different studies have used different number of points to distribute, and it is important to investigate psychological effects on the
use of different numbers of points in different situations. I.e. when
is it suitable to use 100, 1 000 and 100 000 points respectively? Or
should other numbers be used (e.g. 200, 500)?
How large priority blocks are possible to prioritize when using
HVC (and hence CV)? In Chapter 6 it is shown that the extent of
explicit weights assigned as well as divergence in weights assigned
was reduced as the objects to prioritize grew. Similarly, Saaty and
Ozdemir argued that no more than seven (give or take two) objects
should be prioritized with AHP in order to provide consistent judgments as well as find inconsistent judgments [147]. Although it is
not clear where the limit is, there is some upper limit on the number
of requirements to prioritize, as also the participants of the study
presented in Chapter 7 highlighted. Further studies are needed to
investigate what such upper limit may be. On the same topic, it is of
course interesting to investigate how priority blocks can be composed in an efficient way to reduce block sizes and still be able to
prioritize in a way that makes sense.
How much of a requirements hierarchy should be prioritized? How
many of the levels should be prioritized, and at which levels is it
most important to prioritize? Is it possible to provide any general
guidelines? A related question regards: How much of a require-
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ments hierarchy should be reprioritized? It is important to study
how changes (due to added, moved, changed, deleted requirements
or just because the value of a requirement changes) in a hierarchy
should be handled in terms of how much is necessary to reprioritize. This question also relates to “flat” structures as there are no
guidelines available on how to reprioritize efficiently.
How to handle lower-level requirements for a higher-level requirement that was assigned a zero priority (i.e., was seen as unimportant)? Should the prioritization continue down in the hierarchy
although the outcome at lower levels is known (i.e. zero)? By not
continuing, higher scalability would be achieved, but it would also
be necessary to do more work when reprioritizing the requirements
set due to changes in the hierarchy.
How to calculate priorities for lower-level requirements that are
shared between different higher-level requirements. In Chapter 6,
the priorities of a lower-level requirement was calculated by simply
adding together the result of its priority from different prioritization
blocks. However, there may be other ways of calculating its priority
as well, not at least depending on the situation at hand (e.g. type of
requirement). Investigating what how such calculations may look
like is part of the future work in relation to HCV.
How does the order of the requirements affect the results? It would
be interesting and necessary to investigate how the order of requirements affects the priorities. Requirements may be prioritized differently dependent on where they are located in the list to prioritize.
How could the prioritization be facilitated for better results? In the
study presented in Chapter 7, the ranking of the requirements was
given to facilitate the prioritization and the participants appreciated
this assistance. Would the possibility to sort the requirements while
prioritizing facilitate the prioritization further? Preliminary results
(from the Master thesis study mentioned above) indicate that subjects appreciate the possibility to sort the requirements.
How well would HCV work in a real industrial situation with real
requirements? HCV has been evaluated with students as subjects in
a classroom environment (see Chapter 7) as well as in industry with
goals and questions from GQM instead of product requirements
(see [14]). A number of industrial case studies with product requirements are necessary to get more knowledge about how and when to
use HCV. Nevertheless, when presenting HCV to product manag232
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ers at Ericsson, they believed in the concept and wanted to use
HCV in their prioritization process with customers. Unfortunately,
this work was interrupted by a major reorganization.

9.2.4

Decision Aspects
Chapter 8 presents a study that investigates which decision aspects
that are important to consider when determining which CRs and
requirements to include in a project/product. As indicated in that
chapter, it seems hard to determine any general decision aspects
that are possible to use in different situations. Rather, the interesting decision aspects depend on the type of product/project, where
in the project/product lifecycle, individual preferences, etc. Hence,
it is suggested that future research is focused on finding efficient
approaches for eliciting and determining importance of decision
aspects. As it may be important to determine decision aspects and
their importance quite often, it is important that such approaches
are quick and accurate to be useful.

9.3

Summary
This chapter presents the overall results and conclusions of the
research conducted within the scope of this thesis. The thesis primarily focuses on evolving the current body of knowledge in relation to release planning in general and requirements prioritization in
particular. The research is carried out by performing qualitative and
quantitative studies in industrial and academic environments with
an empirical focus. Each of the presented studies has its own focus
and scope while together contributing to the research area.
Together they answer questions about why and how requirements
prioritization should be conducted, and what aspects should be
taken into account when making decisions about product content.
The primary objective of the thesis is to give guidelines on how to
evolve requirements prioritization to better facilitate decisions
regarding the content of software products. This is accomplished by
giving suggestions on how to perform research to evolve the area,
by evaluating current approaches and suggest ways on how these
can be improved, and by giving directions on how to align and
focus future research to be more successful in development of decision-support approaches. This means that the thesis solves problems with requirements prioritization today, and gives directions
and support on how to evolve the area in a successful way.
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Although the research performed within this thesis provides new
insights in the area of requirements prioritization as well as some
directions for the future, a number of open questions are found,
and some new ones are discovered. Beside the overall results of the
thesis, this chapter presents a number of open research questions
together with discussions about how the area could be evolved further in the future.
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The quality of a product is commonly deﬁned by
its ability to satisfy stakeholder needs and expectations. Therefore, it is important to ﬁnd, select, and
plan the content of a software product to maximize the value for internal and external stakeholders.
This process is traditionally referred to as requirements engineering in the software industry, while
it is often referred to as product management in
industries with a larger market focus. As an increasing number of software products are delivered
to a market instead of single customers, the need
for product management in software companies
is increasing. As a side effect, the need for mechanisms supporting decisions regarding the content
of software products also increases.
While decision-support within requirements engineering and product management is a broad area,
requirements prioritization together with release
planning and negotiation are considered as some
of the most important decision activities. This is
particularly true because these activities support
decisions regarding the content of products, and
are hence drivers for quality. At the same time,
requirements prioritization is seen as an integral
and important component in both requirements
negotiation (with single customers) and release
planning (with markets) in incremental software
development. This makes requirements prioritization a key component in software engineering
decision support, in particular as input to more
sophisticated approaches for release planning and

negotiation, where decisions about what and when
to develop are made.
This thesis primarily focuses on evolving the current body of knowledge in relation to release
planning in general and requirements prioritization in particular. The research is carried out by
performing qualitative and quantitative studies in
industrial and academic environments with an empirical focus. Each of the presented studies has its
own focus and scope while together contributing
to the research area. Together they answer questions about why and how requirements prioritization should be conducted, as well as what aspects
should be taken into account when making decisions about the content of products.
The primary objective of the thesis is to give guidelines on how to evolve requirements prioritization to better facilitate decisions regarding the
content of software products. This is accomplished by giving suggestions on how to perform research to evolve the area, by evaluating current
approaches and suggest ways on how these can be
improved, and by giving directions on how to align
and focus future research to be more successful
in development of decision-support approaches.
This means that the thesis solves problems with
requirements prioritization today, and gives directions and support on how to evolve the area in a
successful way.
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