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preferred over innovations and internal quality
aspects. This is because innovations and internal
quality aspects are associated with higher uncertainty in their value offering compared to commercial requirements and thereby are perceived
to have higher level of business risk. The thesis
also offers findings from an industrial case study,
showing a misalignment between agile principles
and the ability to take informed release planning
decisions. Further, a framework (NORM) for finding an appropriate balance between information
needs of RE decisions and requirements analysis
effort is suggested.
Conclusions: Uncertainty associated with the
value proposition of different requirement types
influences the requirements selection decisions,
resulting in a dominance of commercial requirements. Thus, in order to achieve a better balance
between investments in commercial requirements,
internal quality and innovation it is important that
uncertainty in the value offering of requirements
is explicitly managed by methods providing support for RE decisions in a market-driven context.
Agile methods provide opportunities to minimize
overhead caused by excessive analysis of requirements, however adopting agile approaches in
their current form pose challenges for performing product management and taking informed
RE decisions in a market-driven context. Therefore, a balance between agility and information
needs of RE decisions must be found. In combination, the thesis results offer a new insight and
form a ground for defining improved approaches
for supporting requirement selection decisions.
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Context: Requirements engineering (RE) for software products offered to a mass market is concerned with deciding which of the diverse and large
amounts of potential requirements to implement
into future releases of a product. While being the
key for achieving success, these decisions are very
complex.Therefore, the need for decision support
is well acknowledged. However, despite a growing
body of research in this area, software companies
are still experiencing problems in making informed
decisions on which requirements to include in the
software, or knowing how to maximize the potential ROI of a software release.
Objective: The purpose of this thesis is to provide an increased understanding of how better decisions regarding the content of software products
can be achieved. The research addresses two currently unresolved areas: balancing investments in
different requirement types (commercial requirements, internal quality aspects and innovations)
and identifying reasonable requirement analysis
effort for informed requirements selection decisions. In order to address these areas the thesis
focuses on investigating: 1) how uncertainty in the
value proposition of a requirement is influencing
the balance between investments in different requirement types; and 2) challenges and opportunities introduced by agile practices to RE decisions.
Method: The presented research has an exploratory character and consists of empirical studies
conducted both in industrial and academic settings.
Results: The results include findings from an
academic experiment and an industrial case study
indicating that commercial requirements will be
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Abstract
Context: Requirements engineering (RE) for software products offered to a mass market is
concerned with deciding which of the diverse and large amounts of potential
requirements to implement into future releases of a product. While being the key for
achieving success, these decisions are very complex. Therefore, the need for decision
support is well acknowledged. However, despite a growing body of research in this area,
software companies are still experiencing problems in making informed decisions on
which requirements to include in the software, or knowing how to maximize the potential
ROI of a software release.
Objective: The purpose of this thesis is to provide an increased understanding of how
better decisions regarding the content of software products can be achieved. The research
addresses two currently unresolved areas: balancing investments in different requirement
types (commercial requirements, internal quality aspects and innovations) and identifying
reasonable requirement analysis effort for informed requirements selection decisions. In order to
address these areas the thesis focuses on investigating: 1) how uncertainty in the value
proposition of a requirement is influencing the balance between investments in different
requirement types; and 2) challenges and opportunities introduced by agile practices to
RE decisions.
Method: The presented research has an exploratory character and consists of empirical
studies conducted both in industrial and academic settings.
Results: The results include findings from an academic experiment and an industrial case
study indicating that commercial requirements will be preferred over innovations and
internal quality aspects. This is because innovations and internal quality aspects are
associated with higher uncertainty in their value offering compared to commercial
requirements and thereby are perceived to have higher level of business risk. The thesis
also offers findings from an industrial case study, showing a misalignment between agile
principles and the ability to take informed release planning decisions. Further, a
framework (NORM) for finding an appropriate balance between information needs of RE
decisions and requirements analysis effort is suggested.
Conclusions: Uncertainty associated with the value proposition of different requirement
types influences the requirements selection decisions, resulting in a dominance of
commercial requirements. Thus, in order to achieve a better balance between investments
in commercial requirements, internal quality and innovation it is important that
uncertainty in the value offering of requirements is explicitly managed by methods
providing support for RE decisions in a market-driven context. Agile methods provide
opportunities to minimize overhead caused by excessive analysis of requirements,
however adopting agile approaches in their current form pose challenges for performing
product management and taking informed RE decisions in a market-driven context.
Therefore, a balance between agility and information needs of RE decisions must be
found. In combination, the thesis results offer a new insight and form a ground for
defining improved approaches for supporting requirement selection decisions.
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Chapter 1
Introduction
Nowadays more and more software is developed for the mass-market
rather than for a specific customer. Mass-market development is known
as off-the-shelf or market-driven software product development [1]. The
main goal of this kind of development is to develop a product that
delivers high customer value at as low cost as possible and within the
right market window. The main problem is to decide what to include in
the product. Addressing this problem is important, since the content of
the product release ultimately decides how well it is received by the
market and thus has direct impact on the success of the company [2, 3].
The process of determining what should be included into the product is
closely associated with product management and requirements
engineering decisions [4]. There exist different approaches that provide
support for selecting which requirements should be included in a software
release. Examples of these are different requirements triage, requirements
prioritization, and software release planning approaches [5-8]. However,
despite the existence of different solutions, making correct decisions on the
content of software product is still a challenge, where existing research
have shown that only 25-50% [9] of decisions on which requirements
should be included in future releases of the product are correct.
Correct requirements selection decisions should ensure that both short
and long term business goals defined in the company and product strategy
are realized [10, 11]. For example, in order to achieve sustainable growth
and success, software companies need to not only satisfy current market
needs which usually are associated with short-term benefits and low
investment risk, but also invest in innovations and product architecture
which are associated with long-term benefits and higher investment risk
[12, 13]. Recently conducted industrial studies in the area have shown that
finding a balance between investments in the requirements representing
current market needs and investments in innovations, quality aspects and
product architecture improvements is difficult [13] [14, 15].
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Prior to selection, requirements that can potentially be included in a
product are analyzed in order to understand which markets the
requirement can be targeted for, the value proposition and implementation
costs of the requirement and how well the requirement fits the product
strategy [5, 16]. Incorrect decisions are mostly caused by
incorrect/insufficient understanding of requirements value and
implementation cost [17] [9], which may result in missing market windows
and low product sales. Thus, in order to facilitate correct requirements
selection decisions it is important to invest effort in the analysis of
potential requirements. The challenge here is knowing how much effort is
reasonable to invest in the analysis of requirements in order to improve the
quality of requirements selection decisions [18].
The overall goal of the thesis is to enable software companies operating
in MDSPD context achieve better decisions regarding the content of their
software product. In order to approach this goal the thesis consists of a
collection of research papers, focusing on the issues of balancing
investments in different requirement types (commercial requirements,
representing features and external quality attributes desired by
customers/market, and internal quality aspects such as architecture
improvements and innovations) and identifying reasonable requirement
analysis effort for informed requirements selection decisions. Combined,
the research results presented in each paper add new understanding and
form ground for evolving decision support approaches for requirements
selection decisions.
In the thesis, the issue of balancing investments in different
requirement types is addressed by investigating: a) the relationships
between requirement type and associated investment risk; b) how
investment risk in different types of requirements affects the outcome of
the requirements selection decisions. The issue of identifying reasonable
requirement analysis effort for informed requirements selection decisions
is addressed by: a) investigating the effect of applying agile principles on
ability to make informed decisions, and b) introducing a framework
(NORM) for balancing requirements analysis effort and informed
decisions.
The remainder of this chapter provides an overview of concepts related
to requirements engineering practices in a MDSPD context in presented
Section 1.1. Section 1.2 gives an overview of the related work. Section 1.3
presents motivation and research questions addressed by the thesis. An
overview of the research papers included in the thesis is found in Section
1.4. The applied research methodology is described in Section 1.5, and
finally conclusions of the thesis together with a discussion on future
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research are found in Section 1.6 and Section 1.7. The chapters that follow
present the scientific papers included in the thesis.

1.1. Background
This section introduces concepts related to the research papers presented
in the thesis. The section gives an overview of market driven software
product development; requirements engineering decisions involved in
this type of development and discusses challenges associated with these
decisions.

1.1.1. RE in market- driven software product development
Requirements Engineering (RE) is an established discipline in software
development [19]. It focuses on finding approaches for discovering (also
called eliciting or collecting), analyzing, specifying, and managing
software requirements. The main goal is to make sure that developed
product meets the expectations and needs of a customer [20, 21]. RE for
market driven software product development has the same goal – to
deliver the right set of functionality to the customer. However, due to
specifics of this type of development, requirements engineering practices
in this context have evolved as a separate field (coining the term marketdriven RE) differentiating itself from traditional RE activities [3, 22]. In
fact, today, when we have more knowledge about the characteristics of
market-driven development, researchers agree that there is a need of
finding methods that better support MDRE processes due to their
distinguishing characteristics and the complex decision making process
associated with this kind of development environment [1, 2] [23, 24]. The
specifics of RE activities in MDSPD are further discussed below.
In MDSPD the development organization creates a vision and finances
development of a software product or a portfolio of related products
which are offered to a general market, consisting of any number of
potential customers [25] [26] [27]. Products are usually offered in the form
of consecutive product releases where each new release delivers new and
improved functionality to the customers. Examples of such products are
office programs, database management systems, off-the-shelf financial
systems, accounting systems, defect tracing and software requirements
management software, etc.
The development company in this context takes most of the risks
associated to investment in the product. The return on investment is
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dependent on market reaction and consequent sales of the product,
determined by a perceived value of a product at the target market information which is often uncertain in the initial stages of product
development [28-31]. Due to market uncertainly, requirements engineering
in MDSPD is closely related to product management tasks [4] [32].
Identifying the “right” set of requirements is a complex task guided by
business intelligence, market investigation, competitor analysis, product
strategies, product/technology roadmaps and product release themes [33,
34].

1.1.2. Overview of RE decisions in MDSPD
RE is a decision rich activity [17]. In MDSPD, RE decisions can be divided
into the categories of strategic (business level), tactical (product level) and
operational decisions (project level) [35, 36], as shown in Figure 1.1.

Strategic RE decisions
Product strategy, Product /Technology Roadmapping

Tactical RE decisions
Requirements selection, release content planning

Operational RE decisions
Decisions on how to realize requirements assigned to a specific
release

Figure 1.1: Overview and classification of RE decisions in MDSPD
Strategic RE decisions deal with high-level business strategy issues.
These decisions include defining product strategy and creating
product/technology roadmaps. Product strategy describes strategic and
competitive goals of the company and defines how to achieve these goals.
Product and technology roadmaps contain high-level information on how

4

a product should evolve in terms of functionality and technology that
should be supported by different releases of the software product. Tactical
RE decisions deal with selecting which requirements should be
implemented in future releases of the product in order to increase revenue
generated from the product sales. It is important that these decisions are
aligned with business level decisions. Thus, tactical decisions should be
guided by product strategy and product and technology roadmaps.
Operational decisions deal with RE decisions in development projects.
Examples of these decisions include how the requirements should be
specified, designed and verified.
The thesis focuses on improving tactical RE decisions, i. e. decisions
concerning which of the large number of potential requirements (also
called candidate requirements [3]) that should be included into future
product releases. In the remainder of the thesis, these decisions are
referred to as requirements selection decisions. The outcome of these
decisions determines the content of a software release and thereby has
direct impact on the success of the product. Therefore, the ability to make
correct requirements selection decisions is acknowledged to be as key for
achieving success both in industry and academia [37] [17].
Requirements selection decisions are complex and this complexity is
caused by different challenges that are specific to MDSPD. Thus, in order
to improve requirements selection decisions it is important to address
these challenges. In the next section, we present challenges contributing to
the complexity of requirements selection decisions.

1.1.3. Challenges in MDSPD requirements selection
decisions
This section describes challenges associated with requirements selection
decisions in a MDSPD context. The list of the presented challenges is
based on industry experiences reported in the literature [2, 3, 25] [38,
39].
C1: Requirements overload: It is common that companies developing
market-driven software are confronted with a large number of
requirements that could potentially be interested for inclusion in a product
[2, 3, 26, 40]. While large number of requirements presents an excellent
opportunity to mine good ideas, it also requires much effort and adds
complexity to requirements selection decisions. This is because the
increased umber of requirements means that there are more choices and
dependencies that need to be considered. This in turn leads to increased
analysis time and complexity of selection process. It is therefore important
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that the techniques used to provide support in requirements selection
decisions can handle large amount of requirements requiring too much
effort and time investment [8] [41].
C2: Handling interests of different stakeholders: In MDSPD,
requirements originate from different sources such as key customers, sales,
marketing, development and testing (R&D) or customer support units of
the developing organization [3]. These sources are often referred to as key
stakeholders [14, 42, 43]. Different stakeholders often have different goals,
thus resolving conflicting interests of the stakeholders is one of the
challenges that needs to be addressed by requirements selection decisions
[7, 44]. The problem of handling interests of different stakeholders is
described as a gap between marketing, product management and
technical management pointing at the necessity to align interests of
stakeholders within the company [2]. Another example is the necessity to
handle conflicting interests of different key customers and market units
[16].
C3: Handling different abstraction levels of requirements: It is
common that in MDSPD requirements are described on different levels of
abstraction, for example product, feature, function and component level
requirements [25]. This is mainly caused by the fact that requirement
arrive through different channels such as key customers, marketing, sales,
development units, etc. Therefore, it is hard to enforce strict rules for
describing requirements. In this situation, it is common that requirements
description varies from “one-liners” originating from marketing and sales
department, to detailed technical requirements. The variation in
abstraction level of requirements creates problems when conducting
requirements selection activities [8, 26]. Therefore, before conducting these
activities, it is important to bring the requirements to the same abstraction
level. For example, product level requirements need to be analyzed and
described in further detail. On the other hand and component level
requirements might need to be abstracted to higher level requirements in
order to understand value provided by the requirement and its alignment
with product strategies.
C4: Requirements dependencies: Requirements that can be allocated to
a certain release of the product often have dependencies between each
other. Examples of these dependencies are functional, temporal and value
dependencies [45]. Identification of these dependencies is important since
they impact the decision of which requirements should be selected into a
release [4, 45]. For example, when there exists a functional dependency
between two requirements, if one is selected into a release then the other
should also be considered for selection, even if it does not provide high
value for the customers [46]. An example of value dependency between
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requirements can be seen when two requirements when selected in the
same release deliver more value then the sum of their individual values
[45]. Example of cost dependency between the requirements is when one
requirement affects implementation cost of other requirements. [47].
C5: Balancing investments in different requirements types:
Commonly, software requirements are divided in the groups of functional
and non- functional requirements [21] [19], however other divisions also
exist, where the requirements are grouped in product, quality and process
related requirements [42] [15].
In the thesis, requirement type is related to the type of value that a
requirement provides. For example, some of the requirements that can
potentially be included in a future release are associated with short–term
benefits by focusing on satisfying current needs of the customers
(examples of these are commercial requirements elicited from keycustomers or sales and marketing organizations), while others are
targeting long-term benefits such as decreasing maintenance costs and
increasing efficiency or achieving a leading position on the market
(examples of these requirements are system architecture improvements
(internal quality) and innovations which are not normally associated with
current needs of the customers) [12, 48]. Finding a balance between longand short-term benefits provided by different types of requirements is a
well-acknowledged and still unresolved challenge in market-driven
software development. For example Lindgren et al [13] report difficulties
in balancing quality aspects usually connected with long term investments
against commercial features connected to short term investments. Barney
et al [14] find dominance of commercial requirements compared to other
requirements types and Berntsson Svensson et al. [15] report in their
industrial study of handling quality requirements in practice that quality
requirements are not prioritized compared to commercial features.
C6: Balancing quality and analysis effort for requirements selection
decisions: In MDSPD a software company is interested to invest in only
those features that provide value to the involved stakeholders (i.e.
eliminate waste caused by implementing the wrong functionality) [3, 37].
Minimizing waste caused by excessive analysis is also important,
especially since in MDSPD only a fraction of the candidate requirements
are actually included in the final release of the software (see C1:
Requirements overload).
Finding solutions that will result in eliminating waste in both
functionality and analysis is a challenge. For example eliminating waste
caused by excessive analysis can be achieved by lowering the time and
effort that is spent on analyzing candidate requirements. This action can
provide a fast and easily measurable effect. However when minimizing
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effort on analysis there is a risk that information that is necessary to take
informed requirements selection decision will be lost [49, 50], which in
turn can result in investing in the wrong requirements and thereby
produce waste in features. In order to avoid moving waste from one place
to the other, MDSPD software companies need to identify how much effort
can minimally be spent on specifying and analyzing requirements without
compromising quality of the requirements selection decisions.

1.2. Related Work
A review of MDSPD literature shows that existing approaches for
supporting requirements selection decisions are based on requirements
screening, prioritization and release planning [22, 51, 52] [53]. These are
discussed in further detail in the following sections.

1.2.1. Requirements Screening
Requirements screening occurs prior to requirements prioritization and
release planning activities [26]. The goal is to decrease the number of
candidate requirements by means of identifying requirements that are
interesting for the company to consider for further analysis and to discard
requirements that are not interesting. Approaches for requirements
screening primarily address C1: requirements overload.
MDSPD literature currently offers a number of approaches that support
requirements screening. These approaches prescribe different criteria that
should be considered when performing requirements screening. For
example Khurum et al [5] have suggested a method for early requirements
triage (MERTS), which allows to conduct requirements screening using
strategic goals of the company as a selection criteria. Davis [54] has
suggested using requirements importance for prospective customers,
requirements interdependencies and required implementation effort in
order to select requirements that increase the probability of product
success on the target market. Gorschek and Wohlin [26] have developed a
model called RAM, which allows early requirements triage by defining a
procedure for dealing with different abstraction levels of requirements (C3:
Handling different abstraction levels of requirements). RAM provides a
procedure for abstracting low-level requirements to an abstraction level
that allows evaluating how well the suggested requirement is aligned with
the strategic goals of the product.
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1.2.2. Requirements Prioritization
Requirements prioritization is often conducted as a part of, or prior to the
release planning activity [48] [55]. The primary goal of this activity to
target C1: requirements overload by identifying the requirements that are
most important to implement i.e. that provide most value. In order to
identify the most important requirements, candidate requirements are
usually prioritized using different criteria. Examples of criteria include
customer value, alignment with product strategy, risk, cost, volatility, etc
[8].
There exist several prioritization techniques providing help in
expressing requirements’ contribution to the selected criteria. Examples of
these techniques are: Analytical Hierarchy Process (AHP), Cumulative
Voting, (also known as the Hundred-Dollar Test), Numerical assignment
(grouping), Ranking and Top-Ten Requirements [8]. These techniques are
used by different requirements prioritization approaches defined in the
literature. For example, Value and Cost based prioritization of software
requirements suggested by Karlsson and Ryan [6] uses a refinement of
AHP, comparing requirements pair-wise according the criteria of value
and cost. Regnell et al [16] describe a method for distributed requirements
prioritization. This method focuses of eliciting priorities of different
stakeholders, such as different market units, customer support and the
development organization. The requirements are prioritized by individual
stakeholders using a cumulative voting method. In order to determine the
final priority of a requirement the individual priorities are aggregated into
a combined decision, considering the influence of each stakeholder. Azar
et al [7] have suggested a value–oriented requirements prioritization
approach. In this method, requirements are evaluated according to their
contribution to a weighted list of core business values of the company.
Core business values reflect the interests of different stakeholders such as
sales, marketing and development organizations. The contribution of a
requirement to each core business value is identified by assigning a
requirement a rank on the scale 1-10.
Among the above listed approaches, the distributed prioritization
method [16] and the value-oriented requirements prioritization [7] provide
support for challenges C1: Requirements overload and C2: Handling
interests of different stakeholders, since they help in identification of the
most important requirements and explicitly address how to handle
different interests of involved stakeholders. Cost-value prioritization [6]
primarily addresses C1.
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1.2.3. Release planning
The process of allocating a requirement to a certain release of a software
product is called software release planning [3, 51, 56]. The primary goal of
this activity is to select requirements that will maximize the expected
value of a product release and can be implemented within available
budget, resources and time-to-market deadlines. Release planning also
intends to suggest an order in which selected requirements should be
implemented. Since release planning is the step where it is decided which
requirements will be selected into a software release the primary goal of
release planning approaches is to resolve challenges C2: Handling interests
of different stakeholders, C4: Requirements dependencies and C5: Balancing
investments in different requirements types.
A number of approaches for release planning have been suggested.
Examples of release planning approaches involve a family of related
methods (EVOLVE [46], EVOLVE+[57] , EVOLVE* [55], S-EVOLVE* [58]
and F-EVOLVE* [59]) developed by the Software Engineering Decision
Support Laboratory at University of Calgary, Canada; Release Planner
Provotype (RPP) [51] suggested by Pär Carlshamre and a method for
software release planning through optimization and what-if analysis,
suggested by van den Akker et al [47]. These methods use generic
algorithms and linear programming to solve the wicked nature of the
release planning problem. In order to arrive at a solution the abovementioned release-planning methods consider parameters such as
requirements value, requirements cost, required resources, stakeholder
importance, dependencies between requirements and budget constraints.
All of the presented release-planning approaches involve steps for
analyzing dependencies between the requirements, thereby providing
support for C4: Requirements dependencies. Challenge C2: Handling
interests of different stakeholders is also addressed since many of the
presented approaches (see EVOLVE methods) identify important
stakeholders and measure their influence. However, it is still not clear how
the suggested release planning approaches address C5: Balancing
investments in different requirements types.

1.3. Research Gap and Research Questions
In the previous section, it is shown that existing approaches for
supporting requirements selection decisions provide solutions for
resolving challenges C1-C4. However, problems of balancing investments in
different requirements types (C5) and finding reasonable requirements analysis
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effort (C6) are not explicitly addressed. Therefore, addressing these
challenges is the focus of the research presented in the thesis. In the
following sections, we describe why current approaches fail to address C5
and C6 and present the main research questions of the thesis.

1.3.1. Addressing lack of support for balancing investments
in different requirement types (C5)
Addressing C5 is important since the ability to balance investments in
different types of requirements such as commercial requirements,
technical innovations and architecture improvements determines the
ability of the company to survive competition and achieve sustainable
business growth [12] [13].
There is a lack of support for balancing investments in different
requirement types since most of currently available methods for
requirements prioritization and release planning associate requirements
value to business/customer value (see Table 1.1). This can easily lead to
situations where requirements which are easily associated with current
market needs (for example requirements originating from key customers)
are prioritized over other type of requirements which do not have a direct
connection to the customer base (examples of this can be requirements
connected to system /architectural improvements) [7, 32]. Further, it is
important to notice that in MDSPD the value of different requirement
types can be associated with different levels of uncertainty. For example,
the value proposition of a requirement originating from a customer is
more certain compared to an innovation originating from the R&D unit of
a company or requirements connected to system improvements [13] [12].
However, examination of the existing methods for requirements
prioritization and release planning shows that none of the aforementioned
methods for release planning consider uncertainty associated to the value
proposition of a requirement (see Table 1). In the table, the term value
proposition refers to the expected value of a requirement to the company
developing the product and/or its customers.
Studies in decision theory have shown that when choosing between
alternatives involving different levels of uncertainty/risk, unaided
decision makers will prefer smaller and safer benefits to risky ones, even if
the later provide larger benefit [60] [61]. Applying these findings to the
requirements selection situation would suggest that unless there is a clear
support for handling uncertainty in the value proposition of different
requirement types, requirements with more certain value will be chosen
over requirements with less certain value and thereby create a misbalance
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between different requirement types. Thus, in order to test this
assumption the thesis investigates following research question:
RQ1: How does uncertainty in the value proposition of different
requirement types affect the outcome of requirements selection
decisions?
Table 1.1: Practices for defining requirements value and managing value
uncertainty
Method

Value definition

Distributed
prioritization
Method [16]

Requirements’ value is a sum of priorities
that the requirement receives from
different stakeholders.
The stakeholders assign priorities
according to their tacit understanding of
requirements’ contribution to the total
business value of the product.
Requirements’ value is defined as
customer value and is evaluated by
customers or somebody representing
customers.
Requirements are evaluated according to
their contribution to a weighted list of core
business values of the company.
Requirements’ value is a sum of priorities
that the requirement receives from
different stakeholders.
The stakeholders assign priorities
according to their tacit understanding of
requirements’ contribution to the total
business value of the product.
Requirements’ value is represented as a
percentage of the total value of all
requirements, the mechanism behind
defining requirements value is not clear.
No clear procedure defined. Usage of
approaches in EVOLVE and Cost -Value
Prioritization methods is advised.

Cost-Value
prioritization [6]
Value-Oriented
Prioritization [7]
EVOLVE Family
[46, 55, 57-59]

RPP [48]

Release planning
through
optimization [47]
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Uncertainty
in value
proposition
Not
considered

Not
considered
Considered
Not
considered

Not
considered
Not
considered

Answers to RQ1 should provide ground for understanding to what
extent the uncertainty in the value definition of different requirements
affect the requirements’ potential to be included in a future release,
addressing the problem of balancing investments in different requirement
types (C5).

1.3.2. Addressing lack of support for balancing quality and
analysis effort for requirements selection decisions
(C6)
In MDSPD making the “right” requirements selection decisions is crucial
for the success of the company. The quality of a decision often depends on
the quality of the available decision material, which is often related to the
effort of analyzing candidate requirements. However, due to the large
volumes of candidate requirements it is not always possible or
economically justifiable to invest much effort on analysis of candidate
requirements – thus a balance between the quality of requirements
selection decisions and the effort that a company can spend of analysis of
candidate requirements must be found. To be best of our knowledge
currently there is no concrete approach for minimizing waste caused by
an excessive analysis of candidate requirements and at the same time
supporting the ability to make informed decisions. For example, different
requirements prioritization and triage methods [6-8] and requirements
specification approaches [3, 26] require different levels of requirement
analysis effort, without explicitly considering what is reasonable analysis
effort for RE decisions [18].
The question of how much analysis is enough has been in focus in the
recent years in software engineering community, where lightweight and
waste-minimizing strategies are receiving more and more attention [49, 6264]. Agile methods represent a group of software development approaches
focusing on delivering rapid value to the customers and minimizing
unnecessary analysis effort. Examples of agile methods are XP, SCRUM,
Lean Software Development, etc [65-67]. The properties of agile methods
are discussed in further detail in Chapter 4.
During recent years agile methods have gained much popularity both
in the industry and academia, and more and more companies have shifted
their software development to agile practices [68] [69]. Application of agile
principles in a MDSPD context can be seen as a potential solution for
addressing C6: Balancing quality and analysis effort for requirements
selection decisions, since these methods focus on delivering high value to
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customers while eliminating waste in analysis of requirements. When
applying agile approach software is developed in a sequence of timeboxed iterations, where the most important functionality is delivered first.
Requirements selection activities in most agile methods include
requirements prioritization and release planning (also referred to as
iteration planning), and resemble activities in MDSPD. This resemblance
also motivates the application of agile approaches in a MDSPD context.
Therefore, the second research question investigated in the thesis is
formulated as follows:
RQ2: What are the challenges and opportunities created by adopting
agile principles in requirements selection decisions?
Investigating RQ2 is important since currently little is known on the
impact of agile principles on product management activities in general
and requirements selection decisions in particular [70]. Answers to RQ2
provide understanding of how agile principles can be used in a MDSPD
context in order to resolve C6.
The research questions RQ1 and RQ2 are addressed in the scientific
papers presented in the remaining chapters of the thesis. Section 1.4
provides an overview of the chapters and shows the relationship of each
chapter to the research questions and the overall goal of the thesis.

1.4. Thesis Overview
This section provides an overview and a brief summary of the remaining
chapters of the thesis. These chapters present scientific papers targeting to
find answers to the main research questions of the thesis. As shown in
Figure 1.2, chapters 2 and 3 are connected to RQ1 and chapters 3 and 4 are
connected to RQ2.
Together the two research questions and answers to them address
challenges C5 and C6, thereby contributing to improved requirements
selection decisions in MDSPD. Finding a solution to C5 provides a
possibility to improve the quality of requirements selection decisions via
finding a reasonable balance between investments in commercial
requirements, innovations and system improvements (internal quality).
Resolving C6 enables both informed and efficient requirements selection
decisions, making companies equipped to deal with MDSPD challenges in
a cost-effective way. Below, each of the chapters is briefly summarized.
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Improved requirements selection decisions

C6: Balancing analysis effort
and quality of decisions

C5: Balancing investments in
different requirement types

RQ1: How does uncertainty in
the value proposition of different
requirement types affect the
outcome of requirements
selection decisions?

Chapter 2

RQ2: What are the challenges
and opportunities created by
adopting agile principles to
requirements selection decisions
in MDSPD?

Chapter 3

Chapter 4

Chapter 5

Figure 1.2: Thesis overview
Chapter 2: Investigating Impact of Business Risk on Requirements
Selection Decisions
Published as: Nina Dzamashvili Fogelström, Mikael Svahnberg, Tony Gosrchek;
Investigating impact of business risk on requirements selection decisions; In the
proceedings of 35-th EUROMICRO conference on Software Engineering and Advanced
Applications (SEAA) Patras, Greece, August 27-29, 2009.

In Chapter 2, we investigate the level of uncertainty in requirements value
(also referred to as business-risk of a requirement) that practitioners
associate with different requirement types, and how it affects the outcome
of requirements selection decisions. The research is conducted in a form
of a case study, utilizing interviews and workshops with practitioners.
The main findings are the following:
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a) There is a difference in the level of uncertainty associated with
different requirements types. More specifically, it was found that
commercial requirements (customer specific and market-pull
requirements) are perceived to have less uncertainty in their
value proposition and therefore are associated with less businessrisk compared to innovations and system requirements.
b) The level of uncertainty in the value proposition of a requirement
affects its chance of being selected into a product release. More
specifically, it was found that commercial requirements are
preferred to innovations and system requirements because they
are associated with low level of value uncertainty (business risk)
compared to others.
Contribution statement: The first author of the research paper presented in
this chapter has been responsible for designing and conducting the study
as well as analyzing and documenting the study results. The other
authors have contributed by providing feedback on the study design and
actively participating in paper revisions.
Chapter 3: Attitudes to Value and Risk in Requirements Selection
Published as: Nina D. Fogelström, Sebastian Barney, Aybüke Aurum, and Anders
Hederstierna. When Product Managers Gamble with Requirements: Attitudes to Value
and Risk. In proceedings of the International Working Conference on Requirements
Engineering: Foundation for Software Quality (REFSQ’09), Amsterdam, Netherlands,
June 2009.

In Chapter 3, we investigate how well prospect theory can be used in
order to model the outcome of requirements selection decisions in a
MDSPD context. Prospect theory is an established theory [60] for
modeling decision maker’s behavior when making decisions that involve
risk and uncertainty. It suggests that decision makers will be risk-adverse
when selecting between alternatives defined in terms of benefit and riskseeking when selecting between alternatives defined in terms of cost.
Prospect theory is described in further detail in Chapter 3.
The research is conducted in the form of an experiment closely
following the arrangement of original experiments in prospect theory. The
results of the experiment show that prospect theory have a potential of

16

predicting the outcome of requirements selection decisions. Applying
prospect theory to requirements selection decisions in MDSPD suggests
the following:
a) Decision makers will avoid risk when selecting between
requirements which are specified in terms of gain. Considering
that different requirement types are associated with different
levels of risk, this finding suggests that commercial requirements
will be preferred over innovations and system improvements.
b) Decision makers will take risk with requirements associated with
costs. Considering that investments in system requirements are
often associated with costs (see Chapter 4 for more details), this
finding gives an indication that decision makers will be inclined
to take the risk of not implementing a system improvement and
suffer potential costs in the future rather than invest money in the
system improvement.
Contribution statement: The first and second authors of the research paper
presented in this chapter have been responsible for designing, conducting
the study as well as analyzing and documenting study results. The other
authors have contributed by providing feedback on the study design and
actively participating in paper revisions.
Chapter 4: Understanding the Impact of Agile Principles on MarketDriven Software Product development
Published as: Nina Dzamashvili Fogelström, Tony Gorschek, Mikael Svahnberg and PeO
Olsson; The Impact of Agile Principles on Market-Driven Software Product Development;
Software Process Improvement and Practice, 2009.

In Chapter 4, we investigate the impact of adopting agile approaches on
requirements selection decisions in MDSPD. The chapter presents results
of a comparison between typical properties of agile methods and the
needs of MDSPD, as well as findings from a case study conducted at
Ericsson, an early adopter of agile product development. The case study
has investigated specifics of the RE decision-making process of three
separate product development units, each using agile practices in their
development projects. The applied methods included study of process
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documentation, interviews with practitioners and meeting observations.
The results of the case study are the following:
a) Agile practices limit product managers’ ability to plan and control
the content of a release scope. In particular, it was found that the
application of evolving release scope practiced in agile methods
limits the ability to plan and follow-up the expected value and
return on investment of a release.
b) Application of agile practices might lead to difficulties in
balancing investments in different requirement types, caused by
the strong feature orientation in agile methods and differences in
how requirements value is defined in agile methods and in
MDSPD.
Contribution statement: The first author of the research paper presented in
this chapter has been responsible for designing, conducting the study as
well as analyzing and documenting study results. The other authors have
contributed by providing feedback on the study design and actively
participating in paper revisions.
Chapter 5: Needs Oriented Framework for Producing Requirements
Decision Material – NORM
Published as: Nina Dzamashvili Fogelström, Tony Gorschek, Mikael Svahnberg.
Needs Oriented Framework for Producing Requirements Decision Material –
NORM. In the proceedings of Second International Workshop on Software
Product Management (IWSPM'08), in conjunction with 16th IEEE
International Conference on Requirements Engineering, Barcelona, 2008.
Chapter 5 presents a framework called NORM. NORM makes it possible
to identify good-enough level of requirements analysis and specification
for informed requirements selection decisions. NORM gives an
opportunity to apply waste minimizing approaches and at the same time
ensuring quality of requirements selection decisions.
NORM is developed in close cooperation with industry using the
methodology of technology transfer between academia and industry
suggested by Gorschek et al [71]. In order to find just-the-necessary level
of requirements analysis effort NORM first studies characteristics of
requirements selection decisions, based on which information needs of
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the decisions is identified. Further, NORM provides a procedure for
selecting the minimum level of requirements specification and analysis
effort that is necessary in order to satisfy the information needs of a
decision.
Contribution statement: The first author of the research paper presented in
this chapter has been responsible for designing, conducting the study as
well as analyzing and documenting study results. The other authors have
contributed by developing ideas behind NORM as well as providing
feedback on the study design and actively participating in paper
revisions.

1.5. Research Methodology
The research methodology describes methods and approaches for finding
answers to the research questions. Having a well designed research
methodology is important since it assures that the results obtained from
the research activities are suitable to answer the original research
questions [72, 73]. The research methodology applied in this thesis is of
an empirical nature. The main characteristic of empirical research
methods are their focus on “real” problems [72]. Empirical research
methods are evidence based, and the research is conducted through
observations and measurement [74] [72] as opposed to studies based on
pure logic.
In the software engineering research there is a strong trend of using
empirical methods [75]. This trend can partly be explained by the
character of software engineering field which is a combination of technical
and social aspects [76], and partly with the need to bridge the gap
between academia and industry [74, 77].
In software engineering , commonly acknowledged methods for
conducting empirical research are: case studies, experiments and surveys
[75]. Each of these methods have specific strengths and shortcomings;
thus the selection of which method to use depends on the character and
the goals of the study and the research questions at hand [72, 78]. Besides
the above-mentioned methods other approaches have also been defined
which are focused on conducting research in close cooperation with
industry. Examples of these are action research [72] and the method for
technology transfer between academia and industry suggested by
Gorschek et al [71].
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1.5.1. Overview of research methods
The research methods applied in different chapters of the thesis are
presented in Table 1.2. For each chapter the table provides information on
which data collection methods were used, what type of data was collected
(i.e. qualitative or quantitative data) and in what setting the research was
conducted (i.e. industrial or academic setting).
The following sections provide a brief overview of the research
methods described in Table 1.2. Further details and specific design of the
applied methodologies can be found in the respective chapters.
Table 1.2: Overview of the research methods applied in the thesis
chapters
Method
Chapter 2

Case study

Chapter 3

Quasi
experiment
Case study

Chapter 4

Chapter 5

Technology
transfer

Data
collection
Interviews,
Observation
Experiment
execution
Interviews,
documentation
study,
observations
Interviews,
literature study

Data type

Setting

Qualitative
and
quantitative
Quantitative

Industry
Academia

Qualitative

Industry

Qualitative

Industry

Case study
A case study investigates phenomena within its natural context [78].
When conducting a case study researcher does not try to control the
surroundings and the context of the phenomena, instead the goal is to
observe it in its natural context. Case studies are often used when
studying a complex or phenomenon, or in situations where little is known
about the studied subject [72, 73]. Usual methods to collect data when
conducting case studies are interviews, direct observation and record or
documentation analysis.
The strength of case studies is its flexible nature allowing collecting
data from different sources, and thereby gaining a deep understanding
about the phenomenon (triangulation). Further, in case study research
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both qualitative and quantitative data can be collected allowing not only
studying the phenomena, but also gaining previously unknown
understanding of the conditions under which the phenomenon is
occurring [73, 78].
As shown in Table 1.2, case study research is applied in Chapter 2 and
Chapter 4. The research topics of the studies presented in these chapters
are found suited for the use of case studies since the studied phenomena
in these chapters are relatively complex and currently relatively little is
known about the phenomena. For example the research presented in
Chapter 4 investigates possible impact of agile principles on pre-project
RE decisions in a MDSPD context. Application of a case study is
motivated since: 1) we are interested in a specific context; 2) currently
there is little knowledge in this area; and 3) there can be different ways in
which agile principles could be affecting RE decisions.
The case studies in Chapter 2 and Chapter 4 were conducted at
Ericsson AB and the studied units were product development activities
for three separate software products development by the company. As
shown in Table 1.2 a variety of methods were used, resulting in both
qualitative and quantitative data.
Experiment
Experiments are focusing on investigating specific aspects of phenomena.
[72, 78]. Experiments are often used in order to test an already existing
theory, or to examine the relationship between two or more variables. In
order to be able to correctly study the relationship between variables,
experiments are rigorously controlled, where the researchers identify
which variables will be studied, as well as create an experimental
environment which is often a simplified model of a real life scenario.
The advantage of experiments is that data collected through
experiments are possible to analyze through different statistical methods
that allow generalizing the results of the experiment to a certain
population. The disadvantage when doing experiments is that it is not
always possible to reproduce the full context of the studied phenomenon.
For these reasons, researchers agree that combining experiments with
other approaches, like case studies is beneficial for getting a rich
understanding of the studied subject [72, 73].
In the thesis, the experiment methodology is used in Chapter 3. The
experiment is conducted in an academic setting and is termed as quasi
experiment since the sample used can not be considered to be truly
random. The design of the experiment had closely followed original
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experiments in prospect theory. The focus of our experiment however
was RE decisions where participants of the experiment were presented
with the problems featuring RE decisions in MDSPD.
Technology transfer model
This model presents a research approach specially designed to enable
close and effective collaboration between industry and academia. The
specific goal of the model is to enable transfer of research results from
academia into industry. An overview of the model is presented in Figure
1.3.

Figure 1.3: Overview of the steps in the technology transfer model [71] with the permission from Tony Gorschek (main author)
As shown in the figure, in order to allow close cooperation and
transfer of a solution developed in academia into the industry, problems
and issues are identified by means of conducting observations in
industry. The identified issues act as an input for formulating research
problem, which is done based on analysis of the state of the art research in
the area and continuous feedback from the industry. The identified
solution (candidate solution) passes the steps of validation both in
academia and industry prior to being adopted in the industry.
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The technology transfer model was used for the development of the
NORM framework presented in Chapter 5. NORM was developed in
close cooperation with Ericsson, where the problem targeted by NORM
was identified. Further, NORM concepts were evaluated through
informal interviews with professionals at Ericsson.

1.5.2. Research setting
Ericsson
Ericsson is one of the world’s leading companies in telecommunication,
providing a wide range of products and solutions. The company operates
in a market-driven context where the products are sold as generic
solutions offered to an open market, although customized versions of the
products are also developed and sold to key-customers. Ericsson has
acted as an industrial partner for the research papers presented in
Chapter 2, Chapter 4 and Chapter 5.
In chapters 2 and 4, RE activities for three products developed at
Ericsson were used as a study objects. The names of the products are not
listed for reasons of confidentiality. Product 1 and Product 2 are large
mature systems (together they contain several million lines of code) with
a handful of releases operating all over the world at many customer sites.
Product 3 is a smaller product with only one previous release since its
creation in 2006. In Chapter 5 Ericsson has acted as a discussion partner
providing real-life problems and feedback on the framework presented in
this chapter.
Blekinge Institute of Technology - BTH
BTH has provided an academic setting for the experiment presented in
Chapter 3. Experiment subjects were students enrolled in a software
metrics course as part of a software engineering program at BTH.
The students participating in the experiment were considered to be
well versed on the topic of requirements engineering, with almost 95%
completing their master’s degrees in software engineering and 69%
having work experience in the software development industry.
The students represent a wide range of countries (Bangladesh, China,
Germany, India, Iran, Jordan, Nepal, Nigeria, Pakistan and Sweden);
thereby providing a wide range of academic, industrial and social
experiences.
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1.5.3. Validity issues
Independently of the selected research methodology, the obtained
research results can be subjected to validity threats. In this section, we
present an overview of validity issues that are common to the research
methods applied in the thesis. More detailed discussion of validity issues
connected to the separate studies can be found in the individual chapters.
Validity threats of empirical studies are concerned with [76, 78]:
1) How well the research results are answering the research
questions at hand (usually associated with issues such as
conclusion, construct and internal validity);
2) How well the obtained results can be generalized outside of the
context and setting of the conducted study (called external
validity).
Depending on the methodology applied and the specifics of the
research design some validity threats probably will be more predominant
than the others. For the studies presented in the thesis external validity
(generalizability) of the results can be discussed, since the case studies are
conducted in the context on one company (Ericsson AB), and the
experiment is conducted in an academic setting.
Generalizability issues are a common and well known threat of case
studies [79]. However, according to [78] results of a single case study can
be generalized using analytical generalization instead of statistical
generalization. When using analytical generalization results of a case
study can be generalized by means of identifying how the particular
results fit the patterns of a broader understanding of existing theory
concerning the studied area [78]. Further, case studies should also be
replicated to achieve a higher degree of generalizability.
In the context of the thesis, analytic generalization can be applied in
both case studies. For the study reported in Chapter 4 the case study
results can be fitted to the theoretical comparison of agile properties and
MDSPD needs presented in the same chapter. For the study reported in
Chapter 2, the results can be compared to currently available knowledge
in decision theory describing risk-taking patterns of decision makers, as
well as currently available knowledge in the MDSPD area pointing at the
imbalance between investments in different types of requirements.
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Concerning the experiment presented in Chapter 3, the question is
how well the obtained results can be applied to the industrial setting.
While experiments conducted in an academic setting can never replace
experiments conducted in industry, they often provide valuable
indications and are helpful to test the hypothesis prior to engaging
professionals, access to whom is rather limited due to time and schedule
constraints [32]. Further discussion on generalizability of the experiment
results can be found in Chapter 3.

1.6. Research Results and Conclusions
The overall goal of the research presented in the thesis is to improve
requirements selection decision in a MDSPD context. In order to approach
this goal the research is focused on studying two currently unresolved
challenges in the area: C5- Balancing investments in different requirements
types and C6 - Balancing analysis effort and quality of requirements selection
decisions. This section presents how results of individual papers answer
the main research questions posed in the thesis. Finally, the implications
and contribution of the answers found are discussed.
RQ1: How does uncertainty in the value proposition of different
requirement types affect the outcome of requirements selection
decisions?
Answers to RQ1 can be found in the research papers presented in
Chapter 2 and Chapter 3 . Together, these chapters provide the following
answer to RQ1: Uncertainty in the value proposition of different requirement
types will affect the outcome of requirements selection decisions, resulting in
giving priority to investments in commercial requirements (associated with low
uncertainty) over innovations and system requirements (associated with high
uncertainty).
The obtained answer allows addressing challenge C5 – balancing
investments in different requirements types, since it shows that
uncertainty in the value proposition a requirement causes dominance of
commercial requirements, thereby creating imbalance between
investments in commercial requirements, innovations and system
improvements. Thus the results indicate that in order to enable
investments in innovations and system requirements, it is important that
uncertainty in the value proposition of different requirements
(requirements business risk) is explicitly handled and managed by
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existing methods providing support for requirements selection decisions
in MDSPD. This can be achieved by improving the practices for
specifying value proposition of a requirement, for example by
establishing clear procedures for specifying value of different requirement
types. Further, there is a need for defining strategies that will enable
investments in requirements that are associated with higher levels of
business risk.
Currently, most requirements prioritization and release planning
approaches provide no explicit support for managing business-risk
related issues (see Section 1.3.1). The presented findings identify an
important area that must be addressed in order to resolve C5. Thus, the
presented research findings contribute to the overall goal of improving
requirements selection decisions.
RQ2: What are the challenges and opportunities created by adopting
agile principles to requirements selection decisions in MDSPD?
RQ2 is addressed in Chapter 4 and Chapter 5. Together, they provide
following answer to RQ2: adopting agile principles in their original form pose
challenges in making informed requirements selection decisions. However,
NORM gives an opportunity to apply waste minimizing approaches of agile
methods and at the same time ensure the quality of requirements selection
decisions.
Considering the lack of empirical evidence on the impact of agile
methods on product management activities in MDSPD [70], the research
results presented in Chapter 4 provide new understanding and contribute
to the companies interested in adopting agile principles for the purpose of
minimizing waste and improving quality of requirements selection
decisions. The results also serve academia, where researchers are
interested to find ways for balancing requirements analysis effort and
quality of decisions (see Section 1.3.2).
The findings presented in Chapter 4 are important since they show
that while agile methods can be seen as a potential solution for resolving
C6, when applied in a MDSPD context they negatively affect the quality
of requirements selection decisions. Thus, agile principles in their original
form cannot be used as a solution for C6. However, these findings do not
imply that agile principles cannot be used in MDSPD at all. The key here
is to apply agile principle of minimizing waste in the analysis of candidate
requirements while maintaining the ability to make informed
requirements selection decisions.
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Chapter 5 addresses C6 by suggesting a framework (NORM) for
finding a balance between waste minimizing strategies defined in agile
methods and information needs of requirements selection decisions. The
contribution of the framework lies in its structured approach for finding
just-the-necessary analysis effort for informed requirements selection
decisions.
In conclusion, research results presented in Chapter 4 and Chapter 5
contribute to the overall goal of improving requirements selection
decisions by: a) providing one of the first empirical investigations on the
impact of agile approaches on requirements selection decisions in a
MDSPD context; b) Identifying the necessity of customizing agile
approaches to the specific needs of requirements selection decisions in a
MDSPD context; c) Suggesting a framework (NORM) for balancing the
analysis effort and quality of requirements selection decisions in a
MDSPD context.
Together, the research results presented in this thesis provide new
understanding and prepare ground for creating approaches that will
enable software companies to make efficient and informed requirements
selection decisions and to balance investments in commercial
requirements, innovations and system improvements.

1.7. Future Work
It is common that when searching answers to the questions one finds even
more questions that need to be answered. This section presents future
research directions inspired by the thesis results.
Further studies on requirements value and business risk
In Chapter 2 it was found that system improvement requirements are
associated with a high level of business risk and therefore they are less
likely to be selected compared to customer specific requirements, which
are associated with lower levels of business risk. As explained in Chapter
2, high business risk of system requirements is caused by uncertainty in
the value proposition of these requirements, since system requirements
are often not directly related to customer value. The difficulties of
specifying value of system requirements is also reported in one of the
findings in Chapter 4 and is in general in line with the lack of processes
and practices for defining value of software requirements.
This situation indicates the need of creating clear practices for
specifying value of different requirements types in such a way that value
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is defined in terms of important targets of the company and not entirely
according to the customer value of the requirement. Further, in Chapter 2
the need for having better approaches and strategies for balancing
business risk associated with different requirement types was identified.
These strategies should be helpful to encourage investments in higher risk
requirements, for example innovations, and thereby increase the
development company’s potential to win markets and beat competition.
Further studies on prospect theory
The results of Chapter 3 show that prospect theory have a potential of
both explaining and affecting the outcome of RE decisions in a MDSPD
context. However, the research presented in the thesis is the very first
application of prospect theory in this context. Therefore, more studies are
necessary in order to fully understand how biases defined in prospect
theory are affecting decisions in industrial setting. For example, the
experiment presented in Chapter 3 uses student subjects, thus
experiments involving professionals need to be conducted in order to
obtain better understanding of how prospect theory biases operate in an
industrial setting.
Further studies evaluating NORM framework
Chapter 5 presents a framework for identifying just-the-necessary
analysis effort for informed requirements selection decisions – NORM.
While the framework is developed in close cooperation with industry,
further studies need to be conducted in order to evaluate and further
enhance the framework. One of the interesting directions is to conduct
studies evaluating the application of NORM in order to resolve the
conflict between agile principles and information needs of release
planning decisions identified in Chapter 4.
In summary, the thesis suggests that in order to find a better balance
between the investments in commercial requirements, innovations and
system improvements the future research should focus on the areas of: a)
improving practices for specifying value of different requirement types
and b) defining strategies for managing requirements business-risk for
requirements selection decisions. The future studies for the purposes of
finding a balance between analysis effort and quality of requirements
selection decisions include but are not limited to further studies on
NORM framework.
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Chapter 2
Investigating Impact of
Business Risk on Requirements
Selection Decisions
Abstract
In market-driven software product development, requirements that can
potentially go into a product or a product release represent different kinds
of investments. Requirements differ in the type of value that they provide
and level of risk associated to investing in them. In this chapter, we
investigate how business risk associated with different requirement types
is considered by the decision makers and how it affects requirement
selection decisions.
The results of the conducted case study indicate that due to lacking
methods for handling the requirements business risk, requirements with
low level of risk are preferred over other type of requirements such as
innovations and architectural improvements.

2.1. Introduction
In market-driven or packaged software product development (MDSPD),
planning the contents of consequent product releases is one of the most
crucial activities determining a company’s success [1, 2]. The requirements
evaluation and selection process (often associated with product planning
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and road-mapping) is a complex activity involving trade-offs between
requirements from different origins and stakeholders, such as customer
specific, market pull, technology push, and internal system requirements
[3, 4].
A major property that distinguishes MDSPD from typical customer
specific development is that in a market-driven context the software
company takes all risk related to product development. Decisions
regarding what requirements to include in a release can be seen as
investment decisions since when selecting a requirement a software
company decides to invest money and effort for its realization. The
ultimate goal of the requirements selection decision is to find a collection
of requirements which 1) will maximize the value delivered by the release,
2) is possible to deliver within the available resources and budget, and 3)
is in line with the business strategy of the company [5]. These decision are
often complex because product managers are usually faced with a large
number of requirements to choose from, and it is not always possible to
produce exact estimates of expected customer value or associated costs for
a requirement at this initial stage. This ultimately places requirements
selection decisions in a category together with other decisions involving a
high level of uncertainty and risk [6].
In order to take an informed decision on requirements investments
software companies have to properly evaluate both technical risk (related
to the level of uncertainty in technical complexity and cost estimations)
and business risk (related to the level of uncertainly of value estimations)
associated with this investment [6, 7].
In the software engineering branch we have traditionally focused on
evaluating and managing technical risks, whereas business risk-related
issues have received little attention [8]. This is also reflected in existing
methods and models of requirements selection and release planning in
MDSPD where technical risks are explicitly addressed while practices for
handling business related risks are not clear [2, 9-13]. This lack of focus on
evaluating business risk may also be reflected in the industry and could be
contributing to the difficulties that companies experience when balancing
commercial requirements against other type of requirements such as
architectural improvements and technical innovation [14-16].
In this chapter, we present results of a case study investigating how
business risks associated with different type of requirements are
considered; and to what extent they affect requirements selection
decisions. The research reported in this chapter presents the first steps
towards finding solutions for evaluating and managing business risk in
software requirements selection decisions.
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The outline of the chapter is as follows: Section 2.2 presents MDSPD as
a concept and introduces requirements investment categories. Section 2.3
gives an overview of applied research strategy and the research questions.
Empirical results, analysis and discussion on validity threats are found in
sections 2.4, 2.5 and 2.6 respectively. Finally, discussion and conclusions
are presented in Section 2.7.

2.2. Background
In typical market-driven software development the development
organization does not have one specific customer but rather develops
products for a number of customers or markets. The success of the product
depends on the customers and markets’ perceived value of the product
and the development cost, meaning that the ultimate goal is to develop a
product that will generate revenues high enough to compensate for any
risk taken [1, 17] .
The requirement types that are typically involved in the requirements
selection process cover commercial requirements, requirements connected
to innovation and system requirements (internal quality aspects, for
example architecture improvements) [3, 4, 14, 18].
The decision to include any of the aforementioned requirements into
software product can be considered an investment decision. Once a
requirement is selected, the development company invests its recourses in
the realization of the requirement and expects to receive a positive return
on investment once the product is released to the market. The risk of the
investment in the financial world is associated with level of variability in
the returns of the investment. This risk is related to the extent of variation
in a) expected value provided by the asset; and b) target costs connected to
the acquisition of the asset. Thus high level of variability gives high risk
and vice versa [19].
The variability in expected value of the investment is normally
associated with competitive risks and market risks (hereon referred to as
business risks). The variability in target costs are associated with the
unknowns involved in completing an investment, such as technical
complexity, time and effort required to build the asset (hereon referred to
as technical risk) [6, 7].
Translating the above listed definitions in the context of requirements
selection, investments in software requirements can be characterized by:
• Requirements business risk: level of variability in the expected value
of the requirement.
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Requirements technical risk: level of variability in expected costs of
implementing the requirement, usually associated with factors such
as technical complexity and required effort.
In Table 2.1, we present how investments in commercial, innovation
and system requirements can be characterized in terms of business and
technical risks.
Investment category 1 - Commercial requirements: These requirements
are usually associated with market pull. They originate directly from
customers or sales and marketing units of the development organization.
Commercial requirements may be e.g. features wished by customers and
external qualities of the product important for the customers such as
performance, reliability or security. Because of the clear link to customers
and their current needs, the value proposition of the requirements is clear
and expected value of the requirement is reasonably certain. Thus the
business risk is relatively low.
Investment category 2 - Innovation: Innovations can originate from key
customers, however mostly these types of requirements are defined by the
R&D unit of a development company and they are also the main
stakeholder of a requirement. The value offering of an innovative feature
can vary depending on aspects such as maturity of the markets, hype
factor, and other factors. The value of innovative technology may be low or
high depending on whether a technology will be acknowledged as a
standard or not, or as a consequence of several other factors [16]. Therefore
the value proposition of innovation requirements has relatively large
variation and high business risk.
Investment category 3 - System requirements: System requirements
mainly focus on system architecture and evolution aspects. They originate
from company’s R&D unit, which also is the main stakeholder of this type
of requirements. System requirements do not have a direct link to the
customer value and are often associated with internal needs of the
company to maintain a clear system architecture, which in turn provides
possibilities for faster and cheaper development and decreased
maintenance costs. Architectural improvements also are associated with
high risk since they require immediate and often long-term investment but
it is not always clear what the gain will be or when the gain can be
obtained [15].
Recent studies have shown that specifying system requirements value
is considered challenging due to its distance from customer needs [12, 20].
Because of the above listed reasons the value proposition of system
requirements is perceived as uncertain and/or highly variable.
•
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Table 2.1: Requirements investment categories
Investment
Category

Req.
value

Business
risk

Technical
risk
Varies depending on
certainty in technical
analysis & cost
estimations.

1.Commercial
requirements

Relatively
Certain

Low

2. Innovation

Highly
variable

High

Same as above

3. System
requirements
(internal quality
aspects)

Highly
variable &
hard to
define

High

Same as above

The requirement investment categories presented in Table 2.1, highlight
the need for evaluating and managing both technical and business related
risks when deciding which requirements are best to invest in. In the
software engineering field there has traditionally been a strong focus on
analyzing and managing technical risk connected with the costs and
schedules of software projects and development [8, 21] and weak focus on
business risk analysis.
Coming from a background with bespoke customer projects, there is
naturally a high focus on analyzing and evaluating technical risk and
development costs, since the business risk was taken mainly by the
customer that contracted the development effort.
In the context of MDSPD the business risk lies with the developing
organization. However, there is still very little research on how to handle
this shift. In most of the existing methods and models of requirements
selection and release planning in MDSPD practices for handling business
related risks are not clear [2, 9-13] and the software engineering industry
appears equally immature or unprepared to deal with business risk
factors.
This lack of focus and practices for evaluating and managing business
risk of requirements may be contributing to the reported misbalance
between commercial and other types of requirements, where the results
show a trend of avoiding investments in innovations and system
requirements [15, 22, 23]. The situation is troubling since avoiding
investment in system requirements may lead to system architecture
deterioration and collapse which is connected to serious losses for the
company [15].
Equally important, ignoring innovation related
requirements may lead to losing a competitive edge for the company [16].
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In this chapter we provide a first step towards finding a solution for
managing the business risk in requirement selection decisions, by means of
investigating how business risk is handled and to what extent the business
risk associated with different requirement types affects requirements
selection decisions in industry. The following sections offer details on the
research strategy employed for answering these questions.

2.3. Research Questions and Study Design
In this study we want to investigate how well the imbalance between the
different requirements types found in previous studies can be explained by
the uncertainties in value definition of a requirement and associated
business risks. The research questions are thus:
RQ1: How does business risk associated to the different requirement types
impact the requirements selection decisions?
RQ2: How are the business risk related issues handled when selecting
requirements for a future release?
In order to answer the research questions, we use a structured
questionnaire targeting professionals involved in the software
requirements selection decisions. RQ1 is answered in the first part of the
questionnaire by using requirements selection scenarios as presented in
Section 2.3.1. RQ2 is answered in the second part of the questionnaire by
means of comparing business risk-related issues with typical requirements
selection criteria in an MDSPD context, as presented in Section 2.3.2.

2.3.1. Requirements selection scenarios (RQ1)
The scenarios presented in Figure 2.1 are developed using Table 2.1 as a
starting point. The scenarios are constructed with the purpose to reflect
different levels of business risk related with different type of requirements
and are based on the requirement investment categories from Table 2.1.
For example, in Scenario 2 Requirement A represents category 1 commercial requirement from a key customer, and Requirement B
represents category 2 – Innovations from R&D. Finally, Requirement C
represents a commercial requirement with an indirect connection to the
customers. This requirement is expected to be more risky in comparison to
a key customer requirement and less risky compared to innovation.
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In order to investigate how business risk affects requirement selection
decisions, the requirement selection scenarios are used in the interview
with professionals. Each interviewee is asked to rank which of the
requirements have the highest chance of being selected by means of
prioritizing the requirements presented in each scenario. The most
important requirement is ranked as 1, and least important is ranked as n
[24].
Scenario 1
A (Key Customer): A requirement is requested by a key customer;
B (Many Customers): A requirements is requested by several
customers;
C (Survey): A requirement originating from an independent survey of
end-users that
may be attractive to several customers.
Scenario 2
A (Key customer): A requirement is requested from one of the most
influential customers.
B (R&D innovation): A requirement originating from R&D that may
apply to the existing customers and attract new markets;
C (Competitor): A requirement originating from competitor analysis
and that be attractive to existing and new markets.
Scenario 3
A (System improvement): Architectural product improvements
originating from R&D, motivated by cost reductions and higher
flexibility of the product architecture;
B (Key customer): A non-functional product improvement demanded
by a key customer;
C (Competitor): A non-functional product improvement originating
from competitor analysis that may be attractive to several customers.

Figure 2.1: Requirement selection scenarios

2.3.2. Influence of business risk criteria (RQ2)
This part of the questionnaire aims to answer RQ2 by examining the
relative influence of business risk compared to other commonly
acknowledged requirements selection criteria in MDSPD. Table 2.2
presents a complete list of requirement selection criteria used in the
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questionnaire. C1, C4-C8 represent commonly acknowledged criteria
derived from different requirement selection models in MDSPD [2, 10, 22].
C2 is adopted from corporate finance literature [25] and C3 represents
business risk as defined in Section 2.2 of this chapter.
Table 2.2: Requirement selection criteria
Selection
Criteria
C1. Expected
ROI of a
requirement
C2. Time to ROI
C3. ROI Risk
(business)
C4. Time-tomarket
C5. Impact on the
stability of the
system
C6. A measure of
missed
opportunity
C7. Value
dependencies
C8. Technical
dependencies

Definition
ROI is expressed as a relationship between gain and cost, where:
Gain is value presented by a requirement in term of potential sales or
cost savings.
Cost estimation is based on technical complexity, effort and required
competence to implement a requirement.
Investment payback time, i, e. when and how fast the brake-even of
the investment can be obtained?
Level of uncertainty in the value offering of a requirement.
Can requirement be delivered by the targeted market window?
Does a requirement introduce disturbance in system architecture or
hampers system evolution plans?
What is the cost of not implementing the requirement?
Does the requirement increase/decrease the value of other selected
requirements?
Functional and temporal dependencies between the requirements

In order to determine the relative importance of business risk-related
criteria against the common criteria used in the requirements selection
situations, the criteria presented in Table 2.2 are used in the interview with
professionals involved in requirements selection decisions.
Each interviewee is asked to prioritize the criteria according to their
impact on requirements selection decision, using the 100 dollar method
[24]. This method asks participants to spend 100 points across all of the
given criteria, to represent their relative influence. The criteria are
prioritized twice: first according to current practices and second according
to the ideal situation.

2.3.3. Case study setting and execution
The case study was conducted during the autumn 2008 at Ericsson AB.
Ericsson AB is a large enterprise operating mainly in the market-driven
context, providing a wide range of software and hardware products and
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solutions to the market. The study consisted of series of structured
interviews using the questionnaire presented in sections 2.3.1 and 2.3.2,
and follow-up workshops where results obtained through the interviews
were discussed with the study participants.
The study participants were requirements stakeholders for three
separate products developed by the company. The participants were
chosen in order to represent the roles that were either responsible and/or
involved in the requirements selection decision by representing different
stakeholders interested to push their requirements in the product. In total
14 interviews were conducted, where the following roles were
interviewed: Product managers - 6, Technical Managers – 4, Sales &
Marketing – 3, Customer support - 1.
All interviews were conducted in the form of face-to-face meetings
between the researcher and the interviewee and lasted on average 60 min.
In the beginning of each interview the researcher spent approximately 10
min to present the concepts in the questionnaire to the interviewee and to
make sure that the terminology used in the questionnaire was clear and
was interpreted in an adequate manner.
The follow-up workshops with the study participants had the format of
an informal meeting where the researcher presented the findings from the
conducted interviews and let the participants discuss the meaning and
implications of these findings. In total, two consequent workshops were
conducted. Both workshops lasted for two hours. The following roles
participated in the workshops: Product managers – 3, Technical managers
3, Sales & Marketing – 1, Customer support – 1.

2.4. Case Study Results
In this section, we present the data collected through the interviews and
the follow-up workshops.

2.4.1. Requirements selection scenarios (RQ1)
Table 2.3 presents rankings of the requirements in each scenario. In the
table, different requirements types in each scenario are depicted in the
rows and information on their rating is presented in columns. The table
shows priority orderings of each requirement for an entire group of
interviewed stakeholders. The group priority is found by identifying the
most common rank given to a requirement by the individuals, i.e. the
mode. If a single mode cannot be found (for example in case of multiple
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modes) the common value is identified by finding the median value of the
individual rankings.
In order to determine the level of agreement between the group
members we used the frequency of the common rank (Freq %), calculated
by dividing the number of responses with common rank by the total
number of responses. The agreement between the respondent answers is
considered weak if the frequency falls in the interval of 40-49%, fair when
it falls between 50-69%, strong when between 70-89% and Excellent
between 90-100%. The agreement cannot be identified when a single mode
is not found, or is less than 40%.
Table 2.3: Requirements priority based on all results
Common Rank
Rank

Agreement

Freq.
(%)

Level

Scenario 1
B (Many Customers)

1

0.62

Fair

A (Key Customer)

2

0.54

Fair

C (Survey)

3

0.92
Excellent
Scenario 2

A (Key Customer)

1

0.77

Strong

C (Competitor)

2

0.46

Weak

B (R&D Innovation)

3

0.61
Fair
Scenario 3

B (Key Customer)
A (System
Improvement)

1

0.69

Fair

2

0.62

Fair

C (Competitor)

3

0.92

Excellent

The results presented in Table 2.3 show that the respondents were quite
aligned when deciding priorities of the requirements in each scenario with
the confidence level of responses varying from Fair to Excellent. Rankings
in Scenario 1 show that requirements demanded from one (key) or many
customers are prioritized over requirements that do not have a direct link
to the customer. Results in Scenario 2 and Scenario 3 also show the same
outcome where requirements from key customers are confidently on the
first place. These scenarios also show that requirements coming from R&D
in general have lower priority compared to requirements initiated from
competitor analysis. However as shown in Scenario 3 R&D architectural
improvements that are motivated by cost reductions or improved
architecture flexibility can be prioritized over the requirements coming
from competitor analysis.
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2.4.2. Influence of business risk criteria (RQ2)
The obtained results for this question are presented in Table 2.4. The table
shows relative ordering of the criteria for an entire group of stakeholders,
found by calculating the average of all points given to a specific selection
criteria. The average points assigned to each criterion are later transferred
to relative ranks in order to produce the priority list.
Table 2.4: Relative influence of requirements selection criteria
Today
Average
Rank

Freq.%

Freq. ±1

Expected ROI

1

0.55

0.73

Time-to- market

2

0.27

0.81

Impact on system

3

0.09

0.45

Tech. depend

4

0.00

0.54

Missed opportunity

5

0.09

0.27

Time to ROI

6

0.36

0.45

Value depend

7

0.18

0.60

ROI Risk

8

0.18

0.63

Ideal
Expected ROI

1

0.60

0.80

ROI Risk

2

0.20

0.50

Time to ROI

3

0.20

0.70

Time-to- market

4

0.10

0.40

Impact on system

5

0.20

0.60

Missed opportunity

6

0.20

0.50

Tech. depend

7

0.30

0.70

Value depend

8

0.40

0.90

For each criterion the table shows average ranking, percentage of the
answers (frequency) that assigned the same rank as the average, and
percentage of the answers including average rank ±1. For example for the
criteria “Time-to market” while only 27% of persons have assigned it rank
2, the total percentage of the people who assigned ranks 1, 2 and 3 to this
criteria is 81%. This allows us to study the agreement between the
participants as to the general order of the criteria, even if the exact rank
may be of less importance.
The results show that the expected ROI of the requirement confidently
appears on the first place on both current and ideal scenarios. For the
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current practice, the average rankings indicate that Expected ROI, Time-toMarket, System impact and technical dependencies have the most impact
on the requirements selection decision, whereas the criteria Value
Dependencies and Business Risk have least impact. The answers also show
that in an ideal situation the practitioners wish to see ROI risk together
with expected ROI and Time-to Market as the most influential criteria
affecting requirements selection. In fact the ROI risk criteria have moved
from the last to the second place in the ideal scenario.

2.4.3. Results from the workshops
The presentation of interview results caused lively discussions at the
workshops, even though the practitioners felt that the outcome of the
selection scenarios have accurately captured the current relation of
business risk and its impact when selecting requirements.
The practitioners explained that requirements that did not have a direct
connection to the customers, for example innovations, architecture and
product improvements, were considered more risky compared to
requirements originating from customers. The practitioners also felt that
this risk adverse attitude was correct for the products in question while for
other products the picture could be different. The weak focus on ROI risk
related issues identified in the questionnaire was explained by a strategy to
focus on customer originated requirements.

2.5. Result Analysis
The results of the conducted case study allow identification of the
following findings:
RQ1: When it comes to the question of to what extent business risk
associated to different requirements types affect requirements selection
decisions, the outcomes of the requirements selection scenarios presented
in Table 2.3 clearly show a dominance of commercial requirements.
Further, the results indicate that business risk associated with
requirements is one of the main reasons for the dominance of commercial
requirements. Initially by the requirements selection scenarios, and later
through the workshops, participants confirm that the commercial
requirements receive priority since they are considered less risky
compared to architectural improvements and innovations. These are in
generally associated with larger business risk since they do not have a
direct link to the customer.
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RQ2: The results from the second part of the study, as presented in
Table 2.4, reveals that for the studied products improvements can be made
when it comes to analyzing business risk related criteria compared to other
criteria, for example time-to-market, system impact and technical
dependencies of the requirements.
This is mainly explained by the fact that currently the requirements
selection process is mostly focusing on satisfying commercial
requirements, which are by their very nature associated with low business
risk. However there is a wish to use business risk related criteria more
actively in the decision making process. The identified lack of focus on
analyzing business risk related criteria in the studied case is well in line
with the available literature of requirements selection techniques in
market-driven software product development [2, 9-13], where we have
found much focus on technical risk analysis and limited focus on business
risk.

2.6. Validity Threats
Any empirical study is associated with some types of validity threats. For
this study the following threats are most important to consider: 1) Design of
the questionnaire: the requirements selection scenarios used in the
conducted study provide a rather simplified model of requirements
selection situations in an MDSPD context, both in terms of diversity of
requirements types and the richness of requirements descriptions. For the
purposes of this study and in order to control the participants’ perceived
business risk of requirements, the problems were reduced to reflect the
most basic differences in business risk between the requirements. Thus,
despite their simplicity the utilized scenarios can still provide a goodenough basis for answering the research questions. Another potential
problem with the questionnaire is the respondent’s interpretation of the
question formulations and terminology used in the questionnaire. In order
to minimize the risk of different interpretations the researcher has spent
some time in the beginning of each interview to introduce and clarify
terminology used in the questions. 2) Generalizability of the results: The
identified empirical results could be influenced by the business model and
character of the studied products, and may thus potentially create
problems to generalize the findings. On the other hand the study findings
are well aligned with other studies reporting dominance of commercial
requirements [14, 15, 22, 23]. Hence the results from this case study may
still be used to motivate a need to consider business risk-related issues
more actively in software requirements selection situations in general.
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2.7. Discussion and Conclusions
In this chapter, we investigate whether the dominance of commercial
requirements over system improvement and innovation related
requirements could be explained by the business risks associated to the
investment in these requirements.
The results of the conducted case study show a risk adverse attitude in
requirement selection decisions, where commercial software requirements
are prioritized over system improvements and innovations. This happens
since commercial requirements are associated with less business risk
compared to the other requirement types.
This outcome provides confirmation for the classification of the
requirements’ investment categories presented in Table I. It also offers an
insight that the dominance of commercial requirements in the
requirements selection decisions found by other researchers [14, 15, 22, 23]
can be explained by identified improvement potential found in the
practices for dealing with requirements investments that are associated
with high business risk. This indicates that the problem of balancing
commercial and other types of requirements can be resolved by
introducing strategies for managing business risk associated with
requirements.
The study findings also show a limited focus on managing business
risk related criteria as opposed to aspects related to technical issues
connected with the requirement and time-to-market. In a situation where a
company is pressured with time-to-market deadlines, and tough demands
to show positive results on quarterly basis, the focus on commercial
requirements becomes natural. In fact existing research in decision theory
suggests that by default most decision makers will choose defined and
sure benefits over unclear or uncertain benefits [14].
Considering a by default risk-adverse attitude of decision makers when
it comes to benefits, the results of this study provide an important
message: Unless software companies are equipped with strategies and
methods that help in estimating, managing and balancing different levels
of business risk associated with different types of requirements, system
improvements and innovations will not survive the competition against
commercial requirements which are associated with guaranteed and direct
benefits.
The implication of the research presented in this chapter is that in order
to enable software companies to invest in requirements that do not have a
guaranteed value (and thus an increased business risk, (see Table I),
software companies need better methods for specifying value attached to
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requirements and strategies for handling investments associated with high
business risk.
Both of these areas are currently not emphasized in MDSPD literature
(for example mechanisms for evaluating requirements value are mostly
still not defined and most of the requirements selection and product
planning literature lack support for handling business risks) and thus
provide an arena for future research and possibility to provide better
solutions for the practitioners.
The research presented in this chapter contributes both industry and
academia in the following way: 1) to the best of our knowledge this
chapter is one of the first attempts to investigate how business risks
associated with requirements investment situation are handled in industry
and thus it provides novel results and insights. 2) The results of the study
provide a potential explanation to the misbalance between commercial and
other types of requirements identified by other researchers. 3) The
reported research results identify lack of support for managing business
risks associated with requirements selection decisions, thereby defining a
future area of research.
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Chapter 3

Attitudes to Value and Risk
in Requirement Selection
Abstract
Finding a balance between commercial (customer specific, market pull and external quality requirements) and internal quality requirements is a recognized
challenge in market driven software product development (MDSPD). In order
to address this challenge it is important to understand the preferences and biases influencing decision makers selecting requirements for software releases.
Prospect theory has been successfully applied to many disciplines. Applying it
to MDSPD suggests decision makers will avoid risk when selecting between commercial requirements, take risk with internal quality requirements, and prefer
commercial requirements over internal quality requirements in order to maximize their perceived value. This chapter seeks to investigate this claim. This
chapter presents an experiment investigating whether the biases proposed by
prospect theory can be seen operating in MDSP requirements engineering (RE).
The results indicate risk avoidance when dealing commercial requirements, while
greater risk is taken when dealing with internal quality requirements. As this
is the first research paper to use prospect theory to explain requirements selection decisions, it presents opportunity to educate people in the biases they
bring to the RE process, and facilitate the creation of strategies for balancing
the different requirements types.
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3.1

Introduction

Requirements engineering (RE) is a decision rich activity, and RE decision support as a field has received increasing attention as market-driven software product development (MDSPD) has taken off [16, 1, 19, 5]. Due to the growing
popularity and complexity of MDSPD, it is important to understand how inherit biases influences decisions made in this area. This chapter explores one
key bias presented through prospect theory, and how it impacts value and risk
perception.
MDSPD is focused on the task of selecting a set of requirements that should
be included in the coming releases of a product. The success of the product is
measured in sales and is related to how much the product features are valued
by the customers.
The requirements selection process in MDSPD is often perceived as a very
complex activity. This complexity is explained by:
• A large number of requirements that need to be considered;
• A variety of different technical aspects that need to be taken into account
before a selection of the requirements can be made; and
• The challenge associated with taking decisions based on the decision material of variable quality (such as uncertain cost and value estimations).
Thus, the authors of this chapter classify requirements selection as occurring
in a high-risk environment.
Requirements selection in MDSPD often involves situations where a decision
maker must choose between requirements of different types. Key requirement
types include commercial requirements – originating from the market and key
customers; and system requirements (internal quality requirements) – often connected with system maintenance, quality and architecture. The challenge here
is to find a balance between commercial and system requirements, such as to
allow satisfying the immediate market and customer needs, as well as assuring
the healthy product architecture evolution.
Recent studies on MDSPD show that commercial requirements are perceived
more important than system requirements [25, 26, 2, 3]. However, these studies
also show that system requirements are generally undervalued. Considering the
impact of requirements selection decisions on the business of a development
company, it would be useful to have an understanding of the heuristics and
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cognitive biases behind these decisions, which according to the classical decision
theory govern the decision outcome [18].
In this chapter prospect theory [11, 24] is used to explore biases behind
requirement selection decisions in a MDSPD context. While this breaks normative assumptions about decision making in risky situations referenced in most
engineering literature [15], decisions made by software project managers have
found to be better modelled by prospect theory than the more common utility
theory.
Prospect theory models decision makers’ attitudes towards risk in terms of
gains and losses [18]. It predicts that people will be risk adverse when selecting
between options described in terms of gains, and risk taking when deciding between options described in terms of losses. Given that software requirements in
MDSPD RE can be described in terms of revenues (gains) and/or costs (losses)
it seems interesting to apply prospect theory in order to explain the choices of
decision makers.
Assuming that in MDSPD commercial requirements are normally associated
with revenue, while system requirements are associated with costs, applying
prospect theory would suggest decision makers will take risks with system requirements. As these requirements are associated with cost, the preference is to
delay spending in the short-term, despite the potential for increased costs later
and thus taking a risk.
Conversely, since commercial requirements are associated with gains, decision makers will be more risk adverse when selecting and prioritizing these
requirements. This means preference will be given to requirements with a more
reliable revenue stream, even if the alternatives could yield greater ROI.
In the experiment presented in this chapter the authors investigate how well
prospect theory applies to MDSPD RE. To the best of the author’s knowledge
this is the first time prospect theory has been applied to MDSPD. The primary
objective is to investigate the decision maker’s attitude towards risk, as well as
perception of requirements value when it comes to choosing between alternatives
of both cost and benefit.
The structure of this chapter is as follows; Section 3.2 presents the special
characteristics of MDSPD and provides an overview of how prospect theory can
be used to explain and model requirements selection decisions in an MDSPD
environment; Section 3.3 details the research question and the experiment design; the experiment results and analysis are found in Section 3.4 and finally
Section 3.5 presents conclusions and future work.
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3.2

Background

The following section provides a brief summary of the characteristics of requirements selection process in MDSPD. This is followed by a presentation of
prospect theory and an experiment that explore attitudes towards losses and
gains. The section concludes with a discussion on how prospect theory can be
used to explain requirements selection decisions in MDSPD.

3.2.1

Market Driven Software Product Development

In typical MDSPD the development organization is the main stakeholder and
owner of a developed product. The product evolves over time with new functionality added and offered to the general market through product releases. In
MDSPD the development organization takes most risks and is responsible for
development costs of the product. Delivering the right set of functionality when
the market is ready for it is critical for the success of the software product.
Market-driven development is largely product focused and many important
activities are performed prior to the initiation of the development projects (i.e.
pre-project). The goal of pre-project activities is to catch, analyse, select and
plan requirements for future releases of the product. Pre-project activities
should result in a prioritized list of requirements that are assigned to a specific
release. These requirements are then realized through one or more development
projects.
The importance of correct decision making pre-project is acknowledged and
highlighted by both industry and academia. However, finding a perfect set of
requirements is considered impossible due to a variety of different criteria that
need to be taken into account and conflicting interests of stakeholders. Each
stakeholder group is interested to see their requirement in the next release [13,
20, 17].
Different requirement types that are typically involved in requirements selection process are shown in Table 3.1 [19, 12, 8]. Customer specific features and
Market pull requirements, which are often referred to as commercial requirements originate from the customers. In the case of Customer specific features
the main stakeholder is one key customer, whereas for Market pull requirements
the main stakeholder is often a marketing or sales unit representing a number
of customers.
Innovation requirements can originate from Key customers, however mostly
these requirements are defined by the R&D unit of a company.
The stakeholders of External quality aspects can be represented by both
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Table 3.1: Requirement types in MDSPD
Requirement Type
Customer specific features
Market pull requirements
Innovation

External quality aspects
System requirements
(Internal quality aspects)

Explanation
Requirement originating from one of the key
customers
Requirements originating from more than one
customers that represent a certain market
Requirement usually originating from the
company’s R&D. Examples of this may be innovative technology, patents, innovative features, etc.
Requirements concerning usability, security,
reliability and other quality issues
These are system architecture specific requirements, connected to system architecture
health, flexibility, and evolution.

external parties, such as customers and internal parties such as R&D. Finally,
System requirements mainly focus on system architecture and evolution aspects
and almost always originate from organisations’ R&D units.
Recent studies on MDSPD show that commercial requirements are perceived
more important than system requirements [25, 26, 2, 3]. However, these studies
also show that system requirements are generally undervalued. The situation
where system requirements are usually given a lower priority is troubling system
engineers as it will lead to system architecture deterioration and collapse in the
longer term, which can be connected to serious losses for the company.
Finding a trade-off and profitable balance between commercial and system
requirements is very important for the success of a product. But before this
trade-off can be found, the authors believe an understanding should be reached
of the reasoning and decision frames that govern decision making process in
MDSPD RE. This is where the authors believe prospect theory may be useful.

3.2.2

Prospect Theory and Related Works

Prospect theory was developed by Daniel Kahneman and Amos Tversky [11],
for which Kahneman won a Nobel Prize in economics in 2002. It examines
possible outcomes in terms of gains and losses to determine the value of these
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outcomes [18]. When asked about the preferred choice between the “sure thing”
and a risky option, it is assumed that the decision maker’s attitude to risk is
revealed. If X is the monetary outcome, 0.5 is the probability of “winning” X
and V is the value of a choice option, the preferences in Table 3.2 reveal the risk
attitude of an individual.
Table 3.2: Risk preferences
Scenario
V (X) = V (0.5 ∗ 2X)
V (X) > V (0.5 ∗ 2X)
V (X) < V (0.5 ∗ 2X)

Risk
Risk
Risk
Risk

Attitude
neutral
adverse
taker

Risk Preference
Indifferent between the options
Prefers the “sure thing”
Prefers the risky option

While prospect theory is built on utility theory, prospect theory differs in
that it considers issues from within a reference frame. Utility theory looks at
net wealth, where prospect theory considers gains and losses. Thus prospect
theory can explain why a loss of $500 is felt more strongly than a gain of $500.
Prospect theory has many practical applications, even within software engineering. It has been used to understand the reasons behind software project
escalation [14], explain why early involvement in software project bidding leads
to higher quotes [10], and support with the pricing of software bundling [6].
What is interesting about prospect theory is the relationship between the outcome and value is not linear, as seen in Figure 3.1. The function is steepest
around zero and flattens out as the losses and gains become greater. It is also
steeper for losses than gains.
The properties of the function mean that $500 loss is felt more strongly than
a $500 gain as the relative value for losses is greater than the value for a similar
sized gain. This can be seen in Figure 3.1 by using the guide markings.
Given the choice between (a) a 50% chance of gaining $1000 or (b) a sure
gain of $500, most people select the safer option, B [11]. Figure 3.1 shows that a
doubling in gains is not equivalent to a doubling in value, so the value delivered
by option B on average is actually less than option A (as the value derived from
the average of no gain and a $1000 gain is less than the value of a $500 gain).
Conversely when presented with options to (a) lose $1000 with 50% probability or (b) a sure loss of $500, most people chose the riskier option A [11]. As
more value is lost from $0 to $500 than from $500 to $1000, the expected value
of the outcome is less than the guaranteed loss of $500.
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Figure 3.1: Value function from prospect theory

Another implication of prospect theory is that preferences will depend on
how a problem is framed [18]. If the decision maker perceives the outcome as
a gain they will accordingly act in a risk-adverse manner, while acting in a
risk-taking manner where the perceived outcome is a loss.
Framing has been found to play an important role in medicine. How the
benefits of a vaccine are framed will yield very different take-up rates [15].
Patients who are told a vaccine is guaranteed to stop a virus are more likely to
take it, than patients who are told a vaccine will stop two equally likely viruses
with 50% probability.
However, these results would suggest that most people would not buy insurance. Replicas of the original experiments into prospect theory have found
that most people act differently depending on whether the cost is framed as a
gamble or an insurance [9, 23]. When a cost scenario is framed as insurance
most people are risk adverse preferring to pay the smaller fixed amount, while
when it is presented as a gamble people prefer to take on the risk.
Kahneman and Tversky [11] also found that people overweighed low probabilities and underweighted higher probabilities. This explains why people are
prepared to buy lottery tickets.
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3.2.3

Using Prospect Theory to Explain Requirements Selection Decisions

Given prospect theory can be applied to decision-making processes in disciplines
from finance to medicine [28], this section proposes how prospect theory can be
used to explain the requirements selection decisions in MDSPD – in this context
losses are described in terms of costs and gains in terms of revenues.
The requirements types presented in Section 3.2.1 are represented in Table 3.3 with information on whether each is perceived as generating costs or
revenues. Commercial requirement types are marked with an asterisk, while
system requirement types are not.
Table 3.3: Requirement associations and related risk
Requirement Type
Customer specific features
Market pull requirements
Innovation
External Quality aspects
System Requirements (internal quality)

*
*
*
*

Cost/Revenue Driver
Revenue
Revenue
Revenue
Revenue
Cost

Commercial and system requirements are obviously very different in nature.
Commercial requirements are clearly associated with customers – and therefore
with revenue, while system requirements are associated with costs. This result
can be seen through the language used to describe the different requirement
types. Commercial requirements are referred to as business opportunities, and
are discussed in terms revenue generation and expanding markets. In contrast
system requirements are discussed as costs and must be justified with either,
“If we do not do this now it will lead to higher costs in the future,” or, “If we
make this change now we will be able to lower our production costs.”
As commercial and system requirements can be described in terms of gains
and losses, prospect theory has an obvious connection in how these different
requirement types are valued. This is seen most clearly by replacing gains and
losses with revenue and costs, and placing requirements of different types on the
graph in Figure 3.1.
Looking at a commercial requirement with an expected gain, one can see
that a doubling of the gain does not double the value of the requirement. Similarly halving the gain does not halve the value of the requirement. The results
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from previous studies of prospect theory would therefore suggest that decision
makers would be risk adverse when selecting commercial requirements, preferring guaranteed returns over larger riskier returns. Conversely decision makers
would prefer to take more risk with system requirements, trying to minimize
costs, even if these savings come at the risk of spending more money.
Different levels of risk are associated with the various requirement types. A
customer specific requirement often has a customer willing to foot the entire
cost, and one may reasonably assume that an individual customer is indicative
of wider market demands. The return on investment of an innovation, however,
does not have the same guaranteed revenue stream, but there is a potential
for large revenues if the requirement proves popular. Internal system quality requirements are likewise risky as they involve investments in the longer-term sustainability of a software product. This could mean, for example, a requirement
is developed allowing different database systems to be used with the product,
but if this is never used the cost was unnecessarily incurred. It should also be
noted that the customer is only aware of commercial requirements, with only
the development organisation having clear visibility into internal system quality.
Given the clear link between prospect theory and MDSPD RE, the aim of the
experiment presented in this chapter is to investigate whether prospect theory
holds in an MDSPD RE setting. While the authors acknowledge MDSPD RE is
a complex decision making setting, the focus of this chapter is on understanding
the bias towards the perception of value as proposed by prospect theory, and
how it may impact the decision making process.

3.3

Experiment Planning and Operation

This section presents the research question and major steps in the experiment
planning and operation.

3.3.1

Research Question

The goal of the experiment presented in this chapter is to investigate if the
results of the experiments conducted by Tversky and Kahneman [11, 24] can be
seen in the MDSPD RE context - that is people are more risk taking when it
comes to losses (costs) and risk adverse when it comes to gains (revenue).
In order to investigate this idea, the experiment follows the arrangement
of the experiments conducted by Tversky and Kahneman [11, 24], but places
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the participants in a MDSPD RE context. Thus the research question for the
experiment is formulated as follows:
When selecting requirements, do product managers show more riskadverse behaviour with requirements formulated in terms of revenue,
than with requirements formulated in terms of cost?

3.3.2

Experiment Instrumentation

A questionnaire was developed to investigate whether the participants behave
in a manner that can be predicted by prospect theory. A range of risk levels and
monetary values was used. The questions included are presented in Table 3.4.
In order to control the variable for value gains and losses are only described in
monetary terms. While providing a richer context would better simulate reality,
it is not easy to assess what value participants place on the different aspects
that make up this context.
Each set of questions is designed in the similar style used in the original
experiments by Tversky and Kahneman [11, 24]. Examples of the original questions can be found in Table 3.5.
From the questions presented in Table 3.4 and Table 3.5 it is easy to see the
similarities between formulation of the questions from the authors’ experiment
and the original experiment. However, the question formulation differed between
the original and authors’ experiment with the original experiment using zero
gain and zero loss as an option in each case. The effect of this difference in the
design of the questions is discussed in Section 3.4.
A number of measures were undertaken to reduce systematic biases in the
results. The order effect was addressed by systematically varying the order of the
questions in the study. Additionally questions were placed between questions
on revenue and cost to distract the participant from their previous answers.
A pilot of the questionnaire was completed prior to conducting the experiment. Two lecturers in software engineering completed the questionnaire, with
both feeling they had a clear understanding of what was required, and were able
to make informed decisions.

3.3.3

Experiment Subjects

The experiment involved 71 student participants completing either their final year of undergraduate studies or a masters in Software Engineering at
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Table 3.4: Question sets for revenue and cost
Set
1

Revenue
Select one requirement:

Cost
Select one requirement:

A has a guaranteed revenue
of e10,000.

A has a cost of e10,000.
B could cost e200 with
30% probability and
e14,200
with
70%
probability.

B could raise e2,400 revenue with 75% probability, and e32,800 revenue with 25% probability.
2

Select one requirement:

Select one requirement:

A has a guaranteed revenue
of e10,000.

A has a cost of e10,000.
B could cost e2,000 or
e18,000 with equal
probability.

B could raise e2,000 or
e18,000 revenue with
equal probability.
3

Select one requirement:

Select one requirement:

A has a guaranteed revenue
of e10,000.

A has a cost of e10,000.
B could cost e2,400 with
75% probability and
e32,800 with 25% probability.

B could raise e200 revenue
with 30% probability,
and e14,200 revenue
with 70% probability.
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Table 3.5: Questions from related studies
Ref
[24]

[11]

Gain
Select one:

Loss
Select one:

• A sure gain of $250.

• A sure loss of $750.

• A 25% chance to gain
$1000, and a 75%
chance to gain nothing.

• A 75% chance to lose
$1000, and a 25%
chance to lose nothing.

Scenario:
In addition to
whatever you own, you have
been given $1000. You are
now asked to choose between
the alternatives:

Scenario:
In addition to
whatever you own, you have
been given $2000. You are
now asked to choose between
alternatives:

• A 50% chance of gaining $1000.

• A 50% chance of losing
$1000.

• A sure gain of $500.

• A sure loss of $500.

Blekinge Institute of Technology, Sweden. The group consisted mostly of international masters students, who came from Pakistan, India, China, Iran, Nepal,
Bangladesh, Nigeria, Germany and Jordan; with four undergraduate students,
all Swedish.
Forty-nine of the participants had prior experience of working in the software industry. The Swedish students had experience from software engineering
projects in terms of project courses which are run in tight cooperation with
industry and very much resemble real development in industry. At the time
of the experiment most of the students had completed the courses in Software
Requirements Engineering and Software Verification and Validation, thus the
students were assumed to be familiar with requirements engineering concepts.
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3.3.4

Experiment Operation

The experiment was conducted at Blekinge Institute of Technology in the spring
of 2008 during a single two-hour session.
Prior to starting the experiment the participants were introduced to the role
of a software product manager and presented with the key performance indicators (KPIs) used to assess a person in this position. The list of KPIs included
responsibility over the selection of requirements in a release to maximize the
profit (return on investment) generated by the sales of a product. The KPIs
remained visible for the duration of the experiment and the participants were
encouraged to act in accordance to them.

3.4

Results and Analysis

This section presents the results, with an analysis and discussion.

3.4.1

Presentation of Results

The results of the experiment are presented in Table 3.6. The table shows the
percentage of participants that chose the safe and risky options for the cost and
revenue related questions in each of the question sets presented in Section 3.3.2.
Table 3.6: Participant responses (percentages)

Set
1
2
3

Revenue
Safe Risk
0.69 0.31
0.68 0.32
0.56 0.44

Cost
Safe Risk
0.49 0.51
0.68 0.32
0.52 0.48

As shown in Table 3.6, most participants were risk adverse when answering
questions related to revenue, with most selecting the safer option. For the
revenue questions presented in Question Set 1, 69% chose a safe option, in
Question Set 2 a similar 68% chose the safe option, while in Question Set 3
56% chose the safe option.
The results for the cost related questions show only a small difference in
preference between the safe and risky options in Question Set 1 and Question
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Set 3. However, in Question Set 2 the participants were more risk adverse,
which was the opposite of what was expected (68% safe).
Comparing the answers between the revenue and cost related questions, the
results show increased risk taking attitude in cost related questions for Question
Set 1 (from 31% to 51%) and Question Set 3 (from 44% to 48%). The attitude
towards risk is unchanged for Question Set 2.

3.4.2

Analysis

The results for revenue related questions show a preference for avoiding risk
in each and every case, demonstrating alignment with aligned with the original
experiment conducted by Tversky and Kahneman [11]. While the results showed
more risk-taking behavior in the questions related to cost, the results were not
as strong as the original prospect theory experiments.
The level of risk avoidance is higher for the revenue questions in Question
Set 1 and Question Set 3 than for the questions regarding cost in the same
question sets. When it comes to cost related questions, two of the three tested
cases (Set 1 & Set 3 ) do not show a strong preference to take or avoid risk.
These combined results, when considered relative to one another, indicate a
more risk-adverse behaviour with requirements formulated in terms of revenue,
than with requirements formulated in terms of cost.
The results for Question Set 1 and Question Set 3 show a clear change in
attitudes towards risk between requirements termed as costs and requirements
termed as revenue. While the result for Question Set 2 did not show a strong
difference, the majority of the cases support the application of prospect theory
to software requirements selection.

3.4.3

Discussion

The results of the experiment indicate that decision makers will be more risk
adverse when choosing between requirements formulated in terms of revenue,
compared to when choosing between requirements formulated in terms of cost.
This provides ground for concluding that prospect theory can be used to understand and explain decision making in MDSPD requirements selection situation.
The observed attitude towards risk taking for cost related questions was
not as strong as expected, however, aspects of this may be explained by the
experiment design. The participants of the experiment are students and do
not have the same sense of ownership and responsibility towards the money of a
real product manager. This could mean that they were not as sensitive to losing
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money. For example, looking at the cost related questions in Question Set 2,
it is reasonable to assume that the students did not see the value of taking the
risky option because it was not their own budget, own reputation or job position
that was at stake. Another difference is that in original experiments in prospect
theory, the subjects were offered to decrease the loss to zero, which may have
motivated more to risk as other psychological factors are involved with zero [22].
The authors expect an experiment involving professional software product
managers would be more aligned with the original experiments as people in
this role have a greater sense of ownership in the product for which they are
responsible and will face a greater loss in reputation for failing to meet budget
than the experiment participants. This assumption is supported by findings of
the study on application of prospect theory on software project decisions, where
project managers’ decisions were found to be aligned with prospect theory [15].

3.4.4

Validity Threats

Internal and external validity threats are most important to address for experiments in software engineering field [27] and social sciences [21].
Internal validity is concerned with identifying whether the observed result
of the experiment is influenced by other factors than the experiment treatment.
For the experiment presented in this chapter an ordering effect (learning) and
experiment instrumentation (the way questions are formulated) are the most
significant threats.
Treatment order effect would means the order the questions are presented
will affect the participants’ answers. To minimize this threat, the order of cost
and revenue questions were systematically varied in the study.
To minimize the risk associated with the question formulations, a pilot of
the experiment was conducted involving three participants. The intention of the
pilot was to discover ambiguities and improve the formulation of the questions.
External validity is associated with the possibility to generalize the outcome
of the experiment. While using students as experiment subjects usually puts a
threat for generalizing the results [4], most of the students participating in the
experiment have prior industrial experience and are trained in the requirements
engineering field at a masters level. However, the participants may not have felt
the responsibility for the success of the product in the same way that a product
manager in industry would. As discussed earlier in Section 3.4.3 this provides
ground for assuming that an experiment involving professionals will be more
aligned with the original experiments in prospect theory.

73

Attitudes to Value and Risk in Requirement Selection
MDSPD RE operates in a much more complex setting than that modelled
in this experiment, potentially impacting the generalisability of the result. For
example, while it can be argued that software requirement selection decisions
are more commonly group decisions, and not up to individuals as modelled in
this experiment. However, the application of the results in a group situation
should still be possible as research has shown than individuals’ attitudes to risk
are translated into a groups attitudes to risk [7]. Similarly, while requirements
are more complex than questions of cost and revenue, in order to control the
participants perceived gains and losses and how these impact value, the problems
were reduced to monetary terms.
The results presented in this chapter are inline with other findings from industry, recognising the importance commercial requirements with a fixed return
over more variable market opportunities [2]. Similarly, literature recognises the
risk-taking attitude towards system requirements [25, 26, 2, 3].

3.5

Conclusions and Future Work

The intention of the research presented in this chapter is to investigate if the
ideas behind prospect theory, one of the prominent theories in decision making,
can explain requirements selection decisions in market-driven software product
development (MDSPD). The experiment presented is this chapter replicates the
design of the original experiments into prospect theory, but places it in the
context of requirements selection situations in MDSPD.
The experiment results show a clear potential for applying prospect theory in
MDSPD setting. The participants consistently displayed risk adverse behaviour
when selecting between requirements described in terms of revenue. In two of the
three cases investigated the participants were more risk taking when selecting
between requirements described in terms of cost when compared to the revenue
situation. The increase in risk taking attitude was not as distinct as anticipated.
However, the authors’ expect that an experiment involving professionals would
show larger difference between risk taking approach between the revenue and
cost related situations.
To the best of the authors’ knowledge the work presented in this chapter
is the very first application of prospect theory in MDSPD requirements selection context. The insights found in this chapter provide contributions both to
researchers and practitioners in this field, as they open up possibilities for explaining the behaviour of decision makers in different requirements selection situations. This provides an answer to why resent studies observe internal quality
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requirements being consistently undervalued compared to commercial requirements, as well as help in finding ways for managing the balance between different
types of commercial requirements originating from market pull and technology
push.
Looking more closely at commercial requirements, prospect theory suggests
preference favour for the guaranteed revenue stream over more uncertain options. Looking at the different requirements types, this would translate to a
preference for customer specific features over innovation related requirements,
as predicting market demands brings with it more risk.
The situation for system requirements is more complex. As these requirements are viewed as cost-drivers, they cannot be directly compared with the
other types of requirements that are perceived as delivering revenue. This highlights the need to describe system requirements in terms of the gains that they
deliver, so that a comparison between requirements of different types can be
made. However, it should be noted that the risk associated with system requirements is still higher – so even when described in terms of gains, natural
preference will be given to less riskier options. Putting this in MDSPD context implies that unless there is a clear strategy for balancing commercial and
internal quality requirements, the later will be consistently down- prioritized
until the point when the architecture issues will pose an impediment for the
production of commercial features.
A number of actions should be undertaken as future work. A follow-up study
is planned involving software product managers from companies working in a
market-driven software development context, helping address issues faced in the
experiment presented in this chapter. Additionally this work should be used to
educate software project managers to the biases they bring to the development
process, and will be used as an input to a model to help software product
managers balance requirement types when selecting requirements for a release.
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Chapter 4
Understanding Impact of Agile
Principles on Market-Driven
Software Product development
Abstract
Agile development methods such as XP, SCRUM, Lean Software
Development and others have gained much popularity during the last few
years. Agile methodologies promise faster time-to-market, satisfied
customers and high quality software. While these prospects are appealing,
the suitability of agile practices to different domains and business contexts
still remains unclear. In this chapter we investigate the applicability of
agile principles in the context of market-driven software product
development (MDPD), focusing on pre-project activities. This chapter
presents results of a comparison between typical properties of agile
methods to the needs of MDPD, as well as findings of a case study
conducted at Ericsson, an early adopter of agile product development. The
results show misalignment between the agile principles and needs of preproject activities in market-driven development. This misalignment
threatens to subtract from the positive aspects of agile development, but
maybe more importantly, threaten the overall product development by
disabling effective product management.

Top
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4. top
4.1. Introduction
Agile methods are attractive to software companies since they promise
shorter time-to-market, as well as higher flexibility to accommodate
changes in the requirements and thereby increased ability to react to
changing customer (market) needs [1, 2].
The major feature of agile methods is to use iterations of small
development projects developing limited sets of the most important
functionality at a given point in time. The common property of agile
methods is reactive rather than proactive tactics, encouraging quick
adaptation to change rather than planning for it. The goal of agile
methods is to eliminate long pre-study and analysis of requirements and
start feature production as soon as possible. The positive aspect of this
approach is that it speeds up the production of functionality that is
considered important at present; the downside is that it limits the
possibility to control and plan the content of a release [2, 3] .
The flexibility and ability to quickly respond to market fluctuations
makes agile/lean development methods attractive for companies
operating in a market-driven context, despite the fact that the long-term
impact of adopting these principles and their applicability in the marketdriven context are to a large extent unknown. Existing studies and
experience reports from application of agile methods are mostly isolated
to evaluating the performance of these methods on software development
activities, such as increasing developers’ efficiency, producing better
quality code and so on [4]. Isolated experience chapters on increased
customer satisfaction exist, but then the studied project was developed
according bespoke practices, i.e. in a customer developer relationship
with a contractually bound effort and not in a market-driven context [5]
[6].
To the best of our knowledge, currently there are no studies analyzing
the impacts of agile/lean development principles on either pre-project
activities, such as product planning/management in market-driven
product development, or the long-term impact of optimizing the project
perspective rather than that of products or product portfolios.
The most important aspects of market-driven product development
are requirements triage (initial selection), requirements prioritization and
planning (release planning) i.e. deciding which of the thousands of
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potential requirements should be implemented, and when [7-9]. The main
task of product management is to weigh all types of criteria ranging from
market demands, trends, key-customer demands, to technical and longterm product impact, and arrive at decisions supported by the company
and product strategy. Selecting the best subset of requirements for
implementation has to take both the long-term and short-term
perspectives into account as well as market-pull and technology push.
In light of the effect of pre-project activities on the success of any
company practicing market-driven development, it becomes important to
know what kind of impact agile principles have on product management
and critical pre-project activities such as initial requirements triage,
prioritization and release planning. This is important in order to
determine to what extent agile principles can be adopted in market-driven
organizations, and what product management and pre-project practices
should be in place to maximize the positive aspects of lean development
in projects [7-9].
This chapter investigates the impact of agile principles on pre-project
activities in market-driven product development by studying an industry
case. The study is performed in collaboration with Ericsson AB in
Sweden, where a large effort to move from “traditional” pre-study
intensive development to lean development (agile) has been ongoing for
over three years. An early evaluation of the move to lean development
and its potential was presented by Tomaszewski et al [10]. The case study
in this chapter presents a post change evaluation at the same company,
but from the perspective of pre-project activities and the potential
misalignment between the needs of product management and agile
principles. In addition to this, the chapter also qualifies the challenges
with future research directions and suggestions as how the misalignment
could be handled.
The rest of this chapter is outlined as follows: Section 4.2 provides a
background to agile software development and market-driven software
product development (MDPD) where the common aspects of agile
methods are put against the special needs in a market-driven context.
Further, a short overview of empirical evidence on agile methods is
provided. Section 4.3 gives details on study design and execution. Case
study results, analysis and discussion can be found in Section 4.4 and
Section 4.5 respectively. The chaoter is finalized by conclusions and future
work in Section 4.6.
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4.2. Background and Related Work
4.2.1. Common aspects of agile software development
methods
The introduction of extreme programming (XP) in the late 90s is
commonly acknowledged as a starting point, coining the term agile in
software development. In 2001 other agile initiatives such as Dynamic
Systems Development Method (DSDM), Crystal, Feature Driven
Development, and SCRUM joined XP and the “Agile Manifesto” was
formed describing the ideas and agile commonalities [11, 12].
Nowadays agile methods are quite popular and are seen as an
alternative to the traditional plan-driven methods, which thus far have
been the basis for accepted practices in software engineering [10-12]. Plandriven methods are characterized by heavy upfront planning, focus on
documentation, predictability and repeatable processes [3]. Lately these
methods have been criticized for their inability to accommodate change
and the high costs that are associated with updating documentation and
plans [13-15]. On the other hand agile methods are designed to
accommodate rapid change [2, 16]. In order to be flexible agile methods
rely on individuals and their knowledge rather than processes, value
working piece of software over complete requirements specifications and
design plans; and encourage responding to a change rather than planning
for it [17].
The latest contribution to the agile community, Lean Software
Development (Lean SD) [14], is based on a collection of attitudes and
principles originating from the successful concepts of lean manufacturing
developed by Toyota known as the Toyota production system [18]. The
original lean manufacturing principles at Toyota (Eliminate waste,
Amplify learning, Decide as late as possible, Deliver as fast as possible,
Empower the team, Build integrity, etc.) are based on continuous
improvement and elimination of waste. Since these principles are rather
general they can be interpreted and adapted to suit different applications
and business domains, for example software development. This can be
seen as an advantage as the applicability of agile methods are generally
considered to be limited to small to medium sized enterprise developing
medium sized non-critical applications [2, 3, 19]. However, the current
translation of lean principles to software development [14] is fully
compliant with, or even designed after, existing agile principles. This
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might imply a limitation of this potential, limiting the flexibility of the
origin ideas behind the lean development.
In general agile methods may vary when it comes to the specific
application of certain practices. However, they all follow the main
principle of producing working software in small iterations, and utilizing
small teams of dedicated individuals that focus on software development.
The common aspects of agile methods can be summarized by the
following principles (hereafter called Agile Property (AP)) [11-13, 16, 20,
21]:
 AP1. Feature orientation: The main focus is on the production of
features as soon as possible. The goal is to deliver working
functionality that is perceived to have the most value for the
customer, and this is done in small and frequent iterations.
 AP2. Reactive development: Reactive development is about
responding to a change instead of planning ahead, and delaying
decisions as long as possible. Agile methods promise flexibility and
follow the ideology that one can not control the world, thus the
strategy is to respond to a change rather than plan for it. Examples of
reactive practices are refactoring, adjusting requirements’ priorities
and release scope after each iteration and delaying decisions for as
long as possible.
 AP3. Evolving project (release) scope: Perhaps one of the main
distinguishing features of agile development is the change from a fixscope approach to a more open ended approach. In the traditional fixscope approach much effort is spent on defining and plan the content
of a product release of a project upfront. In agile the release scope is
emerging in the process of development rather than planned ahead.
A prioritized list of requirements (product backlog in SCRUM and
prioritized user stories in XP) serves as an initial input, which is a
kind of wish-list of a release scope. The release scope is expected to be
refined and updated at the end of each iteration in order to
accommodate changes and new information that was learned in the
latest iteration. This practice is in line with the reactive development
property described in AP2.

4.2.2. Specific needs of market - driven software product
development
In market-driven product development (MDPD) software products are
often developed as product families that are offered to a mass market
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rather than a specific customer. The product development has an iterative
character where new versions of the product are delivered to the market
via established release cycles [22, 23].
The fact that the product is not ordered and developed to suit the
wishes and needs of one specific customer creates special needs
distinguishing the characteristics of this type of development from
customer specific (bespoke development)[24]. In a bespoke situation the
development organization can rely on the customer to decide what
functionality should be included in the product and this information can
be elicited directly from the customer. However, in market-driven
development this is not feasible as there is any number of potential
customers. Instead the development organization itself decides what
functionality should be delivered to what market segment and when [7, 9,
24-26]. This creates a special focus on pre-project activities usually
associated with product planning and management operations [26]. The
specific needs of MDPD are summarized below:
 N1. Balancing different requirements types: Selecting a set of
requirements that will be included in future releases of a product is
one of the most important strategic decisions in MDPD. This decision
is based on comprehensive analysis of the company’s business
intelligence, product planning and road-mapping, marketing and
sales information and strategic assets such as engineering know-how
and investments in product architecture [7, 25, 27, 28]. The specifics
of this task require that the development organization must find an
optimal balance between different requirement types such as
commercial requirements, innovations, requirements connected to
architecture improvements and also balance quality attributes like
maintainability, performance, scalability and usability across different
releases.
 N2. Tradeoff between market-pull and technology-push: Studies in
relation to MDPD have shown that the development organization not
only needs to respond to the current consumer needs, but also
anticipate future needs as well as influence the needs of the
consumers via innovations and technology breakthrough. Finding a
balance between market-pull and technology-push is considered one
of the challenging aspects for companies operating in this context as it
indirectly involves balancing low- and high-risk as well as long- and
short-term considerations [7, 9].
 N3. Release content planning (Requirements Selection): Planning
the content of a specific release is recognized as one of the most
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challenging parts of MDPD [8, 27, 29]. This activity occurs after a
large numbers of initial requirements have been filtered through the
steps of requirements triage/screening and prioritization. The
reduced amount of requirements is then considered for inclusion for a
specific release, which is the task of release scope planning. The
ultimate goal of this activity is to find a selection of requirements that
will give the best possible return on investment (ROI) and will be
feasible to implement within a given time- and resource-frame. The
main characteristics of this task require finding an appropriate
balance between relative cost and value of each requirement, technical
and business dependencies between requirements, and available
budget and resources at hand. The outcome of this activity results in a
list of requirements that constitutes the planned scope of a release.
Having an established release scope is important from three main
aspects. One, it enables decision makers to estimate and plan for the
total value of a release, and a comparison to the total value needed for
a specific market segment at a certain time. The goals of a release may
be combinatory in nature, i.e. several projects in collaboration over
time can together offer a specific value for the market. Two, a set
release scope provides a baseline that can be used to effectively
evaluate emerging changes with respect to how this change affects the
total value and cost of a release. This provides a basis for informed
decisions and helps managers to not only react but also find the best
way to react on a given change. Three, it provides a possibility to plan
and implement long-term product development and innovation that
are not based on current customer wishes but focus on e.g. system
evolution goals that go beyond the project perspective.

4.2.3. Applying agile principles in market-driven product
development
In order to understand the possible impact of agile methods on preproject activities, the properties of agile methods described in Section 4.2.1
are put against the needs of MDPD described in Section 4.2.2. The result is
presented in Table 4.1.
In Table 4.1, AP1 is put against N1 since feature orientation by
definition favors feature type requirements thereby being the opposite of
creating a balance between different requirement types such as feature
and non-functional requirements. AP2: Reactive development is
associated with N2 i.e. the need of finding trade-off between market-pull

87

Understanding Impact of Agile Principles on Market-Driven Software
Product development
_______________________________________________________________
and technology-push since there is a risk that the agile view of adopting
and reacting to customer needs results in the company becoming too
focused on responding to current market needs and thus being unable to
push innovative ideas that do not directly originate from the market or
key customers at present. This can have devastating effects on the longterm, invisible to the project perspective, which is inherently focused on
delivering the requirements relevant from the project perspective.
Table 4.1: Agile properties vs. MDPD needs
Agile Property
AP1. Feature
Orientation
AP2. Reactive
development
AP3. Evolving
release scope

Affected MDPD need
N1. Balancing different requirements types
N2. Tradeoff between market-pull and technologypush
N3. Release content planning

Using an evolving release scope (AP3) is by definition at odds with
planning the release scope (N3) as it limits the decision maker’s ability to
actively control and influence release content. As presented in Section
4.2.2 in MDPD there is a need for an established release scope, where the
decision on what is included in a release is based on careful analysis of all
candidate requirements [8, 27, 28, 30]. In contrast, an agile project release
scope is loosely defined and is based on rough estimates and the initial
feelings of the customer about the requirements. The intention in an agile
project is not to have the best selection, but to refine the scope during the
course of development [2, 14, 15, 31].
The lack of alignment between the properties of agile methods and the
needs of MDPD can be further explored by studying certain assumptions
made in agile development methods and mapping them to the product
development practices in market-driven context. These assumptions are
listed in Table 4.2. Each is elaborated upon below.
 Development context: Agile methods are bespoke in origin [32] and
largely focus on a specific project rather than long-term product
development common to MDPD where the focus is on the product or
product families offered to any number of potential customers.
Success in a bespoke (project) perspective is the successful completion
of the project fulfilling the needs of the customer. Success from a
market-driven perspective is measured in sales, revenue, market
growth, and the ability to create and maintain a flexible product
architecture that will support future product releases. Thus the
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difference between agile and MDPD context is both in the scale and
the complexity of the projects. For example creating maintainable
product architecture is not as critical in a small bespoke project
compared to a project that is part of a large scale product
development effort of a product that will have a long life span.
Table 4.2: Agile assumptions and MDPD reality



Agile Methods

MDPD

Development
context

One customer - focus on a
specific project. The project is
central.

Business context

Customer owns the product and
finances the development
effort.
The release scope can be
undefined and negotiated.

Understanding of
value
Assumptions about
requirements

Simple

Many potential customers -focus
on a product or product family.
Development is focused on the
product, and any number of
projects can contribute to a
release.
Development organization owns
the product and finances the
development activities itself.
The release scope needs to be
defined and is not easily
renegotiable.
Complex

Requirements are at large
unknown

Requirements are known through
market investigations and
business intelligence

Business context: Agile methods assume that the customer is
responsible for identifying valuable requirements and financing
development activities, as well as that the scope of the release or a
project is negotiable. In contrast in MDPD the development
organization itself is responsible and has to decide what requirements
are valuable for a current release and for finding financial resources to
develop the selected set of functionality. The contents of the release
cannot be negotiable in the same sense as in agile projects as there is
no specific customer, rather the decision of what to develop is arrived
at after complex deliberation involving product management,
marketing, key-customers, sales and upper management, as well as
long-term plan influence. In fact, the scope of the release has to be
defined since it is quite common that product management need to
produce a marketing message on what is to be expected in the next
release of the product long before the development activities are
finished (or even initiated). Applying the concept of evolving release
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scope has some economical consequences as well where the
developing organization (which in MDPD stands for the development
costs itself) must evaluate how much updating, refactoring and other
correcting after-the-fact activities can be afforded by a company that
has to deliver a certain value at a defined market window time-point.
In market-driven product development time-to-market is generally
seen as being of paramount importance.
 Understanding of value: Agile methods focus on creating rapid value
for a specific customer. In MDPD the definition of what constitutes
value is more complex and the potential value for a specific customer
is just one component of a value measure (this relates to N1and N2
presented in Section 4.2.2). Also, agile methods assume that the value
of rapidly developed functionality can be confirmed by a customer or
an on-site customer representative almost immediately. In marketdriven product development the validation of perceived value of
developed functionality requires longer lead-times as well as different
tools, for example GAP analysis, CVA analysis, and focus groups [33].
An agile project member cannot go to an on-site customer as this
representative does not exist. The concept of value not only
transcends any one customer, but also the project itself. For example,
a project can be a part of a long-term development plan to offer
infrastructure to subsequent development down the line. From a
project perspective most of the project contents might seem as waste,
but from a product perspective the view is another [34].
 Assumptions about requirements: Agile methods assume that at the
beginning of the development project requirements are largely
unknown. This is not the case for MDPD where large efforts have
been devoted to collecting large amounts of potential requirements,
which undergo triage, and subsequent refinement and selection (and
packaging) prior to the project being created [7, 9, 24-26]. This does
not mean that the requirements given to a project are perfect or even
complete, but it does mean that there has been a deliberate and critical
effort to select and deliver a set of requirements to the project.
As a consequence to these differences in assumptions and properties of
agile development methods and MDPD needs, it seems reasonable to
assume that applying agile principles in this context will have certain
consequences on pre-project activities connected to requirements selection
and product planning. This is the focus of this chapter and the case study
presented in sections 4.3 and 4.4.
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First a background to agile development is given with focus on
reporting experiences from industry usage.

4.2.4. Empirical studies on agile methods
Agile software development models are relatively new and have not been
tested to the same extent as traditional software development models [11].
A large part of the existing empirical evidence regarding agile methods is
focused on extreme programming. Here research efforts are mainly
focused on studying isolated practices, such as pair programming or testdriven development [35]. When it comes to the impact of agile methods
on software development activities a number of case studies exist. These
studies report improvements in the quality of the developed code,
increased effectiveness and productivity of software developers and
customer satisfaction [5, 6, 36-38]. However, a closer examination of these
studies shows that most of them focus on identifying the effect of agile
principles on in-project activities, and that observed effects are primarily
identified in the context of small development teams developing small to
medium sized applications. These results are in line with the findings of
Abrahamsson et al [11], who in their survey concluded that there is a lack
of sound empirical evidence to support the applicability of agile methods
in different development contexts and application domains.
Empirical evidence in relation to the application of agile practices in
large-scale contexts is quite scarce. In a recently conducted systematic
review of empirical studies on agile software development 270 reports
were identified as containing empirical results on agile development
methods [4]. After assessment of these according to the principles of what
constitutes good practices of empirical research, only 33 of the original 270
were considered as credible empirical reports. Out of these only a small
fraction, two reports [32, 39], report on application of agile principles in
large organizations. Both of these studies focus on in-project activities and
report positive results of applying agile principles. It is important to
notice though that in [32] the application of XP practices was done in the
context of small pilot teams. Information about the context of
development size of developing project and which XP practices had been
applied was unfortunately missing. In [39] a rather conservative version
of agile development methodology was used to produce a prototype for
an internal customer.
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4.2.5. Empirical studies on the impact of agile methods on
MDPD
When reviewing existing knowledge and research on agile methods it is
easy to notice that most of the empirical reports focus on analyzing the
impact of agile methods on in-project activities such as software design,
development and test activities, when studies focusing on pre-project
activities and product management in general are quite rare (see Section
4.2.4).
Recently there has been interest in investigating the application of
agile methods for product line engineering (PLE)[40], which have some
similarities with product management activities. At the current stage
however the research in this area is quite new, focusing on studying in
what way agile principles and PLE activities can be combined [41, 42], or
the application of the selected principles of agile methods (such as
collaboration and focus on individuals) in some PLE activities [43].
When it comes to market driven software product development, to the
best of our knowledge and for the time being, studies focusing on
understanding of the impact of agile principles on pre-project, product
management activities do not exist. This situation indicates a critical gap
in understanding e.g. the long-term effects of agile methods on product
development. This is especially relevant when considering MDPD, where
pre-project activities are critical [7].
Studies investigating the impact of agile principles on pre- project
activities are needed in order to determine to what extent agile principles
can be adopted in the MDPD context. This can involve e.g. how agile
models need to be tailored, or what other practices need to be in place in
order to take full advantage of positive aspects of agile development
without negatively effecting market-driven product development.
The case study described in this chapter investigates the characteristics
of decision making in Ericsson AB that has worked with adopting agile
principles over the last years. The goal of the case study is to study and
understand the characteristics of the pre-project decision making process
when applying agile development principles. The identified
characteristics and specifics of the pre-project process are analyzed in
order to see if the study findings can support the expected impact of agile
principles on pre-project activities in MDPD as described in Section 4.2.3.
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4.3. Case Study Setting and Design
The case study was conducted during the fall of 2007 at Ericsson AB in
Sweden (called Ericsson hereafter). Ericsson is one of the world’s leading
companies in telecommunication, providing a wide range of products and
solutions. The company operates in a market-driven context where the
products are sold as generic solutions offered to an open market, although
customized versions of the products are also developed and sold to keycustomers.
With the goals of achieving higher process performance and increased
flexibility when it comes to accommodating changing requirements
Ericsson moved from a traditional development process with relatively
extensive development projects which lasted about a year or even more
(following the classical waterfall development steps) to lean development.
One of the main motivations for moving to a new development process
was to minimize the number of change requests. Change requests were
associated with high development costs since they often resulted in
wasting development effort in form of detailed analysis of requirements
that were not implemented in the final product or expenses associated
with rework.
According to Tomaszewski et al. [10], the traditional waterfall
development projects at Ericsson suffered from large number of change
requests mainly caused by long development cycles and extensive
analysis of the pre-defined release project scope. The new agile
development process called Streamline [10] promised to cut down the
costs associated with the change requests substantially. A recent
evaluation of the application of Streamline at Ericsson reports reduction
of requirements volatility in the projects mainly caused by application of
small development packages and shortening the lead-time of
development projects [44]. The Streamline development process (called
only Streamline hereafter) is strongly influenced by agile and especially
lean software development, and a summary of it can be found in Section
4.4.1.

4.3.1. Research roadmap
The goal of this study was to identify how the introduction of Streamline
has affected product management (pre-project requirements engineering)
activities practiced at Ericsson. In order to achieve this goal it was decided
to first identify and study the process and the characteristics of pre-project
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decisions at Ericsson. Collected information was then analyzed using the
structure seen in Table 4.1. The intention here was to identify how well
the study findings support the anticipated impact of agile principles on
MDPD outlined in Section 4.2.3.
Information about the practiced pre-project activities in Streamline
was gathered by means of studying the pre-project requirements
engineering (RE) decision-making process applied in the development of
three separate products at Ericsson. Product 1 and Product 2 are large
mature systems with a large number of releases operating all over the
world at many customer sites. Products 1 and 2 are over nine years old
and have undergone seven and four releases respectively. Product 3 is a
smaller product with only one previous release since its creation in 2006.
In order to get an overview of the RE decision-making process three
main sources were used to achieve a triangulation [45] of sources as can
be seen in Figure 4.1.
Part A consisted of the study of official process documentation, Part B
was interviews with practitioners allowing for a balanced view where the
official process was weighed against the one actually practiced, and Part
C consisted of observations (e.g. sitting at the meetings). The use and
comparison between different sources is at the central core of the
triangulation [45, 46]. The details of study execution are provided in
Section 4.3.2, and the results obtained are detailed in Section 4.4.

Figure 4.1: Study overview of mapping pre-project RE decisions.

4.3.2. Study execution
The initial stage was focused on studying the official process
documentation in order to identify pre-project decisions, roles and
responsibilities associated with the decisions, and mapping the decision
characteristics. In addition, the study of the official process allowed a
mapping of meetings and forums for decision-making.
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4.3.2.1. Process documentation study (Part A)
The documentation study was conducted by means of reviewing official
process descriptions for pre-project activities in Streamline. A senior
expert, responsible for process improvement activities was used as a
guide to the formal process in order to identify relevant process
documents. An important selection criterion for the document study was
to consider those process descriptions and workflow guidelines that were
common for development activities.
The information provided in the process documentation was analyzed
in order to identify the major steps/activities and the decisions points
involved in pre-project RE. For each identified decision point the
characteristics were mapped. Characteristics in this case are the (i) goal(s)
for an activity, (ii) the decision criteria/method used, and (iii) the decision
support material used and/or produced. The identified roles and decision
forums were later used to plan the interviews and observations.
4.3.2.2. Interviews with practitioners (Part B)
The intention with the interviews was to elicit information on the preproject decision-making process not evident from the formal process
descriptions in Part A. Semi-structured interviews were used in an
informal setting.
At the beginning of each interview the participant was asked to
describe the process of working with pre-project requirements. In most
cases the interviewees would draw a figure of the overall process and
map the major steps/decisions in the process.
Once the major steps and decisions were identified the interview
continued detailing them and the participants were asked a set of
questions designed to retrieve the characteristics of the decision points. In
order to allow a comparison between the formal and practiced process,
for each mentioned decision, the interviewees answered questions on
goals of a decision, how the decisions were taken, what information was
important/necessary in order to take a decision (decision support
material used) as outlined in Section 4.3.2.1. At the end of each interview
participants were asked to identify major challenges and improvement
suggestions in relation to the process and the characteristics.
The results of the interview were transcribed into session summary
sheets [47] directly after the interview session. Information placed in
these sheets followed the same template, providing data on interviewed
person, issues covered, and researcher’s own notes regarding the
information obtained in the interview.
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Once the interviews were completed, the information from the
individual interview was coded in different data categories related to the
practiced pre-project requirements decisions and their characteristics. The
utilized data categories covered topics such as practices requirements
decision steps, requirement types considered at each decision, practiced
approach for taking decision, required decision material, experienced
challenges, etc. The coded data from each interview was then placed in an
excel sheet where it was analyzed again in order to find relations to the
agile properties and MDPD needs presented in Table 4.1.
Table 4.3: Roles identified in pre-project RE
Name
(Number
Interviewed)
Product
Manager
(5)
System
Expert
(3)

Line manager
(3)

Project
Manager
(3)

Description

Responsibility

This role has the strategic product responsibility and
decides the overall product development direction

Select, prioritize and
plan requirements for
future releases
Responsibility of
system architecture
and system
development plan

This role is populated by people with expert
knowledge of the systems and their architecture.
System Experts provide decision material for
product management since they are responsible for
providing analysis of pre-project requirements, in
the form of feasibility, impact and technical
dependencies
Line Managers have overall responsibility of
Development and Testing (R&D) resources. They
plan for R&D utilization in development projects
and allocate resources to develop requirements
selected by product management
Responsible for the detailed planning, execution and
follow-up of development projects for a specific
release

R&D capacity
overview, planning of
development projects
Planning and
execution of a
specific project

The selection of the interview participants was based on the process
documentation where roles involved in pre-project RE and decisionmaking were identified. Further, the case study consisted of the study of
three different products at Ericsson to make sure that the process and the
characteristics studied were representative for the organization.
Therefore, the interviewees were also selected to represent the important
roles for each of the products (see Table 4.3).
In total 14 interviews were conducted. Each interview was conducted
individually. To avoid validity issues such as the subjects feeling
uncomfortable with speaking their mind none of the interviews were
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recorded. Detailed notes were taken during the interviews, and during
the subsequent refinement of these notes supplemental questions were
posed to the interview subjects post-interview if needed. The detailed and
refined notes were then used to validate understanding and avoid
misinterpretations as they where shared with the subjects for validation
purposes. The distribution of the interviews was the following: Product
Managers – 5; System Experts – 3; Line Managers – 3; Project Managers –
3.
4.3.2.3. Observations (Part C)
This part of the study was focused on attending forums and meetings
where pre-project decisions were discussed. These forums were identified
initially in the process study (Part A) and later confirmed by the process
expert at the company. Identified decision forums are summarized in
Table 4.4.
Table 4.4: Decision forums
Name (Number
Visited)
Pre-project
Requirements
Council
(2)
Prioritization
workshop
Release Scope
Refinement Board
(1)
Release Planning
Board
(1)

Purpose
This council consists of strategic product managers, technical product
managers and system experts. Decision forum is used for decisions on
which requirements will be approved for further analysis and how the
selected requirements will be allocated.
Workshop participants include product managers, system experts and
different requirement representatives.
Decisions on which requirements will be assigned highest priority for the
next release are taken.
The board consists of product manager, line manager and system exerts.
Here the decisions on approving implementation proposals and associated
cost of a requirement are taken.
The board consists of product manager, line manager, system expert and
project manager. Here the decisions regarding release scope planning and
initiating of development projects are taken.

In total four meetings were attended; Pre-project Requirements
Council (2), Release Scope refinement Board (1) and Release Planning
Board (1). In order to minimize any potential effect caused by the
presence of a researcher the meetings were not recorded. Instead, a
researcher observed the character and content of discussions and
decision-making process during the meetings and notes were taken.
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4.4. Empirical Results
4.4.1. Process documentation study (Part A)
Figure 4.2 presents the major pre-project activities in Streamline as
descried in the process documentation. The activities are displayed in
chronological order (order of execution in the company). As shown in the
figure, pre-screening of incoming requirements, requirements
prioritization and release scope analysis and refinement are the major
activities performed prior to initiating development projects.

Figure 4.2: Pre-project decision making process in Streamline
4.4.1.1. Pre - Screening
According to Streamline, initial requirements are elicited from different
sources in a continuous manner. Incoming requirements are then inserted
in the repository after which they pass through the pre-screening step.
The goal of this activity is to identify a sub-set of requirements that is
interesting to include in a certain product. The process involves two substeps: selection and analysis. During selection requirements are analyzed
in order to determine suitability of a requirement for a certain product.
In this step requirements that are wrongly allocated to a product,
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duplicate requirements and other requirements that are considered not
suitable for a product are filtered away. During analysis requirements are
analyzed to determine their business value and technical impact. This
information together with directives from product plans and roadmaps
are used to allocate requirement to a certain release of a product. At the
end of the pre-screening step an initial requirement is either allocated to a
future release, rejected, or considered so urgent that is allocated to the
release under definition.
4.4.1.2. Prioritization
During this step requirements that are allocated to a certain release are
prioritized in order to produce an initial release scope. At the end of a
prioritization step only a small sub-set of all requirements that are
allocated to a certain release are selected to be included in the list of
prioritized requirements for a certain release which in Streamline is called
“Priority directive” of a release. At the end of the prioritization step
requirements included in the “Priority directive” are handed over to the
R&D organization (development and testing) for analysis and realization.
4.4.1.3. Release scope analysis and refinement
The goal of this activity is to analyze and package requirements included
in the “Priority directive” into small development projects each in size
approximately 3 months. Activities in this step have a continuous and
iterative character where requirements are analyzed and assigned to
development projects following the order of their priority in the “Priority
directive”.
Once the priority directive is received by R&D the initial step is to
create a project anatomy plan. The purpose of the anatomy plan is to
identify and describe functional dependencies between the requirements
in the priority directive, which are subsequently used to update the
priority order taking the dependencies into account, resulting in a
function container list. This list provides a base for the planning of
development projects as it dictates in which order the requirements will
be analyzed and assigned to the development projects.
When the first version of the function container list is available, R&D
can start conducting technical analysis of requirements following the
priority order dictated by the list. Requirements are analyzed
independently and development projects are initiated as soon as the line
management in the R&D organization can find and allocate resources
necessary for realization of the selected solution proposal.
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The technical analysis of each requirement should take a maximum of
twenty (20) person-hours and produce a report detailing which
components of the existing system will be affected by the new
functionality, possible implementation solutions, and a cost estimate of
each solution. The results of the technical investigation is presented at the
Release Planning Board (see Table 4.4) and the solution that provides the
best trade-off between product management priorities, resource capacity,
and system architecture impact is selected. If an acceptable trade-off
cannot be reached, for example the estimated cost of requirements
implementation is higher than expected by product management, or the
resource capacity is inadequate the priority order of this requirement
must be renegotiated.
4.4.1.4. Summary
Streamline is a process that tries to apply agile principles in an MDPD
context. The process has clear characteristics of market-driven
development, where requirements are collected from different sources
and filtered through the pre-screening and prioritization steps to produce
the “Priority directive” of a release.
Streamline also has a strong connection to agile and lean development
principles, which is evident in the step of Release content analysis and
refinement. As shown in Section 4.4.1.3, the scope of a release if not fixed
and development activities do not wait until analysis of all requirements
allocated to a release are finalized, instead development projects are
initiated as soon as analysis of top priority requirement allows for
identifying what resources are necessary and these resources can be
allocated. This approach is in line with the agile property AP3 – Evolving
release scope. In Streamline this property is intended to ensure that the
development effort is focused on top priority requirements and to
minimize waste connected to change requests mentioned in Section 4.3.

4.4.2. Interviews and observations (Part B and Part C)
In this section we describe study results obtained via interviews with the
practitioners and conducted meeting observations. The results are
grouped according to major pre-project steps identified in the process
documentation study (see Section 4.4.1).
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4.4.2.1. Results for pre-screening (Step 1 in Figure 4.2)
Finding 1: Practiced approach for pre-screening.
Interviews with the practitioners showed that in general practiced
activities followed the steps of the documented process. However some
differences were identified.
Table 4.5: Practiced approach for pre-screening
Approach/criteria for prescreening

Req. Types

Product 1
and Product
2

Practiced approach for pre- screening is
focused on identifying:1) Duplicates 2)
Requirements that are wrongly addressed
(not applicable for a product)
3)Unreasonable requirements like “you
should have no downtime”

Commercial requirements from influential
customers and market units

Product 3

Focus on evaluating impact and cost of a
requirement

Commercial requirements from influential
customers and market units

As shown in Table 4.5, for Product 1 and Product 2 activities in prescreening mainly focus on defining if a requirement is appropriate for the
product, rather than evaluating requirement’s business value and
technical impact as prescribed by the process documentation. This type of
analysis was performed in an informal way and no reports were
produced. Product managers for this product explained: “we receive
hundreds of requirements; therefore the first step is to lower the volume by
removing duplicates and requirements that are wrongly allocated to our
product”.
In the case of Product 3 the pre-project activities considered both
technical analysis and value evaluation. However compared to the
technical analysis, evaluation of the requirements value received little
attention. Moreover, mechanisms used for evaluating and determining
value of a requirement were not obvious. Observation of Pre-Project
Requirements Council meetings for Product 3 confirmed this since most
of the meeting time was spent on clarifying technical details around the
requirements. Technical evaluation was mostly based on expert opinion.
For requirements that were considered complex an official technical
report was ordered and produced.
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Finding 2: Balance between different requirement types at pre-screening
During the interviews product managers of each product were asked to
list the different types of the requirements considered by them during
pre-screening. All product managers listed commercial requirements
originating mainly from influential customers and marketing units, while
other types of requirements like technical and architectural improvements
or product life-cycle requirements were not mentioned.
4.4.2.2. Results for requirements prioritization (Step 2 in Figure 4.2)
When it comes to requirements prioritization, interviews with
practitioners provided detailed information on the applied prioritization
technique and evaluation criteria, which was missing in the formal
process descriptions. Findings identified through analysis of interview
results are presented below:
Finding 3: Practiced approach for prioritization.
For all the products studied the requirements prioritization of
requirements in the overall product plan is performed every six months.
The prioritization is performed in the form of a workshop where experts
with different competences participate (see Table 4.4). The prioritization is
conducted using pair-wise comparisons and supported by the commercial
tool Focal Point [48].
The components used as evaluation criteria are presented below
following the order of their importance as defined by practitioners: 1)
Benefit (value) to company and alignment with product strategy; 2)
Benefit (value) for potential customers; 3) Cost; 4) How well the
requirement improves non-functional characteristics.
For all three products the prioritization and qualifying the criteria,
such as requirements cost and value (for the organization itself and
potential customers), were mainly based on expert opinion (knowledge).
Occasionally for estimating cost of a requirement additional material such
as technical reports were used. When it came to estimating value it was
completely based on expert opinion. The practitioners in general found it
difficult to explain the mechanism behind estimation of requirements
value. One of the product managers commented “we estimate requirements
value based on the knowledge of our product and our customers’ needs”.
Finding 4: Balance between different requirements types at prioritization,
At this stage of the practiced process all products considered both
commercial and technical requirements. When it comes to the question of
balance between the commercial and technical requirements the
interviewed system experts expressed their concern that system and
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architectural improvements were receiving less attention compared to
commercial requirements from e.g. market units and key customers.
“Internal requirements connected to architectural and system improvement
issues have a hard time competing with commercial features and often end up
lower in the prioritized list of requirements” mentioned one of the system
experts. Another expert noted: “system requirements receive attention when
we can show that they are necessary for implementation of some important
commercial requirement”. System experts anticipated that this development
could in the long run cause deterioration of the system architecture. The
interviews system experts also expressed that describing the value of
system requirements was not easy and that they needed guidelines for
formulating the “business case” for system requirements,
4.4.2.3. Results for release scope analysis and refinement (Step 3 in
Figure 4.2)
Analysis of the interviews with involved roles in this step, and data
collected via observations of Release Scope refinement Board and Release
Planning Board meetings (see Table 4.4) revealed that involved parties
made a real effort to follow the agile way of working descried in the
process documentation. However, following lean principles to 100% when
planning the contents of the future release proved to be problematic.
Finding 5: In practice it was not realistic to follow lean development
principles fully
The study results indicated that following the practices of evolving
release scope (AP3) as described in the official documentation for
Streamline (see Section 4.4.1.3) made it difficult to know which of the
requirements included in the priority directive would be included in the
final release. This created disturbances for product managers who were
in need to have a good overview of release plan and its contents. As one
product managers explained “if we follow agile then I can not tell market
units and influential customers what functionality will be delivered in the next
release”.
According to the interviewed line managers and product managers it
was usual that the number of requirements included in the priority
directive was more than the capacity of the organization, thus not all
requirements could be implemented. Consequently the product managers
required confirmation from the R&D department on how many of the
requirements in the priority directive it would be possible to include in
the release. This in turn meant that all requirements in the priority
directive had to be analyzed to produce a reliable cost overview of the
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requirements included in the priority directive (according to interviewed
line managers the available information on the cost from the previous preproject steps was too high level to be trusted). This situation created
problems since analyzing the entire scope of the release was against the
lean philosophy of Streamline and line and project managers at the R&D
department were afraid to fall back into the waterfall way of working.
In order to find a middle ground between lean principles and the
needs of product management a commitment model was suggested
according to which the R&D organization would commit up to 50% of
requirements in the priority directive from the start. This meant that the
scope of the release would be defined ahead of development projects and
it would contain the first half of all prioritized requirements. The
remaining requirements would remain as candidates for in-scoping and
would be considered only after the analysis of the committed scope was
finished and necessary resources for producing the requirements assigned
to the scope were secured.
Finding 6: Related topic: Different attitudes towards agile in R&D and
Product Management.
Interviews revealed a difference between the attitudes towards agile
principles in the R&D organization and in the product management
organization. Line and project managers who are representing R&D were
in general positive and enthusiastic towards agile, while product
managers in general expressed concern about agile. As one product
manager said “I must feel confident about the contents of the release in order to
be able to market our product and handle competition”. It is interesting to note
that the R&D organization perceived the product managers concern about
agile principles to be due to “the old way of thinking”. As some of the
project managers said - “Product managers just have to find different ways to
sell our products.”
4.4.2.4. Summary
In this section the findings identified through interviews and observations
will be analyzed with regard to the extent the practiced process follows
the official Streamline process described in Section 4.4.1. After this, the
findings from the interviews and observations are organized in practiced
process symptoms, providing ground to discuss the implication of agile
properties on MDPD needs.
Comparison between official and practiced processes: Finding 1 and
Finding 3 show that for the steps of pre-screening and prioritization the
practiced process closely followed the steps outlined by the official
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process (see Section 4.4.1). Some differences were identified showing
misalignment when it comes to the focus of the activities (for example in
pre-screening the activities were less focused on value analysis than
expected). In addition, the produced decision support material was not
always written down as official reports on technical and business analysis
(as mandated by the formal process), but often consisted of informal
decisions based on expert opinion.
According to Finding 5 the largest difference between practiced and
official process was identified in the step of release planning and
refinement, where the practice of evolving release scope as prescribed by
Streamline was in reality difficult to follow. It is important to notice that
the step of release scope analysis and refinement represents the actual
change from the waterfall approach to the new agile way of working with
the requirements. According to the existing research on the extent of
methodology adoption [49] it is not uncommon that the prescribed
development methodology in reality is not followed rigorously. However,
in this case the interviews and observations provided clear indications
that due to the problems associated with the old way of working, the
practitioners have made every effort to follow the prescribed process. It
was due to the misalignment with the needs of decision makers that the
adaptations to the prescribed way of release content analysis and
planning was necessary.
Practiced Process Symptom 1: Pre-project activities are focused on commercial
requirements: Analysis of the findings for the pre-screening and
prioritization steps shows clearly that these initial pre- project activities
are mainly driven by commercial requirements (see Finding 2 and
Finding 4). Additionally according to Finding 4, commercial features are
often prioritized over other types of requirements like architectural
improvements.
Practiced Process Symptom 2: Evolving release scope was found wanting in
relation to the needs of decision makers: Finding 5 indicates that applying the
concept of evolving release scope (AP3) was difficult for release planning
purposes in a market-driven context. Thus there was a need to find a
solution where Agile Properties would be adjusted to the needs of preproject decisions. The introduced approach of a commitment model is an
example of finding a middle ground between agile principles and the
company’s needs. Further, Finding 6 indicates a lack of understanding of
the challenges and business constraints of pre-project decisions in a
market-driven context.
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Practiced Process Symptom 3: Requirements value is defined through expert
judgment: Findings 1 and 3 reveal that practitioners do not have a clear
mechanism for describing, evaluating and comparing value of different
requirement types. According to Finding 3 evaluation of requirements
value is mainly a tacit process based on expect opinion, knowledge of
product’s business case and customer needs. Moreover, data presented in
Finding 4 indicate a need to define clear procedures and guidelines that
can be used for representing different requirement types, for example
system requirements.

4.5. Discussion
In Table 4.6 the symptoms of the practiced process identified through the
case study are connected to the MDPD needs and Agile Properties that
were presented in Section 4.2.3.
Table 4.6: Alignment of Study results with agile and MPDP properties
Agile
Property

MDPD need

AP1. Feature
Orientation.

N1. Balancing
different requirements
types.

AP2.
Reactive
development.

N2. Tradeoff between
market-pull and
technology-push.

AP3.
Evolving
release scope.

N3. Release content
planning.

Observed
Symptom
Symptom 1:
Pre-project activities
are focused on
commercial
requirements.
Symptom 3:
Requirements value
is defined through
expert judgment.
Symptom 2:
Evolving release
scope was found
unfitting for the
needs of decision
makers.

Possible impact
- Short-term thinking;
- Possible architecture
deterioration;
- Product integration problems;
- Limited ability for pre-emptive
release of features and thus
influencing markets.
- Limited possibility to influence
and plan release content and
related development cost;
- Limited understanding of total
release value;
- Change management becomes
difficult (no baseline to compare).

As shown in the table, Symptom 1 and Symptom 3 of the practiced
process is associated with the agile properties AP1 and AP2 and is
considered to impact the need to find an appropriate balance between
different requirement types, such as commercial requirements,
requirements connected to technology innovation and architectural and
system improvements (N1 and N2). Symptom 2 is connected to AP3 and is
considered to impact the need to effectively plan the content of the future
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release (N3). The following sections elaborate on the implications of
applying Agile Properties on pre-project activities in the market driven
software product development context, and discuss possible solutions to
decrease the gap between Agile Properties and needs in MDPD.

4.5.1. Feature orientation vs. balancing different
requirement types
In the MDPD context balancing commercial, architectural and quality
requirements are extremely important [7, 25]. The system architecture is
seen as one of the assets on which future releases will be built and
maintainability issues are connected to the cost of supporting different
versions of the products in the market over time [10]. The problems of
finding a balance between features and architecture improvements have
been acknowledged and reported by other researchers [50] and are
common to market-driven software product development.
The results of the conducted case study have shown the dominance of
commercial requirements in Streamline, threatening to create an
unbalance between features and other types of requirements not driven
by the perceived immediate needs to the customer or market.
In the case studied in this chapter, we cannot claim that a perfect
balance existed prior to the introduction of Streamline. However, there is
a risk that due to the Agile Properties of feature orientation and reactive
development (AP1 and AP2), finding the balance might be even more
difficult. This assumption partly is motivated by a lack of support for
handling non-functional requirements in agile methods [19, 51], as well as
existing research where feature orientation and reactive development in
agile methods is named as a threat for long-term goals such as
maintaining a clean system architecture and other quality aspects [3, 10].
The risk of increased dominance of commercial requirements when
applying agile methods can be explained by examining the definition of
requirements value and requirements priority in agile methods.
As discussed in Section 4.2.3, agile methods focus on delivering rapid
value for a customer, where requirements value and consequently its
priority is strongly associated to the customer value of a requirement [2,
14, 15, 31]. This definition of a requirement’s value in agile methods in
combination with unclear procedures for defining requirements value
(Practiced Symptom 3) can easily encourage prioritization of commercial
requirements which have a direct link to existing customers and overlook
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the value of requirements which cannot be easily linked to the customer,
for example system and architecture related requirements.
The latest studies of requirements prioritization practices applied in
industry have revealed that having unclear procedures when it comes to
definition of requirements value is not uncommon [52, 53]. Thus for
companies aiming to combine market driven development with agile
practices and still maintain a reasonable balance between the commercial
and other types of requirements it is extremely important to 1) establish a
clear picture of what is/should be perceived as valuable for a company,
as opposed to value based only on the current needs of customers and
how commercial and other type of requirements fit in this picture; 2)
define clear procedures and guidelines for expressing the value of noncommercial requirements.

4.5.2. Evolving release scope vs. release content planning
Previously in this chapter it was argued that applying the concept of
evolving release scope as defined in AP3 fundamentally limits product
managers’ ability to preemptively plan and control the contents and value
of a release. The potential limitations of applying the evolving release
scope concept in MDPD context can be explained by the assumptions of
agile methods regarding development and business context in which a
company operates (Section 4.2.3), as well as the simplistic view of agile
methods when it comes to deciding the priority order of requirements
and managing the release scope.
In agile methods all development is orchestrated by the priority order
of requirements, making the priority list central and very important. The
question is then how this priority is decided. Agile methods provide quite
a simple solution to this where the task is left to the customer who decides
priority based on the business value of a requirement. In order to help the
customer prioritize, the developers provide some rough cost estimates,
but mainly the order is decided by the business value [2, 14, 15, 31].
In MDPD the priority and implementation order of a requirement is a
function of the expected value and cost of a requirement, technical
dependencies of a requirement and value dependencies between the
requirements [8, 27, 28, 30]. The mentioned difference in definition of
priority implies that for the same set of initial requirements agile and
MDPD will produce different priority orderings of these. More
importantly, the definition of requirements priority in agile, in
combination with the concept of the evolving release scope affects the
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possibilities to plan and follow up the contents and expected ROI of a
release. This point is further on exemplified in Figure 4.3.
Figure 4.3 shows typical process steps of release content planning and
evolution in an agile (to the left) and market-driven (to the right) context
respectively and inputs and outputs for each step. Looking at the figure it
is easy to notice that both scenarios follow the same process steps. In both
of the scenarios there are collections of prioritized requirements that
represent the initial release scope and both of the scenarios are iterative,
where the development activities follow the priority order of
requirements placed in the release scope. After each iteration there is a
process step allowing analysis of delivered results and progress, as well as
handling of changes, for example dealing with newly elicited
requirements (Req. x in the figure). This analysis may result in
reprioritization and an updated release scope.

Figure 4.3: Differences in approach towards release planning
between Agile & MDPD
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A closer look at Figure 4.3 however uncovers critical differences
between the two scenarios, most of which is caused by the difference in
how the priority and implementation order of a requirement is defined in
agile vs. MDPD. The differences between the scenarios are summarized
below: 1) Priority order of requirements in the initial scope is different
between the scenarios, resulting in differences in development activities.
For example in the agile scenario the first iteration focuses on Req. a, and
in the MDPD scenario on Req. c; 2) Requirements analysis and
reprioritization step results in different content and requirements priority
order in the updated scope of each scenario; where for example the newly
arrived requirement Req. x in the agile scenario receives high priority and
in the market-driven scenario not. 3) And finally in MDPD scenario preproject decisions are tightly connected with defining and following up
the total value and expected ROI of the final release (in the figure this is
indicated by assigning arbitrary values for total release ROI and total
release value) whereas in agile scenario this kind of analysis is difficult
(denoted by having question marks for the same variables).
The definition of the priority order of the requirements in market
driven software product development demands a proper understanding
of all requirements which are assigned to the scope. This way it provides
a base for estimating the target ROI and total value provided by the
requirements selection [28, 30]. This base is then used in order to plan,
control, and follow up how well the selected list of requirement satisfies
target business goals of a release. In addition it is important to gauge the
consequences of how removing or adding a new requirement to a release
scope affects the total value and expected ROI of a release, making it
possible to deal with a change in an appropriate way.
The simple definition of the priority order of the requirements in agile
methods, combined with the property of an evolving release scope (AP3)
does not allow an in-depth analysis of all candidate requirements [2, 14,
15, 31]. This makes it difficult to define the target ROI and total value to
be delivered by the release and creates a risk of abusing the practice of
“delaying the decisions” where the decision on what will be included in
the release is taken after the fact, and thus the target ROI and the total
value provided by the release is not clear until after the delivery.
Results of the conducted case study have provided two important
insights regarding this issue. Firstly the results uncovered difficulties to
follow the practice of evolving release scope, mainly due to posed
limitations to product management operations (see Finding 5). This result
relates well to the MDPD characteristics presented in Section 4.2.2, and
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provides support for above outlined discussion on misalignment between
product management needs and limited possibility of managing and
controlling release scope in agile methods.
Secondly the results have indicated different attributes towards agile
methods in the organization, showing that while R&D part of the
organization was in general positive to application of agile practices in
development project, there was limited understanding of how agile
properties affected product management (see Finding 6).
The above mentioned findings are important since they show that
while agile is appreciated in separate development projects [32, 44, 54]
they are not directly suited or designed for long-term product planning
and product management, thus there is a need to find a way to apply
agile methods in development projects without disrupting product
management operations which are in need of more long term planning
and control.
The need for finding a compromise between agile and plan-driven
approaches and tailoring agile methods to meet specifics of different
product development and business contexts has been suggested by other
researchers as well [3, 11, 12, 55], however currently a concrete suggestion
on how to accomplish this in MDPD context has not been suggested. The
commitment model described in Finding 5 represents one example of
such a compromise. However, it is important to notice that in order to
determine the fist selection of functionality committed to by R&D,
somewhat reliable information on the relative value and the cost of all
requirements assigned to the release scope should be available. This
implies that some pre-study work is still necessary. The question is what
is good-enough, and how to support informed decision making without
investing too much effort or over analyzing the requirements [56].

4.5.3. Validity
Issues connected to construct validity; internal validity and external
validity describe commonly known validity threats associated with
empirical studies [57, 58].
Construct validity is concerned with establishing the correct
operational measures in order to assure that the proper information will
be collected. This includes decisions on how the information sources are
selected. The usual way to handle this threat is to use multiple sources of
information. The case study at Ericsson was designed to use multiple
sources of information and multiple ways of collection from
documentation analysis and interviews to observation sessions during
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meetings. All these sources allowed for data triangulation. As shown in
Section 4.3.1, studied documents, interviews and meetings were carefully
selected to achieve a correct representation.
When conducting investigations that are based on interviews, the
amount and form of the interviews are important. In this case study
budget and time considerations as well as availability constraints allowed
for in total of 14 interviews. The interviews were semi-structured. Notes
and conclusions made during the interview sessions were also confirmed
by sending them to the interview subjects, where additional questions for
clarification were attached where relevant. In some cases an extra
interview was arranged, however these extra interviews are not included
in the total count of the interviews in the study.
Internal Validity threats are usually important when examining the
causal relationships. The case study presented in this chapter is mainly
focused of studying the characteristics of pre- project activities. It has an
exploratory character thus the internal validity threats can be considered
as minimal. In the discussion section study findings are used to explore
how well the study findings support the anticipated misalignment
between Agile Properties and MDPD needs as described in Section 4.2.3.
For example the dominance of commercial requirements in pre-project
activities (Symptom 1) is connected to the agile properties feature
orientation (AP1) and reactive development (AP2) and difficulties with
applying the concept of evolving release scope (Symptom 2) is associated
to the agile property of evolving release scope (AP3).
External validity is concerned with generalizability issues and is a
threat that is common to case study research. Even though the case study
in this chapter is conducted in a concrete industrial setting, we hope that
the study results should be generalizable beyond the studied case since
the investigated pre- project activities are not specific for only Ericsson
but are common for most companies operating in a market-driven
context.

4.6. Conclusions
In this chapter we have investigated the applicability of agile methods for
market-driven software product development (MDPD), focusing
particularly on pre-project activities such as requirements pre-screening,
prioritization and release planning. The presented work is considered to
add value since it is one of the first contributions that investigates the
applicability of agile practices in this context, providing extensive analysis
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and comparison of agile practices and needs in MDPD, as well as results
from a large empirical study at Ericsson. This area is especially relevant
considering the current hype and popularity of agile methods, and the
contents and conclusions of this chapter should be interesting for any
software company operating in a market-driven context planning to
adopt agile practices.
The initial analysis and comparison of Agile Properties and MDPD
needs (see Section 4.2.3) indicated a misalignment between the two. This
was further confirmed by the results of the case study, where the impact
of Agile Properties was studied for three different products developed at
Ericsson. The outcome of the case study has provided confirmation of the
misalignment between Agile Property “evolving release scope” and the
needs for release planning in the market-driven context. Further, case
study findings also provided indications that “feature orientation” and
“reactive development” might be a threat when it comes to balancing
commercial and other types of requirements, and achieving a trade-off
between market-pull and technology-push as these aspects are not central
in agile development.
Looking at the origin of agile/lean development the misalignment can
be partially explained. Agile methodology having bespoke software
development origin was developed with customer-developer
relationships in mind and has a project focus. Thus agile methods such as
Scrum and XP are lacking support for an overall long-term product
development focus, normally associated with software product
management activities in companies like Ericsson.
The main conclusion drawn is that agile methods do not directly
support the needs of pre-project activities in MDPD. Application of Agile
Properties in an organization operating in market-driven context places
limitations on product management activities, and may have a
detrimental effect on long-term product development.
Research results presented in this chapter indicate that agile principles
in their current form should not be forced on product management tasks
since they are not fit for it. In market-driven software product
development product managers need to maintain long term focus,
differentiate between customer and enterprise value and plan and control
the scope of a release. However this does not mean that product
management can not benefit from agile/lean principles at all. The ideas
from lean software development can be reused to find ways for
producing good-enough decision material for product management,
enabling informed decisions far beyond the scope of any individual

113

Understanding Impact of Agile Principles on Market-Driven Software
Product development
_______________________________________________________________
project. For example companies should benefit from practices which will
allow minimizing time and effort spent on analyzing pre-project
decisions. These practices should also guarantee that minimizing effort
does not come at cost of jeopardizing product managers’ ability to take
informed decisions or increased costs in later stages of product
development. The point here is that while it is important to produce fast,
it is also important to maintain the big picture and understand how the
achievements of individual development projects benefit both short and
long-term business goals of the company developing the product.

4.6.1. Future work
Through the investigation and uncovering of the impact of agile practices
on software product management activities the authors of this chapter
hope to create a foundation for finding ways to incorporate agile projects
in market–driven product development without compromising longterm product goals.
The initial steps towards solving this issue will be connected to resolving
the uncovered misalignment points between agile principles and product
management needs. The future research will evolve in two directions: 1)
the first direction will focus on helping software companies maintain an
appropriate balance between different types of requirements even when
following agile development principles. In order to achieve this we plan
to work on separation of customer value from enterprise value and
finding approaches for defining and comparing value of commercial and
architectural requirements. 2) The second direction intends to find ways
of applying lean development ideas in software product and release
planning situations. The key here is in finding just-enough level of
analysis of the entire release scope without requiring excessive details but
also allowing for the presence of decision support material (e.g. in the
form of good-enough requirements). In this way the authors hope to
facilitate defining practices for lean software development.
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Chapter 5

Needs Oriented Framework
for Producing
Requirements Decision
Material – NORM
Abstract
The need of understanding and supporting requirements
engineering decisions in market-driven product development is
motivated by the complexity and economical impact of these
decisions. While being a key for success, correct and timely
decisions are dependent on the availability and the quality of
decision material (requirements, business cases, cost-value
estimations etc). This chapter presents a needs-oriented framework
(NORM) for identifying and assuring the creation of appropriate
decision material for RE decisions. NORM is based on analysis of
the applied RE process and characteristics of separate RE decisions,
focusing mainly on pre-project activities. The framework is
developed in close cooperation with industry with the intention to
ensure that resources are spent on producing just-the-necessary
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information at the right time and to be able to monitor and control
this production effort.

5.1. Introduction
Requirements engineering (RE) is a decision rich activity, and RE
decision support as a field has received increasing attention as RE
for market-driven product development (further on referred to as
MDRE) has gained ground [1-8]. Many sources report on decision
making in RE and motivate the importance of proper decision
support, especially in MDRE.
Decision making in MDRE is considered to be complex, even
described as a so called “wicked problem” [1]. In addition, the
complexity of pre-project decisions is not made easier as they are
often based on high-level abstract requirements and uncertain
estimates [2]. When it comes to correctness of pre-project RE
decisions in market-driven environments evidence suggests that
only 25-50% of decisions regarding requirements selection are
correct [3].
Decisions are based on underlying information - decision
material, and the quality of a certain decision is largely dependent
on the quality (completeness and correctness) of the provided
decision material [4].
Decision material for MDRE decisions can be seen as a collection
of requirement descriptions together with accompanying
information such as requirement business value or cost and effort
estimations connected to a specific requirement [5, 6]. Because of
the economical impact of RE decisions for companies practicing
market-driven development [7], appropriate contents and level of
specification of RE decision material is especially important.
Acquiring appropriate and high-quality decision material is
associated with costs of analyzing pre-project requirements,
meaning that a company needs to take a risk by investing in
analysis of the requirements that might not be implemented in the
end. Thus in this situation the challenge is to find a good-enough
quality level of the decision material which can be acquired within
the allowed budget for the pre-project decisions.
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Traditional requirements engineering practices and frameworks
for defining a process that produces high-quality requirements,
such as CMMI, provide limited help for companies practicing
market-driven development since they are not designed to consider
the characteristics of MDRE [8-10], or to cater for information needs
and constraints of pre-project decisions common to MDRE [11]. For
example, when performing initial selection of pre-project
requirements it is not feasible to achieve classical requirements
quality goals (unambiguous, clear, detailed and verifiable) due to
the large volume of incoming requirements. Moreover achieving
these quality goals may not be necessary for the purposes of initial
requirements selection. At this stage a high-level requirement
formulated in such a way that it clearly shows the business value
and potential benefits may be all that is needed.
This chapter presents a requirements engineering framework
called NORM (Needs Oriented framework for producing
Requirements decision Material). NORM is developed in close
cooperation with industry. NORM aims to assist companies in
finding appropriate level of detail of decision material for preproject RE decisions by providing a framework for capturing needs
and constraints at different decision points. The chapter is
structured as follows: Section 5.2 provides a short background of
MDRE. Section 5.3 introduces NORM and its steps. Section 5.4
provides details on NORM initiation and usage and finally in
Section 5.5 we discuss NORM and conclude the chapter.

5.2. Background and Challenges - MDRE
Studies of companies practicing market-driven software product
development have shown that while there are similarities between
bespoke and market-driven RE practices, there are some critical
distinguishing factors that make MDRE even more complex [6-8,
12].
In typical market-driven software development the development
organization is the main stakeholder and owner of the developed
product(s). The product evolves over time and new functionality is
added and offered to the general market through consequent
product releases. In this type of development the development
organization takes all risks and is responsible for development
costs of the product. Delivering the right set of functionality when
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the market is ready for it is critical for the success, and profit is
measured in terms of e.g. volume of sales, market share, and
product reviews. As illustrated in Figure 5.1, market-driven
development is largely product focused and many important
activities are performed prior to the initiation of the development
projects (i.e. pre-project). The goal of pre-project activities is to
catch, analyze, select and plan requirements for future releases of
the product. Pre-project activities should result in a prioritized list
of requirements that are assigned to a specific release. These
requirements are then realized through one or several development
projects [13-16].

This figure depicts a market-driven development situation.
Pre-project activities result in a prioritized list of requirements that
are assigned to a specific release. These requirements are then
developed in one or many development projects.

Figure 5.1: Overview of market-driven software product
development process
Pre-project decisions in market-driven product development are
often perceived as very complex. This complexity is explained by
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large volumes of requirements that need to be considered, a variety
of different criteria that need to be taken into account before a
selection of the requirements can be made, as well as the challenge
associated with taking decisions based on the uncertain decision
material such as uncertain cost and value estimations [2, 7, 12, 17,
18].
The importance of correct decision making pre-project is
acknowledged and highlighted by both industry and academia [6,
7, 12, 14, 19] , however the question of how to best support preproject decisions and how to find appropriate level of analysis
without risking wasting effort on large number of candidate
requirements that will not be included in a product remains open.
The framework described in this chapter addresses this problem by
suggesting a structured, step-by-step approach for identifying
appropriate decision material for pre- project RE decisions.

5.3. Needs Oriented Framework for Producing
Requirements Decision Material (NORM)
NORM was initially formulated in collaboration with Ericsson AB
in Karlskrona, Sweden. Ericsson is one of the world’s leading
companies in the telecommunication business providing a wide
range of products and solutions. The company operates in a
market-driven context where the products are sold as generic
solutions offered to an open market, although customized versions
of the products are also developed and sold to key customers.
The research methodology behind the development of NORM
framework has closely followed the model of technology transfer
between academia and industry suggested by Gorschek et al [20].
Figure 5.2 presents an overview of the process. Steps 1-4 are
already finalized, whereas steps 5 and 6 are in the planning stages
(future work).
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Figure 5.2: Applied research methodology
The initial problem was identified through discussions with, and
assessments at, Ericsson, where the issue of knowing the
appropriate level of analysis of pre-project requirements, and
finding a good-enough level and detail of requirements and their
specification was highlighted. The study of state-of-the-art
indicated that while the identified problem was relevant in the
MDRE context (see Section 5.2), existing RE models for decision
support in MDRE ([4, 5, 18, 21]) do not directly address the problem
of finding just-the-necessary decision material for pre-project
decisions. This motivated the formulation of the NORM
framework.
NORM aims to help companies both to identify important preproject decisions that involve requirements analysis, as well as
specify the Appropriate Decision Material (ADM) for each decision.
ADM defines appropriate contents and level of detail of decision
material. It also defines reasonable amounts of effort that can be
spent on requirements analysis prior to each decision.
One of the main ideas behind NORM is to involve and use the
experience of professionals and experts at the company who work
daily with pre-project RE decisions. In this way NORM is using an
inductive approach, allowing practitioners to use their expertise
and knowledge in order to identify ADM of the practiced decisions.
NORM utilizes the following roles: Decision Makers and Decision
Material Provides. A Decision Maker is a person who takes a decision
and is responsible for the outcome of a decision, for example a
product manager. A Decision Material Provider is a person who
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provides information that a decision is based on, for example
system expert or a business analyst.
NORM consists of two stages. The first stage is concerned with
the identification of pre-project RE decisions and their
characteristics. The second stage analyses the identified
characteristics of a specific decision in order to define appropriate
decision material - ADM for it (see Figure 5.3). In the following
sections we go through the steps of NORM in further detail.

Figure 5.3: NORM steps

5.3.1. Identify decision points (Step 1)
In NORM RE decisions are represented by different decision points,
which occur at certain points in time. Decision points can be
identified via analyzing the actual process used and isolating major
pre-project steps, milestones etc. For example for a company
practicing a MDRE process descried in Figure 5.4 the following
decision points can be identified: Initial Screening, Prioritization
and Release planning. These decision points are quite generic since
they are identified based on generic MDRE process as described in
literature [6, 7, 12, 14, 19].
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Figure 5.4: Identifying decision points
Analysis of a pre-project RE process of a specific company may
result in different decision points having different granularity and
character. The general guideline though is to focus on major
process steps and decisions since identifying micro decisions may
require much effort. The decision points that are identified through
the process study should be communicated to the practitioners in
order to 1) Confirm the correctness of a selection; 2) Appoint
relevant persons that can take on a role of Decision Maker or Decision
Material Provider in the following NORM steps.

5.3.2. Specify decision point characteristics (Step 2)
In the second step, the characteristics of the decision points are
captured through the attributes: decision purpose, decision criteria and
constraints.
Decision purpose: This characteristic describes the ultimate goal
of a decision. Information about this attribute is obtained from two
different sources: Decision Makers and Decision Material Provider.
Identifying the decision point goal from these sources allows
establishing that the Decision Maker and Decision Material
Provider have the same understanding of the decision point. Figure
5.5 provides an example of how a decision purpose can be
formulated in case of “Initial Screening”. This decision point and
definition of its goal is based on the current understanding of preproject MDRE steps in literature [7, 10, 12, 15, 22] and will be used
as a working example illustrating NORM steps through the
chapter.
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Figure 5.5: Example of specifying decision point characteristics
Decision criteria: This characteristic intends to capture the
applied approach for taking a decision, which in turn forms a
ground for identifying information need of a decision. In NORM
the specifics of an applied decision approach is collected from
Decision Makers. For example as shown in Figure 5.5 for decision
point “Initial Screening” only requirements that provide higher
value than implementation cost and requirements that are aligned
with the product strategy will be selected. A decision criterion is
thus the following: 1) Alignment with product strategy (defines a
future direction of a product, which areas are considered
important, etc); 2) Expected benefit of a requirement defined as a
balance between value provided by the requirement (for example
expected sales, revenue or cost savings provided by a requirement)
and cost associated with implementation of a requirement.
Constraints: This characteristic helps in establishing realistic
expectations and identifying an appropriate level of detail of
decision material contents. As shown in Figure 5.5, NORM
considers the following constraints: Maximum Allowed Effort for
analyzing candidate requirements in pre-project stages (further on
referred to as Max-effort), Requirements Volume and Requirements
Specification State. Max-effort refers to the limitation based on budget
considerations and describes how much a company can or is
prepared to invest in the candidate requirements that may or may
not be included in a certain product release. Requirements Volume
represents the average number of requirements that are considered
at a decision point within certain period of time, for example within
a month, quarter or a budget year. It places limitations on how
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much analysis can be done per requirement. Requirements
Specification State describes abstraction level of the requirements.
This constraint affects how much analysis a requirement will
require and places limitation on how many requirements can be
considered within the defined Max-effort (for example abstract or
high level requirements may require more technical investigation
than requirements that are on functional level and are clearly
described [18]).

5.3.3. Define ADM components (Step 3)
In this step the goal and decision criteria of a decision point as
defined in Step 2 are analyzed in order to define ADM components.
ADM components describe what type of information has to be
available prior to a decision.
ADM consists of two types of components: the requirement
description itself and requirements associated items. The later
represents decision support material that is produced based on the
description of the requirement. This material can take the form of a
short technical report (e.g. a pre-study), a cost and risk evaluation
or a business case of marketing material testifying to the potential
of a certain requirement. The exact selection of the associated
material depends on the information needs of the decision point in
question. For example in the case of the decision point “Initial
Screening” the goal and decision criteria of this decision point (see
Figure 5.5) indicate the necessity of the following associated items:
requirements value analysis result, cost evaluation result and
analysis of requirements alignment with product strategy (see
Figure 5.6).
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Figure 5.6: Example of ADM structure for “Initial Screening”

5.3.4. Decide level of detail, accuracy & development

effort of ADM components (Step 4)

The goal of this step is to define an appropriate level of detail and
accuracy as well as an appropriate development effort of ADM
components of a certain decision point. Figure 5.7 provides an
overview of actions required in this step. The sections below
provide further information on each action.
Action 1: Decide appropriate level of detail & accuracy of each ADM
component: In this action the decision makers are asked to identify
the minimum required level of information detail and accuracy in
each ADM component that will suit the information need of a
decision point. This is achieved by comparing different pre-defined
alternatives for each component and pinpointing the most suitable
alternative(s). An example of pre-defined alternatives for cost
evaluation is presented in Table 5.1.
Table 5.1 provides different alternatives of cost estimations that
are ordered according to how much detail and accuracy they
provide. The first alterative provides least detail and accuracy
while the last alternative offers most detail and accuracy. For each
cost estimate alternative, Table 5.1 also provides information on
extent of technical analysis that may be required in order to obtain
the given cost estimate. The information on technical analysis
should be used when estimating the average effort of conducting
such analysis (see Action 2).
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Figure 5.7: Overview of actions in Step 4
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Table 5.1: Pre-defined alternatives of information detail and
accuracy for cost estimation
Cost estimation alternative

Associated technical analysis

Alternative 1: Cost estimate allows classification between
High, Average and Low cost.

High level feasibility analysis
defining requirements impact on
existing product architecture and
associated complexity.

Alternative 2: Cost estimation allows estimation between
the intervals defined in person-hours. Example of intervals
may be less than 1000 person-hours, between 1000 and
3000 person-hours and more than 3000 person-hours.

Identification of affected system
parts and more detailed picture of
associated complexity.

Alternative 3: Cost estimation allows defining a point
estimate (for example 500 person-hours) with 80%
accuracy.

List of possible solutions are
defined allowing to choose the
most suitable solution.

Alternative 4: Cost estimation of a requirement is not
allowed to exceed a certain number, for example 200 hours
and should be to 80% accurate.

Implementation
available.

Alternative 5: Cost estimation of a requirement is not
allowed to exceed a certain number, for example 100 hours
and should be to 95% accurate.

Detailed design is available.

proposal

NORM intends to provide pre-defined alternatives for the level
of detail and accuracy for cost estimation (as shown in Table 5.1)
and value analysis of candidate requirements since these associated
items are most common and widely used in pre-project RE
decisions [5] [21, 23]. These can then be used as a base to develop
customized pre-defined alternatives that are suitable for the
specifics of the applied process of a company using NORM.
In the case of decision point “Initial Screening” the usage of predefined alternatives may follow the following scenario: In order to
identify the appropriate level of detail and accuracy of cost
estimations, the decision makers consider the alternatives
presented in Table 5.1. The goal is to select the alterative that will
require least effort but will still provide good-enough decision
material for them. For example decision makers may reason that
alternative 2 from Table 5.1 will provide them with good-enough
information to conduct comparisons between value and cost of
candidate requirements and thus determine expected benefit of a
requirement as required by the decision criteria described in Step 2.
Action 2: Estimate ADM component development effort: In this
action the persons that are responsible for producing a specific
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ADM component (Decision Material Providers) are asked to
estimate the required effort of developing the ADM component
according to the selected pre-defined alternative per requirement.
This estimate is based on the Decision Material Provider’s
experience. The estimate is supposed to consider the Requirements
Specification State constraint defined in Step 2 of NORM, since the
abstraction level of a requirement may affect the required effort for
producing decision material [18]. For example in the case of
decision point “Initial Screening” the ADM production effort
estimate should take into account that according to the
characteristics of this decision point most of the requirements prior
to taking a decision are on a feature level. ADM development effort
is measured in person-hours.
Action 3: Decide if selected level of detail & accuracy is feasible: In
this action the estimate for ADM component development effort
that was obtained in the previous action is multiplied with the
average number of requirements at a decision point defined in the
constraint Requirements Volume (see Step 2). The obtained figure is
then compared with the maximum allowed effort defined by the
constraint Max-effort (see Step 2). This comparison allows deciding
if the selected level of detail and accuracy of an ADM component is
feasible or not (see Figure 5.7).
In case developing ADM according to the selected pre-defined
alterative is not feasible, NORM helps decision makers to find a
consensus by means of considering alternative solutions.
Alternative solutions may be to: 1) limit the requirements volume
by only considering part of requirements 2) lower demands on
appropriate level of detail and accuracy 3) find a way to acquire the
same information with less effort 4) increase Maximum allowed
effort that can be spent on pre-project activities or 5) make changes
in the process in order to lower the number of decision points preproject, since a large number of decision points might create an
overhead. For example if for the decision point “Initial screening”
the selected pre-defined alternative for the cost estimation
(alternative 2) turns out not to be feasible, then the Decision Makers
and Decision Material Providers can discuss if it is possible to use
alternative 1 from Table 5.1.
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5.4. Initiation and Usage of NORM
This section elaborates on how to initiate NORM and discusses the
possible usage scenarios of NORM framework.

5.4.1. Initiating and executing NORM steps
Initiation and execution of the NORM steps requires some initial
preparation, such as identifying which decision points should be
studied and assembling the team of professionals consisting of
Decision Makers and Decision Material Providers. The steps of
specifying the characteristics of identified pre-project decisions
(Section 5.3.2) and formulation of decision ADM (Section 5.3.3 and
Section 5.3.4) should be conducted in a workshop allowing
discussion and exchange of ideas between the Decision Makers and
Decision Material Providers.
As mentioned previously the main goal of NORM is defining
ADM of pre-project decisions, however initiation and execution of
NORM steps may generate positive side effects. For example the
structure for describing characteristics of decision points used in
NORM enables comparison of decision goals and applied criteria,
thus verifying that the applied criteria matches the goal of a
decision. NORM is also expected to facilitate finding consensus and
improved ways to meet the goals and needs of different pre-project
decisions. As shown in Figure 5.7 NORM helps to identify any
misalignment between the needed ADM production effort and the
effort that is allowable based on constraints of the process applied
at the company and then facilitates finding consensus by providing
different alternatives.

5.4.2. Using and improving NORM results
The obtained results from execution of NORM steps have a twofold
usage. Firstly NORM via ADM provides a clear guideline on
appropriate detail and accuracy of the information that should be
provided for the decision makers as well as provides
recommendation on how much effort is appropriate to spend on
production of the specified ADM. Secondly NORM provides a
possibility to monitor and compare how well the prescribed levels
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of information detail and accuracy as well as allowed effort are kept
in reality. This type of comparison may help in identifying
bottlenecks in the process caused by misinterpretation of decision
needs or existing constraints and allows tuning of process
performance as well calibration of the information in the NORM
model. For example, if after running NORM steps for the first time,
ADM of a decision “Initial Screening” prescribes to spend not more
than “x” hours on analysis of a requirement and in reality analysis
of requirements in average takes more than “x” hours, this will
indicate that the initial estimation of ADM production effort was
too optimistic and needs to be calibrated.
Calibration of the variables in estimation models based on
experience is a known technique and is aimed at improving
estimations over time [24]. The comparison of ADM production
effort with effort that is spent on developing ADM in reality will
also help to pinpoint requirements types that require higher than
usual analysis effort and will thereby identify the complex parts or
possible bottle-necks in the decision making process. Once the
complex parts are identified the companies can start working on
ways to decrease the complexity or in cases where this proves
impossible, offer more support and resources for the process and
decision point.

Figure 5.8: Initiation and usage of NORM framework
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Figure 5.8 provides an example of how NORM is intended to be
used over time starting from its initiation. As shown in the figure,
updating information in NORM is necessary over time and is
usually triggered by changes in the applied process (for example
changes in the characteristics of decisions) and a need to calibrate
NORM recommendations based on the feedback and experience of
using these recommendations in practice. Updating and calibrating
information in NORM requires re-running of NORM steps in order
to produce better ADM recommendations. How often NORM
needs to be executed depends among other things on the stability
of the process and development environment of a company. The
recommendation though is to run NORM every half year to make
sure that ADM recommendations are up-to-date.

5.5. Discussion and Conclusions
The development of the NORM framework was triggered by the
need for correct and timely RE decisions pre-project, identified both
through the collaboration with our industrial partner (Ericsson AB)
and studies of the characteristics and challenges of companies
practicing market-driven RE reported by other researchers [1, 3, 12,
25]. NORM contributes by means of identifying and studying the
characteristics of RE decisions, thus increasing the understanding
of the area, and providing a framework for defining appropriate
decision material (ADM) for RE decisions in a market - driven
environment. NORM also provides a possibility for defining and
monitoring ADM production effort.
The concept of ADM is central in NORM as it is connected to
scalability of the RE decision-making process. Producing “perfect”
decision material for all requirements early would overload a
company receiving large quantities of requirements; on the other
hand a bare minimum might not be appropriate either. In NORM
the balance of good-enough is represented by ADM and is
maintained through the identification and careful study of the
characteristics of RE decision points. In order to achieve maximal
alignment between ADM and the specifics of the applied RE
process both the information needs of a specific decision point, and
constraints of the surrounding process are considered.
To the best of our knowledge, NORM is unique in focusing on
the appropriate decision material (ADM) for RE decisions and
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ADM production effort. There exist several RE models that in one
way or another provide support for the market-driven decision
making process by suggesting solutions for some of the marketdriven RE challenges and/or increasing the knowledge of marketdriven RE and associated decision making processes [4, 5, 18, 21].
However, none of these models focuses on definition of
appropriate effort for producing ADM of pre-project decisions.
The development and evaluation of NORM and the concepts
presented in this chapter is an ongoing activity and both static and
dynamic validation is planned and under execution in collaboration
with industry. The intention of the validation is to assure usability
and usefulness, but also scalability and industry relevance.
The initial evaluation of NORM concepts has been conducted via
informal interviews with practitioners at Ericsson AB (see step 4 in
Figure 5.2). The purpose of these interviews was to present NORM
and receive initial feedback without actually executing the NORM
steps. In total 4 interviews were conducted where people from
product management and quality assurance organizations were
interviewed. The feedback on NORM model was positive and most
of the interviewees felt that the provided structure of describing
decisions and steps of identifying ADM was useful.
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preferred over innovations and internal quality
aspects. This is because innovations and internal
quality aspects are associated with higher uncertainty in their value offering compared to commercial requirements and thereby are perceived
to have higher level of business risk. The thesis
also offers findings from an industrial case study,
showing a misalignment between agile principles
and the ability to take informed release planning
decisions. Further, a framework (NORM) for finding an appropriate balance between information
needs of RE decisions and requirements analysis
effort is suggested.
Conclusions: Uncertainty associated with the
value proposition of different requirement types
influences the requirements selection decisions,
resulting in a dominance of commercial requirements. Thus, in order to achieve a better balance
between investments in commercial requirements,
internal quality and innovation it is important that
uncertainty in the value offering of requirements
is explicitly managed by methods providing support for RE decisions in a market-driven context.
Agile methods provide opportunities to minimize
overhead caused by excessive analysis of requirements, however adopting agile approaches in
their current form pose challenges for performing product management and taking informed
RE decisions in a market-driven context. Therefore, a balance between agility and information
needs of RE decisions must be found. In combination, the thesis results offer a new insight and
form a ground for defining improved approaches
for supporting requirement selection decisions.

Nina Dzamashvili Fogelström

Context: Requirements engineering (RE) for software products offered to a mass market is concerned with deciding which of the diverse and large
amounts of potential requirements to implement
into future releases of a product. While being the
key for achieving success, these decisions are very
complex.Therefore, the need for decision support
is well acknowledged. However, despite a growing
body of research in this area, software companies
are still experiencing problems in making informed
decisions on which requirements to include in the
software, or knowing how to maximize the potential ROI of a software release.
Objective: The purpose of this thesis is to provide an increased understanding of how better decisions regarding the content of software products
can be achieved. The research addresses two currently unresolved areas: balancing investments in
different requirement types (commercial requirements, internal quality aspects and innovations)
and identifying reasonable requirement analysis
effort for informed requirements selection decisions. In order to address these areas the thesis
focuses on investigating: 1) how uncertainty in the
value proposition of a requirement is influencing
the balance between investments in different requirement types; and 2) challenges and opportunities introduced by agile practices to RE decisions.
Method: The presented research has an exploratory character and consists of empirical studies
conducted both in industrial and academic settings.
Results: The results include findings from an
academic experiment and an industrial case study
indicating that commercial requirements will be
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