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Tiivistelmä
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1. Introduction

For a software development company, product development is an investment that should provide maximal added value (Boehm 2003; Penny
2002a). Providing value for different customer segments by means of the
product is a lifeline for the sales of the product, and via that, to the business
of the company. Understanding what customer value means, and how to
create value for a large number of customers, however, is not trivial in practice.
From the product development viewpoint this means that a company
needs the ability to implement the most valuable requirements in a software product in each product release. Especially in the software product
business, the role of the successful selection of the feature enhancements
(i.e., requirements) for product releases is recognized as extremely important (Gorchels 2000; Penny 2002a). Market-driven requirements engineering (RE), however, seems to entail special challenges, for example in
requirements prioritization and release planning (Karlsson et al. 2002).
This thesis investigates the current state of long-term product planning
and requirements prioritization (i.e. feature and requirements selection on
different levels), and their linkages to customer-value creation in marketdriven software product development. The focus is on software product
development organizations. In other words, the thesis concentrates on organizations that develop software-intensive products for a large market of
customers and users.
In this section, the thesis’s background is covered by describing why longterm product planning and requirements prioritization are important, and
by describing the state of the art in the area. Section 1.1 outlines the background and motivation. Section 1.2 defines the research problem and questions. Finally, Section 1.3 introduces the structure of the thesis.

1.1

Background and motivation

According to Boehm (2003), the ultimate sponsors of the project expect
that the project’s end result will add more value for them than they are paying the project team to create it. On a high level, this means that companies
expect their product development organization to add more value to them
than they invest in product development.





The purpose of requirements engineering activities is to add business value that is accounted for in terms of software product’s return on investment
(Barney et al. 2008). The need to make business-based product development decisions means that a company needs the ability to connect business
management and software development (Rautiainen et al. 2003). Only by
integrating upstream (that is, long-term product planning) and downstream (that is, software development) processes, can value-based decisions
concerning the future features of the products be made (Ebert 2005).
Long-term product planning (typically called roadmapping (Kappel 2001;
Phaal et al. 2003)) is one approach that companies have used to bridge the
gap between business planning and product development. Roadmapping is
widely used as a technique in the manufacturing industry (Phaal et al.
2001). The application of the roadmapping approach in the software engineering field is rather new and has not been investigated that much. Additionally, the practical implications of long-term product planning in software product companies in terms of the state of practice or of good practices are not systematically studied.
Prioritizing requirements is also recognized as an important activity to
ensure value provision in product development (Karlsson et al. 1997b;
Karlsson et al. 2004; Regnell et al. 2001; Siddiqi et al. 1996). The origins of
the importance of prioritization are in limited product development resources because time and money are finite in practice. When customer expectations are high and timelines short, the product must deliver the most
essential functionality as early as possible (Wiegers 1999). However, the
scope of each release must be limited (Siddiqi et al. 1996). The challenge is
therefore to select the 'right' requirements out of a given superset of candidate requirements so that all the different key interests, technical constraints, and preferences of the critical stakeholders are fulfilled and the
overall business value of the product is maximized (Ruhe et al. 2002).
Requirements prioritization is recognized as a very challenging activity
(Carlshamre 2002; Karlsson et al. 2004; Karlsson et al. 2007a). Already, in
the early 1990s, Lubars et al. (1993) reported that none of the companies in
their study really knew how to assign and modify priorities or how to communicate those priorities effectively to project members. Since then, a good
deal of research has taken place in the requirements prioritization area
(Ngo-The et al. 2005) and many approaches to requirements prioritization
have been introduced in the literature (Karlsson et al. 1997b; Regnell et al.
2001). However, there still is not a silver bullet to requirements prioritization.
Some rationales for the challenges involved in requirements prioritization
have been reported in the earlier studies. It is widely accepted that requirements prioritization involves complex decision-making (Karlsson et al.
1997b; Moisiadis 2002). In order to prioritize requirements successfully,
domain knowledge and estimation skills are required (Karlsson et al.
2004). In addition, requirements depend on each other and priorities are
always relative. An important requirement in one release or to a certain

 

customer may not be as important in the next release or to another customer (Aurum et al. 2003; Carlshamre 2002). Political- and people- related
issues are discussed, too (Aurum et al. 2003; Damian 2001; Wiegers 2003).
For companies producing packaged software, the long-term planning and
prioritization of requirements are even more challenging than for companies operating in project business. According to Sawyer (2000), the key
differences between characteristics of packaged (market-driven) and bespoke software development concern stakeholding and schedule constraints. For requirements engineering this means that in the development
of packaged software the future requirements of the software cannot be
negotiated with just one or a few customers. Instead, requirements engineering decisions such as the prioritization of potential requirements to be
implemented must be made within the company and be linked to the business decisions of the company (Sawyer 2000). In addition, time-to-market
is, for many software packages, a survival attribute (Novorita et al. 1996).
The normal response to schedule slip in these market-driven cases is to
concentrate resources on meeting the most critical requirements with minimal delay (Sawyer 2000).
The idea introduced above means that market-driven companies need effective and business-driven long-term product planning and requirements
prioritization practices if they are to survive and to provide value. Unfortunately, in research on RE, the viewpoint has mostly been that of bespoke
software development (Karlsson et al. 2002), while RE-related activities
outside of projects (e.g., long-term product planning) have had less emphasis. The requirements prioritization research has also focused mostly on the
requirements prioritization techniques (Pergher et al. 2013), and not, for
example, in understanding the general phenomenon and challenges related
to it. Furthermore, the role of long-term planning and requirements prioritization in value creation are not yet much investigated.

1.2

Research goal and questions

The research goal of the study is to investigate both the current state of requirements prioritization and long-term product planning and their linkages to customer-value creation in market-driven software product development.
The detailed research questions of the study are as follows:
1. What is the state of the practice in long-term product planning and
requirements prioritization?
2. What are the practical challenges in long-term product planning and
requirements prioritization?
3. How do requirements prioritization methods introduced in RE literature suit for solving practical challenges?
Which practices support linking long-term product planning and requirements prioritization to customer value creation?





Table 1 presents the relations between research questions and publications, and Table 2 presents each publication’s research objectives. In Table
1 ‘X’ refers to a strong effort on the publication to the related research question, and ‘x’ refers to a smaller effort.
Table 1. Relations between research questions and publications (X = strong effort, x = small-

er effort)
Id

Research question

1

What is the state of the practice in long-term product
planning and requirements prioritization in practice?
Wht are the practical challenges in long-term product
planning and requirements prioritization?
How do requirements prioritization methods introduced
in RE literature suit for solving practical challenges?
Which practices support linking long-term product planning and requirements prioritization to customer value
creation?

2
3
4

Publication
I
II
III
X
x
x

IV
X

X

X

x

x

V

X
X

X

Table 2. Research objectives of the publications
Id
I
II
III

Name of publication
Requirements prioritization challenges in practice
Suitability of requirements prioritization methods for market-driven software product development
Linking business View to requirements engineering: Long-Term product planning by roadmapping

IV

Linking business and requirements
engineering: is solution planning a
missing activity in software product
companies?

V

From feature development to customer value creation

1.3

Objective of the original article
Clarify the field of requirements prioritization.
Investigate how requirements prioritization methods
from the RE literature suit for market-driven software
product development.
Provide information about roadmapping in a
•
software-engineering context.
Shed light on challenges that a software•
product company introducing the roadmapping approach may face.
Describe the current practices and charac•
teristics of long-term product and solution
planning in the software product development context.
Investigate practices that support linking
•
business decisions to RE.
Analyse the role of RE practices in customer value
creation, especially from the perspective of practice.

The structure of the thesis

The remainder of the thesis is organized as follows. Section 2 provides an
overview of prior literature that is relevant to this work. The research methodology is presented in Section 3. Results are summarized in Section 4 and
compared with previously published work in Section 5. Thereafter, the contributions of the work are presented and further research areas are presented in Section 6. The five publications annexed to the thesis follow as appendices.


 

2. Review of the Literature

2.1

Customer value creation

2.1.1

Customer value

Customer value has many meanings in the literature, but two startingpoints dominate: value for the customer (customer perceived value or customer received value) and value for the firm (value of the customer, customer lifetime value) (Smith et al. 2007). In this thesis, the basic viewpoint
on customer value is the former - customer’s perceived value.
Many authors have acknowledged the difficulties involved in actually defining customer value (e.g. (Woodruff 1997)). These difficulties stem from
the subjectivity and ambiguity of value, which is compounded by the fact
that customer value is a dynamic concept that evolves over time (Naumann
1995). Furthermore, in different disciplines, the value concept is multifaceted and complicated by numerous interpretations, biases, and emphases
(Huber et al. 2001; Sharma et al. 2008).
Common for many definitions of customer value is that the concept is related to the trade-off between perceived benefits (what the customer receives) and sacrifices (what he or she gives up) to acquire and use a product
according to the customer’s perception (Woodruff 1997). In order to truly
analyse the customer value of the product, the benefits must be related to
sacrifices a customer faces to get and use the product. Perceived benefits
can be defined as “a customer’s perceived preference for, and evaluation of,
those product attributes, attribute performances, and consequences arising
from use that facilitates or blocs achieving the customer’s goal and purposes
in use situations”(Woodruff 1997), not just product features.
The narrowest definitions see “customer value” as the level of return on
the product benefits for a customer’s payment in a purchase exchange
(Normann et al. 1993). Wider definitions are not limited to monetary sacrifices, but assert that the judgment of value results from a trade-off between
what the customer receives (e.g., quality, benefits, worth, utilities) and what
he or she gives up to acquire and use a product (e.g., price, sacrifices)
(Woodruff 1997). According to Smith and Colgate (2007) it is unclear
whether customer value is a summative (benefits less sacrifices) or ratio
(benefits divided by sacrifices).
In addition to benefits and sacrifices, there are two other typical characteristics in the definitions of ‘customer value‘ (Woodruff 1997). First, customer value is inherent in or linked through the use to some product. Value


is not in the products as such, but when the customer makes use of it
(Grönroos 2007). This also implies that customers judge products differently in different contexts, and may perceive value differently during purchase
and during subsequent use (Gardial et al. 1994). Second, value is something
perceived by customers rather than objectively determined by a provider.
This means that value has a non-objective nature and that the service provider is in the role of supporting a customer's own value creation (Grönroos
2007).
Ingredients of the value refer to the components that build up the total
value. Understanding the customer value of the product requires analyzing
these value components. However, it is not trivial to analyze and measure
the different components of benefits and sacrifices in practice. Holbrook
summarizes customer value as an “interactive, relativistic preference and
experience” (Holbrook 2006), which is a bit difficult to understand and
apply, but is seemingly intended to capture some of the key characteristics
of customer value. These include the following (Ulaga 2003):
• It is perceived uniquely by individual customers;
• It is conditional or contextual (depending on the individual, situation, or product);
• It is relative (in comparison to known or imagined alternatives);
• It is dynamic (changing within individuals over time)
Furthermore, according to Grönroos (2007), (total perceived) customer
value has a transaction value component and a relationship value component. This means that customers gain benefits both in short term transactions (e.g. features that I use today) as well as in the long term (e.g., when
having a working relationship with a service provider there is no need to
search for a new one). Similarly are the sacrifices both short-term (e.g.,
price) as well as long-term (e.g. how many persons are needed in the cooperation with the service provider). Long-term sacrifices can be divided into
three categories (Grönroos 2007):
• Direct relationship costs that depend on the internal systems that
the customer has to maintain because of the solution offered by
the provider.
• Indirect relationship costs are due to the amount of time and resources that the customer must devote to the maintaining the relationship in case it does not function, as it should.
• Psychological costs are caused when the customer needs to worry
about the relationship with the supplier.
2.1.2

Value creation

According to Slater (1997), firms exist to create value for others where it is
neither efficient nor effective for buyers to attempt to satisfy their own
needs. Many marketing strategists and industrial organization economists
emphasize that creation of superior customer value is a key element for
companies’ success (see e.g. (Porter 2004)). Customers do not look for

 

products or services per se; they look for solutions which they can use so
that value is created for them (Grönroos 2007).
Knowing where the value resides from the standpoint of the customer has
become critical for suppliers (Ulaga et al. 2001) because greater levels of
customer satisfaction lead to greater levels of customer loyalty, positive
word-of-mouth, and a stronger competitive position (Bearden et al. 1983;
Fornell 1992). Customer value is considered central to both competitive
advantage and long-term success of business organizations (Khalifa 2004)
Customer value is perceived and created in customers’ value-generating
processes, when individual consumers or industrial users make use of the
solutions or package they have purchased (Grönroos 2007; Normann et al.
1993). This value-in-use nature of customer value implies that the product
value is not developed and embedded into the product or service itself
(Vargo et al. 2004). One of the greatest challenges for the industrial markets is to incorporate the “voice of the customer” into the design of new
products and services (Haar et al. 2001)
The service or physical product has to fit the customer's value-creation
process (Grönroos 2007). Any solution that does not fit customers' process
will not interest the firm, because it does not create the value they want.
According to Grönroos (2007), customers' everyday activities and their value-creation processes are the most important things for a company to know
about its customers.
According to Ulaga and Chacour (2001) value is related to competition.
Similarly, MacMillan and McGrath (1997) point out that a company has the
opportunity to differentiate itself at every point where it comes in contact
with its customers – from the moment customers realize that they need a
product or service to the time when they no longer want it and decide to
dispose of it. According to MacMillan and McGrath (1997), the company
has to take a comprehensive look at the customer’s processes. They recommend that companies perform the analysis of the customer lifecycle for
each important customer segment.
As early as the 1950s, even before the marketing concept made its way,
L.D. Miles at General Electric Corporation developed a set of techniques
called value analysis. These techniques aimed at identifying and removing
unnecessary costs but still accomplishing the functions that the customer
needed and wanted (Miles 1961). It may not be possible to measure how a
particular customer assesses the value of a product (the value proposition)
at a particular point of time (Smith et al. 2007). However, it is critical for
(these) technology-based companies to gain an accurate understanding of
the potential value of their offerings and to learn how this value can be further enhanced (Parasuraman 1997; Woodruff 1997; Woodruff et al. 1996).
2.1.3

Value creation in software engineering

Traditionally, much of the research and practice in the software engineering
discipline has been done in a value-neutral setting (Boehm 2003). In contrast to a value-neutral approach, Boehm (2003) introduced Value-based


software engineering (VBSE), which promotes approaches that maximize
the business value for software organizations and provides a systematic
process for analysing customer value. Boehm's agenda for VBSE has also
initiated further studies for multi-perspective value approaches within requirements engineering (RE). For example, Aurum and Wohlin (Aurum et
al. 2007) borrow fundamental aspects of value from economic theory and
construct a multilevel model of value alignment from business, product and
project perspectives. This value based approach to RE is further applied in a
value-based release planning context while studying stakeholders’ perspectives and the values influencing requirement selection (Barney et al. 2008).
The “Agile manifesto” (Beck et al. 2001) underlined that the software development process is actually a value creation process. Racheva et al.
(2010a) interpret and summarize the manifesto, stating that the main purpose of an agile project is to 1) deliver maximum business value for the client and that 2) agile approaches deliver business value fast and early in the
project.
Precisely defining business is not easy. At a high-level, business value can
be defined, for example, as something that delivers profit to the organization paying for the software in the form of an increase in revenue, an avoidance of costs, or an improvement in service (Patton 2008). However, there
is no single, easy definition of business value in software engineering, as it
is rather more slippery and volatile than the most of the authors seem to
implicitly assume (Racheva et al. 2009). Khurum et al. (2013) also discuss
the lack of a consolidated view on value. They state that there is no complete picture of the value constructs relevant to the different perspectives,
required for making software product management and development decisions.
Racheva et al. (2009) were, however, able to identify some characteristics
to business value
• Business value in practice tends to be qualitative
• Business value tends to be subjective
• The sources of business value drive requirements prioritization
• Business value of the IT solution requires a degree of trust
• The business value an IT solution tends to be dependent on nonIT business processes
Furthermore, Racheva et al. (2009) found that most studies in their systematic literature review related to business value as understood from the
client’s perspective, and most often the “customer” here referring to a multi-stakeholder setting in a client organization. These characteristics of value
mean, for example, that value is not absolute. Racheva et al. (2010b), for
example, observed that there is a link between perceived value and price of
implementation. This means that the perceived value of a feature for the
customer seems to depend on how much development effort the implementation of it requires. They also found that when making requirements prioritization decisions at inter-iteration time almost all participants stress the
importance of what they call a ‘negative value’ (Racheva et al. 2010b). This

 

term refers to the cost or disadvantage if the requirements are not implemented.
Furthermore, Patton (2008) states that “the business doesn’t get its value
unless the software is used. In fact, focusing on getting the business its return will compel you to focus on the people who will eventually use the
software”. This means that defining value for a single feature is difficult
during product development, as the value actually is not realized until the
end-user uses the product.
The agile frameworks introduced in the literature aim to create value. For
example Scrum focuses on frequently prioritizing requirements to maximize Return on Investment (ROI) (Schwaber 2004). According to Barney et
al. (Barney et al. 2008), however, the understanding, application and
measurement of value from a customer's perspective is still seen as a major
problem in the software industry. For example, Racheva et al. (2009) could
not find a study in which it is clearly indicated how exactly agile practices
create value and keep accumulating it over time. A later study by the same
authors also revealed that project participants almost never use an explicit
and structured approach to guide value creation throughout a project
(Racheva et al. 2010a). Similarly Murtazev et al. (2010) state that “existing
value-based approaches do not prescribe how to make whole software processes value based, rather they focus on making specific phase of the process value-based”.
The nature of software makes value creation even more complicated
(Wohlin et al. 2005). Since software is easily changed and released in several releases, there is a constant trade-off between short-term business goals
to satisfy customers and different markets, and the long-term evolution,
both of which have to be taken into account to ensure that the software
product is competitive in the short- and long-term (Wohlin et al. 2005a).
According to Racheva et al. (2009) a key to value creation in agile projects
is decision-making that takes place at the inter-iteration time, when requirements are reprioritized in the face of project uncertainties. According
to Bavani (2010), value creation, however, is not a number-crunching approach aimed at measuring cost savings and profit margins alone, but significantly a people-oriented approach. Building a culture of value creation is
necessary to uplift practitioners in order to implement successful initiatives
(Bavani 2010). Racheva et al. (2009) state as the key implication of their
study, that there is a need to pursue a study of value creation in agile projects by deploying empirical research methods and complement it by guidelines for better customer involvement as well as by developing structured
methods that will enhance the value-creation in a project.
Racheva et al. (2010b) found that, in practice, some explicit and fundamental assumptions of agile requirement prioritization approaches, as described in the agile literature on best practices, do not hold in all agile project contexts in their study. These are (i) the driving role of the client in the
value creation process, (ii) the prevailing position of business value as a



main prioritization criterion, (iii) the role of the prioritization process for
project goal achievement (Racheva et al. 2010b).
In this thesis, we attempt to understand the value creation in a software
engineering context and the role of long-term product planning and requirements prioritization in this value creation. The companies in this case
study are not purely agile and the focus of this study is not on agile practices
in particular, but on software development in general.

2.2
2.2.1

Software product development
Software product business

Software companies can be roughly divided into two: companies operating
in the software project business (other terms used are ‘bespoke software’
and ‘software services’) or in the software product business (also called
market-driven software development) (Carmel et al. 1998; Hoch et al. 1999;
Nambisan 2001). The distinction between a products company and a services (or project) company, however, is not always clear and in many cases
hybrid solutions companies (a combination of both models) can be effective
in generating a steady stream of revenues and profits (Cusumano 2004).
According to Nambisan (2001), software companies moving towards the
software product business from custom-made solutions face new managerial product development challenges. According to Sawyer (2000), two major
differences between bespoke software development and market-driven
software development concern the characteristics of stakeholding and
schedule constraints. In market-driven software development, there is significant pressure on time-to-market and the software product is often offered to a market through recurrent releases.
2.2.2

Requirements engineering

Requirement and feature
Wiegers (2003) defines a requirement as a property that a product must
have to provide value to a stakeholder. Requirements engineering covers all
of the activities involved in discovering, documenting, and maintaining a
set of requirements for a computer-based system (Kotonya et al. 1998).
“Requirement”, however, is not an unambiguous term, as different authors
seem to define it differently and emphasize different viewpoints in their
definitions. For example, an IEEE standard (IEEE Std 610.12 1990) defines
the term as,
• a condition or capability needed by a user to solve a problem or
achieve an objective.
• a condition or capability that must be met or possessed by a system or system component to satisfy a contract, standard, specification, or other formally imposed document; or
• a documented representation of a condition or capability as in (1)
and (2).
 

Davis (1993) supplements the IEEE’s definition by defining a requirement
as “a user need or a necessary feature, function, or attribute of a system that
can be sensed from a position external to that system”. Kotonya and Sommerville (Kotonya et al. 1998) state that (system) requirements define what
the system is required to do and the circumstances under which it is required to operate.
Feature represents a logical unit of behaviour from the perspective of one
or several stakeholders in the product and is generally used to group requirements (Bosch 2000). In this thesis, the term is used to distinguish
(usually not-yet-defined-in-detail) higher-level requirements from more
mature and defined requirements.

sending personal messages with friends
writing a
personal message

selecting whom
to send the message

viewing
earlier messages

...

feature
requirements

Figure 1. A feature represents a logical unit of behaviour from the stakeholder’s perspective

Figure 1 illustrates via an example the distinction between the concepts
‘feature’ and ‘requirement’. In this thesis, the term ‘requirement’ is used
when the size or maturity of the requirement does not play a role. The term
‘feature’ is used only in those cases where the authors want to emphasize
the large and undefined nature of the requirements they are addressing.
Requirements engineering process
The requirements engineering process can be defined as a structured set of
activities, which are followed to derive, validate, and maintain a systems
requirements document (Kotonya et al. 1998). According to Kotonya and
Sommerville (1998), the basic sequence of the requirements engineering
process includes requirements elicitation, requirements analysis and negotiation, requirements documentation, and requirements validation. However, there is no single requirements engineering process which is right for all
organizations. In addition, the sequential process description per se is not
enough (Kotonya et al. 1998). Sound requirements processes emphasize a
collaborative approach to product development, involving multiple stakeholder perspectives in a partnership through a project (Wiegers 2003).
Requirements engineering is usually seen as the first phase of the development cycle. For example, Jackson (1995) argues that requirements engineering and design are separate activities, because requirements are mostly
concerned with the problem to be solved and design is concerned with the
solution to the problem. However, Kotonya and Sommerville (1998), for
example, argue that these two are interrelated activities.
Requirements engineering should be seen neither as a single activity at
the beginning of a project nor a purely sequential process. Instead, requirements engineering is needed throughout the product development
life-cycle and iterations are usually needed (Wiegers 2003). An interesting





point to mention here is that Royce’s (1970) waterfall article actually explored how the initial waterfall model could be developed into an iterative
model, with feedback from each phase influencing previous phases. Ironically, only the initial model received notice and his criticism of this initial
strictly sequential model has been largely ignored.
2.2.3

Market-driven requirements engineering

Market-driven requirements engineering refers to requirements engineering in companies operating in the software product business. Usually, the
viewpoint in the requirements engineering literature has been that of bespoke software development (Karlsson et al. 2002). As a whole, requirements engineering outside projects seems not to have been discussed that
much in the literature. According to Ebert (2005), this might be because of
its complexity (e.g., overlapping ownerships) and the historical division
between product management and requirements engineering, which was
perceived as an internal engineering discipline.
However, the differences in the business models are reflected in requirements engineering as well. For example, Karlsson et al. (2002) found that
requirements engineering for commercial off-the-shelf software packages
entails special challenges. In companies operating in the product business,
requirements engineering is needed not just within projects, but also before
projects (Ebert 2005). This means that in a market-driven situation the
traditional, monolithic requirements specification is of limited value when
managing a steady stream of incoming requirements of varying quality
(Karlsson et al. 2002).
One of the key effects that the movement to a product business has had on
requirements engineering is the increasing importance of long-term product planning and requirements prioritization. In market-driven software
product development, wide markets with a large customer base outside the
company and lots of stakeholders within the company are involved. This
means that the future development steps of a product cannot be negotiated
with just one or a few customers. These decisions must be made more strategically and within the company, and with the developer bearing all the
financial risks involved (Sawyer 2000). This brings up also issues like a
need for common language between business decision-makers and IT decision-makers (Paech et al. 2008). In order to provide value with their products, companies need to place an emphasis on the selection and prioritization of requirements before projects in addition to within-project activities
(Ebert 2005).
For example, Sawyer points out that when the software is offered through
recurrent releases, careful release planning and requirements prioritization
are needed (Sawyer 2000). According to Moisiadis (2002) ‘the notion of
releasing progressive versions and updates of products, as well as the rising
demand on developers to build systems that go to market much quicker
than ever before, has led to the need to prioritise requirements at the earliest possible stage in the systems development life cycle’. Wiegers (2003)
 

suggests that priorities should be evaluated and adjusted periodically
throughout development as customer needs, market conditions, and business goals evolve.
According to Ebert (2005), only by integrating upstream (e.g. roadmap)
and downstream (i.e. project) processes will projects be successful. Requirements engineering decisions (e.g., prioritization) must be linked to
business decisions of the company (Rautiainen et al. 2003). For example,
Favaro (2002) points out that because the purpose of the requirements process is to add business value, the person in the position of managing requirements is also in the position of making the most of strategic opportunities. Thus, a central activity within the software vendor organization is
deciding when the next releases of their software products should be made
generally available and what feature enhancements (i.e. requirements) they
should contain so as to maximize future revenue (Penny 2002b).
Karlsson et al. (2002), however, reported that many of the key challenges
in market-driven requirements engineering had a link to the selection and
prioritization of requirements. Such challenges were making trade-offs between the requirements demanded and new, inventive requirements, the
gap between marketing staff and developers, bad time estimates having an
effect on release plans, and requirements overload complicating release
planning (Karlsson et al. 2002). Also Ebert (2006) points out that a major
obstacle of a product manager is the need to balance a variety of needs from
markets, customers or stakeholders and aligning them into an optimized
allocation of spare resources. Furthermore, he argues that little specific
guidance is available in the literature for software product management
(Ebert 2009) which is supported also by case studies showing that creation
of software product value through requirements prioritization decisionmaking is only partly understood (Petersen et al. 2009).

2.3

Product planning

Wiegers (2003) defines a requirement as a property that a product must
have to provide value to a stakeholder. In order to maximize the value provided by a product, a successful selection of the requirements to be implemented is needed. When customer expectations are high, timelines short,
and resources limited, the most essential functionality of the product
should be delivered as early as possible (Wiegers 1999). However, the scope
of each product release must be limited (Siddiqi et al. 1996). The challenge
(in product development) is to select the 'right' requirements out of a given
superset of candidate requirements so that all the different key interests,
technical constraints, and preferences of the critical stakeholders are fulfilled and the overall business value of the product is maximized (Ruhe et
al. 2002).
As stated earlier, the goal in the software product business is to sell the
packaged software without customer-specific modifications. This means
that the development organization is alone responsible for deciding which





requirements to implement and selecting the stakeholder representatives.
Thus, the developer bears all the financial risks included and there is no
single customer who is the principal stakeholder, as with bespoke software
development (Sawyer 2000).
In this thesis the focus is on three product planning activities, roadmapping, release planning and requirements prioritization. Even though these
activities are presented separately in this thesis, is worth mentioning that in
practice these activities are typically overlapping and cannot be totally distincted from each others.
2.3.1

Long-term product planning (Roadmapping)

Requirements documents for short projects are not sufficient to ensure the
comprehensive understanding in the organization that developing software
products for wide markets requires (Karlsson et al. 2002). Long-term product planning is one route that software product companies follow to explicate the link that is needed between business decisions and requirements
engineering. Weak, or unclear, visions or goals for the software development (due to not being communicated or not being clear enough) contributes to weak communication, primarily, between those defining the requirements and the development unit because there is no mutual understanding of the goal (Bjarnason et al. 2010).
Roadmapping can be defined as a flexible technique that is used to support strategic and long-range planning (Kappel 2001). The basic purpose of
roadmapping is to explore and communicate the dynamic linkages between
markets, products, and technologies over time (Kappel 2001). A typical
roadmapping process gathers together stakeholders from different functions of the organization to plan and make decisions, and provides the
roadmap as an outcome for presenting the decisions that have been made.
The output of the roadmapping process is called a roadmap (see Figure 2).
The generic roadmap is a time-based chart, comprising a number of layers
that typically include both commercial and technological perspectives
(Phaal et al. 2004).
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Figure 2. A generic roadmap is a time-based chart, comprising number of layers (Phaal et
al. 2004)

Roadmaps communicate visions, attract resources from business and
government, stimulate investigations, and monitor progress (Galvin 2004).
According to De Gregorio (2000), a roadmap should provide a simple but
powerful visualization of a forecast. Roadmaps, however, have a dual nature; they are both forecasts and plans (Kappel 2001). By forecasting he
means that roadmaps articulate what is likely to happen and by plans that
roadmaps usually also articulate the course of action.
Roadmapping is reported as a tool for widening the focus from short-term
plans to more long-term thinking. According to Albright and Kappel
(2003), today’s business climate can lead to a focus on short-term thinking,
often tied to the reporting needs of the budget cycle or the next deliverable.
Roadmapping helps to focus on long-term planning and on the highestpriority topics (Albright et al. 2003). According to Phaal et al. (2003),
roadmaps provide a means of charting a migration path between the current state of the business (for each layer) and the long-term vision.
Roadmaps can be used for different purposes (De Gregorio 2000). This
means that roadmaps articulate different aspects of strategy and are snapshots from different viewpoints. In addition, the information described in
the roadmaps can vary according to the abstraction level and type of information (Phaal et al. 2003). This means that roadmaps can contain information from early forecasts to documented business decisions. For example
Komssi et al. (2011) propose that an analysis of customer value and customers’ processes should be integrated into roadmapping. In addition, sometimes just a high-level view of the topic is needed and in some cases detailed
information is in place. Roadmaps also vary greatly according to their
presentation formats. Sometimes just one picture is needed, but there are
cases where documentation of over one-hundred pages may be reasonable
(Phaal et al. 2003).





Many of the benefits of roadmapping, according to the literature, are derived from the roadmapping process rather than the roadmap itself (Kappel
2001). The process brings people together, allowing them to share information and perspectives. According to Phaal et al. (2003), roadmapping
also provides them with a vehicle for the holistic consideration of problems,
opportunities, and new ideas. Albright and Kappel (2003) point out that the
use of cross-functional teams improves communication and the ownership
of plans by providing a common vocabulary and combining each member’s
special knowledge. However, the key challenges identified in roadmapping
are how to establish a suitable roadmapping process for the organization
and how to keep roadmaps alive and updated (Vatananan et al. 2010).
The graphical form of the roadmap is reported as being a powerful communication mechanism (Phaal et al. 2003). Compared to merely textual
documents, graphical roadmaps usually give a better high-level view and
help in sharing the common understanding with different stakeholders.
Vähäniitty et al. (2009) suggest that product roadmap visualization should
express the release and development schedules for the product, composition of individual releases, changes to the underlying technology, services
requiring attention from product development and planned resource usage,
while project management tracks how successfully the roadmap is being
acted on.
In the case organizations of this study, the term roadmapping is most often used to describe the activities that aim to allocate the potential future
features of the products in forthcoming releases. Thus, roadmapping can be
seen as a product management level prioritization activity because the aim
of it is to prioritize features to releases over time.
2.3.2

Release planning

Requirements engineering for software products can be generally seen as a
way of synchronizing the work with the continuous flow of candidate requirements and the work with the discrete release events (Regnell et al.
2005). Requirements are received and registered on a continuous basis by
the product manager from all kinds of submitters internal or external to the
company, such as customers, sales representatives, or development teams
(Regnell et al. 2005). The gathered requirements are then typically stored
into a requirements repository that is dynamically evolving with data of
varying types and levels of abstraction (Regnell et al. 2005).
Release planning is the activity through which the requirements in the repository are realized into a product releases. Hence, the input for the release planning process is a set of requirements that are evolving over time
due to changing user needs and better problem understanding (Ruhe
2010). During release planning the product manager communicates with
other roles in the development team: project manager, software engineers,
testers, technical authors, translators, marketing, etc. (Regnell et al. 2005).
The challenge in release planning is to select the 'right' requirements out
of a given superset of candidate requirements so that all the different key
  

interests, technical constraints and preferences of the critical stakeholders
are fulfilled and the overall business value of the product is maximized
(Ruhe et al. 2002). Furthermore, over-scoping of releases is reported as a
common problem because of issues such as continuous requirements inflow, lack of consolidated view of capacity, lack of development team involvement in early phases, requirements not being agreed with the development team, unclear vision or goal and detailed requirements specifications developed upfront (Bjarnason et al. 2010).
Different release planning methods have been proposed during the last
decade (see (Ruhe 2010) for overview) including:
- Greedy release planning (Cormen et al. 2006) that uses an algorithm designed to make a locally optimal choice at each stage in
selecting requirements based on their priority and the resource
consumption.
- Optimizing value and cost (Jung 1998), that applies an algorithm
to balance the cost and value of the requirements, and then implement the most cost-effective set.
- Combining optimized value and cost with the interdependencies
of requirements (Carlshamre 2002), that selects requirements
based on the trade-off between a requirement’s value and cost
while considering the interdependencies between requirements.
- The next release problem (Bagnall et al. 2001) that looks exclusively at the cost per feature. The objective of planning is to ensure
that the demands of a company’s client base are satisfied as much
as possible while at the same time ensuring that they themselves
have the resources to undertake the necessary development. There
is no involvement of stakeholders in the prioritization of requirements.
- The incremental funding method (Denne et al. 2004) that aims at
delivering functionality in chunks of customer-value features, sequenced to optimize the project’s net present value. The method is
focused on the maximization of the overall financial value.
- EVOLVE (Greer et al. 2004) that is an evolutionary and iterative
approach for software release planning that looks ahead for more
than one release. The method tries to balance the conflicting
stakeholder opinions to achieve the highest degree of satisfaction
with the resources available. The method generates more than
one alternative, each of which represents a trade-off between fulfilment of stakeholder expectations and the total benefit of the
proposed plans.
- Software product release planning through optimization and
what-if analysis (Van den Akker et al. 2008) that attempts to apply mathematical programming to provide a solution for the next
release problem.
- CSP modelling (Regnell et al. 2011) where relative and absolute
priorities, interdependencies, and other constraints are expressed
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2.4
2.4.1

as relations among variables representing entities such as feature
priorities, stakeholder preferences, and resource constraints.
CERP (Heikkilä et al. 2010a) that facilitates the active involvement of stakeholders in the different stages of the planning process
The multi-criteria method (Fernandes et al. 2008) that evaluates
the value of XP release plans, which is based upon software minimum marketable features, information economics, risk analysis,
and stochastic modelling

Requirements prioritization
Definition of requirements prioritization

Sommerville (2010) defines requirements prioritization as an activity during which the most important requirements for the system are discovered.
Requirements prioritization is needed not only to ignore the least important
requirements, but also to improve effective project management. Clearly
defined requirement priorities are the essential basis for conflict solution
among requirements, for decision-making during architectural design and
for test case prioritization (Herrmann et al. 2006). Thus, Harwell et al.
(1993) describe a priority as being a characteristic of a requirement that can
be used for different purposes, depending on program and company needs.
Prioritization can be viewed as a sub-problem of release planning, where
the latter not only involves assigning priorities according to a set of criteria
reflecting the views of a set of stakeholders, but also includes scheduling,
resource planning and taking into account requirements interdependencies
(Carlshamre et al. 2001).
According to Boehm (2003), ‘much of current software engineering practice and research is done in a value neutral setting, in which every requirement is treated as equally important’. According to Wiegers (2003), requirements prioritization is needed to indicate how essential each requirement, feature, or use case is to a particular product release. If all the requirements are considered to be equally important, it is hard for the project
manager to respond to budget cuts, schedule overruns, personnel losses, or
new requirements added during development.
The traditional view of requirements prioritization is to see it as an ‘activity in which priorities are given for individual requirements within a software development project’. However, understanding the value of requirements is not just within-the-project activity in software product development (Ebert 2005). Instead, the prioritization of requirements before projects and allocating them to releases is an essential activity in order to provide value for customers and users. Additionally, Wiegers (2003) suggests
that priorities are evaluated and adjusted periodically throughout the period of development as customer needs, market conditions, and business
goals evolve.

  

A definition for high-priority requirements in this thesis is as follows:
‘Those requirements that provide the largest fraction of the total product
value at the smallest fraction of the total cost.’ (based on definitions in e.g.
(Jung 1998) and (Karlsson et al. 1997b)).
2.4.2

Challenges in requirements prioritization

Requirements prioritization has been recognized as a challenging activity in
the literature. Already Yeh (1992) reported that that requirements prioritization is one of the most crucial and at the same time difficult tasks that
faces the decision makers. However, there is little direct research on why
requirements prioritization actually is difficult. Still, many authors have
provided some rationales for the challenges involved in prioritization. These include the following:
• Taking different aspects into account in prioritization
• Lack of information about aspects
• Linking priorities to business goals
• Changes in the environment, requirements and priorities
• Different opinions about priorities
• Dependencies between requirements
• Prioritizing large amounts of requirements
Taking different aspects into account in prioritization
Requirements prioritization is a decision-making activity where several
aspects have an effect on priorities (Benestad et al. 2011). However, there
are many challenges related to taking these aspects into account in practice.
According to Berander (2007), it is seldom clear which aspects to use in
prioritization. Carlshamre (2002) supports this view by pointing out that
decision-makers find that it is not easy to define the aspects on the basis of
which prioritization decisions should be made. For example, Bubenko
(1995) points out that practitioners lack knowledge of how to quantify the
benefits and risks of (different alternative designs and) requirements. Also,
according to Svensson et al. (2011) it is most common to have no specific or
explicit criterion defined when prioritizing (quality requirements).
It is also not easy to combine aspects together as practitioners do not
know how to emphasize different aspects compared to the other aspects.
Karlsson et al (2002) report problems in market-driven companies in having a good balance between market-driven and technology-driven requirements in their releases. Even if a developer is provided priorities, there are
too many complex factors that a developer does not or can not take into
account for in order to mitigate the critical risk of not implementing an acceptable subset of the requirements (Park et al. 1999). Benestad et al. (2011)
also point out that requirements prioritization models in the literature focus on only select parts of a possibly larger space of relevant planning factors.
One big challenge in taking different viewpoints into account is that the
aspects are interrelated. According to Wohlin and Aurum (2005b) it is al-





most impossible to choose truly independent aspects. Also Ruhe et al point
out that when multiple aspects are included in prioritization, the aspects
interact so that the changes in one impact another (Ruhe et al. 2003).
Lack of information about aspects
One key problem in prioritization is that decision-makers do not have
enough information about the issues affecting their decisions (Boehm et al.
2001; Damian et al. 2003) For example, Boehm et al. (2001) point out that
that requirements often must be negotiated among success-critical stakeholders who are often unsure of their own needs and even less so of the
needs of others.
One problem is that decision forums often do not include a representative
sample of stakeholders (Damian et al. 2003). However, only the stakeholders can properly prioritize the requirements, while only the developers can
properly estimate the cost and schedule consequences of the stakeholders’
priorities (Wiegers 1999). Sivzattian and Nusebeih (2001) also point out
that prioritization approaches introduced in the literature fail to explicitly
account for uncertainty and incomplete knowledge of the real world.
Linking priorities to business goals
Incorporating the expertise from marketing departments and the visions of
top-level management in the prioritization process is important. For example participants in a study conducted by Barney et al. (2009), businessperspective criteria was the most important for selecting project requirements both currently and in the ideal case. However, one of the main challenges identified by Regnell et al. (1998) is to relate the continuous prioritization of incoming requirements to a long-term product strategy for a range
of market segments.
Aligning the links between business goals and requirements has been
found as challenging in practice (Khurum et al. 2012). Damian and Zowghi
(2003) found out that requirements expressed by customers were often not
aligned with business requirements. Also Bubenko (1995) reports that links
between business and enterprise models and information system specifications are usually not maintained. Firesmith (2004) points out that it is often difficult to directly relate requirement priority to business goal importance. Interestingly, related to this challenge, Khurum et al. (2012) report that even though e.g. business value of requirements, competitors or
target customers are reported as aspects to be considered during prioritization, difficulty in aligning business goals with decisions is reported as the
one of the biggest challenges in requirements prioritization.
Changes in the environment, requirements, and priorities
Market-driven companies have to deal with frequent changes in importance
of different requirements when competitors improve, market changes, or
when customers just change their mind (Karlsson et al. 2002). Stakeholders
may for example change their minds once they understand the cost and
schedule implications (Wiegers 1999). Even stakeholders (in the process)

 

may change (Firesmith 2004). Not to mention that also needs and individual requirements may change, and they are often incompatible (Firesmith
2004). All this changes also priorities, which makes prioritization difficult.
Different opinions about priorities
Aspects such as importance are unambiguous concepts and dependent on
which perspective the stakeholder has (Berander 2007). An important requirement in one release or to a certain customer may not be as important
in the next release or to another customer (Carlshamre 2002). Implementation of one requirement bringing value to one stakeholder might cause a
negative value proposition to another because stakeholders may have goals
that conflict with one another (Nuseibeh et al. 2000). Also Herrmann et al.
(2006) mention the differences in utility perception of different stakeholders.
Aurum et al. (2003) describe the RE process, in essence, a complex communication and negotiation process involving many stakeholders. They
argue that it includes a great deal of invisible decision-making (Aurum et al.
2003). For example, Wiegers (2003) argues that customers might not want
to prioritize their requirements because they are afraid of having just the
most important ones done and developers do not want to admit that they
are not able to implement all the requirements. Political issues are discussed by other authors, e.g. Andriole (1998), too. Findings of Racheva et
al. (2010b) indicate that in practice the developer viewpoint plays a much
more important role than what is recommended in the literature.
Dependencies between requirements
Priorities are relative and the requirements may depend on each other in
many levels (Carlshamre et al. 2001). Because the value of a requirement
may depend on another requirement (Karlsson et al. 1997a), the arrival of
new requirements may require the reprioritization of the entire backlog.
This means that as new requirements are added, the relative priorities of
existing requirements may need to change accordingly (Fellows et al. 1998).
Furthermore, the system may be incrementally developed so that some of
the requirements are implemented before others. Thus, the important priorities become the priorities of those remaining requirements that have yet
to be implemented (Firesmith 2004). According to Benestad et al. (2011)
developing a shared understanding of features and their possible interdependencies requires the most effort in the planning process, and the allocation of features to releases actually constitutes a less complex task. Khurum
et al. (2012) found that ‘requirements dependencies’ was one of the two
most applicable challenges in the industrial context.
Prioritizing large amounts of requirements
Prioritizing large amounts of requirements has been reported challenging in
many publications where requirements prioritization methods are studied
(e.g. (Karlsson et al. 2002)). Karlsson et al. (2002) found out that thousands of requirements resulted in difficulties when prioritizing require-





ments for the next release. Furthermore, Firesmith (2004) points out that
techniques for determining the priorities of all requirements, such as pairwise comparisons or Quality Function Deployment (QFD) typically do not
scale unless requirements are previously grouped in some manner. The
difficulty of prioritizing large amounts of requirements is supported also by
Babar (Babar et al. 2011) who points out that there is no evidence of a successful prioritization technique that would solve the problem of a large set
of requirements.
2.4.3

Requirements prioritization methods

Requirements prioritization started to gain interest in the requirements
engineering research in the nineties, when general RE studies noted the
challenges and importance of prioritization (Lubars et al. 1993). In the late
nineties, authors also started to introduce methods for prioritizing requirements (e.g.(Beck 1999; Karlsson et al. 1997b; Wiegers 1999)), which
continued in to the twenty-first century (e.g. (Berander et al. 2006a;
Herrmann et al. 2008; Lauesen 2002; Leffingwell et al. 2003).
The literature offers several methods for requirements prioritization. As
requirements prioritization could be seen as a basic sorting problem of
items, in theory any algorithms could be used to put a set of requirements
in order. Comprehensive lists of methods and sorting algorithms proposed
for requirements prioritization in the literature are presented e.g. in
(Herrmann et al. 2008), (Kukreja et al. 2012) and (Racheva et al. 2010b).)
In this thesis, we concentrate only on those prioritization methods that are
discussed in the requirements engineering literature in the context of prioritizing requirements.
The prioritization methods introduced in the requirements engineering
literature vary from high-level prioritization process descriptions to detailed prioritization algorithms (Berander et al. 2006b) and can be categorized in different ways. Such different approaches work on different measurement scales, focus on different aspects, and have different levels of sophistication (Berander et al. 2005). Approaches on different levels typically
focus on solving some parts of the requirements prioritization problem and
put less emphasis on other challenges (Berander et al. 2006b). One way to
categorize methods is for example based on scales that are used in the prioritization.
Different requirements prioritization methods introduced in the literature
seem actually to be intended for slightly different purposes. These purposes
can be e.g.:
• Sharing limited product development resources and solving conflicts between different stakeholders (e.g., voting, million dollar
test)
• Collecting opinions from different user and customer groups about
their preferences (e.g. top ten requirements)
• Analysing requirements from different viewpoints (e.g. Wiegers’
method, Cost-value approach)
 

Recording and communicating further which requirements are
important (e.g. IEEE recommendation of priority groups)
Requirements prioritization methods introduced in the literature can be
categorized in many ways. In this thesis, prioritization methods are introduced according to the background idea that the methods have for requirements prioritization. These categories are briefly introduced here and
examples of methods in each category are given and described. In addition,
the benefits and disadvantages of the different types of methods are briefly
discussed.
The introduced categories of different requirements prioritization methods are as follows:
• Grouping and sorting methods
• Methods that combine different aspects affecting priorities
• Voting and investing methods
•

Grouping and sorting methods
In grouping and sorting methods ‹requirements are put in groups or sorted
according to their importance or urgency. The exact names of the groups, as
well as the amount of them, vary in different approaches, but the basic idea
remains the same. Examples of these methods are introduced in Table 2.
The best-known implementation of this method is to put requirements in
three groups: “Must”, “Essential”, and “Conditional”.
Some authors suggest that practitioners use another approach (e.g., additional calculations) instead of estimation to divide the requirements into
priority groups. For example, Dver (2003) suggests using a balanced scorecard approach to categorize product requirements into three rankings: high,
medium, and low.
Table 3. Grouping and selection methods

Method

Brief description

Reference

Priority Groups

The most common implementation of this method is
to put requirements into three groups (must, essential
and conditional) according to the requirement’s importance to customers.

IEEE (1998)

Grouping with
internal grouping

Requirements are first put into groups and then regrouped within the groups as long as the end result is
a descending ordered priority list of requirements.
Groups can be internally ranked by using other techniques as well.

(Karlsson et al. 1998)

Spanning tree
matrix, Bubble
sort, Binary
Search Tree

Prioritization is performed on the basis of a general
sorting algorithm.

(Karlsson et al. 1998)

The grouping techniques are easy to use and learn, as no complex calculation is needed. However, before using these techniques the stakeholders
should discuss and explicitly define what the different groups mean in their
case.





Methods that combine aspects affecting priority
A set of prioritization methods is based on the idea that the priority of a
requirement is a combination of the estimates of values given to different
aspects that affect the priority of a requirement. Examples of these methods
are introduced in Table 4. The most typical aspects of these methods to be
included in the prioritization are the requirement’s value for the customer
and the implementation costs of the requirement (e.g. (Karlsson et al.
1997b)).
Table 4. Methods that combine aspects affecting priorities

Method

Short description

Reference

AHP
(Analytical
Hierarchy
Process)

All unique pairs of items are compared to determine which of
the two is of higher priority, and to what extent.

(Saaty 1980)

Hierarchy
AHP

A modification of AHP in which only requirements on the same
level of a hierarchy are compared with each other.

(Saaty 1980)

Cost-value
approach

AHP-based method in which all possible requirement pairs are
compared according to their importance and implementation
costs. The percentage share that a requirement has for total
value and the total costs of all requirements are calculated for
each requirement. (Cost-value approach is one instance of
Hierarchy AHP)

(Karlsson et al.
1997b)

Ordinal costvalue approach

Requirements are put into three groups according to their
value to customers and into three groups according to their
implementation costs. The results are presented in a costvalue scattered diagram.

(Karlsson et al.
2005)

Wiegers’
method

Each requirement is evaluated on a scale from 1 to 9 according to its value to the customer, the penalty if it is not implemented, implementation costs, and risks. Priority is calculated
by dividing value + penalty by cost + risks.

(Wiegers 1999)

Impact
validation

The impact that each proposed requirement has on the
achievement of the high-level goals of the project is evaluated
on a defined scale. For each requirement an impact sum is
calculated. The requirement having the greatest impact is
seen as the most important and so on.

(Gilb 2005)

MDRPM
(Market
Driven
Requirement
Prioritization
Model)

AHP with a consistency check added to the normal procedure.

(Iqbal et al. 2010)

Simulationbased Fuzzy
Multiattribute
Decision
Making

Model takes the imprecise nature of requirements into account
by modelling their attributes as fuzzy variables.

(Ejnioui et al.
2012)

Compared to just grouping the requirements, these kinds of methods provide wider insight into prioritization and may help to take different aspects
affecting priority into account better (e.g. (Karlsson et al. 1997b). However,
many of these methods require complex calculations and need a lot of effort
to perform the prioritization. In addition, even though these methods usually provide much more definite results than grouping (e.g., an individual
importance percentage for each requirement), it should be remembered
that no result can be better than the estimates given.

 

Voting and investing methods
The investing methods are based on the idea that there is a certain amount
of resources to be invested in the product development in one release and
that prioritization is actually allocating these resources between different
potential requirements (see examples from Table 5). Voting comes to the
question when there are many stakeholders that have different viewpoints
on how to make this allocation (e.g., in those cases where several product
managers are responsible for different customer segments).
Table 5. Voting and investing methods

Method

Short description

Reference

$100 test /
Cumulative voting

Each stakeholder gets an imaginary $100 which she
can allocate to requirements as she wants. The requirements that get the most money allocated are the
top priority requirements.

(Leffingwell et al.
2000)

The amount of ‘dollars’ can be according to he situation divided evenly or unevenly among stakeholders.
For example business units could get ‘dollars’ according to their investment levels.
Hierarchical Cumulative Voting

Prioritization is performed as in cumulative voting, but
not all requirements are prioritized at the same time.
Prioritizations are performed at different levels of a
hierarchy, and within different groups of requirements
in that hierarchy.

(Berander et al.
2006a)

Planning Game

The XP version of Cost-Value approach where the
project group estimates for every user story how
many programming weeks it will take to implement it
and the user decides which user stories she wants
implemented first.

(Beck 1999)

Distributed Prioritization Process

Each stakeholder prioritizes candidate list of priorities.
Product strategy team forms candidate priorities
based on individual prioritizations. Iteration if needed.

(Regnell et al.
2001)

Top Ten Requirements

Each stakeholder selects the 10 most important requirements from her viewpoint. The requirements that
are selected by many stakeholders in their top 10 lists
are considered the most important.

(Lauesen 2002)

The benefit of using voting and investing is that they serves as a more
controlled way to take the opinions of different stakeholders into account.
However, the disadvantages of these methods are that they still leave some
space for ‘politics’. For example, stakeholders may not give their votes to
important requirements that are common for every stakeholder bacause
they just want to invest in their specialties.
2.4.4

Empirical evidence on requirements prioritization

Several systematic literature reviews have been published in the area of
requirements prioritization in recent years (Achimugu et al. 2014;
Herrmann et al. 2008; Pergher et al. 2013; Pitangueira et al. 2013). These
studies present evidence about requirements prioritization, the nature of
studies published in this area, and the challenges that have been reported
with existing techniques.
Requirements prioritization has been significantly discussed in the requirements engineering domain (Achimugu et al. 2014). According to
Pergher et al. (2013) there is relatively recent interest in the topic “Re



quirement Prioritization”. Most of the papers in that 2013 study had been
written in the last 7 years and 37% (little less than the half of them) were
not older than 3 years (Pergher et al. 2013).
According to the literature reviews, requirements prioritization is used for
several different purposes. Achimugu et al. (2014) summarize based on
their study that there are four main purposes of requirements prioritization
in practice. These are:
- Determining the relative necessity of elicited requirements
- Negotiation of precise requirements
- Determining the implementation schedule
- Determining the judicious utilization of fund
The research in the area of requirement prioritization seems to be focused
on prioritization techniques (Pergher et al. 2013). According to Pergher et
al. (2013), the majority of the studies are about the validation of research or
solution proposals. Research efforts have been put into proposing and validating new approaches for requirements prioritization (or refinements of
previous ones). Less effort has been put into the evaluation, or reviewing
process (of the methods) (Pergher et al. 2013).
According to Achimugu et al. (2014), the applicability of techniques in
complex and real settings has not been reported yet. Pergher et al. (2013)
report that even though there are some empirical studies, they are very often based on case studies within industry, reporting about the application of
a specific technique/method. The experiments (comparing many techniques/methods) are mostly performed as experiments with students as
subjects (Pergher et al. 2013). Pitangueira et al. (2013) also point out that
most studies use experimental data only on a small scale, which restricts
the application of results in real situations, on larger scales and generalization.
In empirical studies, the approach seems to usually be bottom-up, centring on the techniques (Pergher et al. 2013). Most of the papers investigate
the accuracy of the prioritization technique: this is the main dependent variable of the study aiming at identifying the correspondence of the ranking
performed with the perception of the participants. Two other relevant dependent variables are the time required for the prioritization process, and
the easiness of use of the approach (Pergher et al. 2013). The functional
requirements seem to be the main research focus (Pergher et al. 2013;
Pitangueira et al. 2013).
The studies’ settings also seem to differ from real industrial situations in
many ways. According to Pergher et al. (2013), most of the requirements
submitted to subjects are at a very high-level of granularity, being mainly
composed by a title and a textual description. We also found in our own
literature review that most of the studies have been conducted with “toy”
requirements that have been invented for the purpose of the study. Only
some cases were performed with real product development requirements.
In one study, the prioritized items were not actually requirements. Furthermore, only half of the studies report an example of the requirements

  

used, and in general very few studies discuss the level of granularity and the
impact that it can have on the final result.
In the review conducted by Pitangueira et al. (2013), none of the analysed
studies distinguished between non-functional and functional requirements,
and only a few considered interdependences between requirements. Furthermore, the role of secondary requirements was not investigated. How
the quantified contribution of secondary requirements to primary requirements can be used for quantifying benefit of secondary requirements remains an unanswered question (Herrmann et al. 2008). Furthermore, the
analysed requirements prioritization studies have been conducted with
quite a small number of requirements relative to real product development
situations. We were able to find two studies (Carlshamre 2002; Regnell et
al. 2001) with 50-1000 requirements in the example. The other studies
used 6-25 requirements.
Current requirements prioritization methods seem to suffer from many
limitations. Achimugu et al. (2014) report that current limitations with the
methods are related to scalability, computational complexity, rank updates,
communication among stakeholders, requirements dependencies, error
proneness and lack of fully implemented requirements systems. Herrmann
et al. (2008) also point out that requirements dependencies are largely neglected in requirements prioritization, despite the fact that the RE community agrees on their importance. Furthermore, Pitangueira et al. (2013)
mention that consideration of the interdependence between requirements
already being used, however, still requires further elaboration.
It also seems that current requirements prioritization methods take for
granted that there are objective values to provide inputs into the methods.
Case study findings by Racheva et al. (2010b) give rise to the suspicion that
these objective values may not always exist and that they are sometimes
very difficult to determine. With respect to value-based decision-making,
they observed that the consideration of value as a prioritization criterion is
complex. The existence of objective values to feed as input into the prioritization methods is questionable; instead, the priority seems to be a combination of subjective value-based criteria. According to Pitangueira et al. (2013)
multi-goal modelling is a growing trend in the current studies; however,
there is much room to create models that hew even closer to software engineers’ reality. The inclusion of user judgments and new restrictions, such as
risks and uncertainties, constitute an open field for exploration.
One interesting finding based on the literature reviews is that it seems to
be not clear what the value of using requirements prioritization methods
actually is. Herrmann et al. (2008) investigated by a literature review how
existing methods approach the problem of requirements prioritization
based on benefit and cost. Interestingly, their analysis indicates that all of
the methods assume that stakeholders, at least tacitly, know the importance
of requirements, or that estimation methods are available for practitioners
to use.





The following tables present examples of the studies conducted on requirements priorization methods. Research settings, goals and results of the
studies are summarized in the tables. Table 6 introduces studies in which
product developers prioritized the requirements; Table 7 focuses on studies
in which university students prioritized the requirements; and Table 8 examines studies in which the authors (of the articles) prioritized the requirements.

  

11 requirements

Developers from
Ericsson Radio Systems AB

10 stakeholders from
Telelocig AB

Cooperative evaluation with planning
experts from three
companies

Sample project

5 leaders of a city in
Poland

Improved cost-value
approach
(Karlsson et al. 1997a)

Distributed prioritization
process (Regnell et al.
2001)

Release planner
(Carlshamre 2002)

EVOLVE (Greer et al.
2004)
Multi-Criteria Preliminary
Requirements Ranking
Technique (MCPRRT)
(Sobczak et al. 2007)



20 requirements

Ericsson Radio Systems AB, RAN-project,

Cost-value approach
(Karlsson et al. 1997b)

Requirements

5 participants from
Ericsson Radio Systems AB

Pair-wise comparison
technique (cost-value
approach) versus numerical assignments
(Karlsson 1996)

Excerpts from the companies’ actual requirements
databases_
Case A: 74 reqs
Case B: 200 reqs, 47 of
which analysed
Case C: 1100 reqs, of
which 172 were candidates for the release

23 reqs dealing with product improvement, evaluation of the process and the
usefulness of the process
and its tool support
58 features. One prioritization for individual features,
other for feature groups.

14 candicate reqs that
were already implemented
or declined
11 high-level functional
reqs suggested for the
fourth release of a project

14 candidate requirements

Subjects

Techniques

-

-

Design, implement and evaluate a support tool for release
planning as a means to provoke a rich understanding of the
task of release planning

An industrial case study where a distributed prioritisation
process is proposed, observed and evaluated.

Evaluate improved cost-value approach in an industrial
project.

Apply cost-value approach in two projects

Compare methods according to fastness,
results’ informativeness, trustworthiness, subjective response, positive side effects, and which technique to recommend.

Goals

Table 6. Examples of studies where product developers prioritized the requirements

-

Cost–value approach is useful for prioritizing requirements
Cost–value diagrams let management
take action





MCPRRT process helps in systematic
analysis, but is time consuming and laborious. MCPRRT takes viewpoints into account, but leads to single list.

Implementing global and local stopping
rules that reduced the required number of
pair-wise comparisons 75%

Introduces an initial strategy for dealing
with requirements interdependencies.

Distributed prioritisation is useful, and the
visualisation charts are valuable decision
support.
Challenges:

Difficulties with absolute assessment

Assessment of prioritisation quality

Sensitivity to ‘shrewd tactics

Release planning is a wicked problem

The value of a release is hard to define

Criteria cannot be defined in advance

Judgements are relative

Planners discover properties as they plan

Need support for alternative models

One release is not enough

Credibility issues





AHP is useful and efficient in practice.
AHP determines more precisely the importance and cost distribution of the requirements.




Results



140 stakeholders,
including over 10
development teams

Pilot the Joint release
planning method (Heikkilä
et al. 2010b)

 

23 Ph.D students and
Junior Researchers

AHP versus CBRank
(Perini et al. 2009)

Real requirements of
different development
teams

20 requirements from a
real project




Improve coordination of work of multiple agile
development teams who develop a large legacy
software product
improve communication between product management and development

Compare methods according to the ease of use, the timeconsumption and the accuracy








For the first two characteristics CBRank
overcomes AHP
For the accuracy AHP performs better
than CBRank
The majority of the users found CBRank
best
Joint release planning method is a significant advancement to find ways to scale
agile software development methods to
multi-team software devel-opment contexts

23 PhD students and
Junior Researchers

Group of students

AHP versus CBRank
(Perini et al. 2009)

Numerical Assignment
(NA), Analytic Hierarchy
Process (AHP) versus
Extensive Numerical
Assignment (ENA)
(Voola&Babu) ((Voola et
al. 2013)



18 Master students

15 requirements

20 requirements from a
real project

Features for the next
generation course management system
(6 feature groups having
1-7 lower level requirements, 21 in total)

15 PhD students and
one professor

Two ways of calculating
priorities in hierarchies
(with HVC) (Berander et
al. 2009)

Mobile phone features (8
and 16)

15 PhD students and
one professor

Analytical hierarchy
process (AHP) and
variation of the Planning
Game (PG)
(Karlsson et al. 2004)
Tool-supported pairwise comparisons
versus planning game
(Karlsson et al. 2007b)

Requirements

Mobile phone features (8
and 16)

Subjects

Techniques

Empirical evaluation with respect to accuracy of
the results
Determine whether to use compensation factor
of not when prioritising unbalanced hierarchies.

Examine the three techniques using various objective and
subjective measures like number of decisions, time consumption, ease of use, attractiveness, scalability and
reprioritizability

Compare methods according to:

ease of use,

the time-consumption, and

the accuracy





Compare methods according to:

ease of use,

the time-consumption, and

the accuracy

Compare methods according to:

ease of use,

the time-consumption, and

the accuracy

Goals

Table 7. Examples of studies where university students prioritized requirements












The amount of information of the req hierarchy does not direct the users to prefer a
compensated or an uncompensated priority calculation.
Priority calculation that compensates for
block sizes is in preferred over an uncompensated.
Subjects are pleased with HCV, and believe that it is scalable.
CBRank overcomes AHP in ease of use
and time-consumption
For the accuracy AHP performs better
than CBRank
Majority of the users found CBRank best
ENA transcends NA and AHP

Tool-supported pair-wise comparisons is
faster and as easy to use as the Planning
game. The techniques do not differ significantly regarding accuracy.





Straightforward and intuitive PG was less
time consuming, and considered by the
subjects as easier to use, and more accurate than AHP.



Results



 

Techniques
AHP, hierarchy AHP,
spanning tree matrix,
bubble sort, binary
search tree, priority
groups
(Karlsson et al. 1998)
AHP and Cumulative
Voting (CV) + Cumulative voting (CV) (4
cases) versus Hierarchical Cumulative Voting (HVC) (2 cases)
(Berander et al. 2006a)
100$ Dollar method and
Binary Search versus
modified 100$ Dollar
method and Binary
Search

Requirements
“13 well defined quality
requirements on a small
telephony system” (generic quality requirements)

14-25 objects such as
decision criteria or process
improvement issues

7 short requirements

Subjects
3 authors of the paper

17-19 respondents in
each case

2 authors of the paper
-

analyze the variations among the results of these Requirements Prioritization Techniques
discuss attributes that can affect the requirements prioritization when dealing with Geographically Distributed Stakeholders

Compare strengths and weaknesses of AHP and CV.
Empirical results from HVC.

Goals
Illustrate, evaluate and characterize the methods

Table 8. Examples of studies where authors of the paper prioritized requirements

Prioritization techniques must be modified to fit
geographically distributed teams. (The paper does
not discuss how this should be done.)

HCV seems very promising

Results
AHP is demanding, but worth the effort because its
ability to provide reliable results and support
knowledge transfer and consensus reaching

2.5

Short summary of the literature review

Previous sections introduced the key areas, concepts and earlier research
releated to our research. This section draws together and summarizes the main
points from the existing liteterature in these different areas.
A starting point for our research is that the ultimate goal of the software
product development organizations is to provide value (e.g. (Boehm et al.
2003). Traditionally, companies have tried to ensure value for their customers
by selecting the most valuable requirements to be implemented in their products (e.g. (Gorchels 2000; Penny 2002a)).
However, requirements prioritization has been reported as a difficult activity
in practice (e.g. (Carlshamre 2002)). Companies do not know how requirements should be prioritized so that the decisions would provide value. Even
the concept of value is somewhat volatile (Racheva et al. 2009). It has been
difficult to precisely define what value actually is and what its incredients are.
In general, estimating and calculating software value is difficult (Khurum et al.
2013).
Long-term product planning (roadmapping) is a higher-level attempt to select features to be implemented in the software products and thus provide value. Although, the origins of roadmapping as a technique are in the traditional
industry (e.g. (Kappel 2001; Phaal et al. 2003)), there are studies about
roadmapping in software context (e.g. (Regnell et al. 2008; van de Weerd et al.
2006; Vähäniitty et al. 2009)). However, business research investigates value
constructs from a number of perspectives, but in the software engineering literature, these have little or no explicit connection to software product planning and development (Khurum et al. 2013).
The research on requirements prioritization has been focused mostly on prioritization techniques and their evaluation (Pergher et al. 2013). The literature
offers techniques for requirements prioritization (e.g. (Boehm et al. 1998;
Karlsson et al. 1997b; Wiegers 2003), but there is no thorough analysis of the
suitability of approaches for solving practical challenges. The current state of
requirements prioritization and long-term product planning in market-driven
software product development also do not seem to have been widely investigated. This means that the problem area is somewhat fuzzy, which may make
developing solutions for it difficult. Furthermore, the connection of requirements prioritization and long-term product planning to customer value creation in practice needs further investigation.
Based on all this, the aim of this thesis is to investigate the current state of
requirements prioritization and long-term product planning, as well as their
linkages to customer value creation in market-driven software product development.
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3. Research methodology

The aim of this thesis is to investigate the current state of requirements prioritization and long-term product planning and their linkages to customer-value
creation in market-driven software product development. We wanted to gain
experience and construct a thorough picture of the situation in which practitioners do long-term product planning and prioritize requirements. Thus, we
selected a qualitative research strategy. The work was conducted in real product development organizations.
This section first gives an overview of the research project and the case organizations in which the research work was conducted. Furthermore, it describes the research approach and methods used.

3.1

Research context and case organizations

This research was conducted in the Software Business and Engineering Institute (SoberIT) at Aalto University School of Science (earlier Helsinki University of Technology (HUT)) as part of the QURE (Quality Through Requirements), CORE (Competitive Advantage through Stakeholder-Driven Requirements Engineering) and Reflex (Providing Value with Flexible Requirements
Engineering) research projects. All of the projects were financed by Tekes (The
Finnish Technology Fund) and by the companies participating in the project.
3.1.1

The QURE, CORE and Reflex projects

The goal of the QURE research project was stated as follows: how can organizations cost-effectively develop products that better satisfy users' and customers' needs? The goals of the research were to develop requirements engineering models, methods, and practices and test them with the industrial partners.
The QURE project lasted from the year 1999 to the year 2002.
The goal of the CORE research project was to develop systematic practices
for Finnish software development organizations so that they can costeffectively involve stakeholders in developing products that satisfy customer
and user needs. In order to reach the goal, the project developed and adapted a
set of critical processes, methods, and tools, and supported their transfer to
practice in the participating industrial partners. The CORE project lasted from
the year 2003 to the year 2006.
The goal of the Reflex research project was to investigate how companies can
flexibly and cost-effectively develop whole products that provide value for both
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customers and users. In order to reach the goal, the project developed a set of
critical models, methods, and practices, and supported their transfer to practice in the participating industry. The REflex project lasted from the year 2006
to the year 2009.
3.1.2

The case organizations

Data were collected between years 2000 and 2007 in total 7 Finnish software
product development companies. The case organizations and their application
domains are introduced in Table 9.
Table 9. Case organizations and their application domains
Company
A

Number of employees
23000

B

1100

C

500

D

300

E

300

F

100

G

25

3.2

Application domain
Transportation systems
for buildings
Measurement systems
for meteorology, environmental sciences
and traffic safety
Information management systems for
building, public infra
and energy distribution
designers
Computer security
systems for companies
and consumers
Systems for financial
processes and buyersupplier related transactions
Computer security
systems for companies
and consumers
Web-aided change
consultancy systems

Product types
Embedded systems
Interactive systems

Software systems

Software systems
Software systems

Software systems
Software systems

Qualitative research strategy

The aim of this thesis was to investigate the current state of long-term product
planning and requirements prioritization and their linkages to customer value
creation in market-driven software product development. The need for a deep
understanding of long-term product planning and requirements prioritization
practices, problems and needs in software product development companies
called for a qualitative research strategy. According to Avison et al. (1999), the
particular strength of qualitative methods is their value in explaining what
goes on in organizations. In addition, qualitative methods permit the evaluator
to study selected issues in depth and detail (Patton 2002).
Since our focus was on understanding the complexity of issues involving
human behaviour (Seaman 1999), we decided to follow a qualitative research
strategy exclusively. This means that we did not have any quantitative research
methods in use. As a research method, we selected case studies, which are described in more detail in next section. Within individual case studies, we combined a variety of qualitative data collection techniques in real life organizations to understand the phenomena at hand deeply.
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Our research described reality through the lenses of the practitioners. This
means that our approach to the research was interpretative. In our setting, the
independent and dependent variables were not predefined, as in a positivistic
approach. Instead the objective was to understand the deeper structure of the
phenomenon (cf. Pare, 2001). According to Myers (2009), positivist researchers generally assume that reality is objectively given and can be described by
measurable properties, which are independent of the observer and his or her
instruments. Interpretative researchers, instead, assume that access to reality
is only through social constructions (Myers 2009). Interpretive studies assume
that people create and associate their own subjective and intersubjective
meanings as they interact with the world around them. Interpretive researchers thus attempt to understand phenomena through accessing the meanings
that participants assign to them (Boland 1985; Orlikowski et al. 1991).

3.3

Case study approach

We wanted to gain a representative view of how practitioners do requirements
prioritization and long-term planning, what challenges they have, how requirements prioritization methods solve these practical challenges and how
these activities relate to value creation. Therefore, we designed four case studies that were supposed to show the different aspects of the phenomena.
A case study is an empirical inquiry that investigates a contemporary phenomenon within its real-life context, especially when the boundaries between
the phenomenon and the context are not clearly evident (Yin 1994; Yin 2009).
One of the major strengths of the case study method is the opportunity to use
many sources of evidence (data triangulation) and many data collection methods (methodological triangulation) (Yin 1994; Yin 2009).
We used an ‘industry-as-laboratory’ research approach as Potts (1993) suggests, in which researchers identify problems through close involvement with
industrial projects and create and evaluate practices addressing those problems. This lets researchers emphasize what people actually do or can do in
practice, rather than what is possible in principle. Formal research operates at
a distance from the practitionersä everyday lives and, although it provides interesting theoretical perspectives about the nature and complexities of social
life, it largely fails to penetrate the experienced reality of their day-to-day work
(Stringer 1999).
Our research method could be also characterized as action research. We also
intended to improve current practices with the organizations, and the cases
were not “purely observational as case studies” (Runeson et al. 2009). In our
cases, the researchers and the practitioners collaborated to solve the problems
at hand, which led to reflective learning. The phenomena under study already
seemed like such a complex real-life problem, that it might not be possible to
investigate that problem deeply from the distance. Since Runeson et al. (2012)
basically suggest applying the same guidelines for action research and for case
studies, we designed our research as case studies even though they had an action research component.
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Action research with its purpose to “influence or change some aspect of
whatever is the focus of research” (Robson 2002) is closely related to the case
study. For example, Runeson et al. (2012) prefer including action research in
the wider notion of the case study, and for research they apply the same guidelines. This means that action research (Stringer 1999) can, in a way, be seen as
a special type of case study (Runeson et al. 2009). Action research can address
both complex real-life problems and immediate concerns (Avison et al. 1999).
In action research, the client organization and the researchers collaborate to
solve a practical problem while also contributing to research. The researcher
becomes a facilitator or consultant who acts as a catalyst to assist stakeholders
in defining their problems clearly and to support them as they work toward
effective solutions to the issue that concerns them (Stringer 1999). His or her
role, in this context, becomes more facilitative and less directive (Stringer
1999). Action research seeks to engage ’subjects’ as equal and full participants
in the research process (Stringer 1999). In our research, this meant that the
researchers were, in addition to their investigative role, active members of the
improvement projects, in which the existing practices were improved or prioriritization methods were evaluated.
According to Avison et al. (1999), action research is an iterative process involving researchers and practitioners acting together in a particular cycle of
activities, including problem diagnosis, action intervention, and reflective
learning. According to Stringer (1999), the basic action research routine consists of three iterative phases: look, think, and act. As participants work
through each of the major stages, they explore the details of their activities
through a constant process of observation, reflection, and action (Stringer
1999). In our research, this meant that the researchers presented summaries
and analyses for practitioners during the research process, which guided how
to continue.

3.4

Overview of research cases, data collection and data analysis

In this section, the study design is introduced in more detail. First we introduce the research cases, then we provide an overview of the data collection
techniques used and finally we describe the data analysis techniques used.
3.4.1

Research cases

Studying multiple cases makes it possible to build a logical chain of evidence
(Yin 2009). Our study was designed to consist of four individual research cases
each of which would answer to one research question. The four cases are individual in the sense that they investigated different aspects of the phenomenon.
Even though the cases were individual, their research designs were partly
built on each other. The designs of the later case studies were partly built on
the earlier findings, which means that they were refined based on the findings
from earlier cases. This means that the results of the earlier cases informed the
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design of the latter cases. The earlier cases had an effect on the goals of the
studies and on the questions asked in the interviews1.
The four cases of the study are presented below:
The goal of the Case 1 was to understand the suitability and characteristics
of requirements prioritization methods. It consisted of an evaluation of two
requirements prioritization methods and requirements prioritization process
improvement in case organization A. This case was explanatory.
The goal of the Case 2 was to clarify the current practice and practical challenges in the requirements prioritization area. It consisted of a focus group
study in case organizations B and C, and 12 state-of-practice interviews in all
case organizations focusing on requirements prioritization challenges and
practices. This case was exploratory.
The goal of the Case 3 was to clarify the current practice and practical challenges in the long-term product planning. It was a longitudinal case study
consisting of in total 17 state-of-the-practice interviews in all case organizations, and it examined related long-term product and solution planning process improvement in case organizations C and D. This case was exploratory.
The goal of the Case 4 was to identify and develop practices that support solution planning and development. It was a case study consisting of 8 interviews and a set of workshops about solution planning and customer value creation, with in total 10 participants in case organization D. This case was exploratory.
Furthermore, all the research cases incorporate data collection via document
analysis, informal conversations, experience-exchange seminars and observation in the case organizations during the whole research period. The summary
of the research cases is introduced in Figure 3.
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1

2

3

4

5

6

7
YEARS

EXPERIMENT:
prioritization
methods (n=3)

PROCESS
IMPROVEMENT:
requirements
prioritization (n=4)

CASE 1
FOCUS GROUP:
requirements
prioritization
challenges &
practices (n=4)

INTERVIEWS:
requirements prioritization
challenges & practices (n=12)

CASE 2
INTERVIEWS,
PRIMARY STAKEHOLDERS:
long-term product planning (n=8)

INTERVIEWS,
SECONDARY STAKEHOLDERS:
long-term product planning (n=9)

PROCESS IMPROVEMENT:
product planning (2 companies)

CASE 3
INTERVIEWS:
solution planning (n=8)

WORKSHOPS:
solution planning (n=18)

CASE 4
DOCUMENT ANALYSIS
INFORMAL CONVERSATION
EXPERIENCE EXCHANGE SEMINARS
OBSERVATION

Figure 3. Summary of the research cases (n= number of informants)

3.4.2

Overview of data collection

We wanted to gain a representative view of the suitability of prioritization
methods, the current practices and challenges of requirements prioritization
and long-term planning, and their role in value creation. Therefore the research design combines several data collection techniques. The benefit of using
many data collection techniques within a case study is methodological triangu
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lation. Interviews before workshops and process improvement work made it
possible to try to solve the correct problems with the practitioners, as the problems were understood correctly before the actions were planned.
Interviews of the practitioners formed the basis of our data collection. We interviewed the practitioners individually, in pairs and in a group. We also observed practitioners performing their actual work and participated in companies’ process improvement work in these areas. In addition, we organized experience exchange seminars in which the practitioners presented their practices and interacted with practitioners from other companies. Furthermore, we
analysed different kinds of templates, documents and materials that companies produced related to the subject.
The motivation for using these different kinds of qualitative data collection
techniques was to get a multidimensional picture of the phenomena. We wanted to know what practitioners do in practice, how they describe their work in
the area of requirements prioritization and long-term planning, how they discuss this work with the other practitioners, what kind of templates they have
for planning and how those templates are used in practice. We also wanted to
follow how improvement actions actually help solve the existing challenges
over a long period of time.
The data collection techniques we used are listed in Table 10 and the purposes of each study activity are summarized in more detail below. In Table 10, ‘x’
means that the research activity was performed in the company, and ‘(x)’
means that prioritization methods were evaluated in the company, but not that
formally.
Table 10. High-level view of research activities
A
Individual and pair Interviews
Focus group
Document analysis
Experience exchange seminars
Informal conversation
Process improvement work
Observation
Evaluation of prioritization
methods

B
x

C
x

D
x

E
x

F
x

G
x

x
x
x
x
x

x
x
x

x
x
x

x

x

x
x
x
x
x

x
x
x
x
x

x
x
(x)

Interviews
Semi-structured interviews were one of the main data collection techniques
used throughout the study. By semi-structured interviews, we collected data
directly from the practitioners who prioritized requirements and did long-term
product planning in the case companies; who were affected by these decisions
or who affected these decisions. The motivation for selecting semi-structured
interviews as a data collection technique was a clear choice in order to costeffectively get lots of information about the phenomena using practitioner’s
own vocabulary.
We interviewed individual practitioners for 1 to 2 hours. Most of the interviews were tape-recorded. A couple of the interviews were pair interviews. In
most cases, we had two researchers participating in the interview. One of the
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researchers asked questions and the other researcher made notes. However,
the researcher making notes was capable of monitoring the situation and asking additional questions if needed. The purpose of this researcher triangulation was to increase the validity of the research.
Focus group
A focus group was used to obtain a wider insight on the practices used in different phases of development work and to get practitioners with different roles
to interact with each other. For a focus group, individuals are selected and
assembled by researchers to discuss and comment on, from personal experience, the topic that is the subject of the research (Powell et al. 1996). A focus
group is a special type of group interview. We used this method with four practitioners from two case companies. The details of this data collection technique
are described in in Article I.
Observation
To get hands-on understanding about the current practices and challenges, we
observed requirements prioritization and long-term planning work in different
phases of product development in companies C and D, in which we were also
part of the process improvement work regarding the issues.
Experience exchange seminars
We organized experience exchange seminars concerning requirements prioritization, long-term product planning, solution planning and customer value
creation amongst the practitioners in participating companies. In these seminars practitioners presented their current processes and challenges in the requirements prioritization, long-term product planning or solution planning
areas and they were able to get feedback from other practitioners and from the
researchers. The researchers were able to both collect the presented material
and analyse the interaction between the participants (e.g. the themes that they
wanted to discuss most).
Informal conversations
We had informal conversations about requirements prioritization, long-term
product planning and solution planning with practitioners from all case organizations during the years of cooperation. Informal conversations took place in
lunch discussions during seminars, over phone calls or in planning meetings
with the practitioners from participating companies. Findings from these conversations were written down in the research diary kept by the researcher.
Document analysis
We collected and analysed the process documentation that practitioners
from case organizations provided regarding requirements prioritization and
long-term product or solution planning. The documents included requirements documents, roadmaps, long-term business plans, process descriptions,
process charts, product development project plans and process improvement
project plans. We asked practitioners to provide templates and examples of
how the documents were used. In addition, all the documents or artifacts that
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the practitioners mentioned in the interviews were asked from the practitioners.
From the documents, we analysed which issues are planned in which documents and compared different companies’ documents to find similarities and
discrepancies. We also analysed which issues were not explicitly planned for in
any of the documents.
Cooperation and process improvement in the whole RE area
We cooperated closely and became involved in RE process improvement and
actual product development work with in total 7 companies. In each company,
we studied RE activities for at least for four years during the period from 1999
to 2008. We also attended numerous meetings and process improvement activities that were not directly connected or supposed to be connected to requirements prioritization or long-term product planning, but which provided
us with important additional contextual data. This extra information is based
on the data collected through formal semi-structured interviews, observation,
informal conversations, and analysis of R&D process documentation, and requirements specifications.
3.4.3

Overview of data analysis techniques

The data analysis techniques used in the study are summarized in this section.
The detailed data analysis of different cases is discussed along with each case
in Sections 3.5, 3.6, 3.7 and 3.8.
According to Myers (2009) a clear distinction between data gathering and
analysis in qualitative research is problematic, as the analysis will affect the
data and the data will affect the analysis and vice-versa. Furthermore, the data
analysis in this study was iterative and progressive by nature, which also
means that the data collection and analysis were partly simultaneous.
Since the cases had their own research questions, the data was analysed by
within-case analysis (Eisenhardt 1989), and we did not do a cross-case analysis. However, the cases were formed so that we studied several companies
within individual cases (Cases 2 and 3). In those cases, we had the possibility
to search similarities and differences of the companies.
Coding and categorizing are two processes commonly adopted in analysing
when beginning to make sense of the data (Simons 2009). These two processes
formed also the basis of our data analysis of the interviews.
In cases 2, 3 and 4 we used for data analysis a procedure introduced in
Simons (2009). We first organized the raw data from interviews, and used that
data to identify a preliminary framework (which was originally created on the
basis of themes from our interviews). After that, we organized data into a
framework, used that framework for descriptive analysis and then did a second
order analysis. This kind of iterative approach matches with Stringers (1999)
basic action research routine which consists of three iterative phases: look,
think, and act.
Preliminary analysis of the already-collected data was an elementary part of
the following data collection. After the first interviews in each case, we rede)' 

fined the following interview outlines and asked the practitioners about the
issues that had arisen in earlier interviews.
In practice, the transcribed interviews were coded according to the process
introduced above to analyse the data from different angles. This led to an understanding of, for example, the common challenges that practitioners experience. Furthermore, we tried to find similarities and discrepancies between
companies and between different roles.
In Case 1, the data analysis was not as iterative as in other cases. We categorized the findings from the interviews and meetings, in which the prioritization
techniques were experimented, basically from the viewpoints of benefits and
challenges in using the methods. In addition, we searched for similarities and
discrepancies from using the different methods in order to find common denominators.
The field notes, case write-ups and documents have a supportive role in the
data analysis. They were not color-coded, but we, for example, compared the
roadmaps that different companies produced. The goal was to analyse the issues they planned in product level, the issues that they planned in business
level and the issues are not at all visible in the documents, even though they
are mentioned in the interviews as planned items.

3.5

Case 1: Evaluation of requirements prioritization methods

3.5.1

Process improvement group

The starting point for the whole study was the recognized need in the case organization A to improve its requirements prioritization practices. In case organization A, an improvement group was established in the organization. The
goals for this temporary group were to find out a suitable requirements prioritization method from the literature, to evaluate it, and to introduce and adopt
it in the product development organization. The group consisted of a usability
expert, a visual designer, two project managers, and an external researcher
who worked as the facilitator of the group.
The practical role of the researcher was that of a facilitator. In the process
improvement group, the researcher made notes and helped the group to form
a direction. She, for example, summarised issues and presented these findings
to the group along the way.
3.5.2

Evaluation of requirements prioritization methods

To understand the suitability and characteristics of requirements prioritization
methods, we evaluated two requirements prioritization methods from the literature, the pair-wise comparison technique (Karlsson 1996) and Wiegers’
method (Wiegers 1999), in the case organization. The two case projects were
selected on the basis of their interest in adopting a prioritization method. Both
of the projects decided to try the prioritization method that they thought
would be the most suitable in their case. Both of the studies were performed in
real product development projects that had different challenges.
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In both cases, we selected relevant participants within or outside the project
and a subset of the project’s requirements (see Table 11). The participants prioritized the requirements with the prioritization method according to the instructions given in the literature. However, the project managers were given
the opportunity to make small adjustments to the methods if they felt that
something in the method would not be suitable in their case.
The role of the researcher was to provide help in using of the methods and to
collect the experiences by making notes and having discussions with the participants. We also collected the practitioners’ experiences and attitudes towards the prioritization methods through a questionnaire.
Table 11. Case projects and requirements
Type of requirements

Evaluators

Prioritization method

Project Alpha

User needs

4 users of the system

Pair-wise comparison technique

Project Beta

Change requests

Project manager
Requirements engineerg

Wiegers’ method

3.5.3

Data analysis

To analyse the data, we categorized the findings from the prioritization sessions based on the experienced benefits and disadvantages experienced when
using the methods. The findings from the sessions were compared to each other in order to find similarities, which can be seen as searching for cross-case
patterns (Dubé et al. 2003). We did not compare the methods with each others, but instead tried to find common benefits and challenges in using prioritization methods.
This part of the research was mostly done in work meetings, which were neither recorded nor transcribed. However, the researcher made field notes along
the way and validated her findings by discussing them informally with practitioners after the prioritization sessions. The questionnaire also provided important additional data about practical experiences and attitudes towards the
prioritization methods. The data gathered from the process improvement
group meetings provided additional data and supported the findings of the
method evaluation part.

3.6

Case 2: Requirements prioritization challenges and practices

To clarify the current practice and practical challenges in the requirements
prioritization area we carried out a focus group study between participants
from two case organizations (B and C) and interviewed in total 12 practitioners
in seven case organizations A-G. In addition, we held experience exchange
seminars between companies, had informal conversations with practitioners,
observed requirements prioritization in practice in two companies and analysed related documents in six companies.
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3.6.1

Focus group

The goal of the focus group session was to find out how and in which phases of
the development work companies prioritize requirements in practice. We also
clarified which aspects affect priorities and from which sources the practitioners gather the information on which they base their priority decisions. In addition, we inspected the problems the developers felt they had with their current
requirements prioritization practices.
The researchers selected a wide range of practitioners for focus group and
individual interviews in order to obtain wider insight of the practices in use in
different phases of the development work. The interviewees represented different roles in the companies. Participants of the focus group represented roles
from both product management and project management (see Table 12).
Table 12. Focus group participants
Company

Role

B

Project manager

B

Product development process engineer

C

Product manager

C

Leader of R&D unit

3.6.2

Individual interviews

The goal of the individual interviews was to get information about the current
requirements prioritization practices in the software product development
companies and about the models that practitioners base their priority decisions at the moment. There were in total 12 interviewees in 7 case organizations.
The distribution of the different roles in individual interview was 5 project
managers, 2 software architects, 4 product managers or persons in charge of
product management and 1 usability expert (see Table 13).
Table 13. Case 2 interviewees
Company
A
B
C
C
D
D
E
E
E
F
G
G



Title
Usability expert
Project manager
Director of product
management
Project manager
Project manager
Quality manager
Product manager
Software architect
Software architect
Director of product
development
Project manager
Product manager

Viewpoint
Project
Project
Product management

Interview type
Individual
Individual
Individual

Project
Project
Project
Product management
Project
Project
Product management

Individual
Pair interview
Pair interview
Individual
Individual
Individual
Individual

Project
Product management

Pair interview
Pair interview

)*

3.6.3

Data analysis

All of the interviews except one of the pair interviews were transcribed from
the recordings. Soon after the interviews, the most significant findings from
each interview were organized into mind maps for further processing. The
mind maps were completed using the transcriptions, and the opinions of the
interviewees were compared to find similarities and discrepancies. In addition
to comparing all of the interviewees at the same time, we made role-based
comparisons to understand role-specific characteristics in the experiences and
challenges involved.
During the improvement work in the two case organizations, the researcher
kept field notes in a research diary. Case write-ups were created after every
meeting. The field notes were mostly descriptions (each about a half-page
long) of what happened in each meeting and, typically, a few sentences of
analysis of observations concerning, for example, conflicts between participants or participants’ motivation. The field notes can be seen both as notes
from the meetings and as a type of preliminary analysis.

3.7

Case 3: Long-term product planning challenges and practices

To clarify the current practice and practical challenges in the long-term product planning, representatives from different stakeholder groups were interviewed. In practice, we interviewed primary informants from four companies
and secondary informants from two case organizations. By this, we wanted to
understand the current long-term product and solution planning processes
from different viewpoints. We were also involved in process improvement in
the long-term planning area in two case organizations. Furthermore, we held 8
interviews and a set of process improvement workshop in the area of solution
planning in one case organization.
3.7.1

Interviews of primary and secondary informants

In total 8 primary informants were interviewed in four case organizations C,
D, E and F. By primary informants we mean practitioners who are personally
responsible for preparing long-term product plans. In addition, we interviewed
9 secondary informants in the two main case organizations C and D. By secondary informants we mean practitioners that have a business interest in longterm plans. The key criterion for selecting the primary informants was that
they have experience and knowledge about the current planning activities.
Regarding secondary informants, it was important that the interviewees represented different perspectives, such as marketing, services, documentation, and
R&D. Informants are introduced in Table 14 and Table 15.
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Table 14. Primary informants
Company
C
D
E
F

Informant
Product managers (n=2)
Product management director
Product managers (n=3)
Product manager
Director of product development

Table 15. Secondary informants
Company
C

D

Informant
Business area leader
Director of a customer segment
Documentation specialist
Marketing planner
Service manager
Director, professional services
Director, services
Director, software processes
Vice president, R&D

The interviews were semi-structured, meaning that there were certain
themes that we discussed in each interview, but the phrasing of the questions
varied from time to time. The interview themes included current long-term
planning practices, challenges and good practices, and future development
ideas that the practitioners have for improving their current practices. The
interviewees were also asked to show and explain any documents, process descriptions, and examples related to long-term product planning that they had
in the company. The researchers were also able to take this material with them
in order to perform a deeper analysis. The interviews lasted from 1 to 2 h. All
of the interviews were recorded.
3.7.2

Process improvement concerning long-term product planning

In addition to the interviews, the researchers were involved in process improvement work in case organizations C and D, which allowed them to attain a
deeper understanding of the existing processes and practices, improvement
needs, and viewpoints of different stakeholders. The researchers were also able
to observe actual long-term planning sessions in the two main case organizations C and D.
We also organized three experience exchange seminars for the practitioners
of all of the case organizations. In these seminars, the practitioners presented
their long-term planning practices and were thus able to learn from each other
and gain new understanding and insights. The researchers, on the other hand,
had an opportunity to follow the current trends and learning curve in the companies. In practice, the researchers worked closely with the two main companies in order to improve their long-term planning practices in co-operation
with the practitioners during the research period.
The practical role of researchers during the improvement process was that of
a kind of facilitator; the practitioners asked for their advice and comments for
improving the process, as well as had spontaneous discussions about the current challenges of the organization. They also gave comments on early drafts of
the process and templates as well as interviewed practitioners other than the
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ones responsible for the process development in order to learn different opinions about the processes.
3.7.3

Data analysis

All of the interviews were transcribed from the recordings. The analysis of the
interview data was performed in three stages. The data were analyzed first on
an interviewee-by-interviewee basis, then within each case organization, and
finally all together. Quotations related to each theme discussed in the interviews were grouped together. Groups related to different themes were represented using a mind map.
In the first phase, this grouping of quotations was separately sorted for each
interview. In the second phase, the mind maps created in the first phase were
combined so that the findings from all the interviews in one company were put
into one mind map. In this phase, the researchers also started to build up thematic categories on the basis of similar quotations from different interviews.
This resulted in a number of sub-branches of common findings within highlevel theme branches in the mind maps. In the third phase, the mind maps
were combined so that the findings from all the interviews were put into a single mind map. The researcher was able to find more categories by recognizing
common findings from the interview quotations.
The focus of the study was more on finding commonalities amongst the
companies in their long-term planning, rather than finding discrepancies and
analysing the rationales for these discrepancies. However, we also made rolebased comparisons to understand the role-specific characteristics in the experiences and challenges involved in long-term planning within the case organizations.
The interview results were validated in case organizations C and D. The researchers started the process improvement work in these case organizations by
presenting the interview results to the practitioners. In both organizations,
these findings were discussed with a representative group of practitioners.
These discussions provided the researchers with new insights that helped them
understand the interview findings better. Within these validation discussions
the misunderstandings from the interviews were also corrected.
During the improvement work itself, the researcher kept a research diary in
which she wrote her field notes. Case write-ups were written soon after every
meeting. The field notes were mostly descriptions about half a page long of
what happened in each meeting. They typically included a few sentences of
analysis of observations concerning, for example, conflicts between participants or the motivation of participants. The field note findings were not added
as such to the mind maps, but they were compared to the findings from the
mind maps. Even though only one researcher did the interviews in this part of
the study, another researcher, who also participated in the process improvement, reviewed the findings.
The results described two main areas: the current state of the case organizations’ planning activities and the practices that seem to link business to RE.
The description of the current state was formed on the basis of commonalities
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between the companies. The practices that link business to RE were selected
on the basis of the researchers’ analysis of the current practices and existing
bottlenecks in the case organizations.

3.8

Case 4: Solution planning and customer value creation

The core of the further research collaboration with case organization D consisted of eight interviews and four workshops. The number of interviewees was
eight, and ten different practitioners participated in the workshops.
3.8.1

Interviews

The goal of the eight interviews was to investigate the current state of solution
planning in the company and to gain information about how the interviewees
would improve the existing practices. The key criterion for selecting interviewees was that they had knowledge about the current planning activities. In addition, it was important that the informants represented different perspectives,
such as strategy planning, long-term product planning, service planning, marketing, R&D, and process improvement.
The interviews were semi-structured. The researchers defined five topics for
the interviews: (1) long-term planning activities; (2) customers and customer
groups; (3) the benefits gained by customers; (4) the components of the solution, and (5) the RE activities and agile approach. In addition, the researchers
defined a set of company-specific questions that specified these topics in more
detail. The purpose of the topics and questions was to get the latest information about the planning and RE activities of the case organization.
3.8.2

Workshops

The results of the interviews were processed further in the workshops. The
purpose of the workshops was to elaborate the interview results and to create a
dialogue amongst the practitioners and between the practitioners and the researchers. The target was to identify and develop together practices that support solution planning and development.
The number of practitioners in the workshops varied from four to seven.
Their role was to give feedback about the findings and suggestions presented
by the researchers, make their own proposals, and provide additional
knowledge about the current situation. At least two researchers participated in
each workshop. Their role was to present the findings from the data gathered
earlier, make suggestions, facilitate the discussion, make observations, and
write notes. The last two workshops were also recorded.
3.8.3

Data analysis

All of the 8 interviews were transcribed from the recordings. Three researchers
analysed and coded the transcripts. Each of them had his or her own themes
for the coding. The themes were (1) long-term planning activities; (2) custom
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ers; (3) customer benefits; (4) the development of solutions, and (5) RE activities. During the coding phase, the researchers identified quotations related to
the themes and marked these quotations with a colour code in the transcripts.
The purpose of this color-coding was to enable the researchers to follow each
other’s coding process and to check that all of the relevant issues had been
identified and marked.
After coding, each researcher analysed the coded material further from the
perspective of his or her themes and grouped the quotations from the individual interviews into categories. For example, the analysis of the quotations related to long-term planning activities led to three main categories: (1) planning
levels, (2) planning horizons, and (3) challenges related to planning.
Each researcher presented the results of his or her analysis to the other two
researchers to validate the findings. On the basis of the analysis, the researchers wrote a case report that summarized the key findings from the interviews.
The results of the interviews were validated and processed further dring the
workshops that were organized for the practitioners of the case organization.
In each workshop, the researchers presented the key findings from the previous workshop and introduced new ideas to support solution planning and development. These ideas emerged from the data gathered from the practitioners
of company B, the existing literature, and the experience of the researchers.
As a summary, the data analysis of second phase was iterative. Two researchers analysed the collected data and evaluated the findings together before the workshops. In the workshops, the researchers and the organization’s
personnel elaborated on those findings.

3.9

Validity

The validity of a study denotes the trustworthiness of the results, and to what
extent the results are not biased by the researcher’s subjective point of view
(Runeson et al. 2012). Defining the concept of validity unambiguously is difficult, as different authors have provided different definitions and placed emphasis on different aspects of the concept. Furthermore, there are different
ways to classify aspects of validity and threats to validity. Some qualitative
researchers even reject the framework of validity, for they reject the basic realist assumption that there is a reality external to our perception of it (For instance, Lincoln et al. (1985) propose a different framework for evaluating qualitative research.
In this thesis we use a classification theme used by Runeson et al. (2012).
This selection of a classification theme may not be totally perfect because it has
the backgound in quantitative research tradition, and the categories are not so
easy to utilize in qualitative research. However, we wanted to use a well-known
pattern for case studies in the area of software engineering and adapt those to
our own interpretative case study.
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According to Runeson et al. (2012):
• Construct validity reflects to what extent the operational measures that
are studied really represent what is investigated according to the research questions.
• Internal validity is about causal relations and whether there is a risk
that the investigated factor is affected by a third factor.
• External validity denotes the property of an empirical study where the
result is generalizable to other contexts. However, since in case studies
there is no population from which a statistically representative sample
has been drawn, the intention is to enable analytical generalization.
• Reliability is about to what extent the data and the analysis are dependent on the specific researchers.
To increase the construct validity of the study, we decided to use several
tactics, especially in the data collection phase. First, we triangulated data
sources by selecting more than one informant from all case organizations. In
addition, we selected interviewees so that different stakeholder groups within
the companies were represented. This allowed us to investigate the phenomena from diverse perspectives. Second, we used the triangulation of data collection techniques to improve the construct validity of findings within the organizations. Our data collection techniques included interviewing, document analysis, informal discussions, and observation. In addition, we developed practices cooperatively with practitioners from the companies in order to gain deeper
information about their current practices, challenges and attitudes. By using a
multi-method strategy (Yin 2009) in the case study level, we were, e.g. able to
relate the information gathered from the interviews to the observations. Third,
the studies were carried on in the case organizations over a long period, which
improved researchers’ ability to understand the existing practices and practical
challenges in more detail. Due to this prolonged involvement we were also able
to validate the earlier findings later and make sure that we had understood
findings right in the first phase.
The focus of our research was on understanding the phenomena, not on explaining causal relations. Therefore, the internal validity issues (according
to definition used in Runeson et al. (2012)) were not the main concern of our
research. However, even though our study was not about causal relations,
there were elements in our findings that could be seen as somewhat causal
explaining. E.g. our explanations for the causes of challenges in requirements
prioritization could be seen as description of causal relations. Our actions to
increase construct validity were in a way supposed to have an effect to internal
validity as well. The different kinds of triangulations and the long research
period were supposed to minimize the risk that some unexpected factor (e.g.
one wrong interview question or a biased event) would have affected on our
findings. In addition, we spent a sufficient time with the case organizations,
which lowered the risk of that the results would be affected by a temporary or
occasionally occurring factor.
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To improve the external validity of the research results, this study involved seven separate case organizations of different sizes. In addition, we
tried to select companies that represented different types of products, customers and business environments in order to understand the marked-driven
companies more widely and to ensure that our explanations were plausible in
market-driven settings. We also focused on collecting and analysing the data,
and forming context descriptions in a way that we really understand what the
“common characteristics” (Runeson et al. 2012) of the cases are.
To improve the reliability of the study, we paid attention to investigator bias by using investigator triangulation. On most occasions we had more than
one researcher participating in interviews and other research activities. Furthermore, peer debriefing was in place also in the sense that all the interview
outlines were either planned cooperatively or reviewed by at least one other
researcher.
The compromises in our research design were mainly related to limited resources and the nature of the study. We had to select the companies and participants partly based on availability. We also had no chance to plan as many
evaluation sessions as we wanted for evaluating the requirements prioritization methods.
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4. Results

This section gives an overview of the contents of the included papers, and
summarizes the main research results. The results are grouped in relation to
the research questions stated in Section 1.2. Section 4.1 describes the state of
the practice in long-term product planning and requirements prioritization. In
Section 4.3, we show the practical challenges included. The suitability of requirements prioritization methods is described in Section 4.4. Section 4.5 introduces how to support the link from long-term planning and requirements
prioritization to customer value creation.

4.1

State of the practice in long-term product planning and requirements prioritization

The first objective of this thesis was to investigate the current state of longterm product planning and requirements prioritization in market-driven software product development context.
This research objective has been addressed in four publications. Publications
III and IV analyse the current state of long-term product planning. Publication
II introduces practices that practitioners currently use to prioritize their requirements. Publication I is focused on practical challenges involved, but also
sheds light on the state of the practice in requirements prioritization.
This section summarizes the current state of long-term product planning and
requirements prioritization in practice.

4.2

Process and people involved

According to our findings, there were two main phases of product development where decisions about features to be implemented and their priorities
were made. These phases are in this thesis called product level and project
level. The product level refers to the phase before the projects are scoped in
which the requirements are allocated to the forthcoming projects. Activities
aiming at selecting features to be implemented were called long-term product
planning, roadmapping, version planning and release planning in the case
organizations. The project level refers to within-project activities. A very simplified picture about the levels and division between decision-making activites
between them is summarized in Figure 4.
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long-term product planning (roadmapping)

product level
release planning

project level

requirements prioritization

Figure 4. A simplified picture about the division of decision-making activities in product level
and project level

On the product level the goal was to select the features to be implemented
within products so that the maximum amount of value is provided to customers and users and thus to the company itself. The case organizations received a
great number of ideas for potential features from the markets that were analysed and prioritized to certain product releases, typically called projects. In
most of the case organizations these ideas were collected into an RE tool by
different internal stakeholders. In the product level, the product managers
were the main actors trying to allocate the manifold requirements gathered
from the field for forthcoming releases of the products.
On the project level, within one project, the main goal of the prioritization
was to organize the already-selected requirements into a sufficiently rational
implementation order. The prioritization of requirements within a project
usually consisted of many iterative prioritizations during the project. The main
decision makers at this level in the case organizations were most often project
managers who, in cooperation with product managers and software architects,
allocated requirements to be implemented in the next iterations of an on-going
project.
The first prioritization done in the beginning of the project was typically
business based. In the case projects, the basis was usually the priorities nominated from the business viewpoint by product managers. However, as the projects evolved, technical issues started to play a bigger role and the implementation order of the requirements was constructed on the basis of technical issues.
For example, during the more detailed definition of requirements the understanding concerning the size and potential risks of a requirement increased.
One aspect that usually over-dominated the decisions within the projects was
the maturity the definitions of different requirements at different points of the
project.
4.2.1

Planning horizons

Our findings indicate that the focus of the planning is typically on one product
in a short term at a time. This means that decisions concerning the requirements that will be implemented, as well as their implementation order were
also made short term and for one product. The planning horizon in the case
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organizations was from one to two releases ahead. The time horizon for planning was usually kept open so that steps for the nearer future were planned in
greater detail. The remote future was also outlined, but in less detail. The actual practices used to perform this kind of planning varied significantly and are
introduced in more detail in Section 4.2.3.
Plans in different levels were not connected together in practice. In the case
organizations, there were business plans for the business development, product roadmaps for describing the future of different products and technology
roadmaps for technical development and possibilities in the future. The practitioners did not have practices for combining these plans together.
4.2.2

Planned items

The main content of roadmaps seemed to be the forthcoming features of individual products at the high level. In the case organizations, the roadmapping
was usually done from the viewpoint of one product and the linking between
products was not explicit. Practitioners longed for long-term product planning
that would combine the future development steps of many products. However,
both the practice (meetings, quarterly planning days etc.) and material (meaning: templates etc.) focused on individual software products and ability to understand the big picture of the products was difficult.
The practitioners in the case organizations needed also some articulated decisions - not only concerning the future features of subsequent releases, but
also the expected customer segments, and which geographical areas they were
to satisfy most with the different releases. This was seen as necessary for preparing for the future and for understanding the priorities of the potential features better. However, the practices and documents were not that established
in that.
Furthermore, solutions as a whole were not explicitly planned and described.
This means that what customers and users actually get, was not clearly described, nor was it explicitly decided where it was heading. In a few case organizations, the roadmap templates also covered issues such as services included, marketing arguments or product position in the markets, but practitioners had seen this information, as being so static that the dynamic planning
of these items via roadmaps had not worked properly. It was not clear for practitioners what would be the right level for describing the solution as a whole.
In addition, there were not clear roles or groups of people for managing and
planning the solutions as a whole in the case organizations at the time of the
study.
4.2.3

Prioritization practices, models and methods

According to our findings, requirements prioritization practices are informal
and dependent on individuals in practice. Individual practitioners prioritized
requirements on the basis of their experience and tacit knowledge. In the case
organizations, the practitioners typically had an experience-based outlook
about the most important requirements that should be implemented first. In
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stead of a prioritization method, they were longing for help in validating their
draft decisions. They would have wanted to make sure that they were making
their prioritization decisions rationally enough and based on the right aspects
affecting the importance of the requirements. However, practitioners used
different practices to systematize the informal prioritization. Examples of such
practices are described below.
Mutual cost-value analysis. The most commonly used mental model was
to sketch the implementation costs and potential value of different requirements. Many of the case organizations tried to estimate a requirement’s value
for their company and its implementation costs in different phases of the development work. This kind of estimation was performed in order to find the
requirements with the best cost-value ratio. The actual estimation was carried
out more on the basis of experience and in a mutual fashion than by using
strict scales and a defined basis for the estimations. ‘We try to judge a requirement’s value and costs in the early phases of development. We have no
formal method for that,’ explained one interviewee.

R3
R2

R4
R1
cost
Figure 5. Example of a mental model: Cost-value –analysis

Modified Kano model-based analysis. One of the case organizations
used as a mental basis for their requirements prioritization decisions a model
modified from the well-known “Kano Model of Customer Satisfaction” (Kano
et al. 1984). Kano’s idea is basically that customer requirements can be divided
into basic, performance, and delighter requirements. Basic requirements are
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the ones that customers expect the product to have, and are dissatisfied without. Delighter requirements are the ones that customers do not expect, but
that lead to delight and considerable satisfaction if they are implemented. The
third group, the performance requirements, are requirements that improve
something that already exists but that do not have that much of an effect on
satisfaction. ‘We try to focus on the requirements that delight most or that
have the best effect on the biggest issues on the dissatisfaction side. We try to
avoid focusing too much on performance requirements that have less effect on
satisfaction, but may, however, require a lot of work to implement.’
Evaluating aspects affecting priorities. Many of the interviewees mentioned aspects affecting priorities that they try to keep in mind and use as a
basis when prioritizing their requirements. The aspects affecting the priorities
of the requirements, however, seemed to be very case- and company-specific.
Examples of such aspects are importance to certain customers, implementation costs, or the requirement’s fit with other products in the product family. It
seems that, for example, the size of the company and type of the product and
the markets have an effect on the aspects that are important for practitioners
to consider in prioritizing their requirements. In addition, projects within
companies are different and therefore have different goals and success criteria.
On a high level it seemed that practitioners were usually not able to take into
account all of the aspects that they would have seen as being an ideal combination. For example, it seemed that the market situation forced many product
managers to focus on pleasing their potential new customers more than their
existing customers in order to conclude their sales cases.
Other practices. The practitioners also analysed the impact of different requirements according to certain criteria and they collected additional information from markets or from internal stakeholders to be better able to make
the decisions based on real information. Some companies also systemized
their requirements engineering processes in order to better involve the right
stakeholders in decision-making.
4.2.4

Aspects affecting priorities

Our results indicate that the aspects affecting the priorities of requirements in
practice can be roughly divided into three high-level viewpoints. These viewpoints (introduced in Figure 6) that encapsulate the other aspects are ‘Customers and users’, ‘Company’s own business’ and ‘Implementation’. The individual aspects affecting the priorities of the requirements, however, seem to be
very case and company specific. Examples of such aspects in the case organizations include such as ‘importance to certain customers’, ‘implementation costs’
and ‘the requirement’s fit to other products of the product family’.
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Figure 6. Three main aspects that gather the other aspects affecting priorities: business, customers & users, and implementation

Practitioners tried to keep in mind the aspects that they thought to affect to
priorities and used them as a basis when prioritizing their requirements. However, the individual aspects that the interviewees mentioned varied greatly.
Our findings also indicate that that the company size, type of the product and
the markets have an effect on the aspects that are important for practitioners
to consider in prioritizing their requirements. Also the projects within the
companies are different and have different goals and success criteria; thus different aspects should be into account in requirements prioritization.
The amount of aspects affecting the requirements priorities seemed to expand in market-driven companies compared to the companies operating in
project business. For example, many interviewees in the product management
mentioned the satisfaction of intermediaries (such as local resellers or consultants) as one important aspect affecting their priorities, which was not present in project business. A more detailed view to aspects affecting to the priority of a requirement, according to the study presented in Publication I is introduced in Figure 7.
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Contracts made with customers
Importance to users
Importance to customers
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implementation

Business criticality
Competitors
Regulations
Sales barries
Financial benefit for the company
Amount of demanding customers
Importance of requirement’s source for the company
Intermediary / channel satisfaction

Logical set of requirements to be implemented
Logical implementation order
Implementation costs
Costs if not implemented
Available resources
Risks
Effects on other products

Figure 7. Aspects affecting the priority of a requirement

Our findings indicate that it is difficult to get all of the important information
about aspects that influence the priorities of requirements and explicitly draw
different points of views together. At a high level, it seemed that the practitioners were usually not able to take into account all of the aspects that they
would have seen as being an ideal combination. In the product level, for example, the market situation forced many product managers to focus on pleasing
their potential new customers over their existing customers to get the sales
cases closed. Furthermore, the practitioners pointed out that in many cases
situational aspects dominated the decisions. These included the readiness of
different requirements, the fit of a certain product developer for implementing
the requirement or personal opinions.

4.3

Challenges in long-term product planning and requirements
prioritization

The second objective of this thesis was to identify the challenges in long-term
product planning and requirements prioritization. This research objective is
mainly addressed in Publication I, which focuses on practical challenges in
requirements prioritization. Publications III and IV shed light on this problem
from the long-term planning perspective. This section summarizes the practical challenges involved.
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4.3.1

Long-term product planning challenges

-

Gaining and sharing a holistic, long-term view
Comparing the development needs of different products
Involving different stakeholders in the planning process
Linking business decisions to product planning
Taking technical and developmental issues into account
Tying product development resources to roadmaps

Gaining and sharing a holistic long-term view
Understanding the long-term view of products and describing it clearly
seemed to be difficult in practice. The case organizations had found that requirements documents for short projects were not sufficient to ensure the necessary kind of wide understanding in the organization. Both the internal and
external communication of the products’ future development steps and their
rationales were critical issues that the companies had experienced problems
with.
Practitioners from the case organizations complained that they had problems
in seeing the ‘big picture’, as product planning was typically focused on features of individual products in the relatively short term. By ‘big picture’ they
meant that it was difficult for them to see what the goals of further releases
were, and how well the decisions made concerning features matched the needs
of different customer segments. Practitioners also complained that roadmaps
immediately became out of date.
Furthermore, finding a reasonable abstraction level and amount of information that one roadmap should contain was experienced as difficult. Practitioners in our study found that by writing contents that were too detailed and
technical, they lost sight of the business view, while if the information was too
rough and high level, it had no use in further development work.
Comparing the development needs of different products
The management in the case organizations faced the challenge of comparing
different projects and feature ideas with each other. Typically the product
managers were fighting for the same product development resources. This
meant that the practitioners needed better ways to communicate their future
ideas and resource needs to other product managers in a way that was understandable for others. This communication was also needed to find and realize
potential synergies that might exist between different products and their future development directions.
Involving different stakeholders in the planning process
Companies wanted to inform and involve more stakeholders (R&D, marketing
and sales, and management) within the company earlier in the development
cycle than their existing situation was. In addition, they saw a need to start the
development by setting the high level targets co-operatively so that the marketing and sales functions were able to prepare their activities at the same time
as the product development activities. However, in practice, the discussions
were held in the feature level; therefore, they were difficult to understand for
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stakeholders other than product managers or product developers. In addition,
the existing processes were not supporting the involvement of other stakeholders than product management.
Linking business decisions to product planning
The relationships between business goals and decisions regarding features
seemed to be quite difficult to identify in practice. All of the case organizations
felt that the feature-level roadmapping was not enough and that a more business-oriented view of the future was needed. Furthermore, explicit linking
between different planning levels was needed to understand which business
targets are affected if certain features are not implemented or which products
are affected by different business targets.
Taking technical and developmental issues into account
Our findings indicate that in the long-term planning phase the product development viewpoint was less emphasized compared that of other stakeholders.
The focus of the long-term product planning was mostly on other rationales
and information than that of product developers. However, there were many
technical limitations and technical knowledge in the product development that
was important from the viewpoint of long-term planning. The challenge in
practice seemed to be how to combine the technical viewpoint into product
plans that were at the time made without deep technical knowledge.
Tying product development resources to roadmaps
Tying product development resources to roadmaps was experienced as difficult in practice. This meant that practitioners found making realistic plans as
to be challenging, as they did not have ways to understand the linkages between what can be implemented with current resources and what the goals
are. The resource pool is always limited; product developers have different
skills, which have to be taken into account already in the planning phase. Practitioners may feel frustrated if they do not see any chance of implementing all
allocated requirements within a given time. Conflicting roadmaps from the
resource point of view do not create trust.
4.3.2

Requirements prioritization challenges

-

Requirements prioritization is an ambiguous concept
Manifold aspects have an effect on priorities
Aspects affecting priorities are difficult to combine
Every single requirement cannot be analysed in detail
Describing and communicating priorities and their rationales
Developers do not know enough about customer preferences

Requirements prioritization is an ambiguous concept
The terms ‘requirements prioritization’ and ‘priority”’ had several different
meanings in practice without practitioners being aware of that. This caused
confusion and misunderstandings amongst product development personnel.
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In case organizations, the term ‘requirements prioritization’ had many
meanings. Occasionally, the term was used with the meaning ‘Deciding which
requirements are the most important ones in the long run?’; sometimes it
meant ‘Which requirements we have to implement right away?’ or ‘Selecting
the requirements that will be implemented first in this project?’, or ‘Which of
the requirements describe the system in high-level terms?’. There were ambiguities in the usage of the term ‘priority’, as well. In some cases the term was
used as a quantity meaning ‘the importance of a requirement to the customer’
and in other cases it described how soon the requirement would be implemented.
Manifold aspects have an effect on priorities
Our findings indicate that the priority of a requirement is based on many aspects (called ‘factors’ in Publication I). Amount of aspects affecting the requirements priorities seem to expand in market-driven companies. In practice,
there was no time and there were no possibilities to figure out all of the relevant information as a basis for priority decisions.
Aspects affecting priorities are difficult to combine
Our study also indicates that the challenge is not only in selecting which aspects to take into account in requirements prioritization and getting enough
information about those. Companies also did not know how to systematically
combine different market and customer preferences in practice. ‘There are
requirements from this customer and that customer. There are Japanese requirements and requirements from the U.S.A’, explained one product manager
on how it its difficult to combine this information. ’Now we are in a situation
where the customers who complain most get most’, continued another product
manager
Every single requirement cannot be analysed in detail
One big challenge that practitioners experienced in prioritization was that
there were not enough resources to analyze every requirement in detail. The
development personnel had for example difficulties in analyzing all of the raw
requirements they gathered from customers. Requirements management systems were overloaded by requirements from different markets and local offices, but there were no efficient practices to analyse these.
Describing and communicating priorities and their rationales
According to our findings, one important issue in requirements prioritization
seems to be the communication of the priority rationales through the organization. It is not only important to know the priority order or getting a priority list
from a certain area office; it is also vital to communicate this information and
the rationales behind it in a clear matter to different stakeholders.
In the case organizations, the product managers needed to know why the local offices considered some requirements more important than the others in
order to make their decisions concerning the future development steps of the
products based on different views. In addition, project managers wanted to see
the big picture about the priorities and business rationales behind, when plan+' 

ning the milestones of the projects. In general, practitioners felt that there was
not enough communication about this background information.
Developers do not know enough about customer preferences
Usually product development personnel had no idea of why certain requirements are important to users because people were working in an isolated
manner; product development personnel did not have direct contacts with
users and customers. In addition, there were no common practices to communicate customer and user information through the product development
process. Particularly in small projects, contact with customers and users was
too narrow.
A great deal of important information was gathered from users by the help
desk calls they made. Furthermore, product development staff communicated
with vendors and gathered information in this manner. In the case organizations, product managers created the first requirements specification on the
grounds of discussions they had had with customers. They had an idea of
which requirements were important to customers and placed requirements
into priority categories. The typical case was that the customers who complained most, got the most.
There were no generally agreed-upon ways to transfer priority information to
the project group, and usually, the original reason for requirements being considered important failed to reach as far as to the project manager and the other
project group. One participant complained that ‘Usually there is no clear explanation besides requirement or need, why it is important or wanted. A person who does not know anything about this particular requirement from the
customer point of view does the prioritization.’

4.4

Suitability of requirements prioritization methods

The third objective of the thesis was to analyze how requirements prioritization methods introduced in the literature suit requirements prioritization in
practice. This research question is addressed in Publication II where two requirements prioritization methods were evaluated in two case organizations.
The results concerning the evaluation of prioritization methods are introduced in this section and summarized below:
- Methods can structure the discussion and help to take different viewpoints into account
- Methods do not take the limitations of a real environment into account
- The priority list calculated by a method cannot be used as such
- Methods falsely encapsulate the assumption that the value of a release is the sum of its ingredients
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4.4.1

Methods can structure the discussion and help to take different
viewpoints into account

There seems to be some benefits in using a requirements prioritization method
in the product development according to our study.
Firstly, requirements prioritization methods can provide a more controlled
and systematic way to evaluate the requirements. In our study, the practitioners found the idea of evaluating the requirements in a controlled way from
different viewpoints to be interesting. Especially in the Wiegers’ case, where all
of the requirements were evaluated according to their value for customers,
implementation costs and risks, practitioners felt that they got new ideas about
the aspects that should be taken into account in prioritization.
Secondly, the idea of having requirements distributed in descending order as
a result was recognized as a benefit. The product developers in both cases were
interested in evaluating the prioritization methods because they were enthusiastic about the idea of getting their requirements distributed in a descended
continuum as an outcome. However, combining the different stakeholder preferences was concidered difficult from the priority lists.
Thirdly, using requirements prioritization methods may cause positive side
effects. In the pair-wise comparison case, the selected users were interested in
sharing their preferences concerning the product with the product developers,
and they took the practitioners’ interest in their opinions as an honor. In addition to the numerical feedback they gave for different requirements by using
the methods, they also talked freely about their preferences and opinions
about the products during the prioritization work.
4.4.2

Methods do not take the limitations of a real software product development into account

One basic problem with the requirements prioritization methods seems to be
that they do not take the limitations of a real software product development
into account. Table 16 sheds light on product development in practice versus
characteristics and the underlying assumptions of prioritization methods according to the literature study.
Table 16. Product development in practice versus characteristics of requirements prioritization

methods
Product development in practice
Large amount of requirements
Requirements are not a strictly defined, structured
set of items at the same level of abstraction.
Many aspects affect the priorities
Many products are developed at the same time
Development resources are common for different
products and different developers can do different
tasks
Value for the customer is created when he or she
uses the product as a whole. Practitioners need to
know which set of requirements to publish at a time.

Characteristic of prioritization methods
Scalability of methods is low
Methods require a set of requirements that are
comparable with each other
Methods take only couple of aspects into account
Methods do not have support for comparing requirements of different products
Methods do not take development resourcing into
account
Methods handle requirements as individuals

The scalability of the requirements prioritization methods seems to be quite
limited. In our cases it was found that the scalability of e.g. the pair-wise com+) 

parison technique in terms of the amount of the requirements was found to be
quite low. Pair-wise comparisons with over 20 requirements were difficult in
practice. In practice, the requirements management systems in the software
companies were overloaded by requirements from different markets and local
offices. The ability of requirements prioritization methods to scale in these
situations seemed to be quite low.
Requirements of different levels of abstraction cause trouble with requirements prioritization methods. According to our study, it seems that, in practice, requirements prioritization is not comparing a set of structured requirements in the same level of abstraction with each other. The pool of requirements is rarely so strictly defined and clear. The user requirements in our pairwise comparison case were at quite different levels of abstraction from each
other. It seemed that some of the requirements were getting low priorities just
because they were not compared to the other requirements of the same level of
abstraction. For example, in one requirements group, a more general ‘quality’
was prioritized over a specific material alternative when they were compared.
However, on that basis, it would not be right to indicate that this material alternative could not lead to quality or be an excellent material alternative.
However, the amount of aspects affecting the requirements priorities seem to
expand in market-driven companies compared to the companies operating in
project business. For example, many of the interviewees mentioned the satisfaction of intermediaries (such as local resellers or consultants) as one important aspect affecting their priorities, which is not that important in project
business. Our findings indicate that the evaluated requirements prioritization
methods have a limited ability to support decision making in such a complex
area as requirements prioritization in market-driven product development.
There is usually a fixed number of working hours that can be used for product development in one release. In many companies, these resources have to
be divided for the development of many products. It seems that requirements
prioritization methods introduced in the RE literature are not taking these
limitations efficiently enough into account. In the methods, requirements are
evaluated alone or compared with each other individually. This leads to lists or
diagrams of individual requirements. However, the question that typically
arose in the case organizations was as follows: ‘Is it cleverer to implement this
one big requirement or these eight small requirements that do not get very
high scores alone?’
4.4.3

The priority list calculated by a method cannot be used as such

Requirements prioritization methods give a priority list as an outcome. These
lists may lead to a false impression amongst the practitioners as to what one
should do on their basis. In our case, the practitioners found that it was not
possible to just select the first requirements from the priority list and be sure
that these are the most important requirements that should be implemented
first. For example, in the Wiegers’ method case, we also found that taking value per cost plus risk ratio may lead to a priority list that favors unremarkable
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requirements with both low value and costs and undervalues important but
expensive requirements (e.g., 2/1 is a bigger number than 8/7).
Furthermore, issues that are unclear in the usage of the prioritization methods may lead to wrong calculations and thereby be incorporated into prioritization results. In our cases, some practical problems occurred during the prioritization work. We found that these affected the priority order of the requirements. Problems that occurred during the cases were such that users
found it difficult to estimate how much more valuable one requirement is than
another; it was unclear for practitioners on what information they should base
the evaluations of the aspects; and practitioners found it difficult to estimate
which number to give to aspects.
Getting exact numbers or fractals as an outcome does not ensure the validity
of the results because the mathematical calculations cannot improve the quality of the raw data inserted. If a user evaluated the aspect in a hurry without
careful consideration, or could not nominate the extent to which one requirement is more important than the other or if a practitioner did not know what a
requirement’s real value for the customer was, the prioritization results were
nothing more than just rough guesses.
Furthermore, practitioners seem to mistrust the results they get by using
prioritization methods. In our cases, the practitioners were interested in using
the methods and felt that they would need one to make better prioritization
decisions. However, if the priority order given by the method was contrary to
their experience-based opinions, they felt that the method was not working
properly which made them manipulate the original raw values to get the ‘right’
outcome.
4.4.4

Methods falsely encapsulate the assumption that the value of a release is the sum of its ingredients

The implicit goal setting in the requirements prioritization methods introduced in the literature is to ‘put requirements in order according to their importance’. In requirements prioritization methods, the importance of each requirement typically comes from the separate analysis of each requirement. The
basic idea in the requirements prioritization methods seems to be that all of
the requirements are processed uniquely according to their value after which
the most valuable requirements are then implemented. This means that from
the viewpoint of a prioritization method, each requirement typically is its own
unit with some kind of a value associated to it. This is implied to lead to the
best added value with the product release.
However, according to our study, value is not in each requirement as such
but is created in the process of the user using the system and thus from the
interplay of the requirements. This means that by selecting the individually
most valuable requirements to be implemented may not lead to maximizing
the value of the product.
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4.5

Supporting the link to customer value creation

The fourth objective of this thesis was to analyse how to support the link from
long-term product planning and requirements prioritization to customer value
creation. This research objective is mainly addressed in Publication IV, which
introduces practices that help to link requirements prioritization to customer
value creation and in Publication V, which analyses the role of RE practicesin
customer value creation. Also Publication III sheds light to the issues, as longterm product planning was found out to link business view into the product
development.
4.5.1

Explicating planning levels, horizons and the rhythm of planning

Our study revealed a jungle of different planning documents and decisionmaking forums in the case organizations. There were for example business
plans, long-term product plans, technology roadmaps and requirements documents for individual projects. There was no clear picture of what was actually
planned, how long onwards and how often. This meant that practitioners did
not have clear picture of which documents, by whom and how often different
aspects of products’ future and different aspects of customer value creation
was discussed within the organization.
Our results indicate that companies need to analyse and explicate the planning levels and time horizons that they need for planning their products’ future as well as how often different plans need to be discussed and updated. The
term ‘planning level’ refers to items that are planned, while the term ‘time
horizon’ refers to the length of the time period for the plans. The latter should
be made explicit for each planning level. An example of the analysis of planning levels and time horizons in one case organization is presented in Figure 8.

strategy
solution
product
project
next
release

upcoming
releases

good visibility

1 year

2-3 years

moderate visibility

5 years
lack of visibility

Figure 8. An example of the planning levels and time horizons in one case organization
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In practice, this means that companies should discuss questions such as the
following: ‘What, in our case, needs to be planned and for how long forward?’,
‘What roles should participate in the planning and how often?’ and ‘What kind
of documents we produce?’. The relationships between different planning levels and the corresponding responsibilities should be visualized to help practitioners to understand them and the gaps in the current practice.
Our findings indicate that it is preferable to plan in an open-ended manner
but with a predefined rhythm (see Figure 9).

Q1

Q2

Q3

Q4

Figure 9. Planning open-endedly with a predefined rythm

4.5.2

Adding intermediate planning levels between business and requirements engineering

Our results indicate that adding intermediate planning levels between business decisions and requirements engineering helps to link them together and
to sustain the customer value viewpoint during product development. For example, marketing arguments are easier to tie to high-level features than to
individual, small-scale requirements. In addition, gaining and sharing a holistic long-term view of the future with different stakeholders is important for
being able to combine the three viewpoints (the company’s own business, customer and users, and implementation) and for the co-ordination of resources
over time. For example, sales and marketing need early information about
future developments and the technical viewpoint is easier to take into account,
if architects and product developers can take part in the discussion early
enough and already at a high level. Furthermore, explicit links between the
development needs of different products are needed, as product development
resources are usually shared.
4.5.3

Discussing product’s business goals and resource allocation separately

Our findings indicate that business goals for the products should be discussed
separately from R&D resource allocation. According to our findings, it seems
that at least two distinct levels in long-term planning are needed to both be
able to both see the big picture from the business and customer viewpoints,
and manage the product development resource allocation.
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Market-oriented or commercial roadmaps form an overall view of the offering and give an understanding of how well different customer segments would
be served in the future. On this level, the roadmap(s) might depict issues such
as the needs of target customer segments, the positioning of the products, and
the different market trends for the next few years. These roadmaps serve as a
basis for more detailed planning. On the other hand, lower-level release or
software roadmaps are needed from the perspective of managing software development. These roadmaps are needed for allocating product development
resources to different software products and for giving product developers
additional information.
4.5.4

Making solution planning visible

The interviews with the stakeholders and the gap analysis of the existing planning levels and horizons in the case organizations revealed that there was especially a need to gain and share a holistic long-term view of the solutions.
Usually, the view of solutions that were provided to customers seemed to be a
blind spot for the companies, as the planning was primarily just the product
managers’ task that focused on software components and features. In the context of the company, a solution means a comprehensive set of software and
service components that are required to fulfil customer needs.
On the basis of the interview results, the researchers proposed solution concepts for the case organization. In addition to supporting different stakeholders in solution planning, the purpose of concept descriptions is to provide a big
picture of the solution for all employees and guide requirements engineering
activities so that the customer viewpoint gets explicated.
The contents of solution concepts were processed and evaluated with different stakeholders in the workshops. Figure 10 illustrates the five elements of
the solution concept. The key principle of the solution concept is that it should
be short and visual. The five elements of the solution concept (Customer segments, Value creating process, Solution, Value propositions and Business slogan) are introduced in more detail in Publication V.

CUSTOMER SEGMENTS

VALUE-CREATION PROCESS

Who are the customers and what are
their key characteristics?

What are the value-creating activities of
customers?

SOLUTION

VALUE PROPOSITION

What are the components of the
solution from the customers’
perspective?

What are the most important value
propositions for customers?

BUSINESS SLOGAN
What is the key message that summarizes the content of this solution concept?
Figure 10. The five elements of the solution concept
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4.5.5

Emphazising solution thinking

Our findings show in general the importance of widening the planning scope
from the features of individual products to solution planning in order to support the customer value creation. We use the term ‘whole-product thinking’ to
refer to this kind of widened planning scope or, more generally, to address
different stakeholder concerns in different activities. In this section, we summarize the practices that help the organizations to internally support solution.
Identifying customer segments
The practitioners in the case organizations saw that customer segmentation is
useful, especially when the number of customers is in the hundreds or thousands. The basic idea of customer segmentation is to analyze the existing and
potential customers of the solution, identify homogenous groups and describe
the main characteristics of each group. Based on the analysis, the solution can
be customized for each customer segment. Customer segmentation can, however, be difficult in practice. For example, finding reasonable factors to be used
as a basis for the segmentation and understanding what is a reasonable size of
a segment is not trivial according to the practitioners. Segmentation is a common practice amongst marketing personnel but is often not integrated with RE
activities.
Forming the customer segments is not enough. The results of the segmentation must also be used when creating the solutions for customers. Ideally, both
the core product and all of the different service components should be customized to support the customer’s process. In practice, many companies rely on
features to realize differentiation amongst segments. This may lead to a product portfolio where products are different but not in a way that is meaningful
to customers.
Discovering information about customer processes actively
According to our findings, the companies see customer information collection
as important. Typical ways to gather feedback are customer satisfaction surveys and discussions with the customers. The companies also receive error
reports and other passive feedback from customers.
All of the companies have recognized the need to emphasize the collection
and analysis of customer information. Some of them have established groups
that focus on customer information gathering and sharing. In some companies, the usability group has taken an active role in doing user studies and
spreading this information to other organizational units. Some of the companies have also created automatic ways for collecting and analyzing how users
use the product via tools that record the actions that users make.
In some companies, observing how customers behave in their natural environments has provided deeper insight into the customers’ processes than asking for their opinions in isolation. Nevertheless, observation and ethnography
are still seldom used in the companies.
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Creating direct contacts between developments engineers and users
Traditionally product developers have had difficulties in understanding customers’ processes thoroughly bacause they have received the information via
other people, such as product managers, and because they hardly ever met
customers and users.
Some of the case organizations have actively created direct contacts between
development engineers and customers and users. Development engineers have
had for example possibilities to familiarize themselves with the customers and
their working facilities. Developers have also interviewed customers about
their needs and collected feedback directly from the end users via prototypes.
This has provided them a better understanding of users and their processes.
Establishing a cross-functional planning team
Our findings indicate that planning and launching a software product release
needs cross-functional effort and outputs from functions other than R&D as
well. For example, marketing material, product documentation, and sales
campaigns need to be planned and implemented before a product can be
launched as a whole product. This requires cross-functional effort even in the
early planning phase.
During the study, the two main case organizations concluded that they needed a cross-functional project team for planning the main product release
launches from the early phases of development. The project groups consisted
of members from marketing, product management, documentation, and service. The group gathered once a week throughout the product development
project. During this time they made preparations for launching the release.
The practice improved their ability to synchronize other functions with R&D
and also to prepare outputs other than software earlier than before. The other
case organization even changed its organizational structure from a functional
one to a more market segment-based one. In this new structure, every market
segment had its own segment team that included representatives from many
internal functions (product management, sales, marketing and service). The
team was jointly responsible for integrating segment development plans into
the overall product development plan. The practitioners felt that this type of
organization brought experts from different functions nearer to each other and
improved their communication. In addition, the shared responsibility forced
the practitioners themselves to truly co-operate with each other.
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5. Discussion

This section presents the main findings of the study and compares them with
the results of previous research. The findings are discussed here according to
the research questions, which were formulated as follows:
1. What is the state of the practice in long-term product planning and
requirements prioritization?
2. What are the practical challenges in long-term product planning and
requirements prioritization?
3. How do requirements prioritization methods introduced in RE literature suit for solving practical challenges?
4. Which practices support linking long-term product planning and requirements prioritization to customer value creation?
At the end of the section, the limitations of the study are discussed.

5.1

State of the practice

Our study indicates that, in the software product development context decisions regarding what features will be implemented in the products are made in
iteratively in many phases of product development. In the literature, requirements prioritization is traditionally described as a part of the requirements
analysis phase (Sommerville 1996). Our study, however, indicates that instead
of being just a one-off activity, requirements prioritization is needed in many
phases of the development work. Recently, other authors have also reported
the positive side effects to value creation from prioritization not being just one
off activity (Racheva et al. 2010b).
According to our study, there are two main levels in software product development, in which prioritization decisions are mainly made. On the product
level, the goal of the prioritization is to determine the features to be implemented in the product(s) in the long run so that the maximum amount of value is provided to customers and users and thus to the company itself. On the
project level, the main goal of the prioritization is to organize the requirements
that are already selected for a project into a sufficiently rational implementation order. At this phase, technical issues and for example the maturity of requirements affect the priority order of requirements. The importance of product-level prioritization is noted also by Ebert (2005), who reports that in order
to provide value with their products, companies need to place an emphasis on
the selection and prioritization of requirements also before projects in addition
to within-project activities.
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According to our findings, the priority of a single requirement is based on
many aspects. These can be such as the financial benefit of the requirement for
the company, the requirement’s importance to users, and implementation
costs. Our findings suggest that the aspects affecting priorities can be grouped
under three main points of view: business, customers & users, and implementation. Other authors also discuss the importance of combining different aspects in requirements prioritization, but our study provides deep analysis
about main viewpoints that capture the aspects and their roles in different
phases of product development. These findings partly support Khurum et al.
(2013) who present a consolidated view (called the software value map) of the
software value concept utilizing four major perspectives: the financial, the customer, the internal business process, and the innovation and learning. Their
value map is supposed to offer a unified view of value where value concepts are
categorized as value aspects, sub-aspects and value components, which can be
used by professionals to develop a common understanding of value, as well as
acting as decision support to assure no value perspective is unintentionally
overlooked when taking product management and development decisions
(Khurum et al. 2013).
Our study indicates that the number of aspects that affect the requirements
priorities seem to expand in market-driven companies compared to the those
companies that operate in project business. For example, the satisfaction of
intermediaries (such as local resellers or consultants) is one important influencing aspect, which is not present in project business. Furthermore, many
aspects that affect priorities seem to be situational and the importance of different aspects seems to also depend on the development phase. Our study indicates that in the early phases of development, business issues have more
influence on priorities and as projects evolve the technical and resourcing constraints play a bigger role when deciding the implementation order.
Our findings indicate that on the product level long-term product planning
seems to be mostly product managers’ individual responsibility. Both productlevel and project-level activities seem to require expertise from many stakeholders that should be able to combine the user and customer needs and the
company’s long-term business goals with the product development constraints. Furthermore, our findings indicate that practitioners also experience
a need to involve other stakeholders, such as sales, marketing, and management more tightly and earlier in the long-term product planning. Also, for example, Moisiadis (2002) argues that prioritizing requirements should involve
representatives from each group of stakeholders with a vested interest in the
success of the development project. However, in practice, involving different
stakeholders and viewpoints in different levels in product development is not
systematic.
Our findings show that focus of long-term product planning in marketdriven product development is on the features of software products. Both
planning practices and design documents typically focus on features of one
software product at a time. For example, roadmaps and release plans are
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made only for the core software and the linkages between different products
are not explicit even on the long-term product planning level. Furthermore,
our results indicate that the solutions for customers are not planned as entities
in software product development companies. In practice, this means that the
solutions do not have owners and the planning processes do not support the
planning or discussion of solutions as a whole. The other perspectives of value
creation, such as customers’ processes that the product shall support in the
future or the services related to product, are not explicitly described in the
planning documents or discussed in the planning forums. This makes it more
difficult for practitioners to understand the value they are providing for the
customers.
The planning horizon in long-term product planning is typically relatively
short; i.e., typically one or (at most) a few releases ahead. Furthermore, different level plans are not combined in practice. There are business plans for the
business development, product roadmaps for describing the future of different
products and technology roadmaps for technical development, but no clear
connection between them. Similarly, Groenved (1997) report organizations
with a functionality-oriented culture often have difficulty starting roadmapping. They tend to draft only independent, functionally oriented roadmaps
(e.g., technology roadmaps).
In general, our study shows that in practice requirements prioritization practices are informal and dependent on individuals. Individual practitioners prioritize requirements on the basis of their experience and tacit knowledge. This
finding is somewhat supported by Svensson et al. (2011), who found in their
study about quality requirements that ad-hoc prioritization and priority grouping of requirements are the dominant prioritization methods. However, our
study indicates that practitioners have mental models that systematize informal prioritization. Examples of such practices and mental models are such as
mutual cost value analysis or requiring local offices to write rationales for the
priorities they provide.
Our findings also indicate that practitioners make decisions about priorities
without explicitly being aware which aspects they take into account and to
what extent. This finding is supported by Svensson et al. (2011) who report
that it is common to use e.g. customer input as criteria for prioritization but
that the absence of any criteria is also common. According to our findings,
however, practitioners have attempted to keep in mind the aspects that they
believe to most affect priorities and use them as a basis when prioritizing their
requirements.
One of the key results in the area of current practices is our finding that, in
practice, prioritizing requirements or features is not by nature comparing a set
of requirements in the same level of abstraction with each other. This is somewhat contradictory to the research in the area of requirements prioritization
where ‘work on release planning (and requirements prioritization) has focused
on developing model-based approaches designed for a situation where there is
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a single product/service offering with a set of possible features to be selected
from’ (Svahnberg et al. 2010). Our results show that the pool of requirements
is not so strictly defined and clear.
Our findings also indicate that communication of the priorities and priority
rationales through the organization is a key issue in requirements prioritization. Product managers need to know why for example resellers or sales personnel in the area offices of the company consider some requirements more
important than the others in order to make their decisions concerning the future development steps of the products based on different views.

5.2

Practical challenges

5.2.1

Long-term product planning

Our findings indicate that long-term product planning in the software product
development context involves manifold challenges. These challenges are mainly related to the difficulties of combining different viewpoints, inability to form
and share a real long-term view with different stakeholders, and the focus of
the planning being too narrowly set upon the features of the products.
Our results show that companies have difficulties in drawing different viewpoints together during the long-term product planning phase. The difficulties
of combining different viewpoints in the long-term planning have been discussed by other authors as well (Jantunen et al. 2006). According to our study,
one of the main challenges seems to be that the viewpoints stakeholders, other
than product managers, are left with too little emphasis. Our study shows that
long-term product planning is too strongly product manager-focussed in software product development companies and that current processes do not support involving different stakeholders in planning.
In particular, combining the business knowledge of product managers with
the technical knowledge of project managers and architects, in different phases
of planning seems to be difficult in practice. One of the well-known challenges
in the literature is that taking business decisions into account in product planning is not easy. This challenge was also present in our study, since practitioners do not know what different business decisions should mean for the product’s future in practice.
Our study revealed that in addition to the challenge of integrating business
knowledge to the selection of features, another challenge is also how technical
limitations and possibilities could be taken into account early enough in the
long-term product planning. For instance, Bjarnason et al. (2010) discuss partly the same issue by pointing out that one reason for overscoping in software
projects is that requirements have not been agreed upon with the development
team in the planning phase and that those people that make the decisions do
not know the development capacity.
Our study indicates that the linkages between business and technology when
talking about software products are manifold as well as difficult to understand
and describe in practice. Therefore business, product, project and technology
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plans as well as plans regarding different products are not explicitly connected
together. This causes a challenge that individuals plan the future, both horizontally (different products) and vertically (business, product, project, technology), in silos. Also Ebert (2009) reports that we too often face silo organizations in marketing, where product management and engineering don´t work
together. Karlsson et al. (Karlsson et al. 2002) as well found the balance between marketing and developers´ requirements decisions as a dilemma.
Our study also shows that the focus of long-term product planning seems to
be in product features, not in the product as a whole. This makes it difficult for
other stakeholders besides product managers (who know the features best) to
participate in the planning process. Also (Khurum et al. 2013) found that practitioners in the product management and development have different definitions and understanding of value constructs. Involvement of distinct perspectives does offer an opportunity to look at a decision from different aspects;
however, this gives rise to misinterpretations and misunderstandings about
value constructs to be considered (Khurum et al. 2013). Our findings also indicate that since the product development items tend to be discussed at such a
low level, practitioners other than product managers have difficulty following
the discussion and bringing their knowledge about the customer value to the
table.
5.2.2

Requirements prioritization

In the area of requirements prioritization, our findings support many of the
reported key challenges introduced in the literature. However, our results also
shed light upon some new areas in the field of requirements prioritization
challenges.
Our findings support the earlier reported findings (e.g. (Berander 2007;
Carlshamre 2002)), that taking different aspects into account in requirements
prioritization, is challenging. According to our study, it seems that it is difficult, even impossible to gather all the information about aspects that influence
the priorities of requirements and explicitly draw different points of view together.
Our findings indicate, that in market-driven product development, many aspects affect the priorities of requirements and practitioners do not know which
ones to take into account and to what extent. This supports e.g., Racheva et al.
(2010a), who discuss the challenges in balancing between client’s and developers’ value-creation perspectives. Furthermore, it is not easy, in practice, for
practitioners to incorporate the aspects of the decision-making process. For
example, business viewpoint is widely agreed to be one of the most important
aspects to take into account, but it is not easy for practitioners to know what
different business decisions should possibly mean from the individual product
feature viewpoint. Also Regnell et al. (1998) reported as one of the key challenges in a market-driven company to relate the continuous prioritization of
incoming requirements to a long-term product strategy for a range of market
segments.
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Our findings support the understanding that the amount of requirements
and the dependencies between them cause serious trouble in requirements
prioritization (e.g., (Karlsson et al. 2002) (Carlshamre et al. 2001)). According
to our study it is not possible to analyse every requirement in detail in practice.
Furthermore, our study showed that priority lists are hard to utilize, since
there are dependencies between requirements and since the customer value of
a product is not a sum of the values of individual requirements. Therefore getting requirements ‘in order as individuals’ do not seem to actually solve the
problem of which requirements to implement to provide maximum customer
value. All these findings together indicate that seeing requirements prioritization as a paradigm in which individual items are ordered in relation to each
other may be a wrong approach.
Our study also revealed some new challenges that are not thoroughly discussed earlier.
Firstly, requirements prioritization seems to be an ambiguous concept. Our
findings showed that it is a term that is used for different purposes. On some
occasions, it means finding most valuable requirements; on others it means
deciding the implementation order. Especially, the shift from product level to
project level seems to cause misunderstandings and loss of customer value
viewpoint during the product development if the meaning of the term and
scales that will be used are not discussed. Furthermore, we found that requirements prioritization really is a different task with different goals in different situations. Therefore, finding a general procedure for requirements prioritization seems to be according to our findings very difficult.
Secondly, our findings underline many of the important background issues
surrounding requirements prioritization that have not been largely emphasized as an important part of requirements prioritization to date. Practitioners
who make lower-level decisions really need more information about customer
preferences and the rationales regarding earlier high-level decisions in the
product planning process. It is not enough for product developers that the
product manager knows why a requirement is important and assigns the priority with a number or one word that indicates the importance. Also, Regnell et
al. (2001) touched on these issues by introducing a visual way to illustrate differences among the importance of different requirements for different stakeholder groups. The focus in the literature, however, usually seems to be on
prioritizing a set of requirements, not in how to communicate or visualize the
results or how to work on the basis of the results. Furthermore, our results
indicate that the communication between the different parties is difficult if it is
done only on the level of detailed product features. Therefore our results show
that the priorities should be discussed not only on the feature level, but also
from the viewpoint of high-level targets for the product.
Thirdly, requirements prioritization has traditionally been discussed in the
context of one product or one project. However, in market-driven product development companies the case typically is that there are common product development resources for different products. Practitioners need to make decisions which products to prefer and how to divide the product development



,,

resources between the products. The challenge of requirements prioritization
in practical cases it is typically not only how to compare the features of one
product, but how to handle the whole product portfolio and their priorities.

5.3

Suitability of requirements prioritization methods

Our findings indicate that the evaluated requirements prioritization methods
have a limited ability to support decision-making in such a complex area as
requirements prioritization in market-driven product development. Having
systematic requirements prioritization practices is a challenge because requirements prioritization requires a great deal of non-trivial decision-making.
Requirements prioritization methods can structure the discussion and help
take different viewpoints into account and results of the prioritization may
work as a basis for discussion. Similarly, Karlsson et al. (1998) discuss positive
side-effects that occured during their pair-wise comparison sessions, such as
identifying ambiguous requirements. However, the prioritization results
should be taken more as being indicative than as a final result that can be used
as such. Practitioners seem to also, by themselves, mistrust the results they
achieve through the methods. The experiments conducted by Lena Karlsson et
al. (2004) revealed similar findings. Some of the evaluators of the requirements, in their case, felt a loss of control over the prioritization process when
they used the analytical hierarchy process (AHP). Practitioners in the earlier
study also pointed out that models in general may not be useful if it is too time
consuming to collect and specify the needed input or if the model is too complicated and complex (Svensson et al. 2010).
According to our study, requirements prioritization methods do not take the
limitations of real product development environment into account. Laurent et
al. (Laurent et al. 2007) support our findings by noting that ‘though the implementation of these techniques is simple, they do not support negotiations
and higher level goals strongly’. Methods typically require as an input a limited set of requirements that are not interrelated with each other. Methods also
take only a couple of aspects into account, which seems to oversimplify the real
product development situation too much. This supports Benestad et al. (2011)
who report that models focus on only select parts of a possibly larger space of
relevant planning factors. Carlshamre (2002) also reports the limited possibilities that exist of defining, in advance, the aspects that have an effect on
priorities. Furthermore, prioritization methods do not have support for comparing requirements of different products with each other or take the development resourcing viewpoint into account in prioritization (Laurent et al.
2007).
Our results indicate that requirements prioritization methods also seem to
falsely encapsulate the assumption that the value of a release is a sum of its
ingredients. The basic idea in most requirements prioritization methods is that
all requirements are processed uniquely according to their value after which
the most valuable requirements are then implemented. This should lead the
best added value in the product release. However, according to our study, val-
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ue is not in each requirement as such but is created in the process of the user
using the system. This means that selecting the individually most valuable requirements to be implemented may not lead to maximizing the value of the
product. For example, Racheva et al. (2010b) report that e.g. the concept of
negative value plays a significant role in many projects
Our results also indicate that the challenges in requirements prioritization
are mainly other than putting a clearly defined set of requirements in order
than assumed in requirements prioritization methods. Practitioners in the
software companies seem to have deep experience-based opinions about the
priorities of the requirements. Interestingly, we found that instead of exact
priority lists, practitioners seem to search practices for validating their tacit
knowledge and experience, as well as communicating the priority information
through the organization with different stakeholders. This is somewhat contradictory for most requirements prioritization research papers, in which authors try to solve the requirements prioritization problem by developing prioritization methods. However, Svensson et al. (2010) recently noted somewhat
similar findings by pointing out that although it may be possible to define release planning as a mathematical optimisation problem, it may not be worthwhile to apply complex mathematics or advanced computational algorithms to
achieve ‘optimum’, if the input data to the optimisation process is highly uncertain anyway. Also Bakalova et al. (2011) report based on their mapping
study that that there is ‘deviation between the existing methods as prescribed
in literature and the processes we observe in real life.’

5.4

Supporting the link to customer value creation

Our results indicate that the creation of customer value with a software product is a complex issue and the selection of ‘right’ features is only a part of it.
Also Barney (2008) discusses slightly similar issue by pointing out that since
the creation of software product value through requirements selection is not
very well understood, it cannot be managed in the most effective way.
Our results, however, indicate that there are practices that strengthen the
link from long-term planning and requirements prioritization to customer
value creation.
In general, our study indicates that it is beneficial for an organization to explicate the necessary planning levels, time horizons, and rhythm for planning. When practitioners analyse and clarify different kinds of plans and planning between strategy and software development, it helps them to understand
the potential gaps in their planning processes between business decisions and
requirements engineering. Open-ended planning with a predefined rhythm
seems to suit for market-driven planning where decisions are more likely
‘now’s and ‘later’s, not ‘no’s. Similar findings were earlier discussed in the context of small companies (e.g. (Rautiainen et al. 2002) (Vähäniitty et al. 2002)).
According to our results, adding intermediate planning levels between business decisions and requirements engineering is needed to link them together
and to sustain the customer value viewpoint in product development. This
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supports Karlsson et al. (2002) who argue that co-operation between different
stakeholders in market-driven companies requires other ways of communicating than low-level requirements. Our results show that gaining and sharing
a holistic long-term view of the future with different stakeholders is important
for being able to combine the three main viewpoints (business, customer &
user, and implementation) and for coordination of product development resources over time. Already Groenvedl (1997) reported that instead of planningoriented product development activities, a long-term view is required, based
on close cooperation among all disciplines.
Our findings showed that, when separating the planning of the product
business goals from R&D resource allocation and detailed feature-level planning, it is easier to see the big picture from the business and customer viewpoint, discuss in business terms with different stakeholders, and focus on longterm planning. This also avoids entanglement in the details. Also Ebert (2006)
points out that if stakeholders only see a loose assembly of requirements they
naturally choose some and start changing. Our findings support Vähäniitty
(2005), who also suggests separating different levels of planning from each
other.
Emphasizing solution thinking in the organization helps practitioners understand their products and their value to customers more broadly than just as
software features and also helps them understand other value sources besides
software. It also helps the other stakeholders, such as product developers,
marketing and services, to better integrate into product planning that has traditionally been seen as only product managers’ responsibility. In this area, our
findings indicate that organizing a cross-functional project team for planning
the main releases of solutions supports the customer value creation by enabling the combining of different viewpoints early enough. Ebert (2005) revealed a similarish finding by reporting that installing a core team for each
release affected the success of the product. In addition to this, our results indicate that not only product managers, but also product developers should have
direct contacts with end users to understand their needs, processes and how
they use the product.
According to our results, software product development organizations
should also make the solution planning visible. This means crystalizing the
customer value aspects, such as the value creating process, customer segments
and components of the solution, and visualizing those with a simple and understandable manner. For example, actively using customer segmentation
during product planning, not just leaving it as a marketing tool, helps practitioners to sustain the customer value creation viewpoint. If the differentiation
of products happens only implicitly based on differences in product features,
the value that the product creates for different customer segments is not optimal. Similarly Komssi et al. (2011) propose that companies should shift their
focus from the prioritization of software features to the analysis of customers’
processes and the prioritization of customers’ activities.
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5.5

Evaluation of validity threats

Yin (2009) suggests for a case study to evaluate the possible threats to the validity of the observations and conclusions. According to Runeson et al. (2012),
validity must be addressed during all phases of a case study. However, it cannot be finally evaluated until the analysis phase (Runeson et al. 2012). In this
section, we evaluate the validity threats of our study according to the categorization by Runeson et al. (2012) ( summarized in Section 3.9 Validity).
The threats to construct validity regarding research question 1 included
whether we were able to gain a representative image of the pros and cons of
using prioritization methods within the case organization. Regarding research
questions 2, 3 and 4, the threats to construct validity included the question of
whether we were able to gain a representative and true image from the case
organizations’ current practices and practical challenges.
As described earlier, to increase the construct validity of the study, we triangulated data sources and data collection techniques. We selected different informants who represented different roles and collected data with different
techniques, by different researchers and over a long period of time. However,
it might be that we were not able to recognize all the important stakeholders
affecting case organizations’ long-term product planning and requirements
prioritization. For example, company-external stakeholders such as customers
and users were not interviewed at all, even though they are important sources
for feature ideas and even though the company tries to satisfy their needs with
the products. It would be interesting and valuable to gain more information on
how the companies incorporated their opinions into the decision-making process. Leaving customer and users without “own voice” in the study left one
important viewpoint about the quality of the decisions and the effect of current
practices uninvestigated. That posed a validity threat to the study.
In addition, it might be that the interviews, as a primary data collection
technique, were limited in their ability to reveal important aspects of the current industrial practice. Selecting requirements to be implemented into a
product is a complex decision-making activity, as our study revealed. Practitioners’ ability to describe and even verbalize this decision-making process and
its challenges might be quite limited. However, designing cases so that they
were partly built on each other improved our abilty to delve deeper into those
areas in later cases, which seemed important, but fuzzy in earlier cases
Furthermore, interviewing as a technique has always a threat to accuracy of
what interviewees say. It may be that the interviewees are not honest or do not
properly understand what is asked. However, we think that the risk of dishonesty was reduced in our cases, because the case companies intended to develop
their practices, and because we encouraged the practitioners to talk about the
challenges freely. Because interviews were semi-structured, not totally structured, we were able to understand the phenomena more deeply, as we were
able to ask more questions about the issues that seemed unclear at first. Our
extended cooperation with the informants helped us to validate issues that we
possibly did not understand earlier.
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The threats to internal validity include the question whether there were
any factors that affected our findings in the case organizations. Our study consisted mainly of interviews. In interview studies, there is always a risk that the
researcher biases the results by affecting the interviewees somehow. This risk
was reduced in our case by constantly reminding interviewees that there were
no right or wrong answers and that we did not expect to hear about perfect
practices, but instead wanted to know in detail about what was actually happening so that we could cooperatively develop better practices. We also created
a relaxed atmosphere by reminding practitioners that all companies we have
seen have struggled with many issues.
We also might have created a certain bias because the companies were operating with each other in the seminars. Furthermore, some of the case companies may have had a similar attitude towards improving their practices in the
first place (e.g. that “something is wrong”), which may have been the reason
that they became members in our research project. Also the prolonged involvement of the researchers may have caused a similar risk of bias (see
(Runeson et al. 2012)).
In general, the researchers’ participation may also have affected validity of
the results. However, in all phases of the study, especially in the research design and data collection phases, the main researcher was not working alone.
Other researchers validated the interview outlines, contributed to research
designs and participated in interviews. In the data analysis phase, however,
the author of this thesis performed the analysis alone, which unfortunately left
some kind of threat to the study’s validity.
The threats to our study’s external validity include whether, on the basis
of the situation in the case organizations, it is possible to draw conclusions
that concern other software companies operating in the product business. To
improve the external validity of the research results, this study involved seven
separate case organizations of different sizes. In addition, the companies represented different types of products, customers, and business environments.
Our research was case-based research. Our research was not sample-based
research, in which, samples of population elements are studied and generalizations are made about the distribution of variables over the population by
means of statistical inference from a sample (Wieringa 2014). Instead, we
generilized by analogy to the population of similar artefacts (Wieringa 2014).
According to Wieringa (2014) analogic generalization is qualitative, meaning
that the researchers indicate to which other cases, or populations of cases, an
explanation can be generalized, without indicating to how many of them can
generalized. In case-based research, the variability of the real world is reduced
by decomposing a case into components, which can produce case phenomena
through their interactions (Wieringa et al. 2015). Generalization should be
based on architectural similarity, and generalizations can be made more robust by analytical induction (Wieringa et al. 2015). This means that in our research, the validity is not about the sample in relation to the universe, but
about the plausible explanations we were able to make from the cases and understand the architecture in which the results are generalizable.
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However, the “sample” of the studied companies still has some kind effect on
the plausibility of the study. All the case organizations were Finnish companies, and therefore there might be issues that may not be appropriate to other
cultures. In addition, our co-operative relationship with the case organizations
creates the potential for a bias. The case organizations were selected using a
convenience sampling strategy. The organizations were industrial partners in
our research projects, which implies that they considered long-term planning,
requirements prioritization and RE in general areas that are both essential and
need improvement. However, we believe that the case organizations are typical
market-driven software development companies.
Especially, regarding research question 1, threats to external validity are
mostly because we had only one case organization, only two case projects, and
only 20 requirements to prioritize in both case projects. However, even with
such a small sample of people, requirements, and methods, we were able to
find common denominators from both of the cases (by varying these different
variables) that impeded the practitioners’ willingness to use the evaluated
methods. It was still possible to provide plausible and thus generalizable explanations for the challenges and benefits by using the prioritization methods
in that kind of setting were such as they were.
Some other authors have evaluated methods in the laboratory or with university students as subjects (Berander 2004). There is value in conducting
such studies; they may lead to more exact results concerning, for example, the
scalability of the methods. However, the focus in our research concerning research question 1 was to understand the phenomena found when using prioritization methods in industrial projects. In addition, in order to understand the
suitability of the methods for real industrial projects, practitioners’ experiencebased opinions are essential.
The threats to reliability include the effect of the researchers’ identities to
the results. Because the study was this kind of an action research type of a case
study, it is evident that it cannot be repeated as such and that it would not
have been conducted and reported in exactly the same way if other researcher
had conducted it. However, in this case, the question is more about whether
another researcher would have provided similar explanations out of the similarish setting. We think that the investigator triangulation used in different
phases of the study lowered this risk significantly.
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6. Conclusions

6.1

Main contribution and implications

The main contribution of this thesis is that it provides deep understanding
about long-term product planning and requirements prioritization in the context of market-driven software product development in practice. Furthermore,
the study describes the links of long-term product planning and requirements
prioritization to value creation. Our study also analyses and explains the complexity of the requirements prioritization as a phenomenon and the practical
challenges involved.
Our results show that current product planning practices in market-driven
software product development organizations are at a low-level, focusing on the
features of individual products. Plan preparation seems to be restricted to
product managers and long-term plans are largely missing. Companies seem
to have challenges in drawing together different viewpoints already in the
long-term product planning. In particular, combining the business and customer knowledge of product managers with the technical knowledge of project
managers and architects, in different phases of product planning, is a key area
that seems to be challenging in practice.
In the area of requirements prioritization, our study shows that prioritization
practices are informal and dependent on individuals. The priority of a single
requirement is based on manifold case-specific aspects. Our study, however,
indicates that aspects affecting priorities can be grouped and generalized intothree main points of views: the company’s own business, the customers & users, and the implementation. By understanding the role of these aspects and
by taking them consciously into account in different levels of product planning, companies could improve their decision-making.
Concerning requirements prioritization challenges, our findings support
many of the earlier reported challenges. For example, the number of requirements and the dependencies between them cause serious trouble in practice.
Our results, however, also shed new light upon to these challenges. Requirements prioritization is an ambiguous concept that has different things for different people and in different phases of development. In particural, the shift
from product level to project level seems to cause misunderstandings in the
meaning of the term and scales used. In general, the challenges in requirements prioritization in practice are usully wider than just putting a clearly defined set of requirements in order. Practitioners do not have enough background information upon which to base their prioritization and they cannot
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incorporate selected aspects in the decision-making process. Practitioners
make decisions about priorities mainly without explicitly being aware of which
aspects are taken into account and to what extent those aspects are considered.
The study also provided insights for understanding how requirements prioritization methods apply to solving existing challenges in practice in this context. According to our findings, the evaluated requirements prioritization
methods have a limited ability to support decision-making in such a complex
area as requirements prioritization in market-driven software product development. Our results indicate that current requirements prioritization methods
seem to falsely encapsulate the assumption that the value of a release is a sum
of its ingredients. According to our study, value is not contained in each requirement as such but instead is created in the process of the user using the
system and thus from the interplay of the requirements. Selecting the individually most valuable requirements to be implemented may not lead to maximal
product value. This means that the planning focus should be shifted from individual product features to understanding the processes of customers and users
and to describing the solutions from the customer’s viewpoint as a whole.
6.1.1

Implications for the research

For researchers, this study provides a broad analysis of the practical challenges
and characteristics of requirements prioritization and long-term planning in
market-driven software development. Our results indicate that requirements
prioritization in practice is a broader issue than just comparing a set of requirements at the same level of abstraction with each other, as is assumed in
many existing prioritization methods.
Our results provide implications to researchers about what should be taken
into account when developing methods and practices for requirements prioritization and long-term planning. For example, the researchers in the field
might benefit from understanding that the three main aspects (business, customer&users, and implementation) are used in practice in requirements prioritization. It might be, that the researchers in the area should focus not that
much into requirements prioritization method development, but more into
trying to solve e.g. the process issues related to combing the three main viewpoints.
The study also analyses the role of long-term product planning and requirements prioritization in value creation and reveals how companies seem to have
challenges in drawing different viewpoints together in long-term product
planning. According to our study, business, product, project and technology
plans, as well as plans for different products are not explicitly connected. Individuals plan for the future, both horizontally (different products) and vertically
(business, product, project, technology) in silos. Interestingly, according to our
findings, an important success factor is not only the well-known integration of
business knowledge into the feature selection, but the technical limitations and
possibilities already taken in to account during long-term product planning.
All this knowledge about the current state can help researchers to develop
practices for solving current challenges. Our study also introduces practices
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that seem to link requirements prioritization and long-term planning to value
creation, and thus providing a basis upon which the other researchers can
build.
6.1.2

Implications for practice

From the perspective of market-driven software product development organizations, this thesis introduces practices that seem to support the link from
long-term product planning and requirements prioritization to customer value
creation. The essence of the suggested practices is in the shift of planning focus
from individual product features towards understanding the processes of customers and users and in describing the solutions from the customer viewpoint
as a whole. Our study suggests that software product development organizations would need longer-term product planning that is more transparent, more
business- and customer-driven, and more cooperative than it is at present.
For practitioners, our results also emphasise that a cross-functional effort is
needed already on the product level during long-term planning to be able to
thoroughly combine the three main viewpoints (company’s own business, customers & users, and implementation) to provide solutions that create customer value. In particular, an area that needs emphasis is combining the business
and customer knowledge of product managers with the technical knowledge of
project managers and architects, at different phases of product planning.
The solution concept that provides the big picture of the solution and explicates the customer viewpoint seems to make solution planning visible in the
organization. Using the solution concept as a planning and communication
tool helps to sustain the customer value viewpoint. However, emphasising the
solution thinking wider in the organization is needed as well. The practices
that seem to support customer value creation and the link to product planning
and requirements prioritization include identifying customer segments, establishing direct contacts between the product developers and end users, actively
discovering customers’ processes and forming a cross-functional team for each
main release.
In general, adding intermediate planning levels between business decisions
and requirements engineering seems to help to link them together and bring
the customer value viewpoint into product planning. Different stakeholders
are more able to see what the goals of further releases are, and how well the
decisions concerning features match the needs of different customer segments,
if the discussion of the product business goals is separated from the R&D resource allocation decisions and detailed feature-level planning (= discussed
first). Future priorities are thus discussed not only on the feature level, but
also from the viewpoint of high-level targets, which allows different stakeholders to bring their expertise early enough to planning.
In the area of requirements prioritization, the study explains the nature of
requirements prioritization in practice. Instead of selecting a ‘correct requirements prioritization method, more important issues to be taken into account
by an organization in requirements prioritization include: defining the phases
in which prioritization is needed; combining the business, customer and tech-+ 

nical viewpoints; involving the right stakeholders in different phases; and
communicating the priorities and their rationales throug the units of the organization.

6.2

Future directions

The results of this study point to several challenges for the future research.
One important direction for future research is to gain further insights into
how the challenges in requirements prioritization and long-term product
planning described in this study could be resolved. This study focussed mostly
on understanding and analyzing the problem area and only partly on providing
solutions. However, since software development practitioners need practical
solutions further studies are needed.
A long-term research area that concerns the whole requirements engineering
research community still is the continuation of the investigation into why it is
so difficult to plan the future development steps of the products in practice.
Even though this study provided a reasonable thorough understanding of the
current practices and challenges involved, there is still space for more research
in providing a deep and thoroughly analyzed understanding of these. On wider
research basis, we could better find commonalities between good practices.
Also, one of our future research goals is to acquire further confidence in our
results by validating them with new case organizations. We could, for example,
collect more good practices from a wide range of other companies to better
understand the commonalities between the practices that seem to work best.
This could help us form a proposal regarding how to overcome the existing
challenges.
In this study, we identified a set of practices that seem to support linking requirements prioritization and long-term product planning to customer value
creation. One of our future research goals is to validate these practices with a
large number of companies. The relationship between customer value creation
and market-driven software development needs more investigation. Therefore,
our long-term reach goal is to gain a deep understanding about how long-term
planning, requirements engineering and testing can support customer value
creation.
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