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CHAPTER 1

Introduction

1.1 Motivation

The software business has made a shift from developing software for one
customer to developing standard software for an entire market. This shift from
customized software to product software brings new challenges, especially
concerning the processes for managing the product; the domain of Software
Product Management (SPM). In the following paragraphs, three typical
challenges in SPM are presented.

Internet browsers use different protocols to update their products.
Duebendorfer and Frei (2009) found out that the more effort is needed to install
a new version of the browser, the less willing users are to actually update. For
example, the update process of Opera requires a manual re-install of the
product. Consequently, only 24% of the users have installed a new version after
21 days. Apple gives users the choice to update automatically, manually or
never. Their score after three weeks is 53%. Out-to-date software may cause
serious problems, such as less secure and less stable products. In addition, it
takes the software developers a lot of time, as they have to take old browser
versions into account when creating plug-ins or add-ons; get more bug reports
since multiple versions are in use; and have to keep on testing the old browser
versions when new platforms, add-ons or plug-ins are developed. By
implementing a more effective update protocol, these problems can be
prevented. For example, Mozilla Firefox, with its one-click-update process, has
a score of 87%. Google Chrome, who uses an automatic, silent updating
protocol, performed best with 97%.

With the micro-blogging service Twitter, users can send small messages
(“tweets”) to their social network. Users can subscribe to other users in order to
follow their updates and react to each other’s tweets. In May 2009, the Twitter
founders decided (without consulting the users) to remove part of the
functionality that made it possible to follow conversations of others, since, they
argued, it was an “undesirable and confusing option”. Within hours, many
Twitter users voiced their discontent by using the "#fixreplies”-tag in their
messages. The next day, Twitter reinstated the reply feature (cf. Stone, 2009).
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In July 2001, Microsoft announced the development of the new Windows
version: Microsoft Longhorn. Within a timeframe of three years, the Longhorn
version would be released (Schultz, 2006). However, it turned out that
Microsoft could not meet its goals and Longhorn (or Vista as it is called now)
was released in November 2006; a delay of 2 years, causing disappointed
customers and a suspension of the expected revenues.

The problems sketched above are anecdotes from the SPM world. The
browser updating problem can be viewed from two perspectives. First, it entails
the launching process of the product and handling old product versions. The
other perspective involves the gathering of market requirements. Apparently,
updating instruments should be as easy as possible for the user, in order to be
used regularly. Product managers can identify this as a market requirement that,
if implemented, will increase a product’s security and stability. The second
example concerns the balance between listening to the voice of the customer,
the so-called market requirements, and planning your own product vision.
Finally, the Vista delay touches the difficulty of realistic release planning; an
important domain since a accurate planning of upcoming releases is crucial to a
company’s business performance.

Hardly any figures exist on the success of product software companies. What
we do know is that a good SPM practice pays off. Ebert (2007) describes an
empirical study with data from 178 industry projects that shows that time to
market, schedule adherence and handover quality all improve with the
strengthening of a coherent product management role. However, not many IT-
professionals know how to implement SPM practices in their organization. In a
research performed among 35 product managers in the Netherlands, it appeared
that many companies do not have the proper SPM processes (such as
prioritizing requirements or defining a product roadmap) in place (van de
Weerd, Bekkers & Brinkkemper, forthcoming). One of the reasons of this low
maturity in SPM practices is that hardly any education exists in this domain.
Some commercial courses are offered in the US and Europe. However, software
product management is not taught in colleges and universities. Many product
managers acquire their job accidentally, as in the case of the product manager in
the example above. As a consequence, they have to learn the practice of SPM
on the job. Since no solid body of knowledge in the SPM domain exists, this
can be a difficult task.

An approach to address the lack of SPM knowledge among product
managers is to give them access to SPM methods and guide them in
implementing them in their company. Immediately some other problems come
to mind. For example, product software companies can be characterized by
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various situational factors; they operate in diverse sectors, have varying sizes
and use a range of development methods. Subsequently, companies need
methods that are tuned to these situational facors. Karlsson, Dahlsted and Natt
och Dag (2002) found that it is very difficult for companies to find a balance
between the “elaborate and elementary development processes”. They argue
that the degree of elaborations is dependent on a company’s maturity. For
example, a company with five employees does not need an elaborate release
planning method, whereas a large company, such as Microsoft, needs to have a
very elaborate workflow process in place within the software product
management domain. Each company operates in its own context that can be
described by multiple situational factors. These situational factors have a great
influence on the decision on implementing simple or elaborate SPM processes.

In this research, a knowledge infrastructure is proposed that provides
methodical support to product software companies. The aim of this knowledge
infrastructure is pto assess and thereby analyze a company’s current situation
and maturity level. Then, by using incremental method engineering and meta-
modeling principles, previously stored method fragments can be selected and
assembled into a process advice. By implementing this process advice in the
existing processes, the overall maturity of the SPM practice increases.

1.2 Scientific relevance

Software engineering is a domain that has been extensively researched. The
entire process, from requirements elicitation until software maintenance, is
comprehensively described. Developers use standard works from for example
Sommerville (2007) and Van Vliet (2008) as guide and reference. One initiative
of making software engineering knowledge accessible is SWEBOK; a Guide to
the Software Engineering Body of Knowledge (Abran, Moore, Bourque, Dupuis
& Tripp, 2004). This guide describes generally accepted knowledge about
software engineering and is freely accessible. Typical areas that are described in
the guide are requirements, design, testing, etc. Although the above references
are very good resources for software engineers, some information concerning
the development of product software is lacking. For example, the requirements
stage in software engineering usually focuses on custom-made software. In
SWEBOK, the focus lies heavily on the elicitation, classification and analysis of
requirements. Of course these activities play a role in product software
companies, but there are some other important processes that are missing.
Examples are the identification of market and product requirements, the
prioritization of requirements, and the planning of upcoming releases.
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Furthermore, the relation between requirements and the product roadmap, the
organization of product lines, and managing the product lifecycle are missing in
this body of knowledge. In this dissertation, that gap of knowledge is filled by
developing a body of knowledge for SPM, the so-called reference framework
for Software Product Management.

Another important concept in this dissertation is incremental method
engineering. Method engineering is a research domain that has received much
attention the last two decades. Especially situational method engineering
(Harmsen, Brinkkemper & Oei, 1994; Brinkkemper, Saeki & Harmsen, 1999;
Karlsson, 2002; Ralyté, Deneckére & Rolland, 2003) has been the subject of
many studies. However, situational method engineering theory has focused
mostly on constructing or adapting a method for a certain project, while the
evolution of methods that takes place in most companies is not studied. In this
dissertation, we show the mechanism of incremental situational method
engineering. By formalizing the method increments that occur during method
evolution, we provide insight in the method evolution process, which can be
used when assembling a method advice. Furthermore, we present a formal
approach to incremental process improvement that provides companies with an
instrument to improve their methods in an evolutionary way. This vision on
process improvement combines a capability-based approach with problem-
based aspects. We show how this approach can be implemented in a knowledge
infrastructure that uses an assessment to estimate a company’s current maturity
level, and selects method fragments, based on situational factors and the desired
maturity level, to create a method increment advice.

1.3 Positioning the research

1.3.1 Software product management

The last two decades, many product software companies have made a shift from
developing custom-made software to developing product software, which Xu
and Brinkkemper (2005) describe as “a packaged configuration of software
components or a software-based service, with auxiliary materials, which is
released for and traded in a specific market. This meant that also their internal
processes, and especially, the SPM processes, needed to change. Regular
product management is a mature field; it’s been established since the industrial
revolution in the 19th century (Kilpi, 1997). Nowadays, many books on product
management and product marketing can be found, such as Wheelwright and
Clark (1992), and Kahn (2005). In the nineties Cusomano (1995), Kilpi (1997)
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and Krishnan (1997) were the first to describe software product management as
a separate business function. The last years, however, more and more
professionals and researchers are paying attention to this research domain
(Gorchels, 2000; Condon, 2002; Ebert & de Man, 2002; de Man & Ebert, 2003;
Dver, 2003; Ebert, 2006).

Xu and Brinkkemper (2005) and Jansen (2007) presented the Research
Framework for Product Software, which is depicted in Figure 1-1. Several areas
in this framework are currently being researched. Examples are Terlouw,
Terlouw and Jansen (2007) on delivery, Dolstra (2003) on deployment, Helms
and Van Reijsen (2008) on knowledge management, Lehtola and Kauppinen
(2006) and Berander (2007) on requirements and architecture. The SPM
processes cannot be positioned on one single part of the research framework.
Among others, it entails requirements management, release planning and
licensing in the development perspective; market analysis, product lifecycle
management and technology management in the company perspective; and
intellectual property and markets in the social perspective.

o Resource Laws and Entrepeneurship Economy

= Provisioning Regulations

g‘_ - Technology €| - Intellectual property «<» - Startups < » - Markets

7B | - Educational system - Import/export - Business models - Industry structures
gf - Capital - Business culture

4 Strategic Management
=
= ) ;
2 Product Strategy - Product investment Sales and Services
7] - Resource management
g:‘ - Market analysis - International organization - Services portfolio
- - Product lifecycle management - Marketing
= - Technology management - Localization and customizations
E- Process & Quality ‘
8 - Method and Project management - Knowledge management - Quality systems
A A A A
- h 4 4 h 4 4
5 .02, Requirements and Development Delivery Deployment
E' b Architecture
o -8 | - Release planning < »| - Programming P - Licensing » - Installation
o 1 | - Design methods - Testing - Documentation - Training
8 2 - Configuration Mgmt. - Beta and launch - Customer service

Figure 1-1. Research Framework for Product Software
(Xu & Brinkkemper, 2005; Jansen, 2007)




Chapter 1

Software product management is a complex research area. It concerns many
internal and external stakeholders and entails a wide range of activities. In this
dissertation, we propose the reference framework for SPM, consisting of
fourteen activities, divided over four business functions (van de Weerd,
Brinkkemper, Nieuwenhuis, Versendaal & Bijlsma, 2006). These business
functions are portfolio management, product roadmapping, release planning and
requirements management. Portfolio management handles the different products
in the product portfolio; product roadmapping deals with the different releases
in each product; release planning handles the set of requirements of each
release; and requirements management handles the content and administrative
data of each individual requirement. Chapter 3 presents an extensive overview
of this reference framework. Although the research on SPM in general is not
extensive, much research exists on the different business functions that are part
of SPM. Carlshamre and Regnell (2000) explored requirements lifecycle
management and release planning in market-driven requirements engineering
processes. Also Ruhe and Saliu (2005) carried out research in this area and
developed a tool to support the release planning process. Karlsson and Ryan
(1997) and Berander (2007) focused more specifically on the requirements
prioritization process.

Product roadmapping and portfolio management have been less extensively
researched than requirements management and release planning. Lehtola,
Kauppinen and Kujala (2005) describe their view on long-term product
planning by roadmapping as “linking the business view to requirements
engineering”. In addition, V&haniitty, Lassenius and Rautiainen (2002) propose
an approach to product roadmapping, but then focused on small companies. By
the same research group, an approach for managing the development portfolio
in small product-oriented software companies is proposed (Vahaniitty and
Rautiainen, 2005).

Recently, the research domain of SPM has broadened. For example,
Bekkers, van de Weerd, Brinkkemper and Mahieu (2008a) explore the influence
of situational factors in software product management. Fricker, Gorschek and
Glinz (2008) are working on a different SPM area, namely requirements
communication in new product development. Finally, Kittlaus and Clough
(2009) published a book on SPM and pricing, in which they describe key
success factors for product software companies.
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1.3.2 Method engineering

Kumar & Welke (1992) gave a first suggestion to method engineering research
by stating that to improve the effectiveness of a method, it should be engineered
to the situation at hand, by taking into account the uniqueness of a project
situation. Subsequently, Harmsen, Brinkkemper and Oei (1994) and
Brinkkemper (1996) laid the foundations for the field of situational method
engineering. They defined a situational method as “an information systems
development method tuned to the situation of the project at hand”.

Several situational method engineering approaches have been described in
literature, by e.g. Brinkkemper (1996); Aydin and Harmsen (2001); Saeki
(2003); Ralyté, Deneckére and Rolland (2003); and van de Weerd,
Brinkkemper, Souer and Versendaal (2006). In addition, method engineering is
used for method development (cf. Henderson-Sellers, 2003; Rossi, Ramesh,
Lyytinen & Tolvanen, 2004). Also recently, several researchers have used
method engineering as a research technique (cf. Luinenburg, Jansen, Souer,
Brinkkemper & van de Weerd, 2008; and Levantakis, Helms & Spruit, 2008).

To execute the method engineering process, methods need to be described
for which several modeling techniques have been proposed. Saeki (2003), for
example, proposed the use of a meta-modeling technique, based on UML
activity diagrams and class diagrams, for the purpose of attaching semantic
information to artifacts and for measuring their quality using this information.
In Van de Weerd and Brinkkemper (2008) this technique is adopted and
extended for the purpose of method engineering. With the technique, methods
can be analyzed and expressed in so called Process-Deliverable Diagrams
(PDDs). Recently, Jeusfeld, Jarke and Mylopoulos (2009) published the book
‘Metamodeling for method engineering’ which describes a meta-modeling
approach in five case studies in different domains.

Finally, research has been done on tool support for method engineering.
Jeusfeld, Jarke, Nissen and Staudt In Kelly, Lyytinen and Rossi (1996) and
Tolvanen (2006) MetaEdit+ is described; an integrated modeling and meta-
modeling environment for domain-specific languages. In Chapter 5, we explore
ways to use this tool in our knowledge infrastructure.

1.3.3 Process improvement

One of the main focus areas in this dissertation is the improvement of SPM
processes. Software process improvement has been extensively researched for
several decades. Several approaches have been proposed to improve software
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development processes (Paulk, Weber, Curtis & Chrissis, 1995; el Emam,
Drouin & Melo, 1998). Van Steenbergen, Brinkkemper and Van den Berg
(2007) call these maturity models continuous and staged 5-level models. These
models are very comprehensive, but may typically take thirteen to twenty-four
months to be implemented (Process Maturity Profile, 2006). Also, the
organizational structure of small companies may not be suitable for a large
process initiative (Demirors & Demirors, 1998). Staples at al. (2007) support
this in their research where they found that “being a small organization” was
one of the main reasons of not implementing a process improvement. Other
reasons that they found are the high costs and the large time investment.

Van Steenbergen et al. identify focus area oriented models, in which each
focus area has its own number of specific maturity levels. In this dissertation,
we will focus on focus area oriented maturity models for SPM in order to make
local analysis and incremental improvement possible. Similar model have been
used for the testing domain (Koomen & Pol, 1999) and the architecture domain
(van Steenbergen, Brinkkemper & Van den Berg, 2007).

1.4 Research description

1.4.1 Research questions

Based on the previous sections, the research question in this dissertation is
stated as follows:

MRQ: How can product software companies improve the maturity of their
product management processes?

The hypothesis on which this research is based is that this question can be
answered by providing methodical support to companies in the form of an
integrated knowledge infrastructure that manages the complexity of processes in
product software companies, and in particular SPM. By using incremental
method engineering and meta-modeling principles, method fragments can be
stored, selected and assembled to improve existing SPM processes. Three
research domains can be identified in the research question: software product
management, method engineering and process improvement. Hence, the main
research question can be divided into three sub research questions.

RQ1. Which main functions and stakeholders can be identified in the Software
Product Management domain?
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This research question is posed in order to define the structure and boundaries
of the SPM domain. Although this domain received much attention in the
business domain, not much scientific research has been done on SPM. To be
able to develop a body of knowledge, and to gain insight in the current status of
state-of-the-art research on SPM, a structure is needed.

RQ2. How can incremental method engineering be implemented in a
knowledge infrastructure?

This research question touches on a few different research topics. First, to be
able to store method knowledge in the knowledge infrastructure, a modeling-
technique is required. Since existing techniques are not satisfactory for this
purpose, a new technique needs to be engineered. Hence, the following sub
research question is defined:

RQ2.1. How can we model activities and deliverables in order to reuse them for
situational method engineering purposes?

Secondly, the mechanism behind incremental method evolution needs to be
investigated. The first step in supporting companies in their method
improvement is the exploration of incremental method engineering principles,
so that these can be used in a gradual process of improvement. The
corresponding research question is:

RQ2.2. How can product software companies improve their software product
management methods in an evolutionary way, using method fragment
increments?

After exploring the approach to incremental method engineering and
formalizing the general method increments, the discovered increment types
need to be validated. In addition, the drivers that lead to method increments
need to be explored. Furthermore, general method increments that can be used
in a tool for method improvement need to be identified and formalized.
Consequently, the next research question is defined as:

RQ2.3. Which method increment types occur in incremental method evolution,
and which general increment drivers can be identified?

RQ3. How can we support process improvement in a knowledge
infrastructure?

The aforementioned research questions all contribute to the knowledge of
incremental method engineering. These principles need to be implemented in a
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knowledge infrastructure that companies can use to obtain a custom-made
method advice. Therefore, the next sub research question is defined as:
RQ3.1.How can we use a knowledge infrastructure to support incremental
method evolution?

To be able to give advice on a company’s SPM processes, an assessment tool
needs to be developed and validated that can measure a company’s current and
desired maturity level in SPM. This corresponds to the research question:
RQ3.2. How can we design a maturity matrix for software product
management?

Finally, the incremental method engineering principles and the maturity matrix
that will be integrated in the knowledge infrastructure need to be validated. This
leads to the final research question:

RQ3.3. To what extent can a knowledge infrastructure, in which method
engineering principles and the SPM maturity matrix are integrated, provide a
useful method advice for product managers?

1.4.2 Research approach

Hevner, March, Park and Ram (2004) state that most IS research is a
combination of two paradigms: design science and behavioral science. In design
science, knowledge is obtained by developing artifacts (March & Smith, 1995).
This type of science concerns two fundamental questions: "What utility does the
new artifact provide?" and "What demonstrates that utility?" (Hevner et al.,
2004). Behavioral IS research, on the other hand, “seeks to develop and justify
theories that explain or predict organizational and human phenomena
surrounding the analysis, design, implementation, management, and use of
information systems” (Hevner et al., 2004). The research in this dissertation
follows a mixture of both research paradigms, as is depicted in Figure 1-2: the
Information Systems Research Framework for the understanding, execution,
and evaluation of IS research (Hevner et al., 2004). This conceptual research
framework combines behavioral-science and design-science paradigms.

10
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Environment IS Research @ Knowledge base
People Develop / build Foundations
- Product managers - Theories - SPM literature
- Release managers Business - Artifacts Applicable | | - Method
- SPM skills needs "| knowledge | | engineering theory
- Software process
Organizations q Assess Refine h improvement theory
- PS companies
- Existing processes ) Methodologies
- Company culture Justify / evaluate - Exploratory case
- Case study study research
Technology - Field study - Design research
- Existing know- - Survey - First order
ledge |nfr§slructure - Expert validation predicate logic
- Supporting tools - Formalization
A | | ' A
Application in the Additions to the
appropriate environment knowledge base

Figure 1-2. Dissertation research applied to the Information Systems Research
Framework
(based on Hevner, March, Park & Ram, 2004)

The Environment consists of people, organizations and technology. These
concepts form the problem space in which the research is conducted. The
people that are important in our problem space are mainly the software product
managers and release managers who all have their own characteristics and
capabilities, but also have many similarities. The organizations in which this
research is conducted are primarily product software companies, which all have
their own set of implemented processes and situational factors that describe the
context in which they operate. In addition, factors concerning company culture
and process maturity influence the problem space. Finally, technology is an
important factor in the environment. Technology includes the arrangement of
the infrastructure and architecture of a company, but also the supporting tools
that are used in the SPM processes. People, organizations and technology
together define the business needs that are input to the research motivation of a
research. The research is set up in such a way that it meets these business needs,
hence assuring the research relevance.

The Knowledge base “provides the raw materials from and through which IS
research is accomplished” (Hevner et al., 2004). Prior research on for example
method engineering, software product management and process improvement
lays down the foundation for this research in the form of existing theories,
methods, models, etc. The methodologies on the other hand describe different
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approaches on how we can carry out our research. It consists of data analysis
techniques, formalisms, measures, and validation criteria (Hevner et al., 2004).
Foundations and methodologies are both forms of knowledge that can be
applied during the research. By using these existing foundations and theories
research rigor can be realized.

IS Research, as said, is typically a combination of design science and
behavioral science. Behavioral science concerns “the development and
justification of theories that explain or predict phenomena related to the
identified business need” (Hevner et al., 2004). Design science, on the other
hand, uses building and evaluation to address the business needs. In this
dissertation, different artifacts are built: the reference framework for SPM, the
maturity matrix for SPM and PDD meta-modeling technique. By assessing them
in field studies, case studies, surveys, and expert validations the artifacts are
evaluated. In addition we developed the incremental method engineering theory.
By assessing this theory through formalization, case studies and analysis, we
justified this theory.

1.4.3 Research methods

Various studies are performed in this dissertation: case studies, survey research,
literature study and design research. The use of different research method offers
a broader view into the research area. For example, by solely using quantitative
methods, it is difficult to find the level of detail that one can find with, for
example, a case study.

Table 1.1 provides an overview of the various chapters. Per chapter is
indicated whether it is design science and/or behavioral science. In addition, the
used research methods are stated. Literature research and expert validation have
been omitted in this overview, since these research methods are applied in all
chapters.

Table 1.1. Applied research methods

Chapter 2 3 4 5 6 7 8 9
Design science X X X X X X
Behavioral science X X X X X X X
Case study research X X X X X X
Survey research X

12
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Case study research

In various chapters in this dissertation, case studies are used as a research
method. Acoording to Eisenhardt (1989), a strength of using case study research
for theory-building is “its likelihood of generating novel theory”. By combining
evidence of different, sometime contradictory, sources creative insights arise.
Secondly, Eisenhardt explains that the resulting constructs are easily testable,
since they already have been measured and verified during the theory-building
process. Finally, a theory resulting from case study research is “likely to be
empirically valid”, since the theory is to closely tied to the evidence that it is
likely that it will be “consistent with empirical observations” (Eisenhardt,
1989). In addition, case study research is a valid means of theory-testing in
information systems research (Bensabat, Goldstein & Mead, 1987). A theory
can be validated by a case study, or found to be inadequate, in case it may be
refined or improved (Darke, Shanks & Broadbent, 1998).

In Chapters 2 and 4, explanatory parallel case studies are used as a research
method. Exploratory case studies make it possible to get an in-depth
understanding of a contemporary phenomenon where the investigator has little
control over events (Yin, 2003). The two case studies consist of interviews,
document studies and tool evaluations.

In Chapter 3, a descriptive case study is included in which the stakeholders’
communication concerning the conception, development and launching of a
new product at a major software vendor is analyzed.

The case study described in Chapter 5 and 6, is a retrospective case study.
The retrospective nature of the case study made it possible to investigate the
changes in an organization over a period multiple years; a time period that is
almost impossible to investigate by a regular longitudinal research. In this case
study several interviews were conducted as well as a thorough document study.

Finally, in Chapter 9, a comparative case study is described in which three
cases are analyzed and compared. The comparison increases internal and
external validity. In addition, carrying out a comparative case study may reveal
patterns that are difficult to spot with other research methods.

Survey research

Chapter 8 describes a survey carried out among 35 software product managers.
The goal of this survey is to validate the order of the earlier identified
capabilities relative to each other in the SPM Maturity Matrix. The result is a
validated maturity matrix for SPM.
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1.5 Dissertation outline

The research questions listed in Section 1.4.1 are answered in the various
chapters. Figure 1-3 provides an overview of the structure of this dissertation.

Apart from the introduction and conclusion, the dissertation consists of four
main parts that correspond with the main research question (MRQ) and the three
sub research questions. The first chapter describes the main research question
and the vision on how this research question can be answered. The second part
contains the domain study on SPM. In ‘Analysis of incremental method
evolution’, the concepts for incremental method evolution are identified,
formalized and evaluated in a case study. The chapters in the fourth part
describe and evaluate the concept of the knowledge infrastructure.

Chapter 1: Introduction

Vision: Improving SPM maturity in Elrudur.t software companies (MRQ)
Chapter 2: A product software knowledge infr_aslruclure for situational capability maturation

SPM domain (RQ1)
Chapter 3. A reference framework for SPM

~,

tion (RQ2) .-".Knuwledge infrastructure for process improvement (RQ3) "

Chapter 4 'd Chapter 7
Meta-modeling technigue . Process improvemen via method engineering
Chapter & I Chapter 8
Concepts for incremental method evolution Developing a maturity matrix for SPM
Chapter & Chapter 8
Case study in incremental method evolution o Validation of the knowledge infrastructure

Chapter 10: Conclusion

°
Figure 1-3. Dissertation structure and relations between chapters
Chapter 1. Introduction

The first chapter describes the motivation, relevance, research questions and
outline of the research
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Chapter 2. A product software knowledge infrastructure for situational
capability maturation

In this chapter the overall research question is described. Also, the concept of
the product software knowledge infrastructure is explained, which, when fully
materialized, can help to increase the maturity of a company’s processes. In
constructing the infrastructure two exploratory case studies were performed.
This chapter was presented and published as a full research paper in the
Working Conference on Requirements Engineering: Foundation for Software
Quality (van de Weerd, Versendaal & Brinkkemper, 2006).

Chapter 3. A reference framework for software product management

Based on literature studies and field studies, the reference framework for
software product management is presented, in which the key process areas,
stakeholders and their relations are modeled. To validate the reference
framework, a case study is conducted in which stakeholder communication
concerning the conception, development and launching of a new product at a
major software vendor is analyzed. Finally, the Software Product Management
Workbench is proposed, which provides operational support for product
managers in product software companies. This chapter is presented and
published as a short paper at the International Requirements Engineering
Conference (van de Weerd, Brinkkemper, Nieuwenhuis, Versendaal, & Bijlsma,
2006a) and as a full research paper in the International Workshop on Software
Product Management (van de Weerd, Brinkkemper, Nieuwenhuis, Versendaal,
& Bijlsma, 2006b).

Chapter 4. Meta-modeling for situational analysis and design methods

This Chapter introduces an assembly-based method engineering approach for
constructing situational analysis and design methods. The approach is supported
by a meta-modeling technique, based on UML activity and class diagrams. Both
the method engineering approach and meta-modeling technique are explained
and illustrated by case studies. This work is published as a book chapter in the
Handbook of Research on Modern Systems Analysis and Design Technologies
and Applications (van de Weerd & Brinkkemper, 2008).

Chapter 5. Concepts for incremental method evolution

Chapter 5 describes the identification and formalization of general method
increments that are found in an exploratory case study. In addition, common
process needs are formalized by developing a root-cause map for software
product management and by identifying the root causes and process alternatives
that are related to them. The formalized method increments and process needs
are validated by applying them to an extensive case study conducted at Infor
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Global Solutions. The results show that the formalized method increment types
cover all increments that were found in the exploratory case study, and that the
root-cause map is a useful technique to model the root causes encountered in
product software companies. This work is presented at the International
Conference on Advanced Information Systems Engineering (van de Weerd,
Brinkkemper & Versendaal, 2007).

Chapter 6. A case study in incremental method evolution

In this chapter, retrospective case study is conducted to explore the method
increment types that are defined in Chapter 5. The results show that the method
increment types cover all increments that were found in the case study. In
addition, several lessons learned for company growth in a global software
product management context are described. This research is conditionally
accepted for publication in the Journal of Information & Software Technology
(van de Weerd & Brinkkemper, forthcoming).

Chapter 7. Process improvement in requirements management

To increase process maturity in systems development, Chapter 7 presents an
approach for incremental method evolution that combines capability-based and
problem-based methods. With this method, new methods can be assembled,
based on the process need of an organization. By using an example of the
insertion of cost-value prioritization as a method increment in software product
management, the utility of the Product Software Knowledge Infrastructure is
shown. This work is presented and published in the International Working
Conference on Requirements Engineering: Foundation for Software Quality
(Brinkkemper, van de Weerd, Saeki & Versendaal, 2008).

Chapter 8. Developing a maturity matrix for software product management

In this chapter, the maturity matrix for SPM is proposed; a focus area oriented
maturity model concentrating on the SPM functions Requirements
Management, Product Roadmapping, Release Planning and Requirements
Management. Chapter 8 describes the development of the SPM maturity matrix,
consisting of (a) identification and description of capabilities, (b) positioning
the capabilities at the right levels in the maturity matrix and (c) validating the
maturity matrix with expert validation and a survey among 32 product
managers. The result is a validated maturity matrix that will guide further
development of methodical support in SPM. This work has been submitted for
publication.
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Chapter 9. Using a knowledge infrastructure for incremental process
improvement

This chapter describes a comparative case study in which three case companies
are researched. By assessing the companies’ SPM processes, we create a
maturity profile that serves as a basis for process improvement. The results
indicate that the knowledge infrastructure is able to create a useful method
advice.

10: Conclusion

In the last chapter, the main research question and the eight sub-research
guestion are answered. In addition, the implications and future research are
described.
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The product software knowledge infrastructure

Product software companies face the challenge of shipping new re-leases
of their software products in time, within budget, with the right quality,
and for a good price. As we encountered many performance failures in
this respect, we conceptualized a product software knowledge
infrastructure, which, when fully materialized, can help to increase the
maturity of a company’s processes. The infrastructure leverages earlier
research on situational method engineering and incorporates the maturity
concept. For the sake of in-depth theory demonstration, the infrastructure
particularly focuses on product management processes. In constructing
the infrastructure we performed case studies at two companies. We found
that product management processes increment over time, and become
gradually more mature. As such the study of evolution of product
management processes is a promising step in building the full product
software knowledge infrastructure.*

2.1 Situational maturity in product software companies

Product software (PS) companies are highly dependent on the maturity of their
product software release processes. Indicators like time-to-market, best features
inclusion, software quality, and development costs determine the success of
these companies. Many examples of development failures can be found in
product software literature. In Carmel (1995), time-to-completion factors are
studied in 37 PS companies. Also large organizations, like Netscape and
Microsoft, come across difficulties in their product development process
Cusumano (2004).

PS companies face complex challenges: an existing customer asks for a bug-
fix, and usable features. A sales manager asks for features that convince buyers;

L This work was originally published as:

Weerd, I. van de, Versendaal, J., Brinkkemper, S. (2006). A product software knowledge
infrastructure for situational capability maturation: Vision and case studies in product
management. Proceedings of the 12th Working Conference on Requirements Engineering:
Foundation for Software Quality (REFSQ'06), Luxembourg, 97-112
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development project managers ask for features that reduce the duration of a
project; the technical architect wants to migrate to a new platform; the support
people ask for technical refactoring of existing code; the company board asks
for requirements that realize company vision; the finance executive asks for the
highest revenue, versus lowest costs; a prospect asks for additional functionality
not available in the current version of the product; the development team needs
consistent bundles of requirements. Condon (2002) identifies a similar list of
stakeholder wishes and needs. Optimal planning, development and shipment of
product software are dependent on many situational factors that relate to many
stakeholders.

It is our ultimate aim to develop an integrated knowledge infrastructure that
manages the complexity of PS companies. As many PS companies have a
separate product management function to cope with the mentioned challenges,
we relate our infrastructure to product management. Product management
covers four main process areas: portfolio management, roadmapping, release
planning, and requirements management. Therefore, this area is highly relevant
for requirements engineering research. In this research we focus on the process
area of product management in the knowledge infrastructure. We include
situational method engineering (providing the right method for the right
situation, see for example Brinkkemper, Saeki and Harmsen (1999) and Ralyté,
Deneckére, and Rolland (2003)) and the concept of evolving maturity:
companies can grow in maturity with respect to product management.

2.1.1 Research question and methodology outline

With the described complexity of product management we define the following
research question:

How can product software companies improve the maturity of their
product management processes?

We address this question by elaborating our vision on situational maturity
and by researching the current status of software process improvement (SPI)
literature. Next, we map this onto product management and method
engineering. Subsequently, we present the Product Software Knowledge
Infrastructure and an overview of product management maturity levels. To
validate this, we describe case study results of two PS companies and identify
their product management processes as applicable today and in the past
(different point in time). With the assumption that PS companies have improved
their product management processes incrementally over time, this provides us
insight in maturity levels for those particular processes (in particular details of
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methods and method fragments being used), thus contributing to the building of
our knowledge infrastructure. We also identify situational factors that contribute
to situational method engineering. We conclude by identifying directions for
increasing maturity in product management using situational method
engineering.

2.1.2 Situational maturity vision

The typical evolutionary growth of a PS company goes hand in hand with the
evolution of its internal processes for product development, marketing, sales,
implementation services, and support. Often when a weakness in these
processes is identified, an improvement is made by the person in charge.

Important starting points in situational capability evolution are:

e Incremental method evolution. The introduction of a complete new
development method, such as RUP or DSDM will never work, due to
the longer discontinuity of work and the learning curve. Process
improvements are performed in smaller incremental steps.

e Company condition. Process execution is heavily influenced by the
status of the overall PS company. Business-economic circumstances
determine the budget and time frame set for the improvements.

e Organizational culture. Most companies have their own languages,
operational style, and technical platform and tools. Generic process
improvements require a translation for the organizational embedding.

Methodical support for PS development requires therefore a situational
approach that takes the maturity of the organization into account: simple
methods for low maturity companies and more complex methods for companies
with a higher maturity. The process maturity needs to be determined by
assessing the process execution and deliverable quality, or by utilizing a
normative framework for process improvement. The situational context of any
process weakness is the starting point for our research. We aim at providing
tailor-made support for process improvements based on this concept of
situational maturity. Step-by-step the processes will evolve and grow in
maturity.

2.1.3 Related literature

In PS design and development several problems can be recognized: a chaotic
product concept and architectural design process, lack of a comprehensive and
effective development strategy and process, and a weak formal and informal
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review of designs, code, and documentation (Cusumano, 2004). To overcome
these problems, several SPI approaches have been developed. CMM is a
framework representing a path of improvements recommended for software
organizations that want to increase their software process capability (Paulk,
Curtis, Chrissis & Weber, 1993). The model is divided into five maturity levels:
(1) initial, (2) repeatable, (3) defined, (4) managed, and (5) optimizing. When a
certain maturity level is reached, the related capabilities of that level are
managed. Success of the CMM for the software industry caused the creation of
many likewise CMM models in other fields. Eventually this resulted in the
development of the broader Capability Maturity Model Integration (CMMI
Product Team, 2002). However, some organizations find CMMI too heavy to
use [18]. Another SPI model is ISO 9001, the model for quality assurance in
design, development, production, installation and servicing (ISO 9001, 1997). It
contains 20 clauses that describe the minimal requirements for setting up a
guality management system. Although ISO 9001 focuses mainly on the criteria
to have an acceptable level of quality and CMM focuses on continuous process
improvement, the approaches have a lot in common (Paulk, 1995). A third
approach is the ISO/IEC TR 15504 standard, also known as SPICE, which
stands for Software Process Improvement and Capability dEtermination
(ISO/IEC-15504, 1998).

Although much research is done in SPI, organizations are confronted with
limited results. We can identify several reasons for this. Firstly, it is often
caused by a lack of strategy to effectively implement the approaches (Niazi,
Wilson & Zowghi, 2005). Already in 1996, studies showed that 67% of SPI
managers want guidance in implementing a new SPI approach (Herbsleb &
Goldenson, 1996). Using tools are one of the ways to guide this implementation
process. However, the number of software products produced for this purpose is
quite low (Bareisa, Karciauskas & Blazauskas, 2005). Examples are tools with a
visual approach to SPI (Hunter & McCallum, 1998) and the Seal tool that that
sup-ports data collection and storage procedures (Lok & Walker, 1997).

A second drawback of most SPI approaches concerns the size of the
increments used in the process. Incremental approaches are preferable because
it is a fundamental way to reduce risk on complex improvement projects
(Krzanik & Simila, 1997). However, most SPI approaches imply a
revolutionary or large incremental change (Sweeney & Bustard, 1997), which
increases the complexity and risk.

In this research, we use method engineering for analyzing and storing
information on processes in PS companies. Method engineering is “the
engineering discipline to design, construct and adapt methods, techniques and
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tools for the development of in-formation systems” (Brinkkemper, 1996). Most
research in method engineering is focused on the situation of the project at
hand, see e.g. (Ralyté Deneckére & Rolland, 2003), where a generic process
model for situational method engineering is developed. In our research,
however, we will use method engineering on the organizational and product
development process level. To support this, we will use a meta-modeling
technique to model activities and work products in product-data diagrams (van
de Weerd, Brinkkemper, Souer & Versendaal, 2006; Souer, van de Weerd,
Versendaal & Brinkkemper, 2007). This technique is based on a meta-modeling
technique for the purpose of attaching semantic information to the artifacts and
for measuring their quality using this information (Saeki, 2003). In addition to
the process of method engineering and a meta-modeling technique to support
this, research has been done to the structuring of method knowledge, cf. Helms,
Brinkkemper, van Oosterom and de Nijs (2005). This paper shows how
ontologies can be used to model the structure of method knowledge in
professional IT organizations using Knowledge Entry Maps that are based on
ER diagrams.

2.2 A knowledge infrastructure for product software

To support PS companies with their processes, we propose a Product Software
Knowledge Infrastructure (PSKI), envisioned to be accessible via the internet.
With this infrastructure, PS companies can obtain a custom-made advice that
helps them to improve their processes. The PSKI will be publicly accessible via
the internet. It is set up in an academic environment and filled by experiences,
not only from academics, but also form PS companies. A schematic overview of
the context in which the PSKI functions is illustrated in Figure 2-1. We
recognize two main elements in this figure: the PSKI and the PS company. The
PSKI is loaded with experiences (acquired via case studies) and existing
methods in the PS field. The information that is obtained from these two sources
is stored in the method base. The method base stores four types of information:

— Situational factors - A situational factor (Brinkkemper, 1996) is any factor
relevant for product development and product services. Examples are
guantitative factors such as company size and the number of submitted
requirements per month; and qualitative factors such as branch and the
development method that is currently in use.

— Capability maturities — Several capabilities are identified and labeled with a
(range of) maturity level(s). The capabilities help in assessing a company’s
current maturity level, and will help in identifying ways to a higher
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maturity. The desired capability maturity depends on the situational factors
of a company and the process need.

Method fragments — A method fragment is a coherent part of a method,
which contains part of the process (activities) and output (data) of a method
and the relations between them. The methods that are administrated are
divided into method fragments, in order to be able to easily reuse them (van
de Weerd, Brinkkemper, Souer and Versendaal, 2006). In section 3.1 a
modeling technique is provided for storing method fragments.

Assembly rules — An assembly rule (Brinkkemper, Saeki & Harmsen, 1999)
describes the way in which method fragments should be assembled to a new
method, taking the situational into account. An example of such a rule from
a situational perspective is that method fragments originating from a
waterfall method are not suitable to be implemented in a method containing
mostly rapid prototyping method fragments. On the other hand, the internal
structure of the method should be consistent. For example, the
‘requirements validation’-method fragment will only be applied when an
associated requirements document is produced earlier.
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Situational factors, capabilities and method fragments are related to each

other. A capability has a certain maturity level, which can range from 1 to 5. For
every maturity level, the capability is related to a method fragment. These
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method fragments are linked to situational factors, which also influence the
desired maturity level. The knowledge of the relations between these concepts is
captured in the assembly rules.

The starting point of the method engineering process is the need to improve
one or more processes in the PS company. The first step is the analysis of the
process need and the situational indicators. This entails an analysis of the
current process in terms of activities and work products. Situational indicators
contain information about the concerning process and its adjacent processes and
general information about the company. Through an assessment of the
company’s process and situational factors, current capability maturities are
determined. The second step is the selection of process alternatives. These
alternatives are selected from the method base in the form of method fragments.
This selection process is done by selecting method fragments that are linked to
the right situational factors and to the desired new capability maturities,
addressing the process need. The last step is the embedding step in which the
chosen method fragment is fitted into the method. A process advice, which
contains a process description, templates and examples, is sent to the PS
company. Afterwards, feedback from the company is used for a constant growth
and improvement of the knowledge infrastructure. In section 4.6 we elaborate
further on the PSKI by giving an example application of the infrastructure.

2.3 Infrastructure operationalization

2.3.1 Process-data diagrams for method administration

For the method administration, a meta-modeling technique is used, which is
based on UML (OMG, 2003). With these so-called process-data diagrams we
model processes on the left-hand side and data on the right-hand side. In Figure
2-2, an example of a process-data diagram is depicted (taken from the case
study reported in section 4).
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Figure 2-2. Process-data diagram of a release management process

The diagram represents the Release planning activity and the Release execution
activity of the release management function. The starting point is the sub-
activity Develop release plan. During this activity, data from a paTABASE is used.
This bATABASE is created in another activity, which is not depicted here, namely
the Requirements management activity. The process ends with the delivery of a
NEW RELEASE.

Some adjustments to the standard UML notation have been made in order to
model deliverables of methods. The most important one concerns the use of
different types of concepts, which are used to indicate whether a concept is
simple or compound. A simple concept does not contain any sub-concepts,
whereas a compound concept is an aggregate of sub-concepts.

We define three different ways to model these concepts:

— A simple concept is a concept that contains no further (sub) concepts. A
simple concept is visualized with a rectangle. An example iS MARKET
REQUIREMENT.

— An open concept is an expanded compound concept that consists of a
collection of (sub) concepts. An open concept is visualized with an open
shadow. An example of an open concept iS DATABASE.
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— A closed concept is an unexpanded compound concept that consists of a
collection of (sub) concepts. A closed concept is visualized with a closed
shadow. RELEASE PLAN i a close concept. In this case it is visualized as
closed concept because the concept has just partly been expanded. The
reason is that for RELEASE PLAN no standard format exists and the content
differs from time to time. All we know is that a number of RELEASE
REQUIREMENTS are specified in it.

Similarly, open and closed activities are part of the process-data diagrams.
For more details of the meta-modeling technique, we refer to Chapter 4.

2.3.2 A maturity framework for product management

For PS companies, product managers are crucial (Condon, 2002). They operate
in a complex setting where many internal and external stakeholders are
involved, such as customers, partners, R&D, sales and support. Several product
management responsibilities can be recognized: requirements management,
release planning, product roadmap-ping, and portfolio management (van de
Weerd, Brinkkemper, Nieuwenhuis, Versendaal & Bijlsma, 2006). As releasing
a product version is a complex process in which much can go wrong we focus
particularly on release management.

To be able to provide PS companies with advice to fix their process need and
to mature their processes, we need to have a maturity model in which method
fragments can be linked with a certain maturity level. Maturity is defined as
“the extent to which a specific process is explicitly defined, managed,
measured, controlled, and effective; and maturity level is a well-defined
evolutionary plateau toward achieving a mature software process” (Paulk,
1995). We use CMM and derivatives such as SPICE (ISO/IEC-15504, 1998) as
important sources for constructing a maturity framework for product
management.

Adapting CMM has been done earlier, and with success, see for example the
Requirements Capability Maturity Model (Beecham, Hall & Rainer, 2005).
Others have tried to generalize the concept of maturity beyond the software and
engineering domain and determine the impact of maturity on project
performance on new product development (Cusumano, 2004).

We distinguish the following maturity levels for product management,
derived from literature (Condon, 2002; Gorchels, 2000), in Table 2-1.
Following, for each maturity level a number of capabilities will be listed.
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Table 2-1. Maturity levels for product management

Product Management maturity level

A | Continuous improvement lead by external orientation
Continuous process improvement is enabled by external orientation, e.g.
innovative ideas and technologies, customers and partners.

Organization-wide integration and optimization

Detailed measures of the product management process and product quality are
collected. Processes and products are quantitatively understood and controlled
from an organization wide perspective, not only focussing on products, but on
the entire portfolio.

Product (line) orientation

The different processes are standardized, documented and integrated into one
standard product management process. The focus is on product level, controlled
sequences of releases of product versions.

Increasing maturity

Release orientation

Basic product management processes are established to track costs, schedule
and functionality. The necessary process discipline is in place to repeat earlier
successes on similar releases.

Ad hoc
Product management processes are characterized as ad hoc. Few processes are
defined and success depends on individual effort.

In this research, we focus on the release management process, which starts
with the trigger for a new release of a product and ends with its market delivery.
We distinguish three main activities in the release management function:
requirements selection, release planning and release execution. Without
pretending to be complete, we first identify the capabilities for this function.
These capabilities come from literature sources Condon (2002), Dver (2003)
and Gorchels (2000); from the second and third author’s years of experience in
software product management; from the authors’ personal network in the
Netherlands through the Platform of PS companies; and from the case studies
discussed in the next section. In Table 2-2, we list the capability maturity
matrix. Every capability is related to one or more maturity levels. We define
this as the maturity level range. With each capability / maturity level
combination comes one or more method fragments.
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Table 2-2.Capability maturity matrix for the release management process

Capability

PM maturity level

Ad hoc

Release
oriented
Product
oriented
Organization

oriented
External

oriented

Portfolio management

Competitive product strategy determination

Identification of product lines

Establishing product lifecycle management

Identification and translation of market trends into the

Distribution partner determination

Pricing / price determination

X | X [ X | X

X | X | X [ X [X

X | X | X [ X | X |X

Roadmapping

Define core assets to use in multiple products

x

x

x

Construct and monitor a roadmap

Strategic platform, localization and languages determination

x

Release planning

Trust establishment with customers for release

Requlatory acceptance for release

Validation of functional design document

Definition of a scope change management process

Customer needs determination for release

Release promotion determination

Gathering release input

Preparation for release launch

Functional design document construction

Clear definition of team responsibilities

Collateral documentation

Prioritization of requirements

X | X | X [ X | X [X

X |IX | X [ X[ X [|X|X|X|[X|[X

X [ X [ X [ X | X [|X|X|X|X]|X|X

X |IX | X [ X [X[X|X|X|[X|[X|[X

X |IX | X [X|[X|X|X|[X|[X|[X|X]|X

Requirements management

Identifying and structuring similar or related requirements

Managing a requirements database

Validation of release requirements document

Construction of a requirements document

X | X | X [ X

X | X [ X | X

X | X | X [ X

X | X | X [ X
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2.3.3 Example capability

To clarify Table 2-2, we use the capability Functional design document
construction. The maturity level range covers all five levels, each with its own
method fragment(s):

Ad hoc —No formal rules or templates exist for constructing a functional
design.

Release-oriented - This level indicates that per release a functional design
document should be delivered. Associated method fragments for this
capability deal with communication for the determination of the release
with members from the team, and especially the project manager.
Product-oriented — Here, the entire release history is used in the functional
design process. The accompanying method fragments treat features from
earlier releases, as well as roadmapped release themes.
Organization-oriented - This level implies that other departments and
products are involved in constructing and reviewing the functional design
document. The corresponding method fragments deal with portfolio and
product line issues.

External-oriented — In this level, partners are involved in the construction of
the functional design document. An associated method fragment could, for
example, cover issues related to the dependencies between the different
software components, for which settlements should be made with the
development partners.

2.4 Case studies

In order to validate the situational maturity approach for product management,
we performed two industrial case studies. The goal of the case studies is:

to fill the PSKI with method fragments, situational factors and capabilities;
to analyze method incrementing by taking snapshot of the company’s
methods in different moments in time and deduct assembly rules from it;
and

to test the validity of the maturity levels defined in Table 2-1 and
complement the capability maturity matrix in Table 2-2.
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2.4.1 Research method

The case studies have been carried out in the context of the Dutch Platform for
Product Software?, an initiative of a number of PS companies in cooperation
with a few research institutions. The purpose of the platform is to exchange
knowledge and experiences and to encourage research in the field of product
software in particularly the Netherlands. The two case study companies are
located in the Netherlands and specialized in developing standard software and
providing consultancy services. As for the first company, we focused on a
business unit that develops product software for human resource management
and payroll administration (hereafter referred to as HRM Software). The other
company develops and sells facility management applications (FacMan
Software). The case studies concentrate on the areas of release and requirements
management.

Information has been collected from the following sources:

— Interviews — Explorative 2-hour interviews were conducted with product
managers of the case study companies. A second interview session was
conducted to cross-reference the obtained results of the first interview and
the documentation.

— Document study — Documentation provided by the product managers was
used to get an overview of the product management processes. Examples of
these documents are process descriptions, release planning documents and
functional designs.

— Requirements management tools study — Several software tools are used to
store requirements. The functionality of these tools was studied with respect
to their role in the concerning product management process.

In exploratory case studies, three types of validity are important (Yin, 2003).
Firstly, construct validity concerns the validity of the research method. We
satisfy this type of validity by using multiple sources of data and by maintaining
a chain of evidence. Furthermore, we had key informants review the draft case
study report. Secondly, the external validity concerns the domain to which the
results can be generalized. We are carrying out several case studies in the
product management domain in PS companies. In every case study, the same
case study protocol is followed. Finally, to guarantee the reliability of the case
study, all procedures should be recorded. This is done by using a case study
protocol and by maintaining a case study database, which stores all relevant
information used in the case study.

L www.productsoftware.nl
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Each of the case studies resulted in several snapshots of the release
management process. A snapshot is defined as a model of the process as it was
at a certain moment in time. We collected relevant snapshots of the past (a few
years back), and of the present situation. The subsequent snapshots then provide
a historical account of the incremental evolution of the release management
process. Furthermore, the case studies provided us with useful data for the
PSKI. First of all, several method fragments could be distilled from the
interviews, presentations and documentation. Secondly, the case studies gave us
an indication on the relation of situational factors and capabilities. Finally, the
evolution of the release management process also provided constructs to deduce
assembly rules.

2.4.2 Situational factor analysis

To illustrate the extraction of situational factors, we describe the analysis from
the HRM Software case study. We identified the following situational factors:

— business unit size: 24 employees

— business unit age: 4 years

— new requirements rate: 30-50 per month

— number of customers: 600

— customer base: SMEs, salary processing & accountancy, healthcare

— tools in use: Magic eContact (a CRM-application that is used by the help-
desk to store customer wishes) and Mercury TestDirector™ (a profession-al
requirements tool, which is only used for requirements storage)

We take two of these factors to describe the consequences they have on the
method assembly process. First of all, the company size (in this case business
unit size) influences the method choice. A business unit of 24 employees is
relatively small. Short communication lines exist between the management and
the rest of the employees. Therefore, less control mechanisms and formal
processes are needed to get a good performance. Also, changing a process in a
small company is much easier than in a large organization. These considerations
can be taken into account during the method fragment assembly process.

The other situational factor we explain in detail is the new requirements rate.
With a requirements rate of 30-50 per month it is important to keep a good
overview of completed, developing, and pending requirements. Therefore all
requirements should be documented in a structured way. Also, since not all
requirements are equally important, some mechanism should be in place to
make a choice of which one to implement in the upcoming release. This
situational factor leads to the capability Prioritization of requirements.
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2.4.3 Method increment analysis

Each case study provided us with snapshots of the release management process.
To illustrate details from growth in maturity, we use an example derived from
the case study of HRM Software. In Figure 2-3, the same process example as in
section 2.3.1 is illustrated, with the difference that the process snapshot is taken
a few years later. All differences between the snapshots of Figure 2-2 and
Figure 2-3 are with thick lines.

_______ hi ot .

i —_ DATABASE | IMARKET REQUIREMENT

(Release i i\ 3 J
planning [ f

0.

Extract wishlist from 1 1 _» JPRODUCT REQUIREMENT
database [ I WISHLIST !l ~ 1
[project group member - priority
| .
Prioritize wishes |
project group

( Develop release plan ‘.\"f- —> RELEASE PLAN 1] |
lprocuctmansger J /|  RELEASE REQUIREMENT |
/Release «is specified in
execution 1

[ Write functional design 1 - > FUNCTIONAL DESIGN
[designer] _'_,’ |

)

*

™~

Implement function | . [
N [development team] / > FUNCTION

[not ok]

1%

ok] 1 :
Deliver release \ [ ) I
'-\\\ [product manager]',’; > RELEASE

Figure 2-3. Incremented snapshot of the release planning and execution process

We notice that the Release planning activity has evolved. The concept of
WISHLIST is used to make a selection of MARKET REQUIREMENTS that should be
implemented. The rest of the MARKET REQUIREMENTS are either bugs that are
solved directly, or unreasonable requirements that can be omitted immediately
by the responsible product group member. Also, an activity Prioritize wishes is
added to decide which MARKET REQUIREMENTS Will be in the new release. The
extension is marked by giving the new activity and data a thicker line. Another
difference is the fact that roles are assigned to the sub-activities of the Release
planning activity, instead of giving the development team the sole responsibility
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for this activity. The Release execution activity has stayed the same.
Summarizing the results, the release management process of HRM Software
matured in four years from ad hoc to (mostly) the release-oriented level.

In a similar way the release management process of FacMan Software in our
second case study company was analyzed, which cannot be reported here due to
space limitations. Three snapshots were identified:

— The process after introduction of the product management function.

— After introduction of the project management method PRINCE2 and the
introduction of the conceptual solution document.

— After introduction of the development approach SCRUM (Schwaber &
Beedle, 2002).

Accordingly, FacMan software matured in six years from ad hoc to (partly)
the product-oriented level.

2.4.4 Capability analysis

When we project the difference between the two process snapshots, described in
the section above, to our capability maturity matrix, we can see that the release
planning activity has matured. In the first snapshot prioritization is not present
in the process. Probably, this was done implicitly by the product manager,
which implies an ad hoc maturity. In the second snapshot, the prioritization was
done by the entire project group, in order to find the right set of requirements
for every release. In the latter case, the method fragment Prioritize wishes can be
linked to the release-oriented capability ‘Prioritization of requirements’, as is
illustrated in Figure 2-4.

Capability: Prioritization of requirements K P”O”t'[fﬁ)j‘évc'fg'ffusp; >
Ad hoc No prioritization

Release oriented Prioritization per release

Product oriented Prioritization per product

Organization oriented |Organization is actively involved in prioritization

Externally oriented  |Customers and external partners are actively involved in
prioritization

Figure 2-4. Capability - method fragment mapping: Prioritization of requirements

For the capability ‘Functional design document construction’, we can create
a similar figure. Figure 2-5 is a summary of the example in section 2.3.3. The
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method fragment Write functional design is linked to the release-oriented level of
this capability.

(Write functional design)
Capability: Functional design document construction [designer

Ad hoc No formal process is in place for writing a functional design)
Release oriented Per release a functional design is written —
Product oriented Functional design is derived from functional requirements

of the product including multiple releases

Organization oriented |Other departments and products are actively involved in
functional design

Externally oriented Partners are actively involved in functional design

Figure 2-5. Capability - method fragment mapping: Functional design

2.4.5 Deduction of assembly rules

By analyzing situational factors, method fragments and capabilities, we can
deduct assembly rules, which describe the way in which method fragments
should be assembled to a new method. Looking at the increment that is
visualized in Figure 2-3, we ob-serve that the concept PRODUCT REQUIREMENT i$
placed under the concept MARKET REQUIREMENT by using specification. We can
deduce from this the following rule:

Inserting a priority activity in a release planning process is only possible
if there is a collection of requirements present.

Another example rule is:

Inserting a requirements verification test requires a deliverable as input
which includes the requirements selected for the release.

2.4.6 Example application of the PSKI

In order to illustrate the PSKI in integral operation, we use a fictive example
based on the snapshots of the case study we conducted at HRM Software. This
PS company notices that the customers appreciated receiving a notification
when a requirements suggested by them was completed in the upcoming
release. The product manager needs a way to test during release execution
whether the requirements were appropriately included in the release. He enters
this need into the PSKI by: (a) filling in information about the organization
(company size, business unit size, company age, current standard methods, new
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requirements rate, etc.) and (b) describing the current release management
process in terms of (sub) activities and deliverables. By analyzing situational
factors the current maturity level (for most capabilities) is deter-mined as ad
hoc.

The PSKI stores the information in the method base and compares the
situational indicators and desired maturity of the company with the situational
factors and capabilities in the method base, such that matching method
fragments can be selected. The situational indicators business unit size (25
employees) and new requirements rate (30-50 per month) imply that:

— a verification test activity is necessary to determine whether the customer
requirements have been included in the release; and

— the release plan includes the release requirements and is set as input for
such a verification test.

Based on this information, and on the fact that the company wants to grow in
maturity, a method fragment of at least the release-oriented level is selected
from the method base, which is the release-oriented fragment Perform verification
test. In the next step the new method, containing this selected method fragment,
is put together and embedded into the existing process (Figure 2-6).

= r——- RELEASE PLAN I
/Release
execution

" _> FUNCTIONAL DESIGN I

5

_):" Write functional design .- -

[designer] / 1
- ]
4 I
) -, ] T N
Implement function H-=Av-y FUNCTION 1.
[development team] ' L
I

( Perform verification test ) ______ VERIFICATION
[product manager’ TEST REPORT
not ok]
oK]
- Do | } 1
eliver release | D I
[product manager] ./ > RELEASE
L
(‘Send notification to customer __-_-;l NOTIFICATION I
[product managerl # /

®

Figure 2-6. Incremented snapshot of the release execution process

This is presented to the company in an advice report. This report contains a
process description of the release planning process; an instruction document for
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the verification test activity, which can be used by the project team members;
and a filled in verification test document as example. Also, the reasons for
choosing this method fragment, as well as the origin of the method are
explained. Finally, the advice provides guidelines on the best way of
implementing the new method into the company.

2.5 Conclusions and further research

Our research question, stated in section 2.1.1 is: how can PS companies
improve the maturity of their product management processes using concepts of
method engineering and situational capability maturation? We answered this
guestion by describing our vision on situational capability maturation in PS
companies.

We introduced the Product Software Knowledge Infrastructure PSKI), to
enable PS companies to obtain custom-made advice that helps them to improve
their product development processes. An initial version of the capability
maturity matrix for particularly the release management process in PS
companies is currently developed.

Furthermore, two case studies are carried out to make a first analysis of
situational factors, method fragments and capability maturities. The results of
the case studies helped us to partly fill the method base of the PSKI for the
release management process. Also, the case studies gave us insight in the
dependencies between maturity, method fragments and capabilities.

We realize that the capability maturity matrix needs further refinement and
broadening. By performing literature studies and additional case studies, we will
improve and extend the matrix. Also, matrices for the other product
management functions should be developed.

Currently, the PSKI is a concept. We are working on its development and we
plan to test it at PS companies. This is not only done by engineering the PSKI,
but also by filling the method base with situational factors, method fragments
and assembly rules that we will derive from general available theories and case
studies.
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A reference framework for
software product management

Software product management does not get as much attention in scientific
research as it should have, compared to the high value product software
companies ascribe to it. In this paper, we give a status overview of the
current software product management domain by performing a literature
study and field studies with product managers. Based on these, we are
able to present a reference framework for software product management,
in which the key process areas, stakeholders and their relations are
modeled. To validate the reference framework, we perform a case study in
which we analyze the stakeholder communication concerning the
conception, development and launching of a new product at a major
software vendor. Finally, we propose the Software Product Management
Workbench for operational support for product managers in product
software companies.*

3.1 Product management

In the past decades, the software market has made a shift from primarily
developing customized software to developing software as a standard product.
With this shift, a new function within product software companies emerged: the
product manager function. In other industrial sectors, especially in

1 This work was originally published as:

Weerd, I. van de, Weerd, S. de, Brinkkemper, S. (2007). Developing a Reference Method for
Game Production by Method Comparison. Proceedings of the IFIP WG 8.1 Working
Conference on Situational Method Engineering: Fundamentals and Experiences, IFIP Volume
244, 313-327. (short paper)

and

Weerd, I. van de, Brinkkemper, S., Nieuwenhuis, R., Versendaal, J., Bijlsma, L. (2006). On the
creation of a reference framework for software product management: Validation and tool
support. Proceedings of the 1% International Workshop on Product Management,
Minneapolis/St. Paul, Minnesota, USA, 3-12. (full research paper)
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manufacturing, product management has been established since the industrial
revolution in the 19" century (Kilpi, 1997). Recently, product software
companies like Microsoft (Cusumano, 1995) and Alcatel (Ebert, 2006; Ebert &
de Man, 2002; de Man & Ebert, 2003) paid attention to product management as
well. In addition, scientific literature has covered software product management
(Kilpi, 1997).

Product management is of critical strategic value in many companies.
However, it is also rather complex, since a product manager has many
responsibilities covering requirements management, release definitions, and
new product launches. What makes these responsibilities even more complex is
the fact that the product manager must take the many internal and external
stakeholders into account (Condon, 2002; Unger, 2003). Although product
management has been established for several decades, software product
management has some new challenges. Software products differ from other
products in the fact that the manufacturing and distributing of extra copies do
not require extra costs for the company (Cusumano, 2004). Also, software
products can be changed or updated relatively easy by using patches or release
updates. The downside of these advantages lies in the fact that due to the nature
of software products, the requirements organization is highly complex.
Furthermore, the release frequency is high, since the product can be altered
easily. Finally, a software product manager has many responsibilities, but does
not have the authority over the development team. Because of these problems,
we claim that it is necessary to integrate research efforts in this key domain.

In a few (software) product management areas know-how for research and
educational purposes is available, but it is very fragmented. The domain is in
need for an integrated body of knowledge, as exists in software development
(Bourque & Dupuis, 2004) and project management (PMBOK, 2000). In this
paper, we aim to develop a (preliminary) body of knowledge for software
product management, by providing a reference framework for all its activities
and deliverables. This reference framework has been based on an extensive
overview of state-of-the-art literature, industrial case studies, and by exploring
opportunities for operational tool support.

The organization of the paper is as follows. In the next section we elaborate
on the rationale for the reference framework, and the research method we have
applied to develop it. Then, in section 3, we discuss the basic structure of the
reference framework. The four process areas are elaborated on in section 4. In
section 5, we describe a case study at a major Enterprise Resource Planning
software vendor. Subsequently, in section 6, we describe the Software Product
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Management Workbench, for operational tool support for the product manager.
Finally, we describe our conclusions and future research.

3.2 Rationale and research method

In many fields, reference frameworks have proven to be valuable for research
and practice. Examples are the 1SO/OSI layers for the layering of network
services (ISO, 1994) and the ANSI/SPARC 3-schema architecture for database
management systems (Tsichritzis & Klug, 1978). The desire to get an
understanding of the complete software product management domain can be
satisfied by developing a reference framework. Both research contributions as
well as developments in the software industry can be positioned in this
reference framework. In this way, the consequences can be interpreted in a
uniformed context. Also, the software product management reference
framework can provide as a starting point for (a) a definition of key terms in
software product management and the identification of open research questions;
(b) the education of product managers and competence building; (c) the
development of improved, integrated tool support.

The available industrial and scientific knowledge on software product
management is limited and fragmented. Therefore, we use a proper mix of
empirical and theoretical research steps for conceptualizing the reference
framework, which are:

1. Field interviews and discussions with experienced product managers;

2. Literature review on both non-software product management as well as

on software product management;

3. Creation of a draft reference framework;

4. Validation by an extensive case study at a large product software

company;

5. Validation with input from an industrial workgroup on product

management;

6. Finalization of the reference framework.

The resulting draft framework was adjusted several times after suggestions
from practitioners and researchers. We do not claim that we now have produced
the definitive version of the reference framework. Small enhancements might
still be needed, but we are convinced that the basic structure has been
established. The framework served furthermore as input for the design of the
architecture of the product management workbench.
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3.3 Basic framework structure

The nature of software products has a major impact on how the product
management function is carried out. Therefore, we base the reference
framework on its core, the software product itself, structured in a hierarchical
way. Since part of the complexity is caused by the communication with the
various stakeholders, we position them to reveal their interactions concerning
product management.

3.3.1 Artifact hierarchy

Professional software product management is in essence a matter of well-
organized processing of issues related to requirements, products and releases
(Condon, 2002; Dver, 2003). A hierarchical ordering of these artifacts (see
Figure 3-1) imposes a structure on the process areas.

Paortfalio

Product 1 Product 2 ... Product &

Release 1.0 FRelease 1.1 .. Release Z.0 ..

Requirernent 1 Requirement 2 - Requirernent n

Figure 3-1. Artifact hierarchy of product management

Starting on top, the scope of work of software product management concerns
the complete set of products of the company, the so-called product portfolio.
Small or young companies may have a portfolio of just one product, whereas
larger companies have several, due to acquisitions and/or product derivation.

All products have a release sequence of past, present and future releases.
The release numbering is usually determined by internal conventions, where
major changes in the technical architecture are a reason to call it an X.0 release.
Marketing reasons may lead to commercial numbering using the year of release
or the same release code as an important customer.

Finally, each release definition consists of a set of selected requirements.
Each requirement implies the addition of a technical or functional feature to the
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product. Non-functional requirements are also considered, such as performance
constraints or availability requirements.

The type of work differs when dealing with artifacts from the distinct
hierarchy levels. The hierarchy gives rise to a subdivision of software product
management into four process areas: portfolio management to deal with the
products in the product portfolio; product roadmapping to deal with the
different releases each product has, also called roadmapping; release planning
to deal with the set of requirements of each release; and requirements
management to deal with the content and administrative data of each individual
requirement.

Observe however, that for the sake of diagram clarity, we have swapped the
positions of requirements management and release planning in the reference
framework (Figure 2). Release planning processes communicate about complete
releases to internal stakeholders, whereas requirements management interacts
with all stakeholders.

3.3.2 Stakeholder interaction

Software product managers are dealing with many requirements, originating
from internal and external stakeholders. We distinguish the following internal
stakeholders (Condon, 2002; Dver, 2003):

— The Company board is responsible for the definition and communication of
strategy, vision and mission to the rest of the company. Also, it has the
managerial supervision of the different departments, including product
management. Occasionally, requirements are communicated through its
strategy, but it can occur that a requirement is sent directly to the product
manager.

— Research & innovation has two core responsibilities: (1) doing research to
new opportunities for product innovations and (2) finding ways to
incorporate improvements or new features into the existing products. The
first one results in requirements in the form of technology drivers that are
communicated to the product manager.

— The consultants of the Services department are responsible for the
implementation of the software product at the customer organization. They
need to be aware of new release features and they gather new requirements
from the customers.

— Development has as main responsibility the execution of the release plan.
The release definition also includes functional explanation of the product
requirements that serve as input for the functional and technical design. It

43



Chapter 3

may occur that during the development process new requirements can arise,
due to more complex requirements than was anticipated.

— Support stands for the helpdesk to answer questions (1" line support) and
for small defect repair unit (2™ line support). Large defect repair is usually
performed by Development (3" line support).

— Sales & marketing is the first contact with a potential customer. Through
these contacts new requirements can be gathered.

The following external stakeholders are recognized (Lehtola, Kauppinen &
Kujala, 2005):

— The Market is an abstract stakeholder, standing for potential customers,
competitors and analysts, such as Gartner and Aberdeen. Numerous trends
may be recognizable in the market, either in an explicit way by one of the
market players, or in an implicit way by product management.

— Most companies have different kinds of Partners: (1) implementation
partners, who implement the product at a customer; (2) development
partners, with whom product components are developed; and (3)
distribution partners, selling the product.

— Customers often have new feature requests in the process of closing the deal
or during the usage of the product. These requests can be communicated to
Services, Sales & marketing, Support, but also directly to the product
manager.

Observe that the stakeholder names are generic, so that naming or grouping
may differ in product software companies. It is obvious that external
stakeholders are harder to be influenced in their operational execution and
decision making, whereas internal stakeholders should act according to the
corporate strategy.

3.4 Reference framework

Little scientific literature explicitly addresses the software product management
domain. Only some sub domains, like requirements engineering (e.g. Nuseibeh
& Easterbrook, 2000; Potts, 1995; Regnell & Brinkkemper, 2005) and release
planning (e.g. Carlshamre, 2002; Karlsson & Ryan, 1997; Saliu & Ruhe, 2005)
are covered. Vahaniitty and Rautiainen (2005) found that product portfolio
management is largely overlooked in literature, and if it is addressed, it does not
mention small and medium sized product software companies. Although
software development is largely addressed it adheres to project-related
development (Glass, Vessey & Ramesh, 2002). In this section we provide an
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overview of the existing state-of-the-art research on (software) product
management.

Figure 3-2 shows the reference framework for software product
management. The framework was developed after literature research and field
interviews with experienced product managers that were employed at six
product software companies from the Netherlands. The size of the companies
ranges from 75 to 2,700 employees.

Besides the four process areas, we show the sub functions of the product
management domain the relations with the internal and external stakeholders.
The elements are connected with information flows, indicated with arrows. Note
that these flows should not be read as a linear route, but as a continuing,
iterative process. In the remaining of this section, each of the four process areas
is provided with an explanation supported by research contributions.
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Figure 3-2. Reference framework for software product management

3.4.1 Portfolio management

Portfolio management covers decision making about the set of existing
products; introducing new products by looking at market trends and the product
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development strategy; making decision about the product lifecycle; and
establishing partnerships and contracts. Product line management is positioned
in this area as well. Clements and Northrop (2001) define a software product
line as “a set of software-intensive systems sharing a common, managed set of
features that satisfy the specific needs of a particular market segment or mission
and that are developed from a common set of core assets in a prescribed way”.
Several case studies have shown that introducing product lines organizations
improves performance (Bosch, 1999; Brownsword & Clements, 1996; Thiel,
Ferber, Fischer, Hein & Schlick, 2001). They are most popular in
telecommunication organizations (de Man & Ebert, 2003), but the last years,
also the software industry pays more and more attention to this topic
(Abramovici & Soeg, 2002; Ardis, Daley, Hoffman, Siy & Weiss, 2000;
Clements & Northrop, 2001). Some research has been done to tool support for
product lines. An example is Laqua (2002), who proposes a product line content
& knowledge base on top of arbitrary configuration management system.
Abramovici and Soeg (2002) define product lifecycle management as “a
comprehensive approach for product-related information and knowledge
management within an enterprise, including planning and controlling of
processes that are required for managing data, documents and enterprise
resources throughout the entire product lifecycle”. This is a key process in
decision making about the product portfolio. Also partnering & contracting are
important issues in product management (Bonaccorsi & Lipparini, 1994).

Portfolio management is placed on top of the reference framework. It
contains the following main processes: partnering & contracting, market trend
identification, product lifecycle management and product line identification.
The Company board, Market and Partner companies provide input for this
process area.

3.4.2 Product roadmapping

According to Vahéaniitty, Lassenius and Rautiainen (2002), roadmapping is “a
popular metaphor for planning and portraying the use of scientific and
technological resources, elements and their structural relationships over a period
of time”. It is complex due to dependencies on other related products (even
from partners), technology changes, and the distributed development (Carmel,
1999). The origins of roadmapping lie in the manufacturing industry. Here, is it
used for business oriented long-term planning and technology forecasting
(Lehtola, Kauppinen & Kujala, 2005). In the product software industry
roadmaps are used for planning purposes (Vahaniitty, Lassenius, & Rautiainen,
2002). Kappel (2001) uses the term roadmapping in two perspectives:
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forecasting and planning. Forecasting concerns technology or market trends;
and planning concerns products, product lines, resources or the entire company.
We use the definition of Regnell and Brinkkemper (2005): “a roadmap is a
document that provides a layout of the product releases to come over a time
frame of three to five years”. It is written in terms of expectations, plans and
themes and core assets (Moon & Yeom, 2004) of the product.

As is illustrated in Figure 3-2, product roadmapping receives input regarding
product lines from portfolio management. This input is used to identify themes
and core assets. Themes are used give a clear direction to the roadmap and later
on to structure the requirements. Core assets are components that are shared by
multiple products, for example an authorization function that is used by multiple
software products. All information is gathered and described in the product
roadmap.

3.4.3 Requirements management

Requirements management entails the activities of gathering, identifying and
revising incoming requirements and organizing them by keeping in mind
dependencies, existing core assets, product lines and themes. Sources are
customers, sales and marketing, development, support, R&D and the company’s
management.

Requirements management is a key area in product software companies
(Carlshamre, Regnell, 2000), but Potts (1995) already recognized that
requirements engineering for product software is different than for customized
software. Regnell and Brinkkemper (2005) recognize the following core
requirements engineering activities: eliciting requirements, modeling and
analyzing requirements, communicating requirements, agreeing requirements,
and evolving requirements. Especially analyzing requirements costs a lot of
time in product software companies, due to the (often) high requirements rate,
and the different sources of requirements. An example is the use of linguistic
engineering to link customer wishes to requirements (Natt och Dag, Gervasi,
Brinkkemper & Regnell, 2005). Another problem is the integration of a
software product with other systems. Customers cannot expect that all their
requirements are met, which may lead to a software product that does not
integrate with their existing systems. In Lauesen (2004) several improvements
are suggested to this practice. Ebert (2006) investigated the requirements
process in 246 industry projects and the results show that four techniques
improve schedule performance, if used in parallel: installing of an effective core
team for each product release; focusing on the product-lifecycle on upstream
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gate reviews; evaluating requirements from various perspectives; and assuring a
dependable portfolio and release planning implementation.

The position of requirements management in the reference framework is
between product roadmapping and release planning. The process starts with
gathering all requirements from within the company and from external
stakeholders. The requirements gathered and organized into product
requirements. Product requirements are identified by removing the duplicates,
connecting requirements that describe a similar functionality, and by rewriting
the requirements in understandable product requirements. Then, the
requirements are organized per product and core asset. Also, the mutual
dependencies between the different product requirements are described. Natt
och Dag, Gervasi, Brinkkemper and Regnell (2005) make a distinction between
market requirements, which refer to wishes related to future products, defined
in the customer’s perspective and context; and business requirements, a product
requirement to be covered by the company’s products, described in the
company’s perspective and context. We use a similar distinction. However, we
make a distinction between requirements and product requirements.
Requirements refer to all incoming wishes and change requests. This are not
only market requirements, but also service requirement, board requests,
technological drivers form research & innovation, etc.

3.4.4 Release planning

Software release management is “the process through which software is made
available to, and obtained by, its users” (van der Hoek, 1997). Core functions in
this process are requirements prioritizing; release planning; constructing and
validating a release requirements document; and scope management

Much research has been carried out on the domain of release planning,
where the set of requirements for the next release is determined. Examples are
release planning using integer linear programming (van den Akker,
Brinkkemper, van Diepen & Versendaal, 2005), the analytical hierarchy process
(Saaty, 1980), stakeholders’ opinions on requirements importance (Ruhe &
Saliu, 2005) and linear programming techniques using requirement
interdependencies (Carlshamre, 2002). More techniques can be found in the
work of Berander and Andrews (2005).

In the reference framework, release planning starts with the product
requirements prioritization. Not only the product management is responsible for
this, but also the other stakeholders can influence this process. After the
prioritization, product requirements are selected that will be implemented in the
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next release. This can be done in multiple ways: one can choose the product
requirements with the highest priority or use integer linear programming to
estimate the best set of requirements. During this process, also the resources
have to be applied in the calculations. When the product requirements are
selected, a release definition is written that is validated by different
stakeholders. A business case is sent to the company board. When this has been
approved by the board, a launch preparation package is constructed and sent to
the stakeholders.

3.5 Case study

In finding confirmation for the validity of the identified context, activities and
relations depicted in the reference framework, we analyzed the conception,
development and launching of a new product at a major Enterprise Resource
Planning (ERP) software vendor during the period September 2000 to June
2002. The responsible product manager at this company provided us with all
incoming e-mail traffic regarding this new product as a source for our analysis.
In the mentioned period the product manager received about 1,200 emails
related to this product, which serve as the source for this case study.

3.5.1 ERP vendor case

After an organizational repositioning, the management board of the ERP vendor
decided to focus on providing add-on products, so-called solutions, next to ERP
products. So, from September 2000 onwards, an integrated procurement product
was planned, including direct materials purchasing, indirect materials
purchasing, e-procurement, e-invoicing and e-kanban (a Just-In-Time
purchasing strategy solution), to be integrated via one Supplier Trading
eXchange (STX). Note that at the start, some of the functionality was already
available in existing products (e.g. direct materials purchasing in the ERP-
product), while other functionality needed to be created. Existing and new
functionality needed to be disclosed through STX.

As for portfolio management, a number of e-mails represented the
assignment of solutions, including the STX solution. Although the board
indicated (based on market signals) the necessity of solutions, the product
manager verified the need for a specific procurement solution through industry
analysts, important customers and competitor analysis. Specifically the
successful implementation at Komatsu of a predecessor application of the STX,
i.e. the E-Collaboration tool, encouraged the product manager to further prepare
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development of the STX. In one of the e-mails the product manager was invited
by someone from the ERP vendor’s consultancy department to attend a
knowledge transfer on E-Collaboration based on of the successful
implementation at Komatsu: “l spoke with Komatsu today just to see how
things are going and to ask permission to access their site tomorrow for a
knowledge transfer session that | am doing for some of the consulting folks and
Sales Managers; you are most welcome to call-in”. Note that this particular
implementation has been described in a case study in a separate paper
(Versendaal & Brinkkemper, 2003).

A potential partner company was approached to further enhance
functionality regarding the so-called ‘round-trip’ requisitioning (i.e. linking into
suppliers’ item catalogues at the suppliers’ websites in order to purchase goods
from suppliers’ sites directly). Integration between the partner’s product and
STX would make this possible, as one of the e-mails states: “Supplier's product
information is dynamically available through agent technology in the partner
product’s Java code”.

Regarding product roadmapping, it became clear that not all topics and
themes for an (according to the product manager) ideal procurement solution
through the STX could be covered in one release. An example was the late
discussion of e-kanban and its incorporation in the future: in one of the e-mails
the product manager asked a colleague to “provide me with some compelling
arguments why it is good to develop E-Kanban in STX from the business
perspective”. In general, in many e-mails dealt with themes projection over
future anticipated releases of the STX. This included communication with the
management board of the company.

Many of the 1,200 e-mails dealt with requirements management and release
definition. A number of detailed requirements became clear from the previous
implementation at Komatsu. In addition, communication with the support and
consultancy departments provided other requirements for the STX. At the end
of 2000, an early version of a release definition was communicated with a
number of internal departments, including marketing & sales, development, and
the release management department. Later on, the architect of the development
department interpreted the requirements in a functional design document: “Here
is the first draft of functional design document” (e-mail of 9 March 2001).
Subsequent e-mails from the development department mainly dealt with
requirement clarification (“I need clarification about the off-line purchase in the
STX”) and scope changes (“shouldn’t we support RosettaNet message
exchange?”).
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In cooperation with other departments and associated country organizations
the product manager prepared the launch of the STX: e.g. a white paper was
written on the product with involvement of marketing and sales (“Sure thing!
I'll make sure this is in the plan and we can work together to get it done™.).

3.5.2 Case analysis

In the case study on STX we note that all main product management areas
(portfolio management, product roadmapping, requirements management and
release management) were addressed. Some areas and some topics within each
of the areas were more subject in e-mails than others. For example, product
lifecycle management in portfolio management was not so much addressed, as it
concerned the first releases of STX, therefore roadmap construction was more
extensively addressed. Also, requirements prioritization and selection was not
addressed extensively, the scope of the STX, and the list of all requirements was
rather small However, proposed scope increases were weighed carefully in
order to either include or exclude them: the product manager had to balance
between allowing scope creep for development and satisfying sales &
marketing.

All identified stakeholders in figure 2 were extensively involved in the
communication with the product manager, even for research & innovation: the
development department prototyped the round-trip functionality with the STX’s
partner product.

The largest category of all the 1200 e-mails came from development. This
can be explained by the fact that development took place in another country
than the country of origin of the product manager. Much communication was
through conference calls and e-mails.

3.6 The Software Product Management Workbench

Product management is key to product software companies and should be
addressed and supported well. Although there are several tools supporting part
of the product management functionality, they do not provide a coherent and
complete set of features dedicated to software product management. Because
there is a need for an integrated tool to support the product manager, we
propose the software Product Management Workbench. At the same time, we
use this workbench to validate our reference framework. We use the identified
process areas to outline the architecture of the system.
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3.6.1 Existing support tools

Several portfolio management support tools exist, e.g. ProSight’s Application
Portfolio Management, supporting top-down portfolio management solutions
for a company, and UMT’s Portfolio Manager Software Suite, a web-based
application for portfolio management.

Few support tools for product roadmapping exists. ReleasePlanner (Ruhe &
Salie, 2005) covers part of it. ReleasePlanner is a web-based system solution to
enable intelligent planning, priority and road-mapping decisions.

Tools that focus especially on requirements management are Borland’s
CaliberRM for managing requirements throughout the software delivery process
and IBM’s RequisitePro, a requirements and use case management tool.
ReqSimile (van den Akker, Brinkkemper, van Diepen & Versendaal, 2005) is a
tool that supports the linkage process in large-scale requirements management,
by using a linguistic engineering approach.

Some tools exist in the release planning area. The Accept 360° platform
form Accept Software is a product planning and delivery solution that addresses
the spectrum of business requirements in all levels of the organization.
ReleasePlanner (Ruhe & Saliu, 2005), earlier mentioned in this section, is a uses
integer linear programming and prioritization of features for purposes of release
planning. This tool focuses on (but is not limited to) software companies. In the
Release Planner Provotype (Carlshamre, 2002) a selection algorithm is
implemented that presents a number of valid and good release suggestions.

3.6.2 An integrated solution

To provide operational support for software product management, we propose a
tool: the Software Product Management Workbench. As explained further, it
supports portfolio management, product roadmapping, release planning and
requirements management, in an integrated way.

The workbench is divided into four main modules, all intended to aid the
product manager with his daily routines. The four modules are: requirements
module, release planning module, roadmap module, and product portfolio
module, their names corresponding to the functionality they provide.

The workbench is designed for different user types. The product manager is
the main user, but there are three other users that are able to login into the
system, all with their own privileges. These three users are: administrator, core
asset developer, and employee. Product software companies usually have
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multiple software products all furnished with new releases every once in a
while. The main task of the administrator is to start new products or new
product releases. When a new core asset has been identified, the core asset
developer can login into the system and add this new core asset to the system. In
this way the product manager can use the core asset in defining a release, and
the development team has always access to information on the latest core assets.
An employee can logon to the system for reading the latest news of the
development progress or report some news about his work on an upcoming
release.

3.6.3 Architecture

The Software Product Management Workbench is a so-called enterprise
application. Building enterprise applications is a hard and daunting task
(Fowler, 2003), because they deal with a lot of persistent data, concurrent data
access, multiple users with different roles, and are built in a distributed way. In
the workbench the difficulties are found in the great amounts of requirements
that have to be persistent, different actors that can login into the system, and
more. J2EE is a platform that enables the easy creation of enterprise
applications, since J2EE handles all the difficult tasks described above for you.
This means that enterprise programmers only have to deal with programming
the business logic. For technical information of J2EE see Bodoff et al. (2002).
In addition, Szyperski (2002) provides a thorough evaluation of the J2EE
platform.

Figure 3-3 gives a high level overview of the architecture. The tool uses two
types of clients: a web client and an application client. Application clients run
on the client machine and offer the ability to perform heavy calculations on the
client machine, without affecting the server. Enterprise Java Beans (EJB) form
the core of the J2EE platform that makes the life of an enterprise programmer
easier. Two types of EJBs are used in the architecture, namely entity and session
beans. One entity bean represents one row in a database table (or a row in the
result of a join operation). Two types of session beans exist, which are stateful
and stateless session beans. A stateful session bean can maintain conversational
state for one client. A stateless session bean offers its services to multiple
clients.
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Figure 3-3. High level architecture

The response time, the amount of time it takes for the system to process a
request from the outside, is of great importance (Fowler, 2003). The product
manager uses functionalities of the tool that require a lot of processing time, so
he is the only one able to login into the application client to execute these
calculations. The web tier handles all the requests generated by the web client
and directs these requests to the controller beans that are deployed into the EJB
tier, which provide coarse grained access to the entity beans. The application
client accesses the controller beans directly. Note that the web tier and the EJB
tier do not have to reside on the same machine.

The extendibility of the tool is also an important issue. As mentioned
before there are now four main modules, but the tool should be able to be
extended with minimal effort to provide other kinds of functionality. Figure 3-4
shows a small part of the full architecture, but captures some of the patterns
used.

Application client |[«———> Ejb tier

Transfer

object <entity> R

<session>

ReqController DB
Bean

Event |~a| Service & TL— | )

Figure 3-4. Requirements administrator module

The figure shows part of the requirements module, where incoming
requirements are connected to product requirements. Remote calls and calls
from the web tier to the EJB tier are relatively very slow, so this number should
be minimized. The system uses transfer objects that capture as much data that
the client possibly wants to get his hands on, instead of getting one piece of data
at the time at the cost of one remote call every time. The different components
of the system have to be located with so called “look-ups”. It is efficient to
extract this code from all the components and put all the look-up code in a
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service locator object. In this way, references to components can be cached for
other components that may need a reference to that component, minimizing the
look-ups. There is no tight coupling between the components, which makes the
tool easy to change. If for example the presentation logic has to be adapted, only
the view has to be changed leaving the other components unharmed.

3.6.4 Prototype

Figure 3-5 shows a screenshot of the prototype of the Software Product
Management Workbench. It shows the requirements window, in which the
product manager can link requirements with product requirements that refer to
the same functionality (Natt och Dag, Gervasi, Brinkkemper, & Regnell, 2005).
At the top of the screen, a list of product requirements is depicted. A product
requirement can be selected in order to find matching requirements from the
requirements list at the bottom of the screen. After the system has found all the
possible candidates, the requirements are displayed together with the source,
similarity ratio and the option to link this requirement to a product requirement.
When the preferred requirements are selected, the linkage can be saved.
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Figure 3-5. Screenshot of the Software Product Management Workbench
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3.7 Conclusions and further research

In this article we discussed the difference between product management and
software product management, and the need for operational support for the
latter. By performing field interviews and discussions with product managers
and by doing a literature review on (software) product management, we
developed a reference framework for software product management.
Furthermore, we provided an overview of state-of-the-art literature on software
product management. By carrying out a case study, we found confirmation of
the validity of the identified context, processes and relations in the reference
framework for software product management. Finally, we proposed the
Software Product Management Workbench, which integrates several software
product management areas. This workbench is currently being developed. When
it is finished, several industrial case studies will be performed to test the
functionality.

We are convinced that the software product management reference
framework is a first step to position this important industrial domain in the field
of scientific research on software product management. In the future, we hope
to contribute to further refinements of the reference framework and to its
application in various domains.
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Meta-modeling for situational analysis
and design methods

This chapter introduces an assembly-based method engineering approach
for constructing situational analysis and design methods. The approach is
supported by a meta-modeling technique, based on UML activity and
class diagrams. Both the method engineering approach and meta-
modeling technique will be explained and illustrated by case studies. The
first case study describes the use of the meta-modeling technique in the
analysis of method evolution. The next case study describes the use of
situational method engineering, supported by the proposed meta-
modeling technique, in method construction. With this research, the
authors hope to provide researchers in the information system
development domain with a useful approach for analyzing, constructing,
and adapting methods.*

4.1 Introduction

Many methods for developing information systems (IS) exist. The complexity
of the projects in which they are used varies, as well as the situational factors
that influence these projects. Over the years, more methods will be developed,
as the technology will continue to diversify and new ISs are being developed.
However, often methods are too general and not fitted to the project at hand. A
solution to this problem is situational method engineering to construct
optimized methods for every systems analysis and design situation, by reusing
parts, the so-called method fragments, of existing established methods.

In this chapter, an overview of current method engineering research is given.
A general approach on situational method engineering is described, as well as a

L This work was originally published as:

Weerd, 1. van de, Brinkkemper, S. (2008). Meta-modeling for situational analysis and design
methods. In M.R. Syed and S.N. Syed (Eds.), Handbook of Research on Modern Systems
Analysis and Design Technologies and Applications (pp. 38-58). Hershey: ldea Group
Publishing.
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meta-modeling technique, which supports the process of situational method
engineering. The technique will be illustrated in two examples. Finally we
describe our future research and conclusions.

4.2 Background

No IS development method exists that is best in all situations. Therefore, to
improve the effectiveness of a method, it should be engineered to the situation
at hand, by taking into account the uniqueness of a project situation (Kumar &
Welke, 1992). Brinkkemper (1996) defined this as ““method engineering: the
engineering discipline to design, construct and adapt methods, techniques and
tools for the development of information systems”.

A special type of method engineering is situational method engineering. The
term situational method is defined as “an information systems development
method tuned to the situation of the project at hand” (Harmsen, Brinkkemper &
Oei, 1994). Situational method engineering is often used in combination with
route maps, high-level method scenario’s, which can be used to tune the method
into situational methods (Van Slooten & Hodes, 1996). Different routes are
used to represent the different situations: new IS development, COTS
(commercial of the shelf) tool selection, re-engineering, etc.

Several situational method engineering approaches have been described in
literature, by e.g. Brinkkemper (1996); Saeki (2003); Ralyté, Deneckere and
Rolland (2003); van de Weerd, Brinkkemper, Souer and Versendaal (2006). To
execute the method engineering process, methods need to be described for
which several modeling techniques have been proposed. Saeki (2003), for
example, proposed the use of a meta-modeling technique, based on UML
activity diagrams and class diagrams, for the purpose of attaching semantic
information to artifacts and for measuring their quality using this information.
In Rolland, Prakash and Benjamin (1999) and Ralyté, Deneckere and Rolland
(2003), a strategic process meta-model called Map is used to represent process
models.

In all research on situational method engineering, several steps are followed
in the process to develop a situational method. By comparing the different
approaches, we could distinguish the following generic steps in a situational
method engineering approach (van de Weerd, Brinkkemper, Souer &
Versendaal, 2006):

— Analyze project situation and identify needs.
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— Select candidate methods that meet one or more aspects of the identified
needs.

— Analyze candidate methods and store relevant method fragments in a
method base.

— Select useful method fragments and assemble them in a situational method
by using route map configuration to obtain situational methods.

The third and fourth steps are supported by a meta-modeling technique,
especially developed for method engineering purposes. This technique, in which
a so-called Process-deliverable diagram (PDD) is built, is used in analyzing,
storing, selecting and assembling the method fragments. The meta-modeling
technique is adopted from Saeki (2003), who proposed the use of a meta-
modeling technique for the purpose of attaching semantic information to the
artifacts and for measuring their quality using this information. In this research
the technique is used to reveal the relations between activities (the process of
the method) and concepts (the deliverables produced in the process). We will
elaborate on this in the next section.

4.3 Process-deliverable diagrams

This section describes the technique used for modeling activities and artifacts of
a certain process. As we are modeling methods and not the artifacts of an IS,
this type of modeling is called meta-modeling. We express the meta-models of
method in PDDs, which consist of two integrated diagrams. The process view
on the left-hand side of the diagram is based on a UML activity diagram (OMG,
2003), and the deliverable view on the right-hand side of the diagram is based
on a UML class diagram (OMG, 2003). In this chapter first the left-hand side of
the diagram is explained, then the right-hand side, and finally the integration of
both diagrams.

The meta-modeling technique is explained, where notational explanation
will be illustrated by an example in practice. Those examples are taken from a
project to create a situational method for implementing web-applications with a
content management system (van de Weerd, Brinkkemper, Souer & Versendaal,
2006).

4.3.1 Meta-process modeling

Meta-process modeling is done by adapting the UML activity diagram.
According to Booch, Rumbaugh and Jacobson (1999), an activity diagram is “a
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diagram that shows the flow from activity to activity; activity diagrams address
the dynamic view of a system”. This diagram consists of activities and
transitions. Activities can be decomposed into sub-activities, if necessary, and
thereby creating a hierarchical activity decomposition. Transitions can be used
to show the control flow from one activity to the next. A simple arrow depicts
this. Four types of transitions exist: unordered, sequential, concurrent and
conditional activities.

Activity types

We use different types of activities for several reasons. Firstly, activity types are
used for scope definition. It may be interesting to know which processes exist
adjacent to the process that is focused on. The details of this process are not
interesting and are therefore not shown. Secondly, for purposes of clarity of the
diagram, some processes are expanded elsewhere. Finally, in some cases the sub
activities are not known or not relevant in the specific context.

The following activity types are specified (see Figure 4-1):

— Standard activity: an activity that contains no further (sub) activities. A
standard activity is illustrated with a rounded rectangle.

— Complex activity: an activity that consists of a collection of (sub) activities.
They are divided into:

O Open activity: a complex activity whose (sub) activities are
expanded. This expansion can be done in the same diagram or in
another diagram. Therefore, we use two notational variants, which
are:

= arounded rectangle, containing two or more sub activities;
= a rounded rectangle with a white shadow, to indicate that
the activities are depicted elsewhere.

O Closed activity: a complex activity whose (sub) activities are not
expanded since it is not known or not relevant in the specific
context.
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List features

': ._Standard activity ) ( Desribe candidate requirements ":j _

[ Open activity )\ P -
—/ /Describe candidate requirements
A ([ Listfeatures

(Open activity

. / ' Sub activity \ | | [:/- Set priority -'\:] |
( Closed activity -. ' { .- Define use case model )
Figure 4-1. Activities types Figure 4-2. Example activity types

In Figure 4-2 we give some examples of activity types. List features is a
standard activity that has no further sub activities. In case of Describe candidate
requirements, the activity is open, since we find it interesting to describe its sub
activities. Define use case model is closed, since we are not interested in the
details of this process. The naming conventions for activity names are that the
names always consist of a verb and an object, except when the activity name is
literally copied from a method source, such as a book. Activities for the highest
level are excluded from this naming convention, since they usually get the name
of a stage or phase. In the following sections the four activity transitions will be
introduced and exemplified.

Sequential activities

Sequential activities are activities that need to be carried out in a predefined
order. The activities are connected with an arrow, implying that they have to be
followed in that sequence, although the activity completion before the next can
be started is not strictly enforced. Both activities and sub-activities can be
modeled in a sequential way. In Figure 4-3 an activity diagram is illustrated
with one activity and two sequential sub-activities. A special kind of sequential
activities are the start and stop states, which are also illustrated in Figure 4-3.
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Figure 4-3. Sequential activities Figure 4-4. Example sequential activities

In Figure 4-4 an example is illustrated. The example is taken from the
requirements capturing workflow, of which the main activity, Model users &
domain, consists of three activities that need to be carried out in a predefined
order.

Unordered activities

Unordered activities are used when sub-activities of an activity can be executed
in any order, i.e. they do not have a predefined execution sequence. Only sub-
activities can be unordered. Unordered activities are represented as sub-
activities without transitions within an activity, as is shown in Figure 4-5.

Activity Describe
- candidate List features
Sub-activity 1 requirements
Sub-activity 2 ( Set priority ) CEstimate risk)
Sub-activity 3 (" setstatus ) ( Settype )
Figure 4-5. Unordered activities Figure 4-6. Example of unordered
activities
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An activity may consist of sequential and unordered activities, which is
modeled by dividing the main activity in different parts. In Figure 4-6 an
example is taken from the requirements analysis workflow. The main activity,
Describe candidate requirements, is divided into two parts. The first part is a
sequential activity. The second part consists of four activities that do not need
any sequence in order to be carried out correctly. Note that all unordered
activities must be carried out, before continuing to the next activity.

Concurrent activities

Activities can occur concurrently. This is handled with forking and joining. By
drawing the activities parallel in the diagram, connected with a synchronization
bar, one can fork several activities. Later on these concurrent activities can join
again by using the same synchronization bar. Both the concurrent execution of
activities and sub-activities can be modeled. In the example of Figure 4-7,
Activity 2 and Activity 3 are concurrent activities.

)
T T

( Define actors )CDefine use cases)

i} L
( Activity 2 )C Activity 3 )
L L

@raw use case diagram)

L
< Write use cases )
N
Figure 4-7. Concurrent activities Figure 4-8. Example concurrent
activities

In Figure 4-8 a fragment of the requirements capturing process is depicted.
Two activities, Define actors and Defining use cases, are carried out concurrently.
The reason for carrying out these activities concurrently is that definition of
actors and of use cases influence each other to a high extend.

Conditional activities

Conditional activities are activities that are only carried out if a predefined
condition is met. This is graphically represented by using a branch. Branches
are denoted with a diamond and can have incoming and outgoing transitions.
Every outgoing transition has a guard expression, the condition, denoted with
square bracket ‘[ ]’. This guard expression is actually a Boolean expression,
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used to make a choice which direction to go. Both activities and sub-activities
can be modeled as conditional activities. In Figure 4-9 two conditional activities
are illustrated.

S Activity 1 ) -

( Study material )

/
condition] .~ .
[ ] Activity 2 ) [requirements clear] l [else]
[else] \I/ .
.( Activity 3 ) a\‘Do extensive requirements ellc:ltatlon)
v N
Figure 4-9. Conditional activities Figure 4-10. Example conditional

activities

In Figure 4-10, an example from a requirements analysis starts with studying
the material. Based on this study, the decision is taken whether to do an
extensive requirements elicitation session or not. The condition for not carrying
out this requirements session is represented at the left of the branch, namely
[requirements clear]. If this condition is not met, [else], the other arrow is
followed.

Roles

In some methods it is explicitly stated by which individuals or organizational
role the process is to be carried out. In this case, the role is indicated in the
activity. In Figure 4-11, an activity with three sub activities is depicted. In the
lower right corner, the role is positioned. Please note, that the usage of roles is
not restricted to activities, but, if necessary, can also be used in sub-activities.

In Figure 4-12, the usage of roles is illustrated. The same example as in
Figure 4-4 is used with as difference that the role, in this case Consultant, is
indicated.
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Figure 4-11. Roles Figure 4-12. Example role

( Sub-activity 3 \]
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4.3.2 Meta-deliverable modeling

The deliverable side of the diagram consists of a concept diagram. This is
basically an adjusted class diagram as described by Booch, Rumbaugh and
Jacobson (1999). Important notions are concept, generalization, association,
multiplicity and aggregation.

Concept types

A concept is a simple version of a UML class. The class definition of Booch,
Rumbaugh and Jacobson (1999) is adopted to define a concept, namely: “a set
of objects that share the same attributes, operations, relations, and semantics”.

The following concept types are specified:

— STANDARD CONCEPT: a concept that contains no further concepts. A standard
concept is visualized with a rectangle.

— COMPLEX CONCEPT. a concept that consists of an aggregate of other
concepts. Complex concepts are divided into:

— OPEN CONCEPT: a complex concept whose sub concepts are expanded. An
open concept is visualized with a white shadow border. The aggregate
structure may be shown in the same diagram or in a separate diagram.

— CLOSED CONCEPT: a complex concept whose sub concepts are not expanded
since it is not relevant in the specific context. A closed concept is visualized
with a black shadow border.
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Similar as for activities, this usage of different concept types is introduced
for clarity and scope definition.

In Figure 4-13, the three concept types that are used in the modeling
technique are illustrated. Concepts are singular nouns and are always
capitalized, not only in the diagram, but also when referring to them in the
textual descriptions outside the diagram.

l STANDARD CONCEPT

‘ USE CASE MODEL H

l OPEN CONCEPT

[ CLOSED CONCEPT I = - USE CASE

Figure 4-13. Standard, open and Figure 4-14. Example of standard, open and
closed concepts closed concepts

In Figure 4-14, all three concept types are exemplified. Part of the PDD of a
requirements workflow is illustrated. The USE CASE MODEL IS an open concept
and consists of one or more ACTORS and one or more USE CASES. ACTOR IS a
standard concept, it contains no further sub-concepts. use casg, however, is a
closed concept. A use case consists of a description, a flow of events,
conditions, special requirements, etc. Because in this case we decided it is
unnecessary to reveal that information, the use cask is illustrated with a closed
concept.

Generalization

Generalization is a way to express a relationship between a general concept and
a more specific concept. Also, if necessary, one can indicate whether the groups
of concepts that are identified are overlapping or disjoint, complete or
incomplete. Generalization is visualized by a solid arrow with an open
arrowhead, pointing to the parent, as is illustrated in Figure 4-15.
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| FLOW ‘
‘ CONCEPT ‘ i
2 @
| | | |
’ CONCEPT ‘ ’ CONCEPT ‘ ‘ CONTROL FLOW ‘ DATA FLOW ‘
Figure 4-15. Generalization Figure 4-16. Example generalization

In Figure 4-16, generalization is exemplified by showing the relationships
between the different concepts described in the preceding paragraph. conTROL
FLow and DATA FLow are both a specific kind of FLow. Also note the use of the
disjoint (d) identifier. This implies that occurrence of one concept is
incompatible with the occurrence of the other concept; that is, there are no
CONTROL FLOWS that are also baTAa FLows and vice versa. The second identifier
we use is overlapping (o), which would indicate in this example that there may
be occurrences that are coNTROL FLOWS Or DATA FLows, but also occurrences
that are both. Finally, categories (c) mean that the disjoint concepts have no
occurrences in common and that the decomposition is exhaustive. In the
example this would imply that every occurrence of flow is either a conTROL
FLOW or DATA FLow. No other FLows exist, and there are no occurrences that are
both conTROL FLOW and DATA FLOW.

Association

An association is a structural relationship that specifies how concepts are
connected to another. It can connect two concepts (binary association) or more
than two concepts (n-ary association). An association is represented with an
undirected solid line. To give a meaning to the association, a name and name
direction can be provided. The name is in the form of an active verb and the
name direction is represented by a triangle that points in the direction one needs
to read. Association with a name and name direction is visualized in Figure
4-17.

CONGEPT is associated with p CONCEPT

Figure 4-17. Association
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[SURVEY DESCRIPTION | describes b USE CASE MODEL

Figure 4-18. Example association

In Figure 4-18, an example of a fragment is shown of the PDD of the
requirements analysis in the Unified Process (Jacobson, Booch &
Rumbaugh, 1999). Because both concepts are not expanded any further,
although several sub concepts exist, the concepts are illustrated as closed
concepts. The figure reads as “SURVEY DESCRIPTION describes USE CASE MODEL”.

Multiplicity

Except name and name direction, an association has another characteristic. With
multiplicity one can state how many objects of a certain concept can be
connected across an instance of an association. Multiplicity is visualized by
using the following expressions: 1 for exactly one, 0..1 for one or zero, 0..* for
zero or more, 1..* for one or more, or for example 5 for an exact number. In
Figure 4-19 association with multiplicity is visualized.

‘:CONCEPT . lf associated with ’[} § {:CONCEPT

Figure 4-19. Multiplicity

SURVEY DESCRIPTION | describes b ;| USE CASE MODEL

Figure 4-20. Example multiplicity

An example of multiplicity is represented in Figure 4-20. It is the same
example as in Figure 18, only the multiplicity values are added. The figure
reads as “exactly one SURVEY DESCRIPTION describes exactly one USE CASE
moDEeL”. This implies in an IS project that a surRveEY beEscriPTION Will always be
related to just one use case MoDEL and the other way round.

Aggregation

A special type of association is aggregation. Aggregation represents the relation
between a concept (as a whole) containing other concepts (as parts). It can also
be described as a ‘has-a’ or ‘consists of’ relationship. In Figure 4-21, an
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aggregation relationship between OPEN CONCEPT and STANDARD CONCEPT iS
illustrated. An oPEN CONCEPT consists of one or more STANDARD CONCEPTS and
a STANDARD CONCEPT is part of one oPEN CONCEPT.

OPEN CONCEPT T USE CASE MODEL H
0.* | 1Q
17 1.- 1.*|
‘ STANDARD CONCEPT ‘ ACTOR ‘ ‘ USE CASE ‘
Figure 4-21. Aggregation Figure 4-22. Example aggregation

In Figure 4-21, aggregation is exemplified by a fragment of a requirements
capture workflow. A USE cASE MODEL consists of one or more ACTORs and USE
CASES.

Properties

Sometimes the need exists to assign properties to coNcepTs. Properties are
written in lower case, under the cCONCEPT name, as is illustrated in Figure 4-23.

DESIGN
Code
Status
CONCEPT Author
Effective date
Property a Version
Property b Location
Property ¢ Application
Figure 4-23. Properties Figure 4-24. Example properties

In Figure 4-24, an example of a concepT with properties is visualized.
DESIGN has seven properties, respectively: code, status, author, effective date,
version, location and application.

4.3.3 Process-deliverable diagram

The integration of both types of diagrams is quite straightforward. Activities are
connected with a dotted arrow to the produced deliverables, as is demonstrated
in Figure 4-25. Note that in UML class diagrams, dotted arrows are used to
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indicate dependency from one class on another. However, this construction is
not used in PDDs. We have some extra remarks concerning the PDD. Firstly, all
activities in Figure 4-25 result in deliverables. However, this is not compulsory.
Secondly, it is possible for several activities to point to the same deliverable, see
for example sub-activity 2 and 3. Finally, we assume that all artifacts in the
diagram are available to all roles.

/ Activity 1 \ | OPENCONCEPT ||
[else] [condition] <> 1
N
v P 0.1
( Sub-activity 1 F+---> CLOSED CONCEPT l—
|
( Sub-activity 2 Jr=————mmm oo 7 OPEN CONCEPT[|_
(" Sub-activity 3 Jm e > Attribute
X = Role / - <.>
"’:\-l:'ll\r 2 N I R
|r ity [ Sub-activity 4 ———-———— =2 STANDARD CONCEPT —
. A
( Sub-activity 5 p-——---—- -~ STANDARD CONCEPT &
( Sub-activity 6 f———==-- = }'l STANDARD CONCEPT —=
Q Role / 1 )
) ) is associated with 1."
/ Activity 3 \ v [ CLOSED GONGEPT
[ Sub-activity 7 ===~ P }: STANDARD CONCEPT

l [ Sub-aclivity 8 "; ----- :STANDARD CONCEPT

O<—

Figure 4-25. Process-deliverable diagram

4.3.4 Example of a Process-deliverable diagram

In Figure 4-26, an example of a PDD is illustrated. It concerns an example of
drawing an Object chart, as described in Brinkkemper, Saeki and Harmsen
(1999). This is an example of method assembly, in which an Object model and
Harel’s State chart are integrated into Object charts.
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Notable is the use of an open concept: STATE TRANSITION DIAGRAM. This
concept is open, since it is a complex concept, and should be expanded
elsewhere. However, due to space limitations, this is omitted. The activities of
‘Drawing an Object chart’ are carried out by one person. Therefore, no roles are
depicted in the diagram.

-"b:aw an
object model

[class is relevant]

/" Identify objects and
classes

OBJECT MODEL DIAGRAMT 1

-

B il CLASS '
i ) i f)()..* S
=== OBJECT 1. 1

Identify associations H------—----

/" Identify attributes and |
services 4

Identify states =~ Ho--—---ooommmmmon p

| SERVICE | ATTRIBUTE
i FLN .

— i v = r -
(" ldentify state changes | N
and triggers STATE TRANSITION Dmanml

1.*
is input forp. 1

Cluster states .'Z-I —————————————————————— >|l STATECHART P

. Refine statecharts ' ————————————— > OBJECTCHART ./l}—.

Figure 4-26. Example PDD- Drawing an Object chart

In Table 4-1, the activities and sub-activities, as well as their relations to the
deliverables, which are depicted in the diagram, are described.

Table 4-1. Activities and sub-activities in Drawing an Object chart

Activity

Sub-Activity

Description

Draw an
object model

Identify objects
and classes

Key phenomena that require data storage and
manipulation in the IS are identified as OBJECTS.
OBJECTS that share the same attributes and
services are identified as a CLASS.
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Identify
associations

Relationships between CLASSES are identified
when instance OBJECTS of different CLASSES are
to be related to each other in the IS.

Identify attributes
and services

For each CLASS, the descriptive ATTRIBUTES and
the operational SERVICES are identified.

Draw a Identify states Lifecycle statuses of OBJECTS that serve a process
statechart in the IS are to be identified as STATES. Similarly
for CLASSES.

Identify state Events that trigger changes of a STATE and the
changes and conditions under which they occur are determined.
triggers
Cluster states STATES that are sub statuses of a higher level
STATE are groups together in a cluster.
Furthermore, state transitions between STATES are
depicted resulting in a STATECHART.
Refine Based on the OBJECT MODEL DIAGRAM and the
statecharts STATECHART, an OBJECTCHART is created by

linking STATECHARTS to each CLASS.

In Table 4-2, an excerpt if a concept table is shown. Every concept is
provided with a description and a reference.

Table 4-2. Excerpt of a concept table

Concept Description

ASSOCIATION An association _specmes a semantic relationship that can occur
between typed instances. It has at least two ends represented by
properties, each of which is connected to the type of the end
(OMG, 2004).

STATE A state models a situation during which some (usually implicit)
invariant condition holds (OMG, 2004).

OBJECTCHART An extension of a State chart to model reactive systems from

1999).

an object-oriented view (Brinkkemper, Saeki & Harmsen,

The process in Figure 4-26, where Object model diagrams and State charts
are amalgamated into Object charts, is an example of situational method
engineering for a project situation where is was required to model State charts
for each class. Similarly, situational factors may require various kinds of
adaptations of the method. Different analysis and design situations in a project
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give rise to a huge variety of method adaptations: in a simple project just one
Class diagram may be sufficient to analyze the object domain, whereas in a
more complex project, various Class diagrams, Object models and State charts
are required. To support the adaptations, PDDs are very instrumental as both
modifications of activities as of concepts can be easily documented.

4.4 Meta-modeling for method evolution analysis

4.4.1 Introduction

PDDs can be used to analyze the method evolution of a company over the years.
In van de Weerd, Brinkkemper and Versendaal (2007), general method
increments were deducted from literature and case studies. The resulting list of
general method increments was then tested in a case study at Infor Global
Solutions (specifically the former Baan company business unit), a vendor of
ERP (Enterprise Resource Planning) software. The time period that is covered
in the case study ranges from 1994 to 2006. We analyzed 13 snapshots of the
evolution of the software development process at Baan, with emphasis on
product management activities. An overview of these method increments is
listed in Table 4-3.

Table 4-3 Overview of method increments at Baan

# | Increment Date

0 | Introduction requirements document 1994

1 | Introduction design document 1996

2 | Introduction version definition 1998, May

3 | Introduction conceptual solution 1998, November

4 | Introduction requirements database, division market and 1999, May
business requirements, and introduction of product families

5 | Introduction tracing sheet 1999, July

6 | Introduction product definition 2000, March

7 | Introduction customer commitment process 2000, April

8 | Introduction enhancement request process 2000, May

9 | Introduction roadmap process 2000, September

10 | Introduction process metrics 2002, August

11 | Removal of product families & customer commitment 2003, May

12 | Introduction customer voting process 2004, November

13 | Introduction master planning 2006, October
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In the next sections, we will illustrate two of these increments, namely
increment #3 and increment #4.

4.4.2 Snapshot of increment #3

In Figure 4-27, increment # 3 of the Requirements management and Release
definition process a Baan is illustrated.

/I’!equirements management \
REQUIREMENT
C Create requirement )— e —————- b
Topic
\ Product Manager j Description
Functional deficiency
RELEASE TABLE Priority
.| Development theme
/ﬁalease definition -\ 0.1 1" Source
Release name refers to b Objectives
9( Write draft version definition )— = TD}": \:' "i?””;ms"ts Scope
I Oc\]ovzer oo Dependencies
| Conlacl person
I G
[else] . 1.
[if neccesary] | ) :
is elaborated in
@matc conceptual sclutioni)- -':— —————— e et 1
I
1 1 e 0:1
|
| H CONCEPTUAL SOLUTION
+ — =1 VERSIOM DEFINITION
Document number
Review version definition Document number M Document group
Head R&D - —) Date Document title
State Author
[else] % Release name Status
Release project name Product group
Document purpose Location
[approved] Scope Meonth modified
'\ Product Mﬂnﬂgy/ Cverview Purpose
Release purpose Mativation

Figure 4-27. Snapshot of increment #3

We can distinguish two main activities in the figure, namely Requirements
management and Release definition. The first main activity consists of one sub
activity, namely Create requirement, in which the REQUIREMENTS are created by
the Product Manager. The other main activity consists of three sub activities.
Firstly, the Product Manager writes a first draft of the VERSION DEFINITION.
Secondly, the Product Manager writes, if necessary, a CONCEPTUAL SOLUTION per
REQUIREMENT. Finally, the version DEFINITION is reviewed by the Head of the
Research & Development department. If he approves the VERSION DEFINITION,
they can continue with the next activity. If he does not approve it, the Product
Manager has to rewrite the vERsION DEFINITION. A more elaborated description
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of the activities and the concepts is provided in Table 4-4 and Table 4-5. Note
that the activity Create conceptual solutions and the concept CONCEPTUAL
soLuTioN are both closed. This implies that they are both complex, i.e.
consisting of sub activities or concepts, respectively. In this work, it is not
relevant to elaborate further on both elements. However, they are specified in
van de Weerd, Brinkkemper and Versendaal (2006).

Table 4-4. Activity table of increment #3

Activity Sub activity Description
Requirements | Create The Product Manager adds the REQUIREMENT
management | requirement and its properties to the requirements Excel
sheet.
Release Write draft The Product Manager writes a draft of the
definition version definition | VERSION DEFINITION.
Create conceptual | If necessary, the product manager elaborates on
solution the requirements in a CONCEPTUAL SOLUTION.
Review version The Head of the Research & Development
definition department reviews the RELEASE DEFINITION.
Either he approves it, in which case the process
continues in a new activity, or he disapproves it,
in which case the Product Manager rewrites the
VERSION DEFINITION.
Table 4-5. Concept table of increment #3
Concept Description

REQUIREMENT

that is to be implemented in the new release of a product.

A REQUIREMENT is a functional description of a new functionality

The RELEASE TABLE is part of the VERSION DEFINITION, and lists

RELEASE TABLE the references to the REQUIREMENTS that are implemented in the
new release.

VERSION A document with the listing of REQUIREMENTS of the new release

DEFINITION along with the needed personnel resources. (Natt och Dag et al.,
2005)

CONCEPTUAL A document with a sketch of the business solution for one

SOLUTION preferred or more requirements. (Natt och Dag et al. , 2005)
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4.4.3 Requirements management & release definition increment

In Figure 4-28, the snapshot of method increment #4 is depicted. Again, the
snapshot consists of two main activities: Requirements management and Release
definition. The first main activity now consists of three unordered sub activities:
the Product Manager creates MARKET REQUIREMENTS, release independent
BUSINESS REQUIREMENTS and he maintains the product line.
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1 ! Main bus. function | 1-- —=
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Name 1.0 0." Label
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Keywords
BR number
((create BR release independent Juof - = — = = = — = == — = == —— = 3 Creation date Cuslomar ofomon
Initiative N .
\ Product Status. 2:;::1':{emen| type
Label Owna:‘
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Figure 4-28. Snapshot of increment #4

Notable in this part of the snapshot, is the division between MARKET
REQUIREMENTS and BUSINESS REQUIREMENTS. Natt och Dag et al. (2005) give a
good elaboration of this separation. They state that MARKET REQUIREMENTS are
expressions of the perceived market need, written in the form of a customer’s
wish. They change frequently, according to the market need changes. BUSINESS
REQUIREMENTS, on the other hand, are written from the company’s perspective.
These requirements are those that finds the company worthwhile to implement
one of the following product releases. Both types of requirements are important.
MARKET REQUIREMENTS for communicating with the customer and tracing which
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customer wishes actually get implemented in the product. PRoDUCT
REQUIREMENTS are important as a basis for release planning, for conducting
feasibility studies, and for a functional description of the feature to be
implemented. The separation of the two types ensures a solid basis for decision-
making about future releases, as well as a clear tracing device which improves
the communication with the customer (Natt och Dag et al., 2005).

The other change in the Requirements management activity is the insertion of
an activity called Maintain product line. This activity is not further elaborated in
this work, but globally, the Product Manager has to ensure that requirements are
linked to themes and common components, in order to maintain a unambiguous
product line. More information can be found in van Weerd, Brinkkemper and
Versendaal (2006).

The rest of the snapshot is the same as the snapshot of increment # 4.
Concluding, the contents of the Requirements management activity have been
changed from one to three sub activities. Secondly, the REQUIREMENT concept
has been split up into two new concepts: MARKET REQUIREMENT and BUSINESS
REQUIREMENT. Finally, the concepts commonN comPoONENT and THEME have been
added. In Table 4-6 and Table 4-7 the activities and concepts are further
specified.

Table 4-6. Activity table of increment #4

Activity Sub activity Description
Requirements | Create market The Product Manager adds a customer wish to
management | requirement the requirements database.
Maintain product Requirements are structured according the
line THEME they relate to and the COMMON
COMPONENT that is affected, in order to
maintain the product line.
Create BR release | The Product Managers adds a BUSINESS
independent REQUIREMENTS to the requirements database,
by linking MARKET REQUIREMENTS that cover
the same subject and by describing the
requirement from the company’s perspective.
Release Write draft version | The Product Manager writes a draft of the
definition definition VERSION DEFINITION.
Create conceptual If necessary, the product manager elaborates
solution on the requirements in a CONCEPTUAL
SOLUTION.
Review version The Head of the Research & Development
definition department reviews the RELEASE DEFINITION.
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Either he approves it, in which case the
process continues in a new activity, or he
disapproves it, in which case the Product
Manager rewrites the VERSION DEFINITION.
Table 4-7. Concept table of increment #4
Concept Description
MARKET A customer wish related to current or future markets, defined using
REQUIREMENT | the perspective and context of the user. (Natt och Dag et al., 2005)
BUSINESS A generic customer wish to be covered by a product described in
REQUIREMENT | the vendor’s perspective and context. (Natt och Dag et al. , 2005)
RELEASE The release table is part of the VERSION DEFINITION, and lists the
TABLE references to the REQUIREMENTS that are implemented in the new
release.
COMMON A software component that is shared by multiple products in the
COMPONENT product line.
THEME A predefined release THEME that is set by the board.
VERSION A document with the listing of BUSINESS REQUIREMENTS of the
DEFINITION new release along with the needed personnel resources. (Natt och
Dag et al., 2005)
CONCEPTUAL | A document with a sketch of the business solution for one preferred
SOLUTION or more BUSINESS REQUIREMENTS. (Natt och Dag et al., 2005)

4.5 Meta-modeling for method construction

4.5.1 Introduction

The meta-modeling example described in this section covers the assembly of a
new method for implementing CMS-based web applications. The research was
carried out at GX creative online development, a web technology company in
the Netherlands. The company implements web applications, using GX
WebManager: a generic CMS-based web application tool that enables people
without a specific technological background in creating, maintaining and
integrating several dynamic websites and portals. In addition to their product,
GX also provides a service, which is creating a web application ‘around’ the
CMS-based Web application. The development of this web application is
currently carried out by a proprietary method. However, the need existed to
optimize this method in order to save time and money. Also, the need for a
standardized web application development method exists, which can be used by
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implementation partners of the company. At time of the research, no methods
existed for implementing CMS-based web applications. Development methods
for conventional Information Systems, as well as for web applications do not
cover the needs for this particular type of development. Therefore we
developed the GX WebEngineering Method (WEM).

4.5.2 Assembly-based method engineering

We applied an assembly-based situational method engineering approach to
develop the new method, consisting of the following steps:

1. Analyze implementation situations and identify needs.

Three implementation situations were identified, namely standard, complex and
migration situations. In Table 4-8, example needs are given for the standard and
complex implementation situations.

Table 4-8. Example implementation situation needs

Situation Need

Standard & | The method should deliver a requirements document that is under-
Complex standable for the customer and informative for the stakeholders at GX.
Standard Standard project often have a small budget. This implies that the
amount of time for specifying the requirements is limited. Therefore,
the method should make it possible to translate the requirements
quickly into WebManager solutions.

Complex A solution has to be found to the problem of changing requirements
after the contract is signed. Although one can expect the requirements
to change during the requirements analysis, the customer often does not
understand that this affects the budget.

2. Select candidate methods that meet one or more aspects of the identified
needs.

The candidate methods that were selected are: the Unified Software
Development Process (UP), UML-based Web-Engineering (UWE) and the
proprietary company method (GX).
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3. Analyze candidate methods and store relevant method fragments in a method
base.

We analyzed the methods by modeling them into PDDs. The method base was
filled with four GX PDDs, 2 UP PDDs and four UWE PDDs. In total 10 process
data diagrams were stored in the method base.

4. Assemble a new method from useful method fragments and use route map
configuration to obtain situational methods.

Based on the implementation situations needs we chose the method fragments
for the new method. The resulting method consists of three phases (acquisition,
orientation, and definition) and three routes (standard, complex and migration).
The rest of the method (design, realization, and implementation) were subject to
further research. In the next section we will further elaborate on the resulting
method.

4.5.3 Routemap of the definition phase

Instead of showing the entire PDD, we will depict the standard and complex
routes in one diagram, to make clear what the differences are between the two
implementation situations. Therefore, we omitted the data-side of the diagram,
as can be seen in Figure 4-29.

The main activities in the diagram are marked to indicate the original
method. A checked pattern indicates that this method fragment originates from
the proprietary method at GX; grey indicates that it is a UWE fragment; and,
finally, white indicates a Unified Process origin. Note that the roles in this
diagram are omitted, because all activities are handled by the same person,
namely the Consultant.

The main difference between the standard and complex route is, next to the
extensive requirements elicitation and validation, the use of use case modeling.
In the complex route this is used to describe the people who will interact with
the Web application, as well as how they will interact with the system. In the
standard route this is partly handled in the user and domain modeling fragment
and partly in the application modeling.
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Figure 4-29. Routemap of the definition phase in WEM
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4.5.4 Method implementation

WEM was developed with input of the requirements management workgroup.
The goal of this workgroup was an overall improvement in the requirements
process at GX. Members of the workgroup were consultants and project
managers of GX and one external consultant. After validating the WEM method
in an expert review and two case studies, the method was implemented in the
company. Firstly, templates were written for every document that had to be
delivered after completing a method stage. Secondly, explanations were
provided with the templates. This information was then published on the
intranet of the company and presented for the developers, consultant, architects
and project managers.

4.6 Future trends

History has proven that new types of information systems are conceived
frequently. Emergent technologies for mobile systems, web applications and
intelligent agent solutions have triggered innovative IS applications. At the
same time, new methods are developed to design and support these information
systems. Existing method knowledge can play an important role, as parts of it
can be reused in new project situations, and is codified into new methods. This
has also happened when the well-known State transition diagrams where reused
into UML (OMG, 2004) for the analysis and design phases of object-oriented
IS.

The trend is to build method knowledge infrastructures, i.e. a web-enabled
knowledge resource that can be accessed, shared and enriched by all IS project
workers. Those knowledge infrastructures can be open to anyone on the
internet, such as the Open Modeling Language (Firesmith, Henderson-Sellers &
Graham, 1998), an object oriented modeling language. Many large IT service
companies have development method on their corporate internet, where every
IS project on any location worldwide, can be executed according to the same
method. Usually, these corporate methods are enriched by borrowing new
concepts from the public ones on the internet. In the future, more and more open
method knowledge infrastructures for specific types of IS will be established
and gradually expanded into full-blown environments to execute complete IS
development projects. The facilities for situational method engineering to adapt
the method to specific project circumstances are to be included. An example for
the product software vendors is the Product Knowledge Software Infrastructure
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that enables product software companies to obtain a custom-made advice that
helps them to mature their processes.

4.7 Conclusion

PDDs have proven to be effective means for the meta-modeling of methods,
especially for the analysis and design stages. The meta-modeling can serve
different purposes: in the examples two purposes are explained, namely method
analysis or method construction. Other possible applications are method
comparison and method adaptation. Providing the explicit description of the
activities and concepts of a method in a PDD allows for a more formal addition
of activities and deliverables. Method engineering tools for modeling and
adapting methods will aid in the creation of high quality situational methods.
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Concepts for incremental method evolution

Product software companies are confronted with performance failures in
their processes for which standard theories on situational method
engineering need to be revisited. By developing a knowledge
infrastructure, we support these companies with their method evolution
by increasing the maturity of their processes incrementally. We first
identify and formalize general method increments that are found in an
exploratory case study. Then, we formalize common process needs, by
developing a root-cause map for software product management and by
identifying the root causes and process alternatives that are related to
them. We validate the formalized method increments, and process needs
by applying them to an extensive case study conducted at Infor Global
Solutions. The results show that the formalized method increment types
cover all increments that were found in the exploratory case study, and
that the root-cause map is a useful technique to model the root causes
encountered in product software companies.?

5.1 Introduction: Incremental method evolution

Many organizations are struggling with the evolution of their information
systems development methods (Conradi, Fernstrom & Fuggetta, 1993). To
control this, several software process improvement methods have been proposed
(e.g. Emam, Melo & Drouin, 1997; Paulk, Curtis, Chrissis & Weber, 1993),
which can be implemented in different ways and which are evolutionary in
nature. In our research, we focus on such an evolutionary approach instead of a
mere revolutionary approach for several reasons: a) it is a fundamental way to
reduce risk on complex improvement projects (Krzanik & Simila, 1997); and b)
we observe in practice that this is the natural way for method evolution (van de

L This work was originally published as:
Weerd, I. van de, Brinkkemper, S., Versendaal J. (2007). Concepts for Incremental Method
Evolution: Empirical Exploration and Validation in Requirements Management. Proceedings of
the 19™ International Conference on Advanced Information Systems Engineering, LNCS 4495,
469-484.
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Weerd, Brinkkemper & Versendaal, 2006; van de Weerd, Versendaal &
Brinkkemper, 2006).

This evolutionary approach has been subject of research in various scientific
studies: methods have been developed to measure and to increase a company’s
maturity (El Emam, Melo & Drouin, 1997; Paulk, Curtis, Chrissis & Weber,
1993); studies have been carried out to find the best approach to instigate a
process improvement (Richardson & Ryan, 2001; Stelzer & Mellis, 1998); and
research has been done on the key success factors that influence software
process improvement (Rainer & Hall, 2002). However, in 2002, it was
estimated that still 70% of software process improvement projects failed (SEl,
2002).

In this work, we choose to take the existing research on software process
improvement a step further. Our aim is to develop a knowledge infrastructure
that supports product software (PS) companies that build off-the-shelf software
products for a market (Xu & Brinkkemper, 2007) in the incremental evolution
of their methods, by dealing with their process needs and guiding them to higher
maturity levels. We keep the increments local (i.e. one process at a time is
changed) and small (in comparison to existing incremental approaches with
larger increments like CMM (Paulk, Curtis, Chrissis & Weber, 1993) and
SPICE (EI Emam, Melo & Drouin, 1997)).

In the next section, we describe our research approach, introduce process-
deliverable diagrams for modeling methods, and describe the context of this
research. In section 3, we define and formalize the process needs. In section 4,
we validate the formalized method increments by carrying out a case study at
Infor Global Solutions. Finally, in section 5, we describe our conclusions and
future research.

5.2 Research approach

Our aim is to support PS companies in their method evolution, by improving
parts, or fragments, of their existing methods in an automated way. Method
engineering (Brinkemper, 1996) has been used successfully to engineer (parts
of) methods for specific situations (Aydin & Harmsen, 2001; Ralyté & Rolland,
2001); to serve as an instrument in software process improvement (van de
Weerd, Versendaal & Brinkkemper, 2006); and to use as an approach to manage
evolutionary method development by integrating formal meta-models with an
informal method rationale (Rossi, Ramesh, Lyytinen & Tolvanen, 2004).
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For scoping reasons we limit our research to the software product
management domain of PS companies, covering requirements management,
release planning, product roadmapping, and portfolio management. In industry,
software product management is a clearly defined function, but in science
research is fragmented (van de Weerd, Brinkkemper, Nieuwenhuis, Versendaal
& Bijlsma, 2006).

5.2.1 Research question and methodology outline

We define the following research question:

How can product software companies improve their software product
management methods in an evolutionary way, using method fragment
increments?

We address this question by applying method engineering theory.
Incremental method engineering has been subject to research by e.g. Krzanik
and Simila (1997) and Tolvanen (1998). However, a definition of method
increment seems not to be available. Therefore, we define a method increment
as: a method adaptation, in order to improve the overall performance of a
method. Note that adaptation can mean insertion, editing or removal of method
fragments.

Actual method increments in industry are explored in an explorative case
study at a HRM software vendor (from now on: HRM case study), in order to
derive a list of method increment types that occur during the evolution. By
formalizing and generalizing the increments, we model incremental evolution of
a product software company’s processes. The formalized increments are then
validated in an ERP case study. Using Root Cause Analysis (Root Cause
Analysis Handbook, 1999) techniques we determine an initial set of root causes
of process needs that PS companies may encounter in the software product
management domain. Root Cause Analysis (RCA) has been applied to process
improvement and incident prevention in software and non-software industries;
see for example (Leszak, Perry & Stoll, 2000). With respect to the HRM case
study we determine an initial set of root causes that may lead to process
improvement alternatives. This set and our RCA application are also validated
in the ERP case study.

5.2.2 Meta-modeling with process-deliverable diagrams

For the analysis of method increments, we use process-deliverable diagrams
(PDDs), a meta-modeling technique that is based on UML activity diagrams and
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UML class diagrams (van de Weerd, Brinkkemper, Souer & Versendaal, 2006).
The resulting PDDs model the processes on the left-hand side and deliverables
on the right-hand side (see Figure 5-1). Examples of PDDs can be found in
Figure 5-5 and Figure 5-6.
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\ I e Role/
.

Figure 5-1. Process-data diagram

We follow standard UML conventions (Object Management Group, 2004),
but some minor adjustments have been made for modeling development
processes. Firstly, deliverables can be simple or compound. Simple
deliverables do not contain any sub deliverables and are visualized with a
rectangle. Compound deliverables contain one or more sub deliverables.
Compound deliverables can be open, visualized with an open shadow, to
indicate that it contains sub deliverables. The sub deliverables can be shown in
the same diagram, by using aggregation, or in another diagram (for example for
space saving). Closed compound deliverables, visualized with a closed shadow,
indicate that that sub deliverables exist, but are not relevant in this context.
Similarly, open en closed activities are used in the diagram. The dotted arrows
indicate which deliverables result from the activities. More details on this
modeling technique can be found in van de Weerd, Brinkkemper, Souer and
Versendaal (2006) and van de Weerd, Versendaal and Brinkkemper (2006).
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The PDD, visualized in Figure 5-1, is called a snapshot, a model of the
process as it was at a certain moment in time (van de Weerd, Versendaal and
Brinkkemper, 2006). The evolution of a method over time exists of a number of
these snapshots. By comparing snapshots, method increments can be analyzed.
In Figure 5-1, we marked sub activity 4 and its corresponding concept. We use
this notation to show the method increment of this snapshot compared to a
snapshot earlier in time.

5.2.3 A knowledge infrastructure for incremental method
evolution

The context in which we want to support PS companies with the incremental
evolution of their processes is described in van de Weerd, Versendaal and
Brinkkemper (2006), where we propose the Product Software Knowledge
Infrastructure (PSKI). Several knowledge repositories for software development
methods have been proposed and developed (e.g. the OPEN Process Framework
of Henderson-Sellers (2002)). However, the PSKI is not only a knowledge
repository, but it also analyzes the process need of a company in order to deliver
meaningful advice. In Figure 5-2, the PSKI is illustrated as well as the PS
company that interacts with it. The PSKI contains a method base, in which
method fragments, situational factors, maturity capabilities and assembly rules
are stored.

Existing methods (books,
articles, online resources)

Experiences
(case sludies)

Feedback

Analysis of need &
situational indicators

Product

software
v

Method

Ow administration
Method Base

Selection of process
- situational factors

alternatives

- maturity capabilities
- assembly rules
- method fragments

Process need

Embedding of process
advice

Process advice H@g
- ! PSKI

Figure 5-2. Product Software Knowledge Infrastructure
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Analysis of need and situational indicators

The first step is the analysis of the process need and situational indicators. The
process need is analyzed using Root Cause Analysis, (RCA). Through RCA the
root causes of a process need are determined using the following sequence (cf.
Leszak, Perry and Stoll, 2000; Root Cause Analysis Handbook, 1999): 1) which
process difficulties actually occur; 2) what are the so-called causal factors of the
difficulties; and 3) what are the actual root causes per causal factor, using a root
cause map designed for PS companies. We define a root cause as (one of) the
underlying reasons of a process need, solving one or more causal factors, and
relating to one or more actors, activities and deliverable concepts (referring to
Figure 5-1). Situational indicators contain information about the process and the
company. Examples are company size, development platform and sector.

Selection of process alternatives

Once the root causes are known for a process need, directions for software
process improvement can be sought taking into account situational factors. For
this, the method base is used. Links between maturity capabilities and root
causes are available in the method base in order to identify possible process
improvement alternatives. Examples of maturity capabilities are listed by van de
Weerd, Brinkkemper & Versendaal (2006). We define a process alternative as a
method fragment of a particular maturity capacity that settles one or multiple
root causes of the process need.

Embedding of process advice

The last step is embedding the process advice in the company’s existing
processes. A process advice, which contains a process description, templates
and examples, is sent back to the company. The person responsible for process
improvement at the company will then start the organizational deployment of
the process advice. This roll-out process also includes the insertion of the
increment in the existing processes.

5.3 Definition and formalization

This section defines and formalizes method increments and the development
problems that lead to these increments. The rationale for this formalization is
twofold: First, we use it to analyze the method increments that we found in the
ERP case study (see Section 5.4). Secondly, the formalization is used as a first
step to develop a formal structure for the method base of the PSKI in which
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method fragments can be edited. Firstly, we define method evolution, snapshot
and method increments. Then, based on the meta-meta model of PDDs we
present a list of all possible increment types with some method fragment
insertion rules. Thirdly, we analyze problems that lead to the method increments
and develop a root cause map for software product management (RCM for
SPM).

5.3.1 Definitions of incremental method evolution

As the PDD technique is based on UML, we can utilize the available
formalizations in the literature. There appears to be two kinds of formalizations:
those based on the formal language Z, e.g. Clark, Evans and Kent (2001) and
Saeki (2000) and those using first order predicate logic, e.g. Berardi, Cali,
Calvanese and de Giacomo (2005), of which we chose the latter due to its
concise presentation.

We start the formalization with the assumption that there is some kind of
universe of consistent methods, called M. We assume furthermore, that these
methods in M can be executed by project members, i.e. the method descriptions
are available, complete, and consistent. The evolution of the method in a
particular company can then be seen as a series of methods m;, m,, ..., my € M.
For reasoning about time we introduce the time dimension T. The set of method
fragments is called F.

Definition 3.1 The mapping method: 7> M, where m = method(t)
means that the method m € M is the valid method at time t.

The methods change in the course of time, and this allows us to define the
notion of snapshot of a method.

Definition 3.2 A method adaptation time is a point of time where the
method has been adapted. Let T be the set of method adaptation times,
i.e. T = {t,tots, ..., t,} such that Vi Vt: method(t]) = method(t) #
method(tj+1)-

Definition 3.3 A method snapshot is a method meM that was valid at
a particular time, i.e. 3t; € T; m = method(t;).

Definition 3.4 A method evolution is a set S ¢ M consisting of the
method snapshots, i.e. S = {method(t)| i €T}. So S is theset of
methods that have been valid in the course of time.
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We are now able to define method increments. As in common method
engineering practices a method is seen as being composed of method fragments
or method chunks (Brinkkemper, 1996; Ralyté & Rolland, 2001). Such a
method is consistently created using well-formedness rules of process
composition and deliverable configuration. These rules are not elaborated here,
as they can be found in Brinkkemper, Saeki and Harmsen (1999).

Definition 3.5 The predicate contains: F X S : contains(f,s) = fragment f is
contained in snapshot s.

Then we can define an method increment as a method fragment that is part
of method(t;) but not in method(t;.1).

Definition 3.6 A method increment is a method fragment feF such
that 3i contains(f,method(t;)) A —contains(f,method(t;.1))

This means that the method increments are a collection of method fragments
that have been introduced in the method during the method adaptations between
ti and ti4. In the following section we will then formalize the various types of
increments

5.3.2 Formalization of method increments

In Figure 5-3 the meta-meta model of PDD is given, denoted in (again!) a UML
Class diagram.

The meta-meta model is a simplified view of the full UML definition of
Class diagrams and Activity diagrams (Object Management Group, 2004) with
special emphasis on the adaptations discussed in Section 5.2.2 and the
definitions in 5.3.1. Figure 5-3 shows that a method consists of method
fragments, that we distinguish as process fragments for the process part of a
method and deliverable fragments similarly. Note that the creation of
deliverables is modeled in the association edits between Activities and
Concepts.
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Figure 5-3. Meta-meta model of PDD

The structure of the meta-meta-model and the earlier case studies (van de
Weerd, Versendaal & Brinkkemper, 2006) to method evolution revealed that 18
elementary increment types can be distinguished:

— insertion of a concept, property, relationship, activity node, transition, role

— modification of a concept, property, relationship, activity node, transition,
role

— deletion of a concept, property, relationship, activity node, transition, role

The complete method increments from one snapshot to another can then be
seen as a composition of elementary increment types.

The UML formalization of Berardi, Cali, Calvanese and de Giacomo (2005)
postulates the existence of unary predicates for each class in a class diagram,
e.g. concept(C) means that c is a concept in the model. However, in our research
we require evolution of methods over the various snapshots, so we enhance
these unary predicates to binary predicates with the method as an additional
parameter. So concept(c,m) means that c is a concept in the method m. Method
increments can now be defined as polymorphic mappings on the set of method
fragments and methods.
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Definition 3.7 The mapping insert: F x M — M: insert(f,m;) = m, means
that the method fragment f has been inserted in the method m,
resulting into method m.,.

Definition 3.8 The mapping modify: F x F x M — M: modify(f1,f,,m;) =
m, means that the method fragment f; in the method m; has been
modified to the fragment f, in method ms,.

Definition 3.9 The mapping delete: F x M — M: delete(f,m;) = m,
means that the method fragment f has been deleted from the method
m, resulting into method m;.

The rules for the elementary increments can then be formulated. For the sake
of brevity we list the rules for the insertion of concepts and properties. Both
rules are illustrated with an example that is taken from the increment example in
Section 5.4.3.

Rule 3.1 Insertion of concepts:
insert(c,m;) = m;;; = —concept(c,m;) A concept(c,M;.1)

Rule 3.1 states that when a concept c has been inserted into method m; to get
method m;.4, then c is not a concept present in m;, and is present as concept in
m;+1. So, for instance:

insert(RELEASE TABLE,Baanincr2) = Baanincr3 = -concept(RELEASE
TABLE,Baanincr2) A concept(RELEASE TABLE,Baanincr3)

This means that when the concept RELEASE TABLE is inserted into Baanlncr2
resulting into Baanlncr3, then RELEASE TABLE iS not a concept present in Baanlncr2
and is present as concept in Baanincr3.

Rule 3.2 Insertion of properties:
insert(p,m;) = myy A property(p,mix1) = [Vc: concept(c,m) A
=contains(p,c)] A [31c: concept(c,m;.1) A contains(p,c)]

Rule 3.2 tells that when property p is inserted into snapshot m; resulting into
snapshot m;., then p is not a property of any concept in m; and there is just one
concept in m;.; of which p is the property. So, for instance:
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insert(topic,Baanincr2) = BaanlIncr3 A property(topic,Baanincr3) =
[Vc:concept(REQUIREMENT,Baanincr2) A contains(topic,REQUIREMENT)]
A [31c:concept(REQUIREMENT,Baanincr3) A
contains(topic,REQUIREMENT)]

This means that when the property topic is inserted into snapshot Baanincr2,
resulting into Baanincr3, then topic is not a property of any concept in Baanincr2
and there is just one concept, namely REQUIREMENT, in Baanlncr3 of which is topic
the property.

Analogously, rules for the other 16 elementary method increments can be
formulated, while taking the method assembly rules in Brinkkemper, Saeki and
Harmsen (1999) into account. Based on our earlier work on method assembly
this formalization is extremely straightforward and will support the construction
of the PSKI currently under development.

5.3.3 Root cause analysis for product software

Based on the general Root Cause Map (RCM) (Root Cause Analysis
Handbook, 1999), the reference framework for software product management
(van de Weerd, Brinkkemper, Nieuwenhuis, Versendaal & Bijlsma, 2006), and
the HRM case study (van de Weerd, Versendaal & Brinkkemper, 2006), we are
able to construct an initial RCM for SPM, as is depicted in Figure 5-4.

Causal factor
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[ I l [ I
Requirements | | Release Product Portfolio
Management | | planning | |roadmapping| |management
[ ]
I I | [
Requirements Requirements | | Requirements Scope Release
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- Requirements not available

- Criteria unclear - Criteria unclear ‘

Figure 5-4. The explorative case root-cause map

During the interviews conducted in the HRM case study, two major process

difficulties for requirements management were recognized:
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— Customers do not see that their required features and software improvement
wishes are implemented in new releases.

— The company finds its requirements gathering process for new features not
productive.

When we apply RCA to these process difficulties, we identify a number of
causal factors: To communicate a suggestion for improvement, a customer can
contact the sales representative; in some cases the sales representative replies
that suggestions should be posted to the helpdesk; in other cases the sales
representative forwards the suggestion to the helpdesk; and some suggestions
are not logged at all.

As for the second process difficulty, when a new release is defined, the
helpdesk, the development manager and the software engineers are consulted.
Rather arbitrary, but fitting a defined planning schedule, the development of a
new release is triggered. Consequently, we identify three causal factors:

ClL Customers have difficulty in making their wishes known
C2. Customer requirements are not registered effectively
Cs. Scoping of releases is rather arbitrary

The following root causes can be identified (indicated are the corresponding

causal factors):

R1. Requirement logging is less than adequate (LTA) (root cause for C1 &
C2)

R2. Requirements are not available (root cause for C3)

R3. Criteria for requirements prioritization are unclear (root cause for C1
& C3)

R4. Criteria for requirements selection are unclear (root cause for C3)

Van de Weerd, Versendaal and Brinkkemper (2007) describe a threefold
solution for the two major process difficulties(A & B):

S1. Introduction of a separate activity for receiving and logging new
requirements;

S2. Introduction of a wish list (requirements database) with wishes
(requirements) containing a priority attribute;

S3. Introduction of a separate activity for prioritizing wishes.

When we map this process on the PSKI, this threefold solution would be
described in a process advice, containing process descriptions, templates and
examples. Note that RCA was not the basis for the solution finding at the HRM
case study. However, if we do take into account the RCA and the resulting root
causes we find that solution S1 addresses R1 and R2, solution S2 addresses R2
and partly R3, solution S3 addresses R3. Note that R4 has not been properly
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addressed in the solution. We conclude that in the HRM case study, RCA was a
useful approach for finding process improvements alternatives. This will be
further validated in Section 5.4.4.

5.4 ERP case study

We carried out a case study at Infor Global Solutions (specifically the former
Baan company business unit), a vendor of ERP (Enterprise Resource Planning)
software (see for example Natt och Dag, Gervasi, Brinkkemper and Regnell
(2004)). The goal of the ERP case study is to validate the increment types
defined in Section 5.3.2 and the root-cause map in Section 5.3.3. In 1978, Baan
was established as a book-keeping consulting company. Over the years, the
company changed from a consultant company to a software developer for
businesses. Baan was quoted on the Nasdaq stock exchange as an independent
company from 1995 to 2000.

5.4.1 Case study design

Different sources are used to collect information. Firstly, several interviews
have been conducted with six former employees of Baan. Two explorative 3-
hour interviews were conducted with the Process Engineer of Baan. Based on
this interview, the method evolution between 1997 and 2002 was modeled. This
information was cross-checked by conducting 2-hour follow-up interviews with
five other employees of Baan, consisting of two former (Senior) Product
Managers, a Director ERP Development, a Manager ERP Product Ownership
and a Software Engineering Process Group Manager for Baan Development. In
these interviews, also the snapshots of 1994, 1996, 2003, 2004 and 2006 were
identified and modeled.

Secondly, a document study was carried out. Documentation provided by the
Process Engineer was used to complement and validate the results from the
interviews. This documentation consisted of process descriptions, templates and
examples of methods and work products used at Baan in the period 1997 until
2006. From the period before 1997 no documentation was available. We
focused on the following case study questions, related to software product
management:

—  Which snapshots can you identify in the method evolution?
—  Which methods were used per stage? Which activities can be distinguished?
— Which deliverables resulted from these methods?
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— Which process difficulties arose in this stage? Why was an increment
needed?

With the information gathered in the case study, we modeled 14 snapshots in
PDDs, each representing a method that was used in a particular moment in time
(van de Weerd, Brinkkemper & Versendaal, 2006).

5.4.2 Method snhapshots

We analyzed 14 snapshots (listed in Table 5-1) of the evolution of the software
development process at Baan, with emphasis on product management activities.
The time period that is covered in the ERP case study ranges from 1994 to
2006.

Table 5-1. Overview of method increments at Baan

# | Increment Date

0 | Introduction requirements document 1994

1 | Introduction design document 1996

2 | Introduction version definition 1998, May

3 | Introduction conceptual solution 1998, November
4 | Introduction requirements database, division market and 1999, May

5 | Introduction tracing sheet 1999, July

6 | Introduction product definition 2000, March

7 | Introduction customer commitment process 2000, April

8 | Introduction enhancement request process 2000, May

9 | Introduction roadmap process 2000, September
10 | Introduction process metrics 2002, August

11 | Removal of product families & customer commitment 2003, May

12 | Introduction customer voting process 2004, November
13 | Introduction master planning 2006, October

Note that, although some method increments entail the removal of a method
fragment, we still describe them as increments, as described in Section 5.2.1. In
the following section, one of these increments, namely the increment between
snapshot 2 and 3, is further elaborated on. The other increments are described in
van de Weerd, Brinkkemper and Versendaal (2006).
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5.4.3 Increment example: Introduction of the conceptual solution

In Figure 5-5, increment # 2 of the ERP case study is visualized. Looking at the
process-side of the diagram, we can distinguish one main activity, i.e.
Requirements, and three sub-activities.

jm— === 3 REQUIREMENT GROUP

’ | code name 0.1
| description manager
| functional deficiency location
| database reference T

@equirements \ | 1..*| priority group 1.* 0..*
| source
(Write draft version definition)— -—4 objectives

| 0.1 scope 1 *

\|/ A4 " functionality description 4

- . — VERSION DEFINITION dependencies owns
Review version definition - contact person

document number
\I/ date

CGet version definition approvaD— - f;?;l;se name

release project name
document purpose

scope

[approved] overview

release purpose

Program Managey/ dependencies & constraints

é technical dependencies
1

Figure 5-5. Snapshot of increment #2

The first sub-activity, write draft version definition, results in the concepts
VERSION DEFINITION and REQUIREMENT. The latter is connected to VERSION
DEFINITION by means of aggregation. Both have a number of attributes, and
finally, a REQUIREMENT is owned by a Ggroup, that has the responsibility for this
REQUIREMENT. The next sub-activity is to review the vERsION DEFINITION. If the
approval is obtained, the next activity can be started; otherwise the vERSION
DEFINITION has to be reviewed again.

In Figure 5-6, increment #3 is visualized. In this snapshot, one extra activity
is included. Note, however, that this activity is open, i.e. this activity contains
further sub activities that are elaborated elsewhere. Due to space limitations, the
elaboration on this activity is not included in this paper.
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Figure 5-6. Snapshot of increment #3

5.4.4 Root cause analysis of method increments

In increment 3 (Figure 5-6) we distinguish the following increment types, based
on the formalization in Section 5.3.2:

11. Insertion of an activity node, i.e. Create conceptual solution

12. Insertion of a concept, i.e. RELEASE TABLE, CONCEPTUAL SOLUTION and
CAPACITY

13. Insertion of a property, i.e. the properties added t0 REQUIREMENT

14, Insertion of a relationship, i.e. the relationships connecting the

introduced concepts to the existing concepts

Now we focus on RCA. The increments are included to solve one or more
problems. Based on the interviews, several process needs were identified in the
snapshot of increment #2. The most important ones were:

— Development managers find it hard if not impossible to determine a
VERSION DEFINITION that is feasible with available resources, and
consequently makes sub-optimal scoping decisions. In detail: signals from
the market, as well as from internal stakeholders, indicate that a new release
should be developed. The development managers ask the program managers
and architects to establish the version definition for the different software
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modules. The program managers and architects collect, with some
difficulty, the features and requirement from different sources. They select a
set of features to be developed according to their own opinions. The
program managers and architects discuss the draft version definition with
the development managers, and make changes to the selection of features.

— Software engineers find it hard to read the vERSION DEFINITION in order to
build what is requested, and consequently do not build the precise features
that were intended to be build. In detail: in the version definition each new
software product REQUIREMENT is elaborated by the program manager and/or
product architect. They describe dependencies with other REQUIREMENTS in
the text associated with a requirement. The software engineers read the
(often badly written) requirements, interpret requirement texts, possibly
asking their program managers and architects for explanations.
Subsequently, the requirements are built in the software product.

We identify the following causal factors:
ClL Requirement collection is difficult
C2. Text elaborations of requirements have different authors
Cs. Requirements dependency descriptions are unstructured
C4. Interpretation of requirement is ambiguous

If we apply the earlier constructed root cause map for product software to
this particular increment we choose to extend it accordingly in order to address
all identified causal factors (see Figure 5-7). Note that, although we had to
extend the root cause map with the (bold) root causes, it fits the constructed
structure as derived in Section 5.3 very well.

Causal factor
|
Process Personnel Stakeholder
difficulty dificulty difficulty

[ | I [
Requirements | | Release Product Portfolio

Management | | planning | [roadmapping| |management

[ : 1

I L I 1 [ 1

Requirements Requilremgnts Requirements | | Requirements Scope Release
gathering identification prioritization selection management| | definition

- Requirements logging LTA
- Requiramants not ilabl
- Scattered requirements

- Requirements solution-oriented
- Requir ts too |
= Unstructured text

- Criteria unclear - Criteria unclear

Figure 5-7. Baan increment extended root cause map for product software

The root causes of the four identified causal factors are fourfold:
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R1. Requirements are scattered throughout the company in different
documents (root cause for C1 & C2)

R2. Some requirements are written in a solution-oriented way (root cause
for C2 & C4)

R3. Requirements are too complex (root cause for C4)

R4. Requirements are written in unstructured text (root cause for C3 & C4)

R2 and R3 led to the introduction of the CONCEPTUAL SOLUTION in increment
#3. This document was used to write a solution on conceptual level for the
particular REQUIREMENT. In this way, solution-oriented texts are also kept out the
requirements themselves. R4 partly led to the decomposition of the vERsION
DEFINITION and REQUIREMENTS. A RELEASE TABLE is used, in which information
on the separate REQUIREMENTS is summarized. No (full) solution is implemented
for R1 and R4. These are taken into account in the subsequent increment, which
is described in van de Weerd, Brinkkemper and Versendaal (2006).

We note that the RCM for SPM has been extended on the lowest level, but
that higher levels were untouched, indicating that for two different companies,
the RCM for SPM is a useful tool. We conclude that RCA can be used in
software development improvements (as in el Emam, Melo and Drouin (1997))
and more specifically software product management. The root causes showed in
the RCM for SPM provide means for the PSKI to determine process
improvement alternatives.

5.4.5 Validity threats

In exploratory research, three types of validity are important (Yin, 2003).
Firstly, construct validity concerns the validity of the research method. We
satisfy this type of validity by using multiple sources of data (interviewees and
documents) and by maintaining a chain of evidence. Furthermore, we had key
informants review the draft case study report. Secondly, the external validity
concerns the domain to which the results can be generalized. We carried out the
case study in the software product management domain in PS companies. The
same protocol is followed as in earlier case studies in PS companies. Finally, to
guarantee the reliability of the case study, all information should be recorded.
This is done by maintaining a case study database which contains all relevant
information used in the case study. This case study database consists of
interview notes, documentation and process-data diagrams of all modelled
methods.
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5.5 Conclusion

By presenting a formal approach to incremental process improvement, we
provided PS companies with an instrument to improve their software product
management methods in an evolutionary way. Firstly, we formalized the
method increments that occur during method evolution. Doing this provided
insight in the evolution process, which can be used when assembling a method
advice. Secondly, we presented an approach for the structural analysis of
process needs, by using root cause analysis. By applying this analysis in a case
study, we found that this approach and the corresponding root cause map can be
of great value in the support of incremental method evolution.

Currently, we are working on the realization of the PSKI. We aim to further
integrate the root cause analysis approach in the PSKI in order to map root
causes to maturity capabilities and method fragments. The formalization of
method increments is used to implement assembly rules. In the future, we plan
to fill the method base with situational factors, method fragments and assembly
rules. Finally, we plan to test the PSKI at PS companies of different sizes and in
different sectors, in order to test the mapping between situational factors,
maturity capabilities and method fragments
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A retrospective case study
in incremental method evolution

Company growth in a global setting causes challenges in the adaptation
and maintenance of an organization’s methods. In this paper, we will
analyze incremental method evolution in software product management in
a global environment. We validate a method increment approach, based
on method engineering principles, by applying it to a retrospective case
study conducted at a large ERP vendor. The results show that the method
increment types cover all increments that were found in the case study.
Also, we identified the following lessons learned for company growth in a
global software product management context: method increment drivers,
such as the change of business strategy, vary during evolution; a shared
infrastructure is critical for roll-out; small increments facilitate gradual
process improvement; and global involvement is critical. We then claim
that method increments enable software companies to accommodate
evolutionary adaptations of development process in agreement with the
overall company expansion.!

6.1 Introduction

The software market has made a shift from developing customized software to
developing software as a standard product (Xu & Brinkkemper, 2007). Many of
these product software companies face difficulties in their product development
processes (Cusumano & Selby, 1995; Cusumano, 2004). An important solution
to these problems is to implement a good software product management
function. Ebert (2007) describes an empirical study with data from 178 industry
projects that shows that time to market, schedule adherence and handover
quality all improve with the strengthening of a coherent product management
role.

Another trend that can be seen in many, especially globally operating,
product software companies is company growth. Bryson (1997) argues that the

L This work is conditionally accepted for publication in the Journal of Information & Software
Technology.
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growth of a company is associated with the rising information intensiveness of
production. A rapidly expanding company needs a reorganization of its
structural systems (Kwestel, Preston & Plaster, 1998). This also holds for the
processes and methods that are used. Von Krogh and Cusumano (2001)
emphasize that to make a strategy for fast growth work, the structure and
processes should be changed in a way that lets them acquire or create specific
knowledge about new technologies, customers and industries. Also, strategic
investments need to be made in a support infrastructure (Stalk, Evans &
Shulman, 2001). Especially in globally operating organizations, it is important
to focus on these issues, since many risks are associated with the assumed
benefits (Eoin, Holmstrom, Agerfalk & Fitzgerald, 2006), such as more
overhead in communication, coordination and control, and a reduced
collaborative time window due to the temporal difference.

To control company growth, organizations use process improvement
methods, like SPICE (el Emam, Drouin & Melo, 1998) and CMM (Paulk et al.,
1995), to implement new and better practices. These practices can be
implemented in different ways and can be evolutionary or revolutionary in
nature. In this research, we focus on an evolutionary approach instead of a
revolutionary approach, for several reasons: a) it is a fundamental way to reduce
risk on complex improvement projects (Krzanik & Simila, 1997); and b) we
observe in practice that methods evolve (van de Weerd, Versendaal &
Brinkkemper, 2006). This evolutionary approach has been subject of research
in various scientific studies. Studies have been carried out to find the best
approach to instigate a process improvement (Richardson & Ryan, 2001; Stelzer
& Mellis, 1998) and research has been done to the key success factors that
influence software process improvement (Rainer & Hall, 2002). However, in
2002, it was estimated that still 70% of software process improvement projects
failed (Software Engineering Institute, 2002). Debou and Kuntzmann-
Combelles (2000) underline the necessity to link any software process
improvement program to business goals.

To summarize the problem: Product software companies need to implement
software product management practices, but at the same time, need to improve
their processes to stay in pace with the growth of their organization. Since many
software process improvement projects fail, we want to get more insight in this
process.

A retrospective case study at a large ERP (Enterprise Resource Planning)
vendor is carried out to investigate the method increments that took place over a
period of twelve years and eleven countries. We first analyze the general
method increments, as introduced 0, which are collections of method fragments
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that have been changed (inserted, modified, deleted) during a certain method
adaptation. Secondly, we explore what the drivers for each method increment
are, i.e. what circumstances or events in the organization triggered the method
increments. This leads us to the following research question:

Which method increment types occur in incremental method evolution, and
which general increment drivers can be identified?

In the next section, we first explain our research approach, including the
meta-modeling technique and formalization of the method increments. In
section 3, we describe the design of our retrospective case study, as well as the
possible validity threats. Section 4 describes the results of the case study, as
well as the analysis in which the method increment types are compared with the
found method increments in the case study. Then, in section 5, we describe the
lessons learned from the case study. Section 6 presents an overview of related
work. Finally, in section 7, we describe our conclusions and future research.

6.2 Research approach

In this paper, we report about a retrospective case study. We chose this type of
research for several reasons. Firstly, an exploratory case study makes it possible
to get an in-depth understanding of a contemporary phenomenon where the
investigator has little control over event (Yin, 2003). Secondly, the retrospective
nature of the case study made it possible to investigate the changes in an
organization over a period of twelve years; a time period which is almost
impossible to investigate by a regular longitudinal research.

Our case study starts with retrospective interviews with several product
managers and a document study on the actual deliverables of the used methods
in the given time period. Examples of these deliverables are release plans,
requirement documents and roadmaps. Based on the interviews and document
study, we model the method increments in process-deliverable diagrams
(PDDs), which are explained in Section 6.2.2, and analyze them. Finally, we
identify how the method increments found in the case study correspond to our
earlier identified elementary method increment types.

In the following sections, we will first describe our case study design. Then,
in Section 6.2.2, we describe the meta-modeling technique we used to model the
method increments. We conclude by describing the threats to validity.
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6.2.1 Case study design

Different sources are used to collect information. Firstly, several interviews
have been conducted with six former employees of the case company. The
choice of these interviewees was based on their knowledge (they all played key
roles in the Baan processes under investigation) and their availability. Two
explorative 3-hour interviews were conducted with the Process Engineer, who
was responsible for the process improvement roll-out in requirement
management. Based on these interviews, the method evolution between 1994
and 2002 was modeled. This information was cross-checked by conducting 2-
hour follow-up interviews with five other employees of Baan, consisting of two
former (Senior) Product Managers, a Director ERP Development, a Manager
ERP Product Ownership and a Software Engineering Process Group (SEPG)
Manager. In these interviews, also the method snapshots of 1994, 1996, 2003,
2004 and 2006 were identified and modeled.

Secondly, a document study was carried out. Documentation provided by the
Process Engineer was used to complement and validate the results from the
interviews. This documentation consisted of process descriptions, templates and
examples of methods and work products used in the period 1997 until 2006. In
total, 26 documents have been analyzed. From the period before 1997 no
documentation was available. We focused on the following case study
questions, related to software product management:

—  Which snapshots can you identify in the method evolution?

—  Which methods were used per stage? Which activities can be distinguished?
—  Which deliverables resulted from these methods?

— Which process difficulties arose in this stage?

— Why was an increment needed?

6.2.2 Modeling method increments

For the analysis of method increments, we use process-deliverable diagrams
(PDDs), a meta-modeling technique that is based on UML activity diagrams and
UML class diagrams (Saeki, 2003; van de Weerd, Brinkkemper, Souer &
Versendaal, 2006). The resulting PDDs model the processes on the left-hand
side and deliverables on the right-hand side (see Figure 6-1).

We follow standard UML (Object Management Group, 2004) conventions,
but some minor adjustments have been made for modeling development
processes. Firstly, deliverables can be simple or compound. Simple deliverables
do not contain any sub-deliverables and are visualized with a rectangle.
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Compound deliverables contain one or more sub-deliverables. Compound
deliverables can be open, visualized with an open shadow, to indicate that it
contains sub-deliverables. The sub-deliverables can be shown in the same
diagram, by using aggregation, or in another diagram (for example for space
saving). Closed compound deliverables, visualized with a closed shadow,
indicate that sub-deliverables exist, but are not relevant in this context.
Similarly, open and closed activities are used in the diagram. The dotted arrows
indicate which deliverables result from the activities. More details on this
modeling technique can be found in van de Weerd, Brinkkemper, Souer and
Versendaal (2006).
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Figure 6-1. Process-deliverable diagram

In van de Weerd, Versendaal and Brinkkemper (2006) and van de Weerd,
Brinkkemper and Versendaal (2007), we have defined the notions of method
evolution, snapshot and method increment. The PDD, visualized in Figure 6-1,
is called a snapshot, a model of the method as it was at a certain moment in
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time. The evolution of a method over time exists of a number of these
snapshots. By comparing snapshots, method increments can be analyzed. In
Figure 6-1, we marked sub-activity 4 and its corresponding concept. We use this
marking to show that this method fragment is inserted or modified compared to
a snapshot earlier in time. Sub-activity 5 and its corresponding concept are also
marked. This indicates that this method fragment is deleted, compared to the
preceding snapshot.

Based on the meta-meta model of PDDs we identified a list of 18 elementary
increment types:

— insertion of a concept, property, relationship, activity node, transition, role

— maodification of a concept, property, relationship, activity node, transition,
role

— deletion of a concept, property, relationship, activity node, transition, role

— These elementary method increment types are used to decompose and
analyze the method increments that are found in the retrospective case
study.

6.2.3 Threats to validity

In exploratory research, the quality of the methodology should be judged on the
basis of three types of validity (Yin, 2003). Construct validity concerns the
validity of the research method. We used multiple sources of data (interviewees
and documents) to ensure that problems related to subjectivity and bias of data
were avoided. Furthermore, we had key informants review the draft case study
report.

Secondly, the external validity concerns the domain to which the results can
be generalized. We carried out the case study in the software product
management domain in a product software company. We cannot say whether
our findings apply to all globally operating product software companies.
However, we are convinced that this study is a first valuable exploration in the
field of incremental method evolution in software product management.

Finally, the reliability of the case study is concerned with demonstrating that
the results of the study can be replicated. This threat is mitigated by maintaining
a case study database that contains all the relevant information used in the case
study. This case study database consists of interview notes, documentation and
process-deliverable diagrams of all modeled methods. In addition, we used a
case study protocol that has been used in earlier case studies to method
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increments in product software companies (van de Weerd, Versendaal &
Brinkkemper, 2006).

A few remarks should be made on the retrospective nature of the case study.
A problem relating to this type of study is hindsight bias, which refers to the
ability of people to reconstruct prior probabilities for an event after it has
occurred (Leary, 1982). In this study, it means that the interviewees tend to
regard the drivers that lead to the method increments as having been fairly
predictable (“I knew it from the beginning...”), although this was in reality not
the case. We have tried to reduce this hindsight bias by using multiple
interviewees and by backing their comments by documentation such as process
descriptions and examples from the case study company.

6.3 Case study

We carried out a case study at Infor Global Solutions (specifically the former
Baan company business unit, hereafter called ‘Baan’), a vendor of ERP
software. In 1978, Baan was established as a book-keeping consulting company.
Over the years, the company changed from a consultant company to a software
vendor for businesses. Baan was quoted on the Nasdaqg stock exchange as an
independent company from 1995 to 2000.The time period that is covered in the
case study ranges from 1994 to 2006.

We analyzed the evolution of the software development process at Baan,
with emphasis on product management activities. During this period, the
development centers of Baan were located in eleven different countries in four
continents, as is depicted in Figure 6-2.

All development centers used a shared infrastructure, consisting of a
requirements database, online development method, and the document
management systems for storing all development documents (Brinkkemper,
2000). Around the years 1998 — 2001 about 1500 engineers, managers and
support staff were employed at Baan R&D. Later, the size was downscaled,
which also implied that we had to include former employees in the case study.
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Figure 6-2. Global distribution of R&D locations (situation August 2000)

The different locations had different main functions: product development,
for developing Baan’s ERP product line and the already integrated products of
acquired companies; interoperability, to handle the integration of products of
acquired companies with the main ERP product; localization, for localizing the
products to international markets; and verticals, which focused on a specific
market segment, e.g. automotive and aerospace. Note that the acquired
companies also perform independent product development next to the
interoperability. This is omitted in Figure 6-2, as it is not relevant for the
discussion. Also, sales and marketing, implementation services, and
maintenance centers are not involved in this study, as these are not responsible
for product management (van de Weerd, Brinkkemper, Nieuwenhuis,
Versendaal & Bijlsma, 2006).

Table 6-1. Overview of method increments at Baan

# | Increment Date Reason for Initiating
increment locations

1 |lIntroduction requirements document 1994 Development |Netherlands
management
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2 | Introduction design document 1996 Development |Netherlands
management
3 | Introduction version definition 1998, May |Development |Netherlands
management |& US
4 | Introduction conceptual solution 1998, Nov |Business Netherlands
management |& India
5 | Introduction requirements database, 1999, May |Development |Netherlands
division market & business require- management |& India
ments, introduction of product families
6 | Introduction tracing sheet 1999, July |Certification |Netherlands,
US & India
7 | Introduction product definition 2000, Mar |Departmental |Netherlands
interfacing
8 | Introduction customer commitment 2000, April|Business Netherlands
process management |& US
9 | Introduction enhancement request 2000, Sep |Departmental |Netherlands
process interfacing & India
10 | Introduction roadmap process Departmental |Netherlands
interfacing
11 |Introduction process metrics 2002, Aug |Certification |Netherlands
& India
12 | Removal of product families & customer {2003, May |Business us
commitment management
13 | Introduction customer voting process 2004, Nov |Business us
management
14 | Introduction master planning 2006, Oct |Development |Netherlands
management

6.4 Description of method increments

In 1985, Baan developed its first standard product: a salary software package.
However, no requirements or designs were used and no documentation was
written. This caused much frustration in the development process; improvement
was needed. Some people started working on a standard method and, finally, in
1988 the first version of the Baan Development Method was created. As a
result, developers started to document their software. In the early nineties, Baan
counted 400 employees and had offices in America and Canada. It was
necessary to define clear processes and methods. A Software Process
Improvement (SPI) project was started, based on the Capability Maturity Model
(CMM). The CMM level was estimated on level 1, so improvement was
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needed. In 1994, methods for software product management were defined for
the first time. We use this as starting point for our analysis.

With the information gathered from the first interviews, we identified 14
method increments, as depicted in Table 6-1. For each method increment, we
listed a description, date, and the countries that initiated the process change.
Then, we analyzed the interviews and documents and modeled the 14 snapshots
in PDDs, each representing a method that was used in a particular moment in
time (van de Weerd, Brinkkemper & Versendaal, 2006). These snapshots were
identified after a discussion with the interviewees. Based on the analysis, we
also described the reason for every increment. In section 5, we will further
elaborate on this.

In the following sections we will analyze 8 of the 14 method increments as
depicted in Table 6-1. We choose these method increments in order to be able to
show all increment types. The first six increments illustrate the principle of
including new fragments, and the later ones illustrate the deletion and
modification of fragments.

For each method increment, we first describe the circumstances that
instigated the increment, as well as the actions that were taken. Secondly, we
provide a snapshot of the increment (expressed in a PDD). Thirdly, we give an
explanation of the method increment. For clarification, we describe activities
between hyphens (e.g. Write requirements document) and deliverables in capitals
(e.g. REQUIREMENTS DOCUMENT).

6.4.1 Increment 1: Documenting requirements

Before the snapshot depicted in Figure 6-3, the Baan Development Method was
used as a standard method to develop and document software. However, this
method was restricted to development and testing stages, and no attention was
given to requirements engineering.

| REQUIREMENTS |
| DOCUMENT |
/,_ i context
[ Write requirements document '\ ________ > description

Development Manager/ criteria
technical specification

Figure 6-3. Snapshot of increment 1

In Figure 6-3, increment 1 of the Requirements stage at Baan is visualized.
The requirements were described by the development manager in the
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REQUIREMENTS DOCUMENT, in order to separate the requirements from the design.
This REQUIREMENTS DOCUMENT typically consisted of two pages and described
mainly functional requirements. Key questions that were answered in this
document were: what’s it about, what should it do, and what are the criteria? In
addition, the Development Manager also described some high-level technical
specification of the requirements of functionality.

6.4.2 Increment 2: Separating requirements and design

In increment 1, development managers were writing their technical
specifications in the requirements document. Instead of describing the “what”
guestion, the requirements document described the “how’ question. This
development driver caused the implementation of a method increment in which
the requirements and design was being separated.

In Figure 6-4, increment 2 of the Requirements stage at Baan is visualized.
We can divide this increment into two main adaptations. Firstly, the Technical
specification is not described in the REQUIREMENTS DOCUMENT anymore. The
technical specification is now described in another document, namely the
DESIGN DOCUMENT. This is not modeled here, because we only focus on
requirements management and release planning. The second change is the clear
structure that has been introduced in the REQUIREMENTS DOCUMENT. In the
REQUIREMENTS DOCUMENT, ONe Or MOre REQUIREMENTS are described. Each
REQUIREMENT has its own description and criteria.

Only one property in the concept REQUIREMENT DOCUMENT has been deleted.
The two other properties have been modified; they are now properties of a
newly inserted concept: REQUIREMENT. Finally, a relationship has been added:
the aggregation between REQUIREMENT DOCUMENT and REQUIREMENT.

. REQUIREMENTS
DOCUMENT

context

ot ) N\
( Write requirements document
AN Development Managgj"‘

1
1.*

REQUIREMENT

description
é criteria

Figure 6-4. Snapshot of increment 2
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6.4.3 Increment 3: Version definition

In increment 2, the requirements were documented in a requirements document.
However, much information was missing in this document and it was not
focused on the release of the new product version.

To solve these problems, a team of three developers in Santa Clara, US (cf.
6.5.3-3), developed the version definition, which contained more information
concerning the release. Note that the term ‘version definition’ is adopted from
Baan’s organizational terminology. In most literature, the term ‘release
planning’ is used. The requirements itself were also being documented more
detailed, and, what’s more, each requirement could now be assigned to a
development group.

In Figure 6-5, increment 3 of the Requirements stage at Baan is visualized.
Looking at the process-side of the diagram, we can distinguish two main
activities, namely Requirements management and Version definition. The
following method fragments have been altered: First, the role has been changed.
Instead of the Development manager, the Program manager is now responsible
for the requirements management and release planning. The activity Write
requirements document is modified in Write version definition. Furthermore, four
activity nodes have been added: three new activities: Gather requirements, Review
version definition and Get version definition approval; and one branch. This branch
comes after Get version definition approval. If this approval is obtained, the next
activity can be started; otherwise the vERsION DEFINITION has to be reviewed
again.

Along with these activity nodes, five new transitions are added to the
method. At the deliverable side, several changes have been made as well: the
concept REQUIREMENTS DOCUMENT is modified in vERsION DEFINITION, and
multiple new properties have been added to this concept. Also, several new
properties have been added to the existing concept REQUIREMENT. A new
concept, cRoup, has been added along with two new constructions. One or more
REQUIREMENTS are now owned by one or more croups that have the
responsibility for this ReQUIREMENT. Finally, the relationship between
REQUIREMENT and VERSION DEFINITION has been modified.
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Figure 6-5. Snapshot of increment 3

Concurrently with this method increment, the development processes of
Baan, called Baan Development Method (BDM), were documented and put on
the corporate intranet to support the worldwide distributed R&D departments
(Brinkkemper, 2000) (cf. 6.5.3-1). In 1998, the BDM website was built in
standard HTML, containing instructions, examples and templates for
deliverables.

6.4.4 Increment 4: Conceptual solution

Two main problems can be identified in method increment 3. Firstly, software
engineers found it hard to read the version definition in order to build what is
requested, and consequently did not build the precise features that were
intended to be built. Also, the sales people found it hard to read the version
definition and know exactly which new functionality was being built in the new
product. Finally, it was difficult to store and trace requirements, since they were
always part of a requirements document

Two main improvements were made to solve the problems described above.
Firstly, the conceptual solution was developed in the development center of
Hyderabad, India (cf. 6.5.3-3). This document was used for internal and external
communication related to requirements. Towards the customer, the requirement
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raiser, a conceptual solution provides guidance on the way in which
requirements are elaborated and clarified in the perspective of the current Baan
products. For the development department a conceptual solution provides input
for design and realization of the concept.

After creating templates, instructions and examples, the method increment
was first implemented in the main ERP development centers: Barneveld,
Hyderabad and Mumbai. Later on, the acquired companies in Hannover,
Quebec City, Tokyo and Santa Clara followed (cf. 6.5.3-4).

The second improvement concerned the separation of the requirements and
the version definition. The version definition now only consisted of references to
the requirements that are listed in the release table. In this way, requirements
could exist without being part of a version definition and the version definition
is readable again.

In method increment 4 (Figure 6-7), the following changes have been made.
First, a new activity node has been inserted: the activity Create conceptual
solution. This activity is open, i.e. it consists of several sub-activities. These sub-
activities cannot be specified here due to space limitations. At the deliverable
side, also several changes have been made. Three new concepts have been
included. The RELEASE TABLE is as a reference table in the VERSION DEFINITION
that refers to the REQUIREMENTS. In this way, the VERSION DEFINITION only has to
include the references to the REQUIREMENTS instead of the entire descriptions.
With the introduction of this concept, two relationships to VERSION DEFINITION
and REQUIREMENT have further been inserted, and several attributes in
reQuirRemeNT have been modified. Secondly, the concept capaciTy is inserted.
With this concept the capacity of a group is being administrated. Along with
this concept, two relationships to crRour and REQUIREMENT have been inserted.
Finally, the concept cCoONCEPTUAL soLUTION is inserted, which elaborates on the
REQUIREMENTS, indicated by an association.
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Figure 6-6. Snapshot of increment 4

6.4.5 Increment 5: Market and business requirements

In increment 4, no standard requirements gathering process was defined.
External and internal stakeholders, such as customers, development, and
consultants, sent their wishes to the Program manager, who added them to an
Excel sheet as requirements. Secondly, the Program manager did not rewrite the
requirements. Usually, they were described in the terminology of the customer,
and often in one requirement multiple functionalities were described. At this
time, every month hundreds of requirements were entering the company, so it
was extremely difficult to keep the overview of the requirements database.

The solution to these problems that is implemented in increment 5 is
twofold. The development center in the Netherlands developed a centralized
requirements organization system in which a distinction was being made
between market requirements and business requirements (cf. 6.5.3-1). Market
requirements were requirements that are directly copied from the requirement
raiser. In case a customer raised a certain requirement, it was documented as
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market requirement in the terminology of the customer. Then, business
requirements were written by the product manager, which could be a
redefinition of one or multiple market requirements. More information in this
process can be read in Natt och Dag, Gervasi, Brinkkemper and Regnell (2005).
The second part of the solution consisted of the use of the common component
framework. Since the acquisition rate was quite high in this period, and multiple
products were being acquired, several products and product lines exist that
shared functionality. By identifying common components, and relating that to
the business requirements, the product managers tried to protect the company
from double work.
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Figure 6-7. Snapshot of increment 5

As depicted in Figure 6-7, several method fragments have been added in
method increment 5. First, three new activities have been added, grouped in the
Requirements management main activity. The three activities are Create market
requirement, in which a new MARKET REQUIREMENT, in the customer’s
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terminology, is added to the requirements database; Maintain product line, in
which coMMON COMPONENTS, Or core assets, are identified and managed; and
Create BR release independent, in which BUSINESS REQUIREMENTS are created,
based on the stored MARKET REQUIREMENTS. Together with the introduction of
the three activities, also several things changed at the deliverable side.
REQUIREMENT IS modified in BUSINESS REQUIREMENT. The concept MARKET
REQUIREMENT is inserted to distinguish customer wishes from actual business or
product requirements. Zero or more MARKET REQUIREMENTS are related to zero or
More BUSINESS REQUIREMENTS. COMMON COMPONENT was added, with
relationships t0 MARKET REQUIREMENT and BUSINESS REQUIREMENT. Finally
THEME is inserted, which is only related to BUSINESS REQUIREMENT. TWO extra
small changes have been made, namely the introduction of an aggregation
relationship for concePTUAL soLuTION and several extra attributes in CAPACITY.

In Figure 6-8, a screenshot of the requirements database is illustrated. The
picture shows a business requirement that is linked to several market
requirements.

Business Requirement | CCFramework | Theme | Capacity | Document Control Market Requiements |

Bus. Req. Key ]BF:'J 100924 | [Administrative handiing of service contracts

[ MARel # Markel Description Request Raiser
[MRT-108223 =] [View Contract Informalion during Call and Wtk Order entry [Barco ;
[MR1-106231 =] [Change manually the calculated contract price [Baico ?
]MR‘J 106232 j iMainT.aining conbracts jBalcn .
[MR1-106448 =] ]contract template on serislized item level [Simac
[MR1-106443 =] |matiix contract pricing (mode! - template) ]Simac
]MR‘J 106450 ;1 Jinmice date of installments ]Simac
]MR! -106453 ;'I JEase of use in d’:anging configuration ]Simac
1MR! -106454 ;] jl:hanges on an achive contract ]Simac '

' JMR‘J -106455 ;] JMamaﬂy change contract prices ]Simac
1MR1-106510 =l {Expired Wananty Coveraoe Tems continue to allow waranty fung {Pier Aldershof

W] 4 fer1  =f100s24 =] b | mp#| G230f 643

Figure 6-8. Baan requirements database screenshot
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6.4.6 Increment 6: Tracing sheet

Increment 6 has a somewhat different driver for improvement than the previous
method increments. This method increment was initiated in order to be CMMi
certified. Several large customers demanded a certain CMMi level of Baan, so
extra practices needed to be implemented to meet this demand.

In this case, the development center in the Netherlands decided to implement
the tracing sheet, which purpose was to provide evidence of an association
between a requirement and its source requirements, its realization, and its
verification. Using the tracing sheet had several benefits: maintaining
consistency between business requirements and conceptual solutions; checking
the completeness of the work in progress; assisting in finding affected
documents and components in case of a change request; and tracking the
progress of the project.

Requirements management TRACING SHEET

Create market requirement ) Development group
Team

( Maintain product line Sheet owner
Date

(Creale BR release independenl)

( Enter BR info in tracing sheet

Product Manager.
I
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CS author
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‘ BR percentage tested
[approved] Date

BR percentage approved
Product Manage/ Remarks

— | BRTRACING TABLE
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Linked MR
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CS document number

-

Figure 6-9. Snapshot of increment 6

In Figure 6-9, increment 6 is depicted. In this snapshot, a large part of the
concepts is omitted because of space limitations. The concepts that are not
depicted in this snapshot, but are depicted in the snapshot of increment 5, have
not been altered. The method increment consists of the addition of several
method fragments. First, the activities Enter BR info in tracing sheet and Enter CS
info in tracing sheet have been added to the process side of the diagram. At the
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deliverable side of the PDD, two concepts have been added: TRACING SHEET,
with four attributes, and TRACING TABLE, with ten attributes. These concepts are
connected by an aggregation.

In Figure 6-10, we illustrate a part of the tracing sheet. The example shows
(among others) a sheet with three business requirements, with the description,
linked market requirement, and some information concerning the conceptual
solution in which the market requirement is detailed.

Note that increments 4, 5 and 6 were relatively small and introduced in a
timeframe of nine months (see Table 6-1). These increments were deliberately
kept small for the sake of easy implementation (cf. 6.5.3-2).

Dev. Group ERP

Team Barneveld
Sheet Owner Bovenkamp
Date 7-Apr-2000

Conceptual Solution

S.no|BR no Description [WHICHRYIZSN T.Owner (Doc. No. Author
1 |BR1-10075 | Hours Accountingl MR1-100934 | Johnson | DO994A US| Burnet
2 | BR1-10092 | Hours budgetting | MR1-100954 | Johnson | DO996A US| Burnet
3 | BR1-10072 | User support MR1-100824 | Jansen | DO987B NL | Jansen

Figure 6-10. Part of the Tracing Sheet

6.4.7 Increment 12: Omitting the common component framework

For the sake of brevity, we have skipped several method increments. The other
increments are described in van de Weerd, Brinkkemper and Versendaal (2006).
Method increment 12 takes place in 2003. In 2000, Baan got in serious financial
problems and is finally taken over by Invensys, which was in that time Europe's
second largest software company, just behind Germany's SAP.

Several problems concerning the common component framework are
identified. First of all, product managers found it difficult to make the
distinction between common and market-specific components. Secondly, in
practice the developers did not use the common components, because they
found it too much work. Thirdly, because of the many acquisitions in this
period, and consequently the long range of acquired products, the common
component framework was too difficult to maintain.
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Altogether, the common component framework could not be maintained and
management decided to eliminate the common component framework and only
focus on the linkage between business requirements and market requirements.

In Figure 6-11, the snapshot in increment 12 is depicted. One activity has
been deleted, namely Maintain product line. Also, two concepts are deleted:
COMMON COMPONENT and THEME, together with their attributes and their
relationships to MARKET REQUIREMENT and BUSINESS REQUIREMENT.
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Figure 6-11. Snapshot of increment 12

6.4.8 Increment 13: Voting sheet

In June 2003, Invensys sold the Baan company to SSA Global, a large ERP
vendor. A year later, method increment 13 took place. At that time, the
requirements database had gotten so large that is was not useful anymore. At
that moment several thousands of market requirements were stored and it was
impossible to link them all properly to business requirements. The consequence
was that customers complained because their demands were not met.

The solution was to leave the system of storing separate market and business
requirements. Now, the market requirements are stored in the voting list. During
a customer voting process, the ones that receive the most votes are stored in the
requirements database as business requirement, the ones that score average are
saved for the next voting round, and the ones that receive almost no votes are
deleted.
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In Figure 6-12, one extra activity is inserted, namely Carry out customer voting
process. Another activity is modified, namely from Create BR release independent
to Store selected MRs as BRs. At the deliverable side, one extra concept is added,
the voTING sHEET. This concept has several new attributes and an aggregation
relationship to MARKET REQUIREMENTS. Several attributes have been deleted,
modified or inserted in the existing concepts. Finally, the relationship between
MARKET REQUIREMENT and BUSINESS REQUIREMENT is changed from aggregation
to generalization.
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Figure 6-12. Snapshot of increment 13

6.5 Analysis and lessons learned

Reflecting on the retrospective case study that we carried out at Baan, we
identified several lessons learned. First, we give an overview of our method
increment analysis. Then, we describe the lessons learned on incremental
method evolution. Finally, we reflect on four lessons learned at Baan,
concerning software product management in a global setting.

6.5.1 Method increments analysis

Looking at the modeled method increments, we can conclude that all increments
found in the retrospective case study can be modeled with the 18 elementary
method increment types that are listed in Section 6.2.2.

By counting the occurrences of elementary method increments in the series
of analyzed method increments, we have constructed Table 6-2. Several things
attract attention. Firstly, properties are most often inserted, modified or deleted.
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These kinds of method increments happen because of two reasons. First, it can
be a side effect of another, more essential, change in the method. For example,
in method increment 4, a release table is added. This leads to an inevitable
change in the properties of the requirements concept, since this concept is now
not part of the version definition anymore, but exists on its own, and is referred
to in the release table. The other reason for an introduction, modification or
change of attributes can be found in the experience of the users of the method.
When a product manager or developer uses a certain template, it may become
clear that one of the attributes is newly required or becomes redundant. These
kinds of changes are easy to implement without changing the entire method
rationale.

The second thing that attracts attention is that concepts and activity nodes
are inserted regularly, but not often deleted. Consequently, the same holds for
Relationships and Transitions. The reason for this is quite clear: during most of
the years that are covered in the case study, Baan went through a large growth.
Furthermore, during the period of downsizing after 2001, the method stays in
place and is hardly scaled down in a similar proportion.

Role is the method fragment that changes the least. Two new roles were
inserted: first the program manager and later the product manager. These roles
kept on existing, as well as the development role. Of course, the number of
employees in these roles changed over time. At a certain moment 60 product
managers were employed and at other times 10. However, the role of the
product manager was never omitted.

Table 6-2. Overview of counted method increment types

Concept |Property | Relationship | Activity | Transition|Role
node
Introduction | 17 147 17 24 21 2
Modification | 2 10 2 2 0
Deletion 3 38 5 2 1 0

6.5.2 Regarding incremental method evolution

Concerning incremental method evolution, we learned that increment drivers
vary during evolution. The improvement of the requirements management
processes related to the method increments were motivated by four different
drivers:

1. Development management: the growth of the development effort requires
that the role of the product manager is established, with expanding
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responsibilities for requirements management and release planning. As
shown in Table 6-1, this driver caused five of the fourteen method
increments.

2. Business management: the change of corporate business strategy requires
process changes. The business management driver was responsible for four
method increments.

3. Departmental interfacing: other departments, such as marketing and
customer services, require process adaptations for smooth interoperations
and performance improvement. We found three method increments that
were triggered by this driver.

4. Certification: the ambition to achieve higher maturity levels in CMM
requires the implementation of certain process extensions, although those
processes may not strictly speaking be critical to the business. Two of the
fourteen method increments were caused by the certification driver.

5. Usually a process change is due to a combination of drivers, but always one
main motivation could be identified. Table 6-1 shows the variety in the
main motivation for each method increment.

6.5.3 Regarding global Software Product Management

In the years of process improvement in requirements management, Baan gained
a variety of experiences. From these, the following lessons learned were
distilled.

1. Shared infrastructure is critical for rollout. The company-wide availability
of and access to tools supporting the method is a critical success factor for
the proper adoption of new method increments. In the Baan case these were
the central requirements database, the development method on the intranet,
and the document management systems for storing all development
documents (cf. Brinkkemper, 2000).

2. Small increments facilitate gradual process improvement. Most
organizations are not able to adopt large method increments in one step.
Simple method adaptations such as for example the introduction of a new
Conceptual Solution document (increment 5) or a new Tracing Sheet
(increment 6), can easily be communicated to the product managers. Small
increments usually require some simple instructions without a formal
training program, and personal communication means (telephone, email)
support the rollout to all teams worldwide.

3. Global involvement is critical. A centralistic process improvement effort
will not be successful. Baan had a Software Engineering Process Group
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(SEPG) composed of representatives of all major development centers. The
global rollout of method increments was facilitated by the local SEPG
representatives. Furthermore, for some improvements a distributed project
team was formed, the so-called Process Action Team (PAT). The PAT,
consisting of experts in the improvement area, developed the method
increment with templates, instructions and examples. In this way
methodical content was accumulated with contributions from all global
development locations. (cf. increments 3 and 4).

4. Acquired companies come later. Product software companies are known for
their strong corporate cultures (cf. Google (Vise & Malseed, 2005) and
Microsoft (Cusumano & Selby (1995)). This also implies that the
companies have their own process cultures. After acquisition it is important
to support the existing culture and method for a while, and motivate the
evolutionary adaptations toward a uniform method.

We are convinced that these lessons learned can serve as guidance for
globally operating product software vendors.

6.6 Related work

Several studies to evolution of methods and processes within the software
domain have been carried out. To start with, Nejmeh and Riddle (2005) argue
that a company’s context is the major influence on the definition and
sequencing of process change cycles. Since all companies operate in different
contexts, there is no “one size fits all” process evolution approach suitable for
all companies. To cope with this, Nejmeh and Riddle developed a Process
Evolution Dynamics Framework, which helps companies to cope with their
process evolution in response to several drivers. As examples of these drivers,
they mention customer desires, marketplace structure, personnel availability and
capability, business goals, and available technology.

Ahn, Ahn and Park (2003) use a more generic structure to categorize
increment drivers or, as they call it, evolution drivers. In their research, they
propose a mechanism that supports the customization of software processes,
based on Case Based Reasoning and a knowledge-based technique. The
evolution drivers that they use are improvement drivers, such as complying with
a certain CMM level, and domain-specific drivers, which can be any context
driver, such as the use of a new technology.

The improvement drivers that Ahn, Ahn and Park (2003) identified are also
used by Nguyen and Conradi (1996). They developed a categorization
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framework for process evolution which consists of six dimensions: where, why,
what, when, how and by whom. The why dimension represents the major causes
(or driver) and is classified in four categories: correction, refinement,
adjustment, and improvement. In a case, study Nguyen and Conradi (1996)
found that 35-40% of the recorded evolutions were requested or caused by the
customer; 40% of recorded evolutions occurred because of resource
underestimating; and 20% of the evolutions were a result of revising the plan
document by changing initially planned activities.

Bandinelli, Fuggetta and Ghezzi (1993) use yet again another categorization
mechanism. They divide evolution drivers within a software process into three
categories of change: incremental definition, which is caused by the fact the it is
impossible to define an entire software process model from the beginning;
changes in the environment or organization, which may be caused by, for
example, the introduction of new tools and changes in the strategy;
customization of the software process model, which refers to the possibility of
the process agents (e.g. the developers) to change the process when necessary.

Finally, Ocampo and Minch (2006) carried out an exploratory study to
process evolution rationale. In this study they analyzed a database that was
filled by process engineers with changes on software processes as well as
justifications of the changes. They found a list of 11 explanations of changes.
However, all explanations concerned procedural issues, such as ambiguous
descriptions, non-compliant activities and improper sequences of activities.

In our study we found four main increment drivers: development
management, business management, departmental interfacing, and certification.
Several of these drivers are also mentioned in other studies. For example, Ahn,
Ahn and Park (2003) mention improvement drivers for complying with a certain
standard. This clearly maps with our certification driver. However, many
drivers do not directly map because we have a different focus. For example,
Nejmeh and Riddle (2005) describe customer desires as an increment driver.
We do not describe these issues, because we only look at the Software Product
Management function. Issues that are handled by other departments, such as
marketing and sales, are categorized in the increment driver Departmental
interfacing. In the same way, we can group e.g. Availability and Capability
under the Development driver.
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6.7 Conclusions

In this work, we carried out a research on incremental method evolution in a
global software product management setting. We used a retrospective case
study to analyze method increments. The results of this case study show that all
increments found in the retrospective case study can be modeled with the 18
method increment types that we identified. However, in this case study, not all
increments that we identified occurred.

In addition to the validation of the generic method increment types, we
researched the general principles behind method increments. We found four
increment drivers, in which we can place all method increments. These are
development management, business management, departmental interfacing and
certification. In addition, we described our lessons learned by reflecting
on twelve years of implementing process improvements in the product
management processes at Baan.

Situational method engineering theory has focused mostly on constructing or
adapting a method for a certain project. However, the evolution of methods that
takes place in most companies is neglected. In this research, we show the
mechanism of incremental situational method engineering. Each method
increment is caused by an increment driver that arises from a changed company
situation. By using method increments for software process improvement,
companies can implement small, local changes in their processes. Accordingly,
they are not forced to radical changes. Our experience is that by properly
embedding these increments in the existing infrastructure and communicating
them to the right knowledge workers, process improvements can be
implemented evolutionary and successfully.

Currently, we are working on the realization of the Product Software
Knowledge Infrastructure (van de Weerd, Versendaal & Brinkkemper, 2006;
van de Weerd, Brinkkemper & Versendaal, 2007). With this infrastructure,
product software companies can obtain a custom-made advice that helps them
to improve their processes. The method increment types that we validated in
this case study are used to implement assembly rules in the infrastructure. In
addition, research is being done to the situational factors that influence the
choice of software product management methods (Bekkers, van de Weerd,
Brinkkemper & Mahieu, 2008a). In the future, we plan to fill the method base
with these situational factors, method fragments and assembly rules, and
validate it at product software companies of different sizes and in different
sectors.
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A method engineering approach
to process improvement

Method Engineering and Requirements Engineering are two research
fields that can benefit from another. To increase process maturity in
systems development, we propose an approach for incremental method
evolution that combines capability-based and problem-based methods.
With this method, we can assemble new methods, based on the process
need of an organization. We show how this approach can be implemented
using Computer Aided Method Engineering (CAME) technology. In
addition, we demonstrate the utility of the Product Software Knowledge
Infrastructure by showing an example of the insertion of cost-value
prioritization as a method increment in software product management.
This shows how isolated innovations in the Requirements Engineering
domain can be embedded in software development practices.!

7.1 Method engineering and requirements engineering

The research areas of Method Engineering and Requirements Engineering share
a common interest, as they both aim at promoting process improvements in
software and systems developments. Method Engineering works from the
perspective of generic method descriptions, usually called meta-models and
possibly supported by tooling, that allow for the roll-out of uniform high-quality
methods in the perspective of full means for situational adaptation of the
method to the circumstances at hand.

Requirements Engineering research focuses on all techniques for the proper
description and handling of the specifications of a systems development
process, or as Nuseibeh and Easterbrook (2000) formulate more formally, “the

1 This work was originally published as:

Brinkkemper, S., Weerd, 1. van de, Saeki, M., Versendaal, J. (2008). Process improvement in
requirements management: a method engineering approach. Proceedings of the 13"
International Working Conference on Requirements Engineering: Foundation for Software
Quality (REFSQ'08), LNCS 5025, 6-22.
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process of discovering the software system’s purpose, by identifying
stakeholders and their needs, and documenting these in a form that is amenable
to analysis, communication, and subsequent implementation”. In the scientific
work of requirements engineering we see all kinds of innovative approaches
being proposed related to the elicitation, modeling and analysis,
communicating, validating and evolution of requirements.

This paper aims at establishing a cross-fertilization of the two perspectives
by showing how requirements engineering techniques can be embedded into a
systems development method supported by method engineering principles. We
demonstrate this by inserting a cost-value requirements prioritization technique,
developed by Karlsson and Ryan (1997), into the requirements management
methods of a product software company (van de Weerd, Brinkkemper,
Nieuwenhuis, Versendaal & Bijlsma, 2006).

7.1.1 Methods for product software development

Product software is a worldwide industry, yet this domain has not been subject
of much scientific research. The last years, this is changing however. There
have been several studies on all product software, focusing on product software
as a research domain (Xu & Brinkkemper, 2007), product development
(MacCormack, 2001; Hietala, Kontio, Jokinen & Pyysiainen, 2004)
management of software products (van de Weerd, Brinkkemper, Nieuwenhuis,
Versendaal & Bijlsma, 2006; Ebert, 2007), requirements management (Regnell,
Host, Natt och Dag, Beremark & Hjelm, 2001), release planning (van den
Akker, Brinkkemper, van Diepen & Versendaal, 2005; Ruhe & Saliu, 2005),
product line engineering (Pohl, Bdckle & van der Linden, 2005; Kang, Lee &
Donohoe, 2002), product delivery (Jansen, Ballintijn, Brinkkemper & van
Nieuwland, 2006), and so on.

Xu and Brinkkemper (2007) summarize a number of specific characteristics
of developing product software. An important difference is, for example, that
the production costs do not depend on the number of copies sold. Therefore,
product software companies that are selling millions of copies can have up to
99% gross profit margins for its product sales (Xu & Brinkkemper, 2007). On
the other hand, the majority of the product-development project are late or over
budget. Also, the requirements of the entire market must be held into account.
This means that a software product should be developed so that it can run on
different hardware and software platforms. All these characteristics make
product software development a highly complex business, in which process
failures have a huge impact on performance.
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Furthermore, as is depicted in Figure 7-1, the success of a software product
in the market has consequences for the internal functioning of the company.
From a start-up creating a first release product by a relatively simple process,
the growing company is shipping subsequent releases and product
enhancements by utilizing a product development approach that should be
incrementally adapted to the changing conditions.

Figure 7-1. Incremental method evolution in a product software company

Several software process improvement approaches have been proposed to
improve software development processes (Paulk, Weber, Curtis & Chrissis,
1995; el Emam, Drouin & Melo, 1998). These approaches are usually
capability-based, i.e. based on the current capabilities of a company an advice is
given which entails the implementation of capabilities on a higher maturity
level. However, the increments in these approaches are often too large and
general, instead of local and situational. For example, SEI has done a survey
among 1,804 organizations, which indicates that the median time, to move from
one CMM level to another, ranges from thirteen to twenty-four months (Process
Maturity Profile, 2006).

In this research, we want to extend the capability-based process
improvement with root-cause analysis, in order to give a more accurate analysis
of the actual problem. We implement our approach in the Product Software
Knowledge Infrastructure (PSKI) (van de Weerd, Versendaal & Brinkkemper,
2006; van de Weerd, Brinkkemper & Versendaal, 2007), which, when fully
materialized, can help to increase the maturity of a company’s processes. For
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scoping reasons we limit our research to the software product management
domain.

7.1.2 Research approach

This research project is carried out following the design research methodology
for performing research in information systems as described by March and
Smith (1995) and Hevner, March, Park and Ram (2004). They state that
research in design science is done through the processes of building and
evaluating artifacts. According to Hevner, March, Park and Ram (2004), the
fundamental questions in design-science research are: "What utility does the
new artifact provide?" and "What demonstrates that utility?" In addition, they
provide seven guidelines on performing design-science that have been followed
during this research. The first guideline Hevner at al. propose is that “design-
science research must produce a viable artifact in the form of a construct, a
model, a method, or an instantiation”. The artifact in this research is the Product
Software Knowledge Infrastructure (PSKI), or to be more specific, the
functional architecture of the PSKI. The second guideline is problem relevance,
which Hevner at al describe as “the objective of design-science research is to
develop technology-based solutions to important and relevant business
problems”. The business problem lies in the fact that product software market is
growing and that there is a need for methodical support, in order to increase the
maturity of product software organizations. By developing the PSKI, we offer a
technology-based solution to this problem. The other guidelines comprise:
design evaluation, research contributions, research rigor, design as a search
process, and communication of research. The page length of this paper limits us
to describing each guideline in detail.

In earlier work (van de Weerd, Versendaal & Brinkkemper, 2006), we
described our vision on this issue and introduced the PSKI, our main new
artifact. Subsequently, in van de Weerd, Brinkkemper & Versendaal (2007), we
identified and formalized general method increments that were found in an
exploratory case study. In addition, we formalized common process needs, by
developing a root-cause map for software product management and by
identifying the root causes and process alternatives that are related to them.
Finally, a first prototype of a method base for software product management is
developed!, based on the reference framework for software product
management (van de Weerd, Brinkkemper, Nieuwenhuis, Versendaal &
Bijlsma, 2006).

L http://www.softwareproductmanagement.org/
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In this research we want to elaborate on the process improvement approach
that will be implemented in the PSKI and its functional architecture of the
PSKI. We evaluate this by using scenarios to demonstrate its utility. In Section
2, we will describe the realization of the PSKI, by elaborating on the
requirements and functional architecture. Section 3 explains the technical
realization of integrating the PSKI with a CAME tool. In section 4, we will give
a scenario of a method increment, advised and assembled by the PSKI. Then, in
Section 5, we give an overview of related literature. Finally, in section 6, we
will describe the conclusions and further research.

7.2 Realization of the Product Software Knowledge
Infrastructure

In this section we will first describe the rationale of the software improvement
approach we use. Then we describe the functional architecture of the PSKI and
show a typical scenario.

7.2.1 A combined process improvement approach

We propose the distinction between two types of process improvement
approaches: the capability based and problem-based approach. The capability-
based approach is based on the assumption that a company’s capabilities should
grow in maturity in order to increase performance. By assessing the
organization’s current capabilities, the maturity level can be determined and
recommendations of implementing capabilities on a higher maturity level can be
made. Examples of capability-based approaches are CMM (Paulk, Weber,
Curtis & Chrissis, 1995) and SPICE (el Emam, Drouin & Melo, 1998).
Secondly, the problem-based approach uses the mechanism of solving the
underlying problems, or root causes, that cause a certain process to
underperform. An example of a problem-based approach is RCA, which has
been applied to process improvement and incident prevention in software and
non-software industries; see for example Leszak, Perry & Stoll (2000).

In literature, some critique exists on capability-based approaches. For
example, the organizational structure of small companies may not be suitable
for a large process initiative (Demirors & Demirors, 1998). In addition, these
kinds of process improvement approaches are often difficult to implement.
Staples et al. (2007) found that CMMi is often not adopted by organizations
because the following reasons: the organization was small; the services were too
costly, and the organization had no time to implement the process
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improvements. From our experience, we also found that capability-based
approaches often are too superficial for the specific nature of product software
companies. Moreover, we do not want to force companies to a company-wide
process improvement program. On the other hand, following a complete
problem-based approach would be too inefficient, due to the extensive analysis
process that needs to be done. Therefore, we propose the combined process
improvement approach, in which we complement the capability-based approach
with problem-based aspects. When comparing this approach to the existing
capability-based approaches such as SPICE and CMM, we envision the
following advantages: 1) the maturity levels can be determined per process,
which makes it possible to implement very small process improvements; 2) the
capability-based approach is extended with a problem-based approach to be able
to determine the more complex problems that underlay a unsatisfactory process.
In Figure 7-2, we illustrate this approach.

’

Determine maturity level based on situational factors )
"

L

. N ™
Determine actual maturity level per process )

L

Determine satisfaction per process )

)

(_Compare maturity levels for each unsatisfactory process::‘.H

.

[actual level < desired level] )k [else]

( Label process as immature ) [ Label process as complex )

4

(Carry out root cause analysiSJ

_ 2
I‘//Assemble method fragmenl\ fAssemble method fragment
\ of capability on a higher level / \_related to found root causes

Capability-based approach Problem-based approach

[more unsatisfactory processes]
[else]

Figure 7-2. Process improvement approach
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The process starts with determining the maturity level that the company
should have, based on the situational factors of the company. For example, a
company with 500 employees should be on a higher maturity level than a
company with six employees. Secondly, the actual maturity levels per process
are retrieved by performing a capability assessment. By inventorying which
capabilities are mastered per process, the maturity level can be calculated. In
addition, the user is asked whether the result of the concerned process is
satisfactory or unsatisfactory. For each unsatisfactory process then, the maturity
level as it should be (based on situational factors) and the actual maturity level
are compared. If the actual maturity level is lower than the maturity level based
on situational factors, then the process is labeled as immature and a process
improvement is necessary. The process improvement is carried out by
assembling a method fragment related to the capability on a higher maturity
level. If the actual level is equal to or higher than the desired level, then the
process is labeled as complex, and a root-cause analysis is carried out to find the
underlying problems. The process improvement is carried out by assembling a
method fragment, related to the found root causes.

7.2.2 Functional architecture

In Figure 7-3, the functional architecture of the PSKI is depicted. Starting from
van de Weerd, Versendaal & Brinkkemper (2006), the following components
can be identified: a web-based interface to communicate with the user; an
assessment base, to store the assessment questions and answers; the assessment
administrator, which can be used to add questions to the assessment base; and
the CAME tool in which the method fragments are stored.

The main components of the PSKI are the assessment base and the CAME
tool. In the assessment base, the PSKI stores assessment questions, answers,
situational factors and capabilities. We distinguish two types of questions:
situation questions that identify which situational factor apply to a company or
product line and capability questions that assess which capabilities a company
possesses. The second component is the CAME tool, which consists of a
method base, in which method fragments their information are stored; a PDD
editor, with which the method engineer can define the meta-modeling language
that is used for administrating the methods; and the method administrator that is
used by the method engineer to add methods to the method base. The method
fragments that are stored in the method base consist of activities and
deliverables. Each method fragment is labeled with a capability level and linked
to zero or more values of situational factors.
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Figure 7-3. Functional architecture of the PSKI

7.2.3 |lllustrative example: ERPComp

To illustrate the utility of the PSKI, we use a running example, which concerns
an organization that develops ERP systems (ERPComp). ERPComp is 3 years
old and currently has 50 employees. The user in this case is the product
manager of the organization, who uses the PSKI because his organization has
several problems: a) the releases are often not delivered in time, and b) the
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stakeholders are not satisfied with the implemented requirements.
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Figure 7-4 illustrates the current requirements management process of
ERPComp in PDD notation (van de Weerd & Brinkkemper, 2008).

REQUIREMENT
{ Gather requirements N o 3 Req. nr.
o Product manager ./ Description
1.+
0..1
RELEASE
DEFINITION
e Write release definition y Author
- Product manager./ Date

Figure 7-4. Snapshot of increment #0

The diagram shows a snapshot of the method at a certain time n, say method
increment #0. It covers the requirements management activity of a company,
and has two sub activities: Gather requirements, resulting in a REQUIREMENT and
Write release definition, resulting in a RELEASE DEFINITION, Which are both carried
out by the product manager.

7.2.4 A typical scenario in the PSKI

In Figure 5, we show again the functional architecture of the PSKI enriched
with the process that is followed when interacting with the PSKI. We will
elaborate on this process by using the ERPComp example. Note that in this
case, the capability-based approach is followed, as indicated in Figure 7-5. By
following the solid arrows, the activities concerning the problem-based
approach (Present root cause map and Store root causes) are skipped.
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Present improved method with
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Present method advice

Select implementation
alternative
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Figure 7-5. Capability-based PSKI scenario

The scenario depicted in Figure 5 describes a sequence of the following

activities:
PSKI: Present situational questions
PSKI presents a form with a predefined set of situational assessment
guestions.
User: Answer situational questions
The product manager answers situational questions:
;éz\r/st])%t is the age of your organization (in O s Osio 10
2. In which sector does your organization i .
operate? Large-sized enterprises Ll
3. What is the size of the development team? 14 59 1020 520
8. What is the number of product lines? w1 #ogq tT5g {9
9. Which platform is used to develop your
product on? NET Ll

PSKI:

Store situational profile
PSKI stores the answers to the situational questions as a situational user
profile in the assessment base. Also, based on this profile, the desired
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PSKI:

maturity level is obtained. In this case, based on the age of the
organization (3 years) and the sector in which the organization operates,
the PSKI determines the maturity level at 4 (of 12, see Section 3.2).
Present capability questions

Based on the answers to the situational questions, PSKI selects a subset
from the capability questions, namely those questions that have the same
type as indicated in by the user in his situational answers. This means that
only questions that are applicable for large-sized organizations, with
multiple products, developed on a .NET platform, are selected. Examples
of these questions are:

4.Is there a Product Manager responsible for the requirements ryes &

1. Does your organization perform requirements prioritization per 'f-'yes & no

release?
2.1s there a prioritized requirements list? ryes i* no
3.Is the prioritized requirements list properly available for other
p q properly ryes & no

stakeholders?

prioritization per release? no

User:

PSKI:

Answer capability questions

The product manager answers the capability questions.

Compare capability answers with situational profile

PSKI stores the answers to the capability assessment questions as a
capability profile in the assessment base. When comparing the capability
profile with the desired maturity level, the PSKI finds the following:

Process Right capabilities in place?  Result satisfactory?
Requirements gathering Yes Yes
Requirements validation No No
Requirements prioritization No No

In

case the product manager would have found the requirements gathering

process unsatisfactory, although the process was at the right maturity level, the

PSKI would present the root cause map of this process. However, due to limited
space, we will not elaborate on such an example. The remaining steps are
therefore:

PSKI: Create method fragment query

PSKI creates method fragment query, which retrieves those method
fragments that are linked to the capabilities that should be implemented,
in this case the level-3 capabilities of the Requirements validation and
Requirements prioritization processes.

PSKI: Present suitable answers

PSKI displays all matching method fragments. Below, we depict an
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example of two method fragments for the Requirements prioritization
process.

1. Requirements prioritization via a stakeholder voting round
Description: The product manager schedules a meeting in which each
stakeholder gives his top x of requirements that need to be
implemented in the next release. The requirements with the most
votes will be implemented.
Roles: Product manager, involved stakeholders
Deliverables: REQUIREMENTS LIST with prioritized
REQUIREMENTS
2. Requirements prioritization via the cost-value approach
Description: In the cost-value approach, the relative costs and relative
values of each requirement are estimated. Then, they are plotted on
a cost-value diagram, which shows which requirements will generate
the highest value and the lowest costs. Based on this diagram, the
product manager prioritizes the requirements.
Roles: Product manager, product group, customers, software engineer
Deliverables: COST-VALUE DIAGRAM, prioritized REQUIREMENTS

User: Select method fragments
The product manager selects method fragments that are perceived as
useful.
PSKI: Assemble new method
PSKI assembles the selected method fragment into the existing method
fragments of the company.
PSKI: Present method with implementation alternatives
PSKI presents method accompanied by a number of different
implementation alternatives.
User: Select implementation alternative
The product manager selects suitable implementation alternative
PSKI: Compile method advice
PSKI compiles method advice is compiled, according to the selected
implementation alternative. In case the user has selected root causes, an
advice is added on how to solve these.
PSKI: Present method advice
PSKI presents the method advice to the product manager.
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7.3 Method improvement based on situational
capability matching

In this section, we elaborate on the retrieving process of method fragments from
the method base. Instead of building the method base ourselves, we use an
existing tool, namely MetaEdit+. MetaEdit+ is an integrated modeling and
meta-modeling environment for domain-specific languages (Kelly, Lyytinen &
Rossi, 1996; Tolvanen, 2006). In MetaEdit+, we have realized our PDD
notation as a meta-model. Now, it is possible to create, store and manipulate
method fragments as PDDs. A screenshot of MetaEdit+ can be found at the end
of this paper, in Figure 7-10.

7.3.1 Method fragment structure

A method fragment consists of a process fragment and a deliverable fragment.
Method fragments can contain multiple activities and multiple deliverables.
Also, constructs like branches, joining and forking of activities and aggregated
deliverables can be modeled, as shown in Figure 7-8 and Figure 7-9 and
described in van de Weerd and Brinkkemper (2008). The structure of a generic
method fragment is depicted in Figure 7-6.

o i ™
{ Activity F--—=3> DELIVERABLE
. [role] /

Figure 7-6. Generic method fragment structure

The name of an activity in a method fragment is a composition of one or
more verbs, possibly an adjective and a noun, e.g. Prioritize [verb]
requirements [noun]. Furthermore, an activity is carried out by a role, e.g.
Product Manager [role].

The structure of method fragments is used in the generation of capability
questions for the capability assessment. We distinguish two types of capability
guestions: standard questions, which can be generated from the stored activities,
deliverables and capabilities; and comprehensive questions, which are
especially useful for assessing capabilities at a higher level. Based on the
activities, deliverables and capabilities, we can derive the capability assessment
questions. Each capability is related to three basic assessment questions,
namely:

1. Does your organization perform the [capability]?

2. Isthere a [deliverable]?

3. Is the [deliverable] properly available for other stakeholders?
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4. s there a [role] responsible for the [capability]?

In section 7.2.3, three capability assessment questions were listed. These
were the assessment questions for capability A: Requirements prioritization per
release, namely:

1. Does your organization perform requirements the prioritization per

release?

2. lIsthere a prioritized requirements list?

3. Is the prioritized requirements list properly available for other

stakeholders?

4. Is there a Product Manager responsible for the requirements

prioritization per release?

In ERPComp, the product manager answers ‘no’ to all questions, since there
iS no requirements prioritization process in place.

7.3.2 Maturity matrix for Software Product Management

To assess the state of the SPM function in an organization, we developed the
SPM maturity matrix. This maturity matrix is inspired by on the DYA
architecture maturity model (Steenbergen, Brinkkemper & van den Berg, 2007)
and the Test Process Improvement model (Koomen & Pol, 1999). We
distinguish 16 SPM processes in the maturity matrix that originate from the
reference framework for SPM (van de Weerd, Brinkkemper, Nieuwenhuis,
Versendaal & Bijlsma, 2006) and 11 maturity levels. The number of maturity
levels is determined by the implementation dependencies of the capabilities. In
Table 7-1, we show an excerpt of the matrix, covering three processes. Each
process has its own path to maturity, indicated by the letters A, B, C and D.
Every letter represents a capability, which we define as the demonstrable ability
and capacity to perform a certain process at a certain level. The position of the
letters shows the preferred order in which the capabilities need to be
implemented to reach a certain maturity level. 10 is the lowest maturity level
and 12 is the highest maturity level. Suppose that a company should be on
maturity level 4, based on its situational factors. This means that for
Requirements prioritization, capabilities A and B should be implemented; for
Requirements validation, capability A should be implemented; and for
Requirements gathering, capabilities A and B should be implemented.
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Table 7-1. Excerpt of the maturity matrix for Software Product Management

Process Maturity level 112 |3|4|5|6|7|8|9]|10(f11]|12
Requirements prioritization A B C D
Requirements validation A B C D
Requirements gathering A B C D

In ERPComp, the desired maturity level that is deducted from the situational
user profile is level 3. We will elaborate on two processes in the SPM maturity
matrix, namely requirements prioritization and requirements validation. Please
note that although the capability structure of the requirements prioritization and
requirements organizing processes are the same, this may vary in other
processes.

In the requirements prioritization process we distinguish four capabilities:

1. Requirements prioritization per release

2. Requirements prioritization as an ongoing process

3. Requirements prioritization as an ongoing process, over multiple
product lines

4. Requirements prioritization as a chain-wide process

Currently, no prioritization process is in place. Looking at the matrix, we see
that level-3 companies should have capability A (Requirements prioritization
per release) implemented.

For the requirements validation process, also four capabilities are
distinguished:
1. Requirements validation per release
2. Requirements validation as an ongoing, automated process,
3. Requirements validation as an ongoing process, over multiple products
4. Requirements validation as a chain-wide process

Currently, there is no validation at all. A level-3 organization should master
capability A: Requirements validation per release.

7.4 Method increment example

In this section, we illustrate a process improvement by a capability-based
method increment. The snapshot of increment #0, that we showed in Figure 7-4,
is created in MetaEdit+. This means that not only visual information is stored,
but also extra information, depending on the variables that we added to the
different concepts.
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As described in section 7.3.1, the organization should implement two
method increments. The first method increment concerns the capability
‘Requirements prioritization per release’. As described in section 2.4, two
method fragments are related to this capability. In this case, the user chooses the
method fragment ‘Requirements prioritization via the cost-value approach’, as
is depicted in Figure 7-7. The cost-value approach is proposed in Karlsson and
Ryan (1997) an evaluated in Lehtola and Kauppinen (2006) as a method for
requirements prioritization in market-driven software product development.
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p

\

-
{
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-

.

Product manager/

Estimate relative values ™,
Product manager, customers/ |
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Product manager ./
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Figure 7-7. Method fragment linked to 'Requirements prioritization per release’

In Figure 7-8, we illustrate the method fragment related to the capability

‘Requirements validation per release’.

Write release definition

Product manageD

Discuss release definition with board

Product manage:

[else]

[approved]

Figure 7-8. Method fragment linked to 'Requirements validation per release’

The fragment does not have the standard form of activity — deliverable, but
the activity results in a decision, indicated by a branch. The Product manager
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discusses the RELEASE DEFINITION With the board. If the board approves it, the
release can be implemented. If not, the RELEASE DEFINITION has to be rewritten.

In Figure 7-9, we illustrate the snapshot of the improved method. It includes
the method increments described in Figure 7-7 and Figure 7-8. The roles of the
activities are filled in based on the situational information that was provided
during the situational assessment.

e Gather requirements N o ___
o Product manager./ :
1
Ny
/" Review candidate requirements  \_____
Ny Product managey"_ REQUIREMENT
Req. nr.
4 Estimate relative values ™ ________ 3 Label
N Product manager, customer: Description
Reviewed?
Relative value
. . . - Relative cost
4 Estimate relative costs ~ w_________ > Priority
A Software engineer,
N[
is plotted on |
v l
e Plot cost-value diagram | COST-VALUE |
\ Product manager / DIAGRAM 1 !
I
Req. nr :
] Date |
e Decide on prioritization O\ — |
N Product manager /
. 0..1
4 Write release definition N y RELEASE
_ Product manager ./ DEFINITION
) - Author
( Discuss release definition with board ™ Date

Product manager / -

[approved]

Figure 7-9. Snapshot of increment #1

Finally, we want to show how we created the method fragments we
presented in this paper. In Figure 7-10 we show a screenshot of MetaEdit+, in
which a new method is modeled. Looking at the scenario we explained in
Section 7.2.4, we can position this activity, although it is not automated yet, in
the step “‘Assemble new method’. In the future, this activity will be automated.
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Figure 7-10. Assembly of the improved method in MetaEdit+

7.5 Related literature

Damian, Zowghi, Vaidyanathasamy and Pal (2004) state that there is a scarcity
of requirements engineering-related software process improvement initiatives in
the literature. In addition, Sawyer, Sommerville and Viller (1997) and Niazi
(2002) state that existing software process improvement approaches leave a gap
regarding requirements engineering. Therefore, they propose a practice-based
approach to requirements engineering process improvement. Also other studies
have been done to process improvement in requirements engineering. For
example, Regnell, Beremark and Eklundh (1998) describe a requirements
engineering process improvement programme, based on lessons learned from
the implementation of a requirements engineering approach for packaged
software. Beecham and Hall (2005) also point out that the requirements phase
of software development is in need of further support. They propose the
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Requirements Capability Maturity Model (R-CMM) as a first step in the
solution to this problem.

Product software developers use methods and techniques in all phases of the
development process, which are often supported by different software tools.
These software tools range from simple text editors to complex tools for
generating code from design specifications. Not only techniques on a low level
can be automated, but also methods, which focus more on the high-level
activities and deliverables of a process, can be automated. In the nineties of the
previous century, this lead to a new research discipline, namely Method
Engineering (Kumar & Welke, 1992; Brinkkemper, 1996; Rolland & Prakash,
1996), which comprises the design, construction and adaptation of methods,
techniques and tools for the development of ISs. Tools were being designed to
support the method engineering process, which are called computer-aided
method engineering (CAME) tools (Kelly, Lyytinen & Rossi (1996). Many
CAME tools have been developed in the last years, some for research purposes
and some for commercial purposes. Their appliances vary from domain-specific
modeling, to configuration management and situational method engineering.

7.6 Conclusions and further research

In this research, we proposed an approach for incremental method evolution that
provides means by which innovative requirements engineering techniques can
be inserted into systems development methods based on method engineering
principles. This vision on process improvement combines a capability-based
approach with problem-based aspects. We showed how this approach can be
implemented in the PSKI by elaborating on the functional architecture. In
addition, we explained the utility of the PSKI by giving an example of a method
increment, i.e. cost-value requirements prioritization in software product
management. This generic approach defines structure and relations of
capabilities and method fragments, and generates capability questions
automatically. Finally, we showed how method increments can be generated
based on the situational and capability assessment answers.

We are currently working on the development of the PSKI and filling it with
situational factors, capabilities and method fragments. In the future, we will use
case studies to test the infrastructure at product software companies of different
sizes and in different sectors, in order to test the mapping between situational
factors, maturity capabilities and method fragments. We are confident that this
paper shows how method engineering and requirements engineering research
can benefit from each other.
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A maturity matrix for
software product management

The quality of processes in Software Product Management (SPM) has a
high impact on the success of a software product, as it improves product
quality and prevents release delays. To improve the SPM practice, we
propose the maturity matrix for SPM, a focus area oriented maturity
model concentrating on the SPM functions Requirements Management,
Product Roadmapping, Release Planning and Requirements
Management. In this paper, we describe the development of the SPM
maturity matrix, consisting of (a) identification and description of
capabilities, (b) positioning the capabilities at the right levels in the
maturity matrix and (c) validating the maturity matrix with expert
validation and a survey among 32 product managers. The result is a
validated maturity matrix that will guide further development of
methodical support in SPM.

8.1 Maturity in SPM

Software product management (SPM) is a crucial area within many software
companies. Good product management has a high impact on the success of a
software product (Ebert, 2007). This requires a combination of technological,
managerial and business skills, such as calculating optimal releases, setting out
roadmaps, managing risks, and interacting with many internal and external
stakeholders. If these activities do not get enough attention, the quality of a
product decreases, release dates are not met, and managing customers’
expectations become a large problem.

Although the product manager’s function is highly important in the product
software industry, little education exists in this area (van de Weerd,
Brinkkemper, Nieuwenhuis, Versendaal & Bijlsma, 2006). Almost no education
on SPM is being offered, except in the area of marketing and sales. Based on
our experience in the market, especially in The Netherlands, Germany and
Switzerland, we observe that most software product managers were earlier
employed in functions such as development manager, project manager or sales
manager. This causes a gap of knowledge that the product manager has to solve
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by getting experienced in the area. Hence, lifting the quality of the product by
improving the SPM processes is often difficult. Most existing software process
improvement (SPI1) models aim at a broad spectrum of SPI and the area of SPM
is usually not the main area of attention.

In this research, we propose a maturity matrix for SPM that can be used to
assess an organization’s current SPM capabilities and offer local, incremental
improvements to the product manager.

8.1.1 Background

In earlier research, we developed the Reference Framework for Software
Product Management (van de Weerd, Brinkkemper, Nieuwenhuis, Versendaal
& Bijlsma, 2006). Since its publication, various studies have been done to test
the reference framework in product software companies (cf. Bekkers, van de
Weerd, Brinkkemper & Mahieu, 2008a; van de Weerd, Brinkkemper &
Versendaal, 2007). In this research, we use the reference framework as a
foundation for our maturity matrix. Therefore, we will provide a brief
explanation of the framework.

In Figure 8-1, the reference framework for software product management is
depicted. The framework consists of internal stakeholders (product
management, company board, sales & marketing, services, support,
development and research & innovation) and external stakeholders (the market,
partners and customers).

The most important internal stakeholder, Product management, consists of
four business functions:

— Portfolio management concerns managing the different products that a
company owns. Partnering, product lifecycle management and product line
identification are part of this function.

— Product roadmapping handles with the development of the product
roadmap, in which future releases are planned based on themes and core
assets.

— Requirements management contains the activities of requirements
gathering, identification and organizing; all ongoing activities within the
product management domain.

— Release planning deals with prioritizing and selecting requirements in order
to define the new release. Also the activities release validation, launch
preparation and scope change management are part of this function
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8.1.2 Paper outline

This paper is organized as follows. Section 2 describes our research method. In
Section 3, we describe the process of developing the maturity matrix. Then, in
Section 4, we describe the empirical validation of the matrix. In Section 5, we
describe the implications and outlook. Finally, in Section 6, we provide the
conclusions of our research.

8.2 Research design

This study follows the design science methodology, in which research is done
through the processes of building and evaluating artifacts (Hevner, March, Park
& Ram, 2004). The artifact in this research is the maturity matrix for SPM.
During our research, we follow the 5 process steps of the design cycle
(Vaishnavi & Kuechler, 2007). This design cycle consists of several steps that
follow an iterative process; knowledge produced in the process by constructing
and evaluating the artifact is used as an input for a better awareness of the
problem. The 5 process steps are:
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8.2

Awareness of the problem. In Section 1, we described the problem and its
context.

Suggestion. The suggestion for a solution to the problem identified in step 1
is developed in this step. In Section 2, we describe our approach in tackling
the problem and the research methods that we use.

Development. The development of the artifact, in this case the maturity
matrix is described in Section 3.

Evaluation. This step comprises the evaluation of the method. We used a
survey to validate the method, as is described in Section 4. The results of
this survey lead to a higher level of problem awareness and suggestions for
solutions. We elaborate on these suggestions in Section 5.

Conclusion. Finally, in Section 6, conclusions and areas for further research
are covered.

.1 Artifacts

In Figure 8-2, we depicted the structures of the two artifacts in this research.
First, the Reference framework is depicted, consisting of key processes that are
grouped into business functions. Secondly, the Maturity matrix consists of key
processes and SPM capabilities. Each SPM capability contributes to a key
process and it indicates which maturity level this process has.

In addition to the artifact structure, the research methods used during the
development of both artifacts are provided. At the left, the research methods

that

were used for developing the Reference framework are listed and at the

right the method for developing the Maturity matrix are listed.

MATRIX

‘ REFERENCE ‘ ‘ MATURITY ‘ /
FRAMI<E>WORK

Literature

Literature
_ study,
review, / ;
) / Brainstorm
Emperical ‘ KEY PROCESS SPM ‘ [ session
study, « | _CAPABILITY || Ex en’
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are grouped in indicates | Survey
v
‘ BUSINESS ‘ ‘ MATURITY ‘
FUNCTION LEVEL

Figure 8-2. Artifacts and research methods
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8.2.2 Data collection methods

This research was conducted with the following data collection methods:

Literature study. One of the sources for the capabilities, which are defined
for each of the processes in the reference framework for SPM, is a literature
study. This literature study was based on a multitude of papers describing
specific processes within the field of SPM, e.g. Abramovici and Soeg (2002)
and Clements and Northrop (2001).

Brainstorm session. A brainstorm session was conducted with experts from
the scientific community to create the model. The session consists of two parts:
1) the capabilities themselves were determined; 2) the positions of the
capabilities in the SPM maturity matrix were determined. The literature study
was used as a basis for the brainstorm session.

Expert validation. An expert from practice validated the results of the
brainstorm session: the capabilities themselves and their position within the
SPM Maturity Matrix.

Survey. A final validation was conducted based on a survey with SPM
experts from practice from all over the world. The goal of this survey was to
validate the order of the capabilities relative to each other in the SPM Maturity
Matrix.

8.3 Developing a maturity matrix

In this section, we first describe our choice for the type of maturity matrix we
use, and then we describe its structure and the development process.

8.3.1 Variance of maturity models

Van Steenbergen, Brinkkemper and van den Berg (2007) recognize three
variants of maturity models: 1) staged 5-level models, which distinguish five
levels of maturity, which in turn have a number of focus areas that are defined
specific to that level; 2) continuous 5-level models, which contain a number of
focus areas, in each area the 5 levels are distinguished; and 3) focus area
oriented models, in which each focus area has its own number of specific
maturity level.

Most well-known maturity models are staged or continuous 5-level models,
such as the Capability Maturity Model (Paulk, Curtis, Chrissis & Weber, 1993),
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and its follow-up CMMI (CMMI Product Team, 2002). Earlier research into the
improvement of SPM shows some shortcomings in these methods. CMMI for
example, has been found too heavy to use by several organizations (Cusumano,
2004). And there are others who say that extensive software process
improvement (SPI) frameworks, such as CMMI and ISO/IEC 15504 (ISO/IEC
15504, 1996) are too large to implement, or even comprehend (Kuilboer &
Ashrafi , 2000; Reifer (2000). For example, a typical CMM SPI cycle can take
between one and a half and two years to complete. It also requires large
resources and long term commitment (Zahran, 1997), which can be a problem
for small and medium companies. Another problem is that small and medium
software companies often not only lack the funds required to implement many
of the practices from CMM but also have to base their SPI initiatives on
practices that do not apply to them (Brodman, & Johnson, 1994).

For the reasons above, we choose to develop a focus area oriented model, in
order to make local analysis and incremental improvement possible. Similar
model have been used for the testing domain (Koomen & Baarda, 2005) and the
architecture domain (van Steenbergen, Brinkkemper & van den Berg, 2007).

8.3.2 Structure of the maturity matrix
In Table 8-1, the SPM maturity matrix is depicted.

Tabel 8-1. Maturity matrix structure

01 2(3]4|516 |7 (819 |10(11|12
RM1. Requirements gathering A B e C D
RM2. Requirements identification A B C
RM3. Requirements organizing A B C
RP1. Requirements prioritization A B |C D
RP2. Requirements selection A B C D
RP3. Release definition A B C
RP4. Release validation A B C D
RP5. Launch preparation A B C
RP6. Scope change management A B C
PR1. Theme identification A B C
PR2. Core asset identification A B C
PR3. Roadmap construction A B C
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PM1. Market trend identification A B C
PM2. Partnering & contracting A B C
PM3. Product lifecycle management A B C
PM4. Product line identification A B C

The matrix consists of columns and rows, which represent the two
dimensions of the model. The columns 0 to 12 represent the different maturity
levels for the model, where 0 is the lowest level of maturity and 12 the highest.
The SPM key processes are represented by the rows and are divided into four
groups (the business functions; ‘Requirements management’, ‘Release
planning’, ‘Product roadmapping’, ‘Portfolio management’). When a process is
carried out at a certain maturity level it is called a capability. In Table 1, we can
for example identify the capability Requirements gathering A, which is located
on level 1. This capability is coded as RM1A and described as: “Ad hoc
requirements gathering. Requirements are being gathered and registered.”

Finally, two more concepts need to be introduced:

Intra-process capability dependency — This is the dependency of one
capability within a certain key process to another capability in the same key
process. In Table 1 this type of dependency is depicted with an arrow between
RM1B and RM1C.

Inter-process capability dependency — Intra-process refers to the dependency
of a capability in a certain key process to a capability in another key process. In
Table 1 this is depicted with an arrow between RM1D and RM3C.

8.4 Developing a maturity matrix for SPM

We followed three main steps during the development of the maturity matrix:

1. Identification and description of capabilities.

A brainstorm session with four SPM experts was held to identify the
capabilities. Two of them had extensive professional experience in SPM and the
other two were researchers to SPM. During the session, it appeared that the
maturity levels in the SPM processes follow two types of sequences.

The first sequence follows the natural hierarchy of software products
(portfolio > product > release > requirement). The capability naming therefore
is: (A) ad hoc, (B) release-based, (C) roadmap-based, and (D) portfolio-based.
However, this hierarchy is not for all processes suitable. Therefore, we use a
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second sequence, which can consist of (A) ad hoc, (B) organized, (C) integrated
[ externally oriented, (D) optimized. Please note that a sequence may consist of
3 or 4 capabilities. Short descriptions of the capabilities are included in
Appendix A, based on Bekkers, van de Weerd, Brinkkemper and Mahieu
(2008b).

2. Positioning the capabilities in the maturity matrix

The next step concerned positioning the capabilities in the matrix. By analyzing
the inter- and intra-process capability dependencies, we decided the order of the
capabilities in the matrix. For example, for the first capability in the process in
Requirements identification (RM2A), it makes sense to have gathered and
registered requirements, which is capability RM1A. Therefore, RM2A must be
placed at least 1 level after RM1A. This activity resulted in a matrix of 13 levels
(0-12). During the validation, we will find out whether this is the right size.

3. Validating the maturity matrix
The third and last step is the empirical validation of the matrix. In Section 4, we
describe how we use a survey to validate the positions of the capabilities.

8.5 Empirical validation

8.5.1 Survey structure

Our survey consists of three parts: Introduction questions, general questions and
capability questions. It starts with two introduction questions:

— Which SPM areas are you familiar with?
— How are you related to SPM?

The answers to these two questions determine which questions will be
presented in the remainder of the survey. First, the respondent can choose which
of the four SPM areas will be included in the survey. Only SPM areas of which
the checkboxes are ticked, will be included in the survey. The second question
is used to find out whether the respondent is a software product manager or
another SPM professional. After the introduction question, some general
guestions are posed concerning company size, experience, etc.

The main structure of our survey is based on the four business functions that
are defined in the reference framework for SPM: requirements management,
release planning, product roadmapping, and portfolio management. For each
function, we asked how our identified capabilities should be implemented in an
organization. If we would ask to fill in a whole matrix per area, we would get
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very large matrices. For example, the release planning area has 21 capabilities
and 12 rows. During the first pilots it appeared this would cause a cognitive
workload that was too high. Therefore, we decided to use another approach and
divided the matrix in three sub matrices. In the first matrix, ranging from 1 to 6,
capabilities A and B are covered. In the second matrix, ranging from 4 to 9,
capabilities B and C are covered. Finally, if necessary, a third matrix is used to
cover capabilities C and D. In Table 8-2, part of the matrix is depicted, showing
the division in three separate matrices.

Tabel 8-2. Matrix division

0O J1 2 34 5 [6 J7 B 9 J10[11 |12

RM1. Requirements gathering
RMZ2. Requirements identification
RM3. Requirements organizing

In Figure 8-3, we depict part of the survey in which all capabilities A and B
of the Requirements Management process area are listed. The capabilities are
listed on the left and the levels (1-6) in the middle. The last columns can be
used to indicate whether the respondent has implemented the capability. The
N/A option is for non-product managers that execute the survey.

Maturity levels Implemented?
A r_)%

l )
i 2 3 4 5 & ¥Yes No NfA

Requirements are being gathered and
registered.

For incoming reguirements, immediately
a consideration i made whether they
can be implemented in the product.

For each releaze, requirements are
classified by, for example, theme,
function or core asset.

All incoming requirements are stored in
a central place (for example in a
zpreadsheet or tool).

Incoming requirements are being
identified as market or product
requirement. Product requirements are
written in a pre-defined template.

The product roadmap is used as a guide
in organizing and classifying
requirements. Dependencies between
different requirements are also
identified.

Figure 8-3. Survey questions Requirements Management
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8.5.2 Data collection

In order to find respondents to the survey, we posted a message to several
mailing lists. Below, you can find an overview of the member of these mailing
lists:

— Netherlands product software mailing list: 175
— Netherlands SPM community: 68
— International SPM community: 176

In addition, during a national meeting among 20 Dutch product management
professionals, the survey was promoted. Finally, the url of the survey was
posted on the SPM community websitel. Please note that the members of the
different mailing lists, visitors to the meeting, and visitors of the website
overlap.

The number of respondent to the survey is 61. Of these 61 only 32 were
useful, i.e. they did not quit the survey after the first two pages. Not all
guestions have the same amount of responses. The respondents can make a
choice in the beginning of the survey, for which they can indicate on which
SPM area they can answer questions. Per SPM area, we have the following
amounts of respondents:

Requirements management: 31
Release planning: 21

Product roadmapping: 20
Portfolio management: 16

The respondents originate mostly from the Netherlands (25). Other
individuals originate from India, South Africa, Sweden, Switzerland and the
USA. Ten of the respondents followed a course or study in SPM and one is
certificated in SPM. In Table 8-3, some characteristics concerting the
respondents function, company size and experience are provided.

Tabel 8-3. Respondents' characteristics

Function Company size Experience

Product manager | 23 | Less than 50 10 | 0-2 years 8
Consultant 2 50 - 250 4 | 3-5 years 8
Researcher 2 More than 250 9 | 6-10 years 9
Other 4 More than 10 years | 7

L http://www.softwareproductmanagement.org/
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8.5.3 Data analysis

In this section, we will analyze the results from the survey. For each business
function, we will describe the results of the survey and compare this with our
initial maturity matrix. In principle, we will use the survey results to update our
maturity matrix. However, we make one exception. Dependencies between
capabilities in the different business functions were not part of the survey.
Therefore, in case a capability is placed on a certain maturity level because of a
dependency to a capability in another business function, we keep to the original
sequence.

We use boxplots to give a graphical overview of the distribution of each
capability, as is illustrated in Figure 8-4. These boxplots show the median,
smallest and highest observations and the distribution over the quartiles. In
addition, the outliers (if present) are shown. We use the medians as an
indication of the maturity level of a capability, because we want to know which
level was chosen most for a certain capability.

smallest observation median highest observation
\) ] {

L l 1 1 J
25% 25% 25% 25%

Figure 8-4. Boxplot

We list all capabilities within one business function in a boxplot. At the Y-
axis, the different capabilities are listed and at the X-axis, the maturity levels are
indicated. Please note that some means are not integers, but rational numbers.
E.g. RM1B has a mean of 2,5. The reason for this is that the respondents had to
enter these maturity levels twice (cf. Section 4.1). Sometimes this resulted in
two different answers, of which we calculated the mean.

Requirements management

In Figure 8-5, the results of the Requirements management survey part are
depicted in a box plot. In Table 8-4, the matrix is illustrated with the original
results, and the deviations that were found when comparing it with the boxplot.
We also indicate the status of a capability. “A” means that the result of the
survey was the same as the original position, “A” indicates the result of the
survey that was different from the original capability, and “A” shows the old
position of the capability. Finally, in Table 8-4, we also give the 95%
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confidence intervals. For example, the upper and lower bounds for the 95%
confidence interval of RM1B are 2,5 and 3,5.

We use the medians as indicated in the boxplots to deduct the sequence of
the capabilities. The confidence intervals are used to draw conclusions about the
agreement of the respondents. For example, the chance that a respondent places
capability RM1A on maturity level 1 is 95%. For capability RM1B, there is a
95% chance that a capability is placed between level 2,5 and level 3,5. The
smaller the interval is, the higher the agreement of the respondents.

Several issues are noteworthy. Firstly, the intra-process capability
dependencies are the same; all capabilities are positioned in the sequence A, B,
C, (D). For the inter-process capability dependencies we see some differences
that we will implement in the final matrix. The confidence intervals of the
capabilities are relatively small.

30
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Figure 8-5. Boxplot Requirements management
Tabel 8-4. Requirements management matrix
RM1 A B C D
1-1 2,5-3,5 5,5-6,5 8-10
RM2 A B C
2-3 3,5-45 7-8,5
RM3 A B c
3-4 4-5 7,5-8
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Release planning

In Figure 8-6 and Table 8-5, the results of the Release planning part of the
survey are illustrated and compared with the original matrix. Again, the intra-
process capability dependencies are the same. However, in the inter-process
capability dependencies we see many small deviations. Most of which have
been incorporated into the matrix without comments. One issue stands out: The
prioritizing and selection capabilities (RPLA and RP2A) are implemented
earlier than all other capabilities. Apparently, the respondents consider these
activities as the minimum that a product manager should implement. Another
thing that is noticeable is that the C and D capabilities have larger confidential
intervals than the A and B capabilities.
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Figure 8-6. Boxplot Release planning
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Tabel 8-5. Release planning matrix

RP1 A B C D
1-1 3-4,5 5,5-6,5 8-10
RP2 A B C D
1-2 3-3,5 6-7 7-9
RP3 A B C
2-4 3,5-5 6,5-9,5
RP4 A B C D
2-4 3,5-5,5 5,5-7,5 8-11
RP5 A B C
2-5 4-6 7-9
RP6 A B Cc
2-3 4-6,5 6-9

Product roadmapping

The results of the Product roadmapping part of the survey are illustrated in
Figure 8-7 and compared with the original matrix in Table 8-6. Also for Product
roadmapping, the intra-process capability dependencies are analogous to the
original matrix. In the inter-process capability dependencies we see some
deviations that will be included in the matrix. However, the position of the B-
capabilities will not be changed. According to the boxplot, all B-capabilities
should be placed on the same maturity level. However, these capabilities are
highly dependent of capabilities in other business functions. For example, PR2B
(“External sources are investigated based on ROI in the search for core asset
acquisition”) can only be done if the right Product line management capability
of the Portfolio management function is implemented. Therefore, we decided
not to change the position of these capabilities.

PR1A 1
PRIB T
PRIC
11
PROA +—{ ]
PR2B I T —
PR2C
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PR3B:
13
PR3C L 2
13
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Figure 8-7. Boxplot Product roadmapping
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Tabel 8-6. Product roadmapping matrix

PR1 A B C
1-3 | 34 5-6
PR2 A B C
1-3 3-5 5-7
PR3 A B Cc
1-2 2,5-4 5-6

Portfolio management
Finally, in Figure 8-8 and Table 8-7 the results of the Portfolio management part
of the survey are illustrated and compared with the original matrix.

Again, the intra-process capability dependencies are the same as in the
original matrix. In the inter-process capability dependencies we see a few small
deviations, which we will include in the matrix. One of these deviations,
however, will not be included: The survey results show that the respondents
position the C-capability of Product line identification (PM4C) at the same level
as PM3C. However, this capability is dependent of the B-capability in the
Product roadmapping function. Therefore, we will keep the C-capability in its
place. Finally, we observe that the confidence intervals of the portfolio
management capability are larger compared to the other matrices.
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PM1B [
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PMV2B ——
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Figure 8-8. Boxplot Portfolio management
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Tabel 8-7. Portfolio management matrix

PM1 A B C
1-3 2,5-4,5 5-7
PM2 A B C
1-4 3-45 5-7
PM3 A B C
2-3 4-55 5-7
PM4 A B C
1-4 3,5-6 4-7
8.5.4 Results

In Table 8-8, the final maturity matrix for SPM is presented. As can be seen
in the table, the number of levels stayed the same. We also show the score for
one of the respondents in the benchmark questions. This respondent works for a
company with less than 50 employees from the Netherlands. He did not have
any education or certification in SPM. The overall SPM maturity level is
determined by checking for which maturity level all capabilities (and the
preceding capabilities) are implemented. As can be seen in the table, the
maturity level in this case is 3. To advance to a higher maturity level, say level
4, work needs to be done in PM1 and PM2.

Tabel 8-8. Maturity matrix for SPM

0123|4516 17 (819 |10(11{12
RM1. Requirements gathering A B D
RM2. Requirements identification A B C
RM3. Requirements organizing A B C
RP1. Requirements prioritization A B C D
RP2. Requirements selection A B C D
RP3. Release definition A B C
RP4. Release validation A B C D
RP5. Launch preparation A B C
RP6. Scope change management A B C
PR1. Theme identification A |B C
PR2. Core asset identification A B C
PR3. Roadmap construction A B C
PM1. Market trend identification A B C
PM2. Partnering & contracting A B C
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PM3. Product lifecycle management A B

PM4. Product line identification A B C

8.5.5 Threats to validity

Validity refers to the degree to which a response measures what we intend for it
to measure (Wohlin et al, 1999). We identified three types of validity threats
that are important to discuss, namely threats to conclusion validity, construct
validity, and external validity. Internal validity is less important since this study
is not about establishing a causal relationship. It is a descriptive study, in which
we describe the mostly used implementation sequence of SPM capabilities.

Firstly, conclusion validity is the degree to which conclusions we reach
about relationships in the data are reasonable. Important is the composition of
participants and the statistical analysis. At the beginning of the survey,
respondents were asked to indicate with which of the SPM they were familiar.
The respondents only got to answer questions about these familiar areas.
Therefore, we believe that the respondents were experienced enough to answer
the questions they selected. Most of the respondents are not anonymously, since
an email address is needed to send them the benchmark report. However, there
is no reason to believe that they have not answered according to their best
knowledge, since there is no social pressure to answer in a particular way.
Therefore, we consider the conclusion validity not to be critical.

Construct validity concerns whether we measure the construct that we
believe we measure. On the introduction page of the survey, we have provided
all definitions on all important concepts used in the questionnaire. Hence, we
minimized the threat that participants interpret concepts differently. However, it
is not possible to completely eliminate this threat.

External validity concerns generalization of the results to other groups and
contexts than the one studied. The survey was sent to different groups of SPM
professionals, as is described in Section 4.2. The respondents are mainly
product managers with varying experience, working for companies of varying
sizes. Most of the respondents are from the Netherlands. Given the diverse
background of the respondents concerning company size and experience, we
believe that the validity is high within the product manager population in the
Netherlands. Since we believe SPM is not particularly influenced by culture, we
believe that we can also generalize the results to other countries. However, to be
sure, more research is needed.
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8.6 Implications and outlook

The SPM Maturity Model can be used to determine the maturity level, but also
be as a means to achieve process improvement by using it in the Product
Software Knowledge Infrastructure (PSKI) (van de Weerd, Versendaal &
Brinkkemper, 2006). The process improvement method consists of four steps
followed by a feedback loop. Firstly the current maturity level of an
organization needs to be determined by filling in the SPM maturity matrix.
Secondly, the optimal maturity level for the organization is determined; this is
achieved by studying the situational factors (Bekkers, van de Weerd,
Brinkkemper & Mahieu, 2008a) for the organization and its environment.
Thirdly, the differences between the current and the optimal situation are
analyzed and better suiting method fragments, selected from a knowledge base
containing SPM method fragments, are suggested for the suboptimal processes.
An incremental order to improve the processes is then suggested as an
improvement guide for the organization. Finally a feedback loop incorporates
the knowledge gained in this process into the knowledge base of method
fragments.

8.7 Conclusion and future research

In this paper, we described the development of a maturity framework for SPM
that can be used to assess an organization’s current SPM capabilities and offer
local, incremental improvements to the product manager. After developing the
matrix, we used a survey in which 32 SPM professionals reported by indicating
the right order in which SPM capabilities should be implemented in an
organization. The results of this survey supported our initial positioning of the
SPM capabilities, at least, when looking at the inter-process capability
dependencies. Concerning the intra-process capability dependencies, several
deviations were found, of which most of them have been used to improve the
matrix. The maturity matrix can be more refined by carrying out more research
on especially the capabilities with higher confidence intervals.

We believe that the maturity matrix for SPM is a valuable tool for process
assessment and improvement in SPM. In future research, we will carry out case
studies at different product software companies to further validate the matrix in
SPM capability improvement.
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Using a knowledge infrastructure for
incremental process improvement

The success of a software product depends on the quality of its Software
Product Management (SPM) processes. In this research, a knowledge
infrastructure is presented that supports incremental process
improvement in SPM. By assessing a company’s SPM processes in the
areas of Requirements Management, Product Roadmapping, Release
Planning and Requirements Management, we create a maturity profile
that serves as a basis for process improvement. In this paper, we describe
a comparative case study of three product software companies. For each
company, a maturity profile is created, as well as a method advice. The
results indicate that the knowledge infrastructure is able to create a
useful method advice.

9.1 Introduction

More and more software companies have shifted their focus from developing
customized software to developing software products as a standard product.
This shift implies that these companies have to adapt their processes to the new
situation. They have to turn their standard development processes into Software
Product Management (SPM) processes. There is some scientific literature
available on SPM, e.g. Gorchels (2000), Condon (2002), Ebert & de Man
(2002), and Dver (2003). However, there is no extensive body of knowledge in
this area, as can be found in, for example, software engineering. Due to a lack
of education and documentation, acquiring SPM capabilities may cause
difficulties.

In earlier research, we proposed the Product Software Knowledge
Infrastructure (PSKI) in order to support companies in their growth in SPM
maturity. In this research, we will use the PSKI to demonstrate three case
studies in which, based on a company’s process need and situational factors, a
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method advice is given. Furthermore, we will investigate whether the process
advice that is produced is a useful advice.

In the following section, we will describe our research approach. Then, in
section 3, we describe the knowledge infrastructure for process improvement in
SPM. Section 4 presents the three cases in which three companies are assessed.
Finally, in section 5, we present our conclusions and discussion.

9.2 Research approach

9.2.1 Research question and propositions

As explained in Section 1, we will use the PSKI in three case studies to research
whether the PSKI can provide a useful method advice. This leads us to the
following research question:

To what extent can a knowledge infrastructure, in which method
engineering principles and the SPM maturity matrix are integrated, provide
a useful method advice for product managers?

The answer to this question is not a simple one. The ‘extent’ of success is
difficult to measure, especially since we cannot analyze the effect of the
implementation of the method advice. What we can measure is whether we
interpreted the problems correctly and whether the product managers find the
method advice useful. Hence, we can state the following propositions in this
study:

Using the knowledge infrastructure for assessing a company’s need results
in a correct interpretation of a company’s problem(s).

Using the knowledge infrastructure for matching method fragments with
maturity levels and situational factors results in a proper method advice.

If the results indicate that both propositions are correct, we consider the
method advice useful.

9.2.2 Case study design

The research question is addressed by carrying out a comparative case study. A
comparative single case study is “a study in which (a) a small number of cases
in their real life context are selected and (b) scores obtained from these cases are
analyzed in a quantitative manner” (Dul & Hak, 2008).
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We chose for a comparative case study for several reasons. First, a case
study is a very useful research method when in-depth investigation is needed.
Our research question cannot be solved by carrying out a survey because the
guestion is too complex. On the other hand, setting up an experiment would be
unrealistic in view of time and costs. Second, by incorporating comparison in
the research design, we can increase the internal validity of the research
(Hollifield & Coffey, 2006). In addition, multiple case studies are preferable
compared to single case studies (Yin, 2004; Dul & Hak, 2008), since these lead
to a higher validity and thereby generalizeability. Finally, by carrying out a
comparative case study, patterns might be revealed that are difficult to spot in
single case studies (Bryman, 1989).

The research approach that we follow in each case study is as follows
1. Assessment
For each of the three cases, an assessment is carried out. During this
assessment, an interview is done and product documentation is studied.
2. Creating maturity profiles
Based on the assessment, we create three maturity profiles. A maturity
profile illustrates the assessment score, as depicted in the maturity matrix.
In addition, we provide the average maturity level, the minimum, maximum
and variation.
3. Create method advice
For each company, we identify the needed method increments and include
this in an advice report for the companies.
4. Advice response
The interviewees are asked to respond on the advice report.

9.2.3 Validity threats

In performing a case study, we have to take several validity threats into account
(Yin, 2003). First, construct validity is realized by using multiple interviewees
per case to ensure that problems related to subjectivity and bias of data are
avoided.

The second threat is to the external validity, which is the extent to which the
results of a study can be generalized to others. By using multiple case studies,
we increased the generelizeability of the study and mitigated this threat.

Finally, the reliability of the case study is concerned with demonstrating that
the results of the study can be replicated. We ensure this by maintaining a case
study database that contains all the relevant information used in the case study.
In addition, in all three case studies, we used the same case study protocol.
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9.3 A knowledge infrastructure for process
improvement in SPM

In this section, the construction of the knowledge infrastructure for process
improvement in SPM is explained. First, we summarize our earlier research
concerning the Product Software Knowledge Infrastructure (van de Weerd,
Versendaal & Brinkkemper, 2006). Then, we give an overview of the maturity
matrix as proposed in (van de Weerd, Bekkers & Brinkkemper, forthcoming).
Thirdly, we present the maturity assessment that is used to obtain a maturity
profile. Finally, we show how the three constructs are integrated.

9.3.1 The Product Software Knowledge Infrastructure

In Van de Weerd, Versendaal and Brinkkemper (2006), we proposed the
Product Software Knowledge Infrastructure (PSKI). With this infrastructure,
product software companies can obtain a custom-made advice that helps them
to improve their processes. An overview of PSKI and its environment is
presented in Figure 9-1. We illustrated the PS company at the left-hand side and
the PSKI at the right-hand side.

Existing methods (books,
articles, online resources)

Experiences
(case studies)

Analysis of need & situational \ &

indicators

Method
i administration

Feedback

Product

software
com'mny Process need

Method Base

- situational factors

- maturity capabilities
- assembly rules

- method fragments

BN

Selection of process alternatives

Process advice +

Embedding of process advice

PSKI

Figure 9-1. The Product Software Knowledge Infrastructure
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The PSKI contains:

- method fragments, which are coherent parts of a method that contain part of
the process and output of a method and the relations between them
(Brinkkemper, 1996);

- situational factors that are relevant for the company and its context
(Brinkkemper, 1996);

- capabilities that a company possesses, each related to its own maturity level
(van de Weerd, Versendaal & Brinkkemper, 2006);

- assembly rules, which describe the way in which method fragments should
be assembled to a new method (Brinkkemper, Saeki & Harmsen, 1999).

The process starts with the analysis of the company’s need and its situational
factors. Based on the results of this step, process alternatives from the method
base are selected. These process alternatives have the form of method
fragments. Finally, the selected method fragment is embedded in the
organization by constructing a process advice for the company.

The first step, Analysis of need & situational indicators, is further detailed in
the figure. In this first step of the method improvement process, a maturity
profile is created, based on an assessment. The circle indicates which process
has the lowest maturity level. In the next sections, we will explain both the
maturity matrix and the assessment.

9.3.2 Maturity matrix

In Van de Weerd, Bekkers and Brinkkemper (forthcoming), we proposed the
maturity matrix for SPM. This maturity matrix can be used to assess an
organization’s current SPM capabilities and to offer local, incremental
improvements to the product manager. The structure of the maturity matrix for
SPM is based on the reference framework for SPM (van de Weerd,
Brinkkemper, Nieuwenhuis, Versendaal and Brinkkemper, 2006).

The matrix consists of columns and rows, which represent the two
dimensions of the model. The columns 0 to 12 represent the different maturity
levels for the model, where 0 is the lowest level of maturity and 12 the highest.
The SPM key processes are represented by the rows and are divided into four
groups: Requirements management, Release planning, Product roadmapping,
and Portfolio management. When a process is carried out at a certain maturity
level it is called a capability. In Table 1, we can for example identify the
capability Requirements gathering A, which is located on level 1. This
capability is coded as RM1A and described as: “Ad hoc requirements gathering.
Requirements are being gathered and registered.”
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Table 9-1. Maturity matrix for Software Product Management

01jr 12 (31415 1|6 |7 (8 |9 |10[11)12

RM1. Requirements gathering A B C D
RM2. Requirements identification A B C

RM3. Requirements organizing A B C

RP1. Requirements prioritization A B C D
RP2. Requirements selection A B C D

RP3. Release definition A B C

RP4. Release validation A B C D

RP5. Launch preparation A B C

RP6. Scope change management

>
w
O

PR1. Theme identification A |B C
PR2. Core asset identification A B C

PR3. Roadmap construction

PM1. Market trend identification
PM2. Partnering & contracting

PM3. Product lifecycle management
PM4. Product line identification

> > |z >|>
o8]
O

9.3.3 Assessment instrument

To be able to fill in a company’s maturity profile in the maturity matrix, we
developed an assessment instrument. This instrument is a semi-structured
interview containing the following parts:

Introduction. In the first part of the interview, the product managers are
asked the following question: Where in the SPM domain are the problems or
challenges in your organization? We present this question in order to find out
whether the assessment itself instigates a change in the way how the
interviewees consider their own SPM processes. After posing the question, the
reference framework for SPM was presented, in order to make the product
managers acquainted with the terminology that was used later in the interview.

General questions. The second part of the interview started with asking
whether the presentation of the reference framework for SPM had changed
anything about their thoughts on the problems and challenges their company
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faced in SPM. In addition, several questions were asked concerning their
experience with SPM.

Situational factors. In this part of the interview, the product managers were
asked to give the values for a list of situational factors, divided over five
categories: business unit characteristics, customer characteristics, market
characteristics, product characteristics, and stakeholder involvement. These
situational factors have been developed in earlier research (Bekkers, van de
Weerd, Brinkkemper & Mahieu, 2008a) and give information about the
company and its context. The situational factors of all three companies are listed
in Appendix B.

Maturity assessment. The last part of the interview contains the actual
assessment. For each process in the reference framework for SPM, capabilities
have been defined (van de Weerd, Bekkers & Brinkkemper, forthcoming), as is
presented in Appendix A. For each capability, the product manager had to
answer whether or not this capability was implemented in the company. We can
further explain this by showing an example of the SPM-process ‘Requirements
gathering’. This process has the following capabilities:

A. Ad hoc requirements gathering. Requirements are being gathered and

registered.

B. Organized requirements gathering. All incoming requirements are stored
in a central place (for example in a spreadsheet).

C. Integrated requirements gathering. Internal and external stakeholders use
various channels (e.g. website, helpdesk) to submit requirements, which
are automatically stored in a central database.

D. Optimized requirements gathering. Requirements are being gathered and
stored automatically, for example by data mining in emails, setting out
competitor spiders, etc.

The other capabilities can be found in Van de Weerd, Bekkers and
Brinkkemper (forthcoming).

9.4 Cases

In this section, we will present the three cases that we used to illustrate the
PSKI. All three case companies are from The Netherlands. For privacy reasons,
the names are coded. For each case, we will describe the challenges that were
indicated by the interviewees; the situational factors that characterize the
company and its environment; and the maturity profile that was created based
on the assessment.
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9.4.1 Case 1: CashComp

CashComp produces products for electronic payment traffic. It is the largest of
the three case companies; currently over 350 employees are working at
CashComp. Three product managers of CashComp were interviewed in one
session of two hours. The interview session took place in May, 2009.

The following challenges concerning SPM were mentioned:

Cl1.1. Interactivity of the requirements management phase. Requirements
are too often sent back and forth between product managers and
other department.

C1.2. Decision-making on stopping the support of old product releases.

C1.3. Making clear who is responsible for which process.

Cl1.4. Changing from a company that developed customized software to a
company that develops product software.

Important situational factors are:

— Size of business unit team: 50

— Development philosophy: waterfall

— Product tolerance for defects: low

— New requirements rate: 150 per year

Especially in product toleranc CashComp is quite extreme compared to other

companies. For electronic payment traffic software it is crucial that no defects
are found in the software after it is implemented. Therefore, the company has
implemented an extensive internal testing procedure. In addition, they have to
certify each product at an external party.

Based on the assessment, we created a maturity profile for, as is shown in
Table 9-2. The maturity level of CashComp is slightly higher than both other
case companies. Looking at CashComp’s situational factors, this is not
surprising. CashComp works with large business teams, which makes it
necessary to have formal SPM processes in place. In addition, the fault
tolerance of the product is very low. When their electronic payment products
are implemented at the customers, there should be no more defects in the
products.
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Table 9-2. SPM maturity profile CashComp

0|1(2|3|4|5|6|7[8|9]|10(11|12
RM1. Requirements gathering A B
RM2. Requirements identification A B C
RM3. Requirements organizing A B C
RP1. Requirements prioritization A B C D
RP2. Requirements selection A B C D
RP3. Release definition A B C
RP4. Release validation A B C D
RP5. Launch preparation A B C
RP6. Scope change management A B C
PR1. Theme identification A|B C
PR2. Core asset identification A B C
PR3. Roadmap construction A B C
PML1. Market trend identification A B C
PM2. Partnering & contracting A B C
PM3. Product lifecycle management A B Cc
PM4. Product line identification A B C

For a few processes, CashComp has a low score, namely Requirements
identification, Core asset identification, and Partnering & contracting. For the
latter, we have to make a few reservations. Partnering & contracting is not
carried out by the product managers, but by another department. The
interviewees were not entirely sure about the capabilities on this process. This
may be a reason for the relatively low score. Therefore, we do not include this
process in our recommendations.

Based on the challenges that were indicated by the three product managers,
the situational factors and the maturity matrix, we provided CashComp with two
recommendations:

- Advance the product roadmapping process
0 Affecting SPM processes PR2, PR3 and RM3
0 Related to challenges C1.4

- Distinguish between market and product requirements
0 Affecting SPM process RM2
0 Related to challenges C1.1 and C1.4
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9.4.2 Case 2: ProcessComp

ProcessComp is a company with 15 employees that develop an internet
application that makes it possible to deduct information from a company’s
information systems, in order to analyze, manage and support the company’s
processes. For the assessment, the owner and a former product manager (current
position is solution consultant) were interviewed concurrently in a session of
two hours. The interview session took place in May 20009.

The following challenges concerning SPM were mentioned by the

interviewees:

C2.1. Managing various channels that are used to submit bugs and
requirements.

C2.2. Finding a balance between the various types of change requests:
bugs, requirements, opportunities and SLA requirements.

C2.3. Handling scope creep in a release and in particularly making a well-
informed choice between delaying the release, cutting functionality,
or hiring more developers.

C2.4. Preparing the product launch. There is a need for a structured
process in which trainings and documentation are provided.

Important situational factors are:
— Size of business unit team: 15 fte
— New requirements rate: 100 per year

Based on the assessment, we created a maturity profile for ProcessComp,
depicted in Table 9-3. ProcessComp has a varying maturity profile. Concerning
requirements management, the company scores relatively high on requirements
gathering, in contrast to the lower scores on requirements identification and
organization. In the release planning area, the release definition process scores
low, but the requirements prioritization and requirements selection activities
have the highest score. Product roadmapping was a difficult area to assess at
ProcessComp. Themes are being registered and used in a tool to group
requirements. In addition, several sources are being used to obtain core assets
(capability B). However, no central list is being kept that contains an overview
of these core assets (capability A). Therefore, we set the score on Core asset
identification on level 2 and product roadmapping on level 4. Finally, Portfolio
management has a high score on Partnering & contracting and Product line
identification. Market trend identification needs more attention. Product
lifecycle management is less important, since ProcessComp has one product.
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Table 9-3. SPM maturity profile ProcessComp

0|12(2|3|4|5|6|7|8|9]|10(11|12
RM1. Requirements gathering A
RM2. Requirements identification A B C
RM3. Requirements organizing A B C
RP1. Requirements prioritization A B C D
RP2. Requirements selection A B C D
RP3. Release definition A B C
RP4. Release validation A B C D
RP5. Launch preparation A B Cc
RP6. Scope change management A B C
PR1. Theme identification A|B C
PR2. Core asset identification A B C
PR3. Roadmap construction A B Cc
PM1. Market trend identification A B C
PM2. Partnering & contracting A B C
PM3. Product lifecycle management A B C
PM4. Product line identification A B Cc

Based on the challenges that were indicated by ProcessComp’ employees,
the situational factors and the maturity matrix, we provided them with two
recommendations:

- Distinguish between market and product requirements

0 Affecting SPM process RM2
0 Related to challenges C.2.1 and C.2.2
- Advance the product roadmapping process
0 Affecting SPM processes PR2, PR3 and RM3
0 Related to challenges C.2.2 and C.2.3

9.4.3 Case 3: SupplyComp

SupplyComp is a vendor in supply chain systems. Their main product is an
application for order, transport and crossdock management.

Three employees of SupplyComp were interviewed: the CEO, a solution
engineer and a solution consultant. All three were interviewed concurrently in
one session of two hours. The interview session took place in April, 2009.

185



Chapter 9

During the first part of the interview, the following challenges concerning SPM
were mentioned:
C3.1. Properly registering requirements
C3.2. Up-to-date product and technical documentation
C3.3. Linking requirements to software artifacts
C3.4. Ensuring requirements traceability
C3.5. Changing from a company that developed customized software to
a company that develops product software.
C3.6. Overview of which deliverables have to be produced in which
part of the SPM process.

The second part of the interview concerned the situational factors.
SupplyComp is located in the Netherlands and has approximately 15
employees. The company operates in a growing market and its customers are
mainly large companies. The product’s age is 4 years and the expected product
lifetime is over 15 years. SupplyComp receives about 250 new requirements
and 40 defects per year from different stakeholders.

Finally, the assessment was carried out. Based on the assessment, we created
a maturity profile, as is shown in Table 9-4. SupplyComp is a young company
with 15 employees. The calculated maturity profile corresponds to their
situation. They recently shifted from developing customized software to
developing product software. They have one main product, which makes most
portfolio management processes less urgent. On the other hand, SupplyComp is
operating in an emerging market. In order to be competitive and grow, it is
necessary to improve certain SPM processes. Especially the requirements
identification process and the product roadmapping area needs attention.

Based on the challenges that we indicated by SupplyComp’s employees, the
situational factors and the maturity matrix, we provided them with three
recommendations:

- Distinguish between market and product requirements

0 Affecting SPM process RM2

0 Related to challenges C3.1 and C3.5
- Improve requirements documentation and traceability

0 Affecting SPM process RM3

0 Related to challenges C3.1, C3.3, C3.4 and C3.6
- Implement a product roadmapping process

0 Affecting SPM processes PR3 and RM3

0 Related to challenges C3.2, C3.3, C3.5 and C3.6
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Table 9-4. SPM maturity profile SupplyComp

0|12(2|3|4|5|6|7|8|9]|10(11|12
RM1. Requirements gathering A
RM2. Requirements identification A B C
RM3. Requirements organizing A B C
RP1. Requirements prioritization A B C D
RP2. Requirements selection A B C D
RP3. Release definition A B C
RP4. Release validation A B C D
RP5. Launch preparation A B Cc
RP6. Scope change management A B C
PR1. Theme identification A|B C
PR2. Core asset identification A B C
PR3. Roadmap construction A B Cc
PM1. Market trend identification A B C
PM2. Partnering & contracting A B C
PM3. Product lifecycle management A B C
PM4. Product line identification A B C

9.4.4 Elaboration on the recommendations

In this section, we will elaborate on the proposed recommendations. Two of the
recommendations will be explained here. The other two are too large to explain
in detail. A short summary and an overview of the method in the form of a
process-deliverable diagram will be provided. In addition, we include a link to
the web page where the method is explained.

Distinguish between market and product requirements

All three companies score low in the requirements identification process. This
may lead to problems in other processes, such as requirements organizing and
prioritization. We propose a categorization into market requirements and
product requirements. This process is described by Natt och Dag, Gervasi,
Brinkkemper and Regnell (2004). Market requirements are requirements that
are directly copied from the requirement raiser. In case a customer raised a
certain requirement, it is documented as market requirement in the terminology
of the customer. In addition to customers, also the other internal and external
stakeholders can submit requirements. Product requirements, on the other hand,
are written by the product manager. These requirements can be a redefinition of

187



Chapter 9

one or multiple market requirements. Product requirements should have clear
descriptions and a comparable estimated development workload.

In Figure 9-2, we depicted the method fragment related to the
recommendation. At the left-hand side the activities, including roles, are shown.
At the right-hand side, the deliverables are illustrated. Observe that market and
product requirements have a zero to many relation. Some market requirements
will not be linked to product requirements, and it is possible to create product
requirements without linking them to market requirements.

Create market requirement  }_ __ _ _ MARKET REQUIREMENT
Stakeholder
0..*
is linked to
v
0“*
Create product requirement  }__ _ __ PRODUCT REQUIREMENT
Product manager.

Figure 9-2. Method fragment: categorize requirements in market and product
requirements

Improve requirements documentation and traceability

SupplyComp scored low on requirements identification and organization. In
addition they indicated that they had difficulties with tracing requirement
throughout the lifecycle of a product release. In order to improve the
requirements documentation, product requirements need to be described via a
predefined format. A process-deliverable diagram of this method fragment is
illustrated in Figure 9-3.

The fields specification, dependencies, reference, and test realize traceability
of the product requirements. These properties are created by later processes,
such as ‘Update product requirements status’. By filling in and regularly
updating these fields, a better overview of the requirements and their statuses is
obtained.
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Greate product requireme@ 777777777 PRODUCT REQUIREMENT

Id

Label
Description
Priority
Source
Specification
Theme
Dependencies
Estimation
Reference
Status

Test

Release version

Figure 9-3. Method fragment: Create product requirement

Implement a product roadmapping process

SupplyComp started as a company that developed software for a few large
customers. At this stage of the software business, it is very clear what needs to
be accomplished with the product. However, as ideas and ambitions grow, and
the product is developed for an entire market instead of a few customers, a
roadmap is needed to manage expectations, plans, themes and core assets of a
product. The roadmap provides a layout of the product releases to come over the
following year(s).

Véahéniitty, Lassenius and Rautiainen (2002) describe a roadmapping process
for small software companies. In Figure 9-5, this process and its deliverables are
visualized. In the main activity Roadmapping, two roadmap development
methods are expressed: the time-critical development method and the function-
critical development method. Due to space limitations, we refer for more
information to our SPM knowledge infrastructure?.

L http://www.cs.uu.nl/wiki/bin/view/Spm/SmallSoftwareBusinesses
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Figure 9-4. Process-deliverable diagram of product roadmapping in small software
businesses

Advance the product roadmapping process

CashComp and ProcessComp both have a product roadmapping process in
place. Multiple internal stakeholders are involved in the roadmapping process.
What misses in both companies is managing the core assets in the products.
Therefore, we propose to make the roadmapping process more structured and
include the core asset identification activity in it. This will also bring the
requirements organizing activity to a higher level.
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We propose to implement the T-Plan ‘fast start” method (Phaal, Farrukh,
Mitchell & Probert, 2003), as depicted in Figure 9-5.
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Figure 9-5. Process-deliverable diagram T-Plan roadmapping method
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The T-Plan method consists of four workshops: identifying market and
business drivers, conceptualizing the product(s), identifying current and future
technologies and constructing the roadmap. In Figure 9-5, the four workshops
can be recognized, and also two extra phases: the coordination phase and the
implementation phase. The main deliverable of the method is the technology
roadmap. For more details on the T-Plan method, we refer to our SPM
knowledge infrastructure?.

9.5 Results

9.5.1 Maturity profiles

In this section, we will compare the maturity profiles of the cases described in
the previous section. We calculated the mean and the standard deviation of the
achieved scores in the SPM processes, as can be viewed in Table 9-5.
CashComp has the highest mean, followed by ProcessComp and SupplyComp.
The standard deviations of CashComp and ProcessComp are similar.
SupplyComp’s standard deviation is clearly lower, which indicates that the
different scores tend to be closer to each other. This shows that SupplyComp’s
processes are more aligned with each other than the other the processes of the
other two companies.

Table 9-5. Maturity profile statistics

CashComp ProcessComp SupplyComp
Mean 8.31 6.75 4.44
Standard deviation 3.32 3.36 2.28
Lowest score 2 2 2
Highest scrore 12 12 9

In Figure 9-6, an overview is provided of the scores of the three companies
on the four process areas. The figure shows that CashComp and PorcessComp
follow the same pattern: Release Planning (RP) scores highest, followed by
Portfolio Management (PM), Requirements Management (RM) and Product
Roadmapping (PR). For SupplyComp this order is different. In this company,
there is a clear difference between Release Planning and Requirements
Management that both score above level 5, and Portfolio Management and
Product Roadmapping that both score below level 3. This last maturity profile is

L http://www.cs.uu.nl/wiki/bin/view/Spm/FastStart
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typical for young product software companies: on the more operational level the
maturity is higher than on the more strategic level.

15
10 m CashComp

5 1 — ProcessComp
0 - m SupplyComp

RM RP PR PM

Figure 9-6. Maturity profile per process area

9.5.2 Advice response

After sending the advice report to the case companies, we asked them the

following questions:

1. Do you recognize your company in the maturity profile, with respect to a)
requirements management, b) release planning, ¢) product roadmapping,
and d) portfolio management?

2. Did you have any plans to improve your SPM processes? Did the
assessment provoke a change in these plans with respect to process choice
or time path?

3. What are your plans with the recommendations that we provided?

CashComp answered positively on the first question. The product managers
recognized the maturity profile as depicted in the maturity matrix for all process
areas. Furthermore, they indicated that they were already focusing on improving
their requirements management processes, and that, also after the assessment,
this will be their first priority. In addition, several employees are going to
follow a course on SPM. This will improve the communication about SPM.
After the course they will pay attention to the other recommendations.

The second company that responded to the method advice is ProcessComp.
Concerning Requirements Management, ProcessComp scored lower than they
had expected. They stated that a categorization procedure for requirements was
in use, which should lead to a higher score. However, this procedure (using the
categories Need to have, Nice to have, Wish to have and Opportunity driven
queues) is a prioritization method. The process requiremenrs prioritization (part
of Release planning) received the maximum score. Hence, this misfit between
maturity profile and company expectation seems to be based on a
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misunderstanding of maturity matrix. For the Release Planning area,
ProcessComp recognized the profile except on the processes of Release
definition (they expected higher) and Launch preparation (they expected lower).
Concerning the Release definition process, again the requirements
categorization procedure was mentioned. However, this is also not part of the
release definition procedure, so, again, we hold the misunderstanding of the
maturity matrix accountable for this. For Product Roadmapping, ProcessComp
recognized the maturity profile. Finally, for Portfolio Management, the maturity
profile was also as expected, except on the Market trend identification, where
they expected to score higher. Concerning the second question, ProcessComp
indicated that “the recommendations clearly show where in the SPM area
additional gains can be reached”. They were planning to focus on the launch
preparation. However, the method advice shows that there are other areas where
more advantage can be gained, such as the distinction between market and
product requirements. They indicated that they planned to implement this in
their organization. Finally, the interviewees from ProcessComp were exploring
opportunities to incorporate the T-Plan roadmapping process in their SPM
practice.

Finally, SupplyComp responded to the advice. They answered positively on
the first question. The interviewees recognized the maturity profile as depicted
in the maturity matrix. SupplyComp was already working on their SPM
processes before they were assessed. Two years ago they made a change from
developing custom-made software to developing product software. In order to
cope with this, they were working on the areas requirements management and
release planning. SupplyComp planned to focus on release planning the
following year, but they indicated that, based on the method advice, they will
shift their focus to requirements management and product roadmapping. As a
concluding remark, they state: “We will use the recommendations to guide our
SPM improvement process in 2009”.

9.6 Conclusion and discussion

9.6.1 Conclusion

In this paper, we presented three case companies that were willing to take our
SPM assessment. For each company, we created a maturity profile that can be
used to clarify the less mature processes within the SPM practice. For all
companies, we created a recommendation, based on their maturity profile and
situational factors.
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In section 2, we stated the following research question:

To what extent can a knowledge infrastructure, in which method
engineering principles and the SPM maturity matrix are integrated, provide
a useful method advice for product managers?

We defined two propositions that are used to answer the research question:

Using the knowledge infrastructure for assessing a company’s need results
in a correct interpretation of a company’s problem(s).

All three companies recognized their company in the maturity profile, except
ProcessComp that indicated a few small differences. However, this was largely
caused by a misunderstanding of the matrix. Therefore, we hold this proposition
to be true.

Using the knowledge infrastructure for matching method fragments with
maturity levels and situational factors results in a proper method advice.

All three companies indicated that they would use the method advice to
improve their SPM processes. Two of them even indicated that the
recommendation caused a shift of focus concerning the SPM processes that
need attention. Hence, we can also say that the second proposition is true.

Based on the propositions, the answer to the research question is that the
knowledge infrastructure, as explained in this research, does provide a useful
method advice for product managers.

9.6.2 Discussion and further research

A few remarks should be made. Firstly, we would like to point out the learning
effect that arose during the assessment. During the interviews, we asked the
interviewees before and after the assessment what they thought were the weak
spots in their SPM practice. In two out of the three cases the interviewees
answered differently after taking the assessment. Apparently, the questions and
statement about the different SPM processes created some form of awareness.

Another interesting finding in the study is the comparison of the maturity
profiles. After comparing the means of the different process areas, it appeared
that two of them were similar, and the third was different. We have a strong
indication that young companies have the lowest score in the Product
roadmapping and Portfolio management areas, when compared to the other two
areas. We believe this occurs because young companies focus more on the
operational SPM processes than the strategic SPM processes. However, further
research is needed to find out which factors influence this maturity profile.
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Concerning the validity of the research, we found that some of the
interviewees had the urge to get the highest score. To prevent this, the
interviewer asked them to elaborate further on the concerning capabilities. In
the future, the assessment can be improved by asking the interviewees for
evidence. For example, when the interviewee indicates that they have a formal
scope change management process in place, we can ask whether a document
with a description of the scope change process can be provided.

Currently, the PSKI is not automated. It is still a concept, of which several
sub concepts, such as the assessment, maturity matrix and SPM knowledge
infrastructure have (partly) been carried out. Especially in the area of method
storage and assembly, further research is needed.
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Conclusion and outlook

The main research question in this dissertation is:

How can product software companies improve the maturity of their
product management processes?

Our answer to this research question is by developing the vision of a so-
called Product Software Knowledge Infrastructure (PSKI). In the different
chapters, the concept of the PSKI was presented, a reference framework to
structure method knowledge in the SPM domain was developed and validated,
and an instrument to assess a company’s current maturity was introduced,
validated and tested. In the following sections, the findings on the research
guestion will be further explained. Then, the implications in a broader
perspective will be described. Finally, the limitations of this research are
discussed, resulting in future research.

10.1 Research questions

The research in this dissertation is positioned around three research questions.
In this section, the findings of each research question and its sub-questions are
presented.

RQ1. Which main functions and stakeholders can be identified in the
Software Product Management domain?

In answer to this research question, the reference framework for Software
Product Management was developed. By performing field interviews and
discussions with product managers and by doing a literature review on
(software) product management, we were able to identify the stakeholders and
activities that are most important in SPM. Furthermore, we provided an
overview of contemporary literature on software product management. By
carrying out a case study, we found confirmation of the validity of the identified
context, processes and relations in the reference framework for software product
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management. Since its publication, the reference framework for SPM has
inspired several other authors, e.g. Berander (2007), Kittlaus and Clough
(2009). In addition, the framework is used for educational and consultancy
purposes. More on this is described in the Implications section.

RQ2. How can incremental method engineering be implemented in a
knowledge infrastructure?

Incremental method engineering is a suitable technique to use for process
improvement in knowledge infrastructures. By using a meta-modeling
technique, method fragments can be analyzed and stored in a method base. In
addition, formalizing method increments makes it possible to reuse them later
when assembling a process advice. RQ2 is subdivided into three sub questions:

RQ2.1. How can we model activities and deliverables in order to reuse them
for situational method engineering purposes? The development of the meta-
modeling technique process-deliverable diagrams (PDDs) provided the answer
to this research question. After evaluating several approaches for meta-
modeling, PDDs were found to be the most adequate modeling technique. PDDs
consist of activities and deliverables and can be used for different purposes. In
chapter 4, we showed two cases, in which the PDDs are used. The first one is
method evolution analysis and the second one is assembly-based method
engineering. For both appliances, PDDs have proven to be effective means for
the meta-modeling of methods. In addition, PDDs have been used in method
comparison and for educational purposes.

RQ2.2. How can product software companies improve their software product
management methods in an evolutionary way, using method fragment
increments? In answer to this research question, a formal approach to
incremental process improvement was presented. This approach can serve as an
instrument to improve a company’s SPM processes in an evolutionary way. The
approach makes use of formalized method increments, which can be used in
assembling a method advice. In addition, the root-cause analysis technique was
presented as a means to structurally analyze a company’s process need. By
applying this analysis in a case study, it was found that the approach and the
corresponding root-cause map can be of great value in the support of
incremental method evolution.

RQ2.3. Which method increment types occur in incremental method
evolution, and which general increment drivers can be identified? In Chapter 6,
a retrospective case study was carried out on incremental method evolution in a
global SPM setting. The results of this case study show that all increments
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found in the retrospective case study can be adequately modeled with the 18
method increment types that we identified in Chapter 6. In addition to the
validation of the generic method increment types, increment drivers, which are
the general principles behind method increments, were studied. Four increment
drivers were found: development management, business management,
departmental interfacing, and certification.

RQ3. How can we support process improvement in a knowledge infrastructure?

By analyzing a company’s process need and mapping this with the method
fragments in the knowledge infrastructure, a method advice can be assembled.
By using a capability-based approach, i.e. assessing a company’s capabilities in
order to find the areas that can be improved, the method increments can be
small and local. RQ3 consists of three sub questions.

RQ3.1. How can we use a knowledge infrastructure to support incremental
method evolution? The answer to this research question is the presentation of an
approach for incremental method evolution. This approach provides the means
by which SPM methods can be inserted into existing processes, based on
method engineering principles. This vision on process improvement combines a
capability-based approach with problem-based aspects. In Chapter 7, it is
explained how this approach can be implemented in the PSKI. In addition, it is
demonstrated how method increments can be generated, based on the situational
and capability assessment answers.

RQ3.2. How can we design a maturity matrix for software product
management? In the last part of this dissertation, the maturity framework for
SPM is presented. This maturity matrix can be used to assess a company’s
current SPM capabilities and offers local, incremental improvements to the
product manager. After developing the matrix, it was validated in a survey in
which 32 SPM professionals participated. The product managers were asked to
indicate the right order in which SPM capabilities should be implemented. The
results were then compared with the initial matrix. The findings of the survey
supported the initial positioning of the SPM capabilities for the most part. The
differences were used to improve the matrix.

RQ3.3. To what extent can a knowledge infrastructure, in which method
engineering principles and the SPM maturity matrix are integrated, provide a
useful method advice for product managers? In answering this research
guestion, we found three case companies that were suitable to take our SPM
assessment. For each company, we created a maturity profile that can be used to
clarify the less mature processes within the SPM practice. Furthermore, we
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created a method advice for each company, based on their maturity profile and
situational factors. After reading the method advice, all three companies
indicated that they would use the method advice to improve their SPM
processes. Two of them even indicated that the recommendation caused a shift
in focus concerning the SPM processes that need attention. Therefore, we
concluded that the answer to the research question is that the knowledge
infrastructure does provide a useful method advice for product managers.

10.2 Implications

10.2.1 Maturing the software product management domain

The research carried out in this dissertation is an important step in positioning
the industrial domain of SPM in scientific research. By describing the relation
between the different functions and stakeholders concerning SPM, and by
positioning them in a reference framework, we contributed to the body of
knowledge on SPM. Since the publication of the framework (van de Weerd,
Brinkkemper, Nieuwenhuis, Versendaal & Bijlsma, 2006), several other
researchers have used the framework to position their research (e.g. Berander,
2007; Kittlaus & Clough, 2009; Bekkers, van de Weerd, Brinkkemper &
Mahieu, 2008a).

The reference framework for SPM has contributed to an increase in the
availability of SPM knowledge for product software companies. By creating a
knowledge infrastructure in the form of a website!, SPM practitioners can
browse, read and download method descriptions, white papers, examples and
templates for SPM deliverables. This knowledge infrastructure is a first step to
maturing the SPM practice.

Another result of our work on SPM is the education program we set up. In
2005, at the start of this dissertation research, virtually no education programs
or working groups on SPM existed in The Netherlands and the rest of Europe.
In 2006, a workgroup on Requirements Management was set up in Utrecht, in
which researchers and practitioners were involved in meetings and discussions
concerning requirements management in a product software setting. In 2007,
this workgroup was changed into a course in SPM, where the reference
framework is used to structure the course program. Currently, two regular
courses and three in-company courses including consultancy sessions have been

L http://www.softwareproductmanagement.org/
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held, and a new edition of the SPM course is scheduled next autumn. The
regular courses are typically followed by 14 product managers and consist of 10
meetings of four hours, in which all aspects of SPM are covered. In addition,
some other initiatives concerning SPM have been set up. A software product
managers’ network has been initiated, of which the members regularly set up
meetings to exchange knowledge. Furthermore, a joint initiative from the
Netherlands, Germany, Switzerland, and Sweden is working on a certification
program for product managers in software companies.

10.2.2 Requirements management versus software product
management

In the presented framework for SPM, requirements management is identified as
one of the four main process areas. In a strict sense, requirements management
only entails the activities of gathering, identifying and organizing requirements.
However, in most research, requirements management is used in a broader
sense. It also involves, among others, prioritization, validation, and scope
change activities. In this perspective, we can say that SPM is a more elaborate
version of traditional requirements management. As more and more companies
are shifting from developing customized software to developing product
software, their requirements management activities also change. A product
roadmap is needed to plan the releases of the following years, requirements
have to be traced throughout the release lifecycle, and make-or-buy decisions
have to be made on the different components of the product. We reserve the
term requirements management strictly for gathering, identifying and
organizing requirements. Hence, the entire picture, including also the release
planning, product roadmapping and portfolio management processes, is referred
to as SPM.

SPM does not always comply with the classical view of requirements
management. The main conferences and journals in the area mainly focus on
requirements management for customized software. However, in order to
mature the research community around requirements management, we contend
that SPM should be adopted as a legitimate scientific research area.

10.2.3 Method engineering

By proposing a meta-modeling technique based on UML class diagrams and
UML activity diagrams we were able to support the method engineering studies
we carried out in this dissertation. This technigue, in which Process-Deliverable
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Diagrams (PDDs) are created, has proven to be an effective means of modeling
methods. PDDs have since been applied in various research papers on method
engineering, especially in the creation of new methods assembled from
fragments of other methods (cf. Luinenburg, Jansen, Souer, Brinkkemper & van
de Weerd, 2008; van de Weerd, de Weerd & Brinkkemper, 2007; Levantakis,
Helms & Spruit, 2008), but also in other research domains, such as in
information systems research methodology and business planning (cf. Jansen,
2008; van Ee, van Duinkerken).

10.3 Limitations and future research

In the last section of this chapter, the limitations of this research are described.
In addition, directions for future research are provided.

10.3.1 Software product management

One of the main contributions of this dissertation research is the reference
framework for SPM. Currently, the framework has been validated via expert
reviews and various case studies. All of the case study companies were from the
Netherlands. In addition, we were invited by German and Swiss practitioners to
present the reference framework at their requirements management workgroup.
The framework was perceived as very useful and applicable. However, we are
not sure whether the results can be generalized to product software companies
in all countries. The United States, for example, have a more marketing-oriented
perspective on SPM (see e.g. www.productmarketing.com/). In future research,
it would be interesting to test the reference framework in multiple countries.

10.3.2 Product software knowledge infrastructure

The PSKI, as presented in Chapter 2, and further explained in Chapters 7, 8 and
9, is still a limitedly worked-out concept. Several parts o the infrastructure have
been detailed, such as the assessment and the maturity matrix. However, it is not
yet fully automated. Future research in this area touches three main topics. First,
the linking between the situational factors, maturity levels and method
fragments need to be further investigated. Situational factors can be used to
determine a company’s optimal maturity level and to select those method
fragments that fit in with the rest of the process. A start has been made in this
research by Bekkers, van de Weerd, Brinkkemper and Mahieu (2008b).
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Secondly, the storage of method fragments needs more attention. In Chapter
4, a formalization of method fragments and method increments was proposed.
Based on this, the method fragment structure can be implemented in a CAME
tool, for example MetaEdit+. By adding extra information to the stored method
fragments, they can easily be retrieved after assessing the company’s need.

Finally, some research challenges lie in the assembly of the method advice.
When, based on the assessment, a method fragment is selected, it has to be
implemented in the company’s existing processes. In addition, an
implementation plan should be provided. To be able to automate this process,
more research is needed.
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Appendix A: SPM capabilities

Requirements Management

RM1. Requirements gathering

A

B.

C.

Ad hoc requirements gathering. Requirements are being gathered and
registered.

Organized requirements gathering. All incoming requirements are stored in
a central place (for example in a spreadsheet).

Integrated requirements gathering. Internal and external stakeholders use
various channels (e.g. website, helpdesk) to submit requirements, which are
automatically stored in a central database.

Optimized requirements gathering. Requirements are being gathered and
stored automatically, for example by data mining in emails, setting out
competitor spiders, etc.

RMZ2. Requirements identification

A

Ad hoc requirements identification. For incoming requirements,
immediately a consideration is made whether they can be implemented in
the product.

Organized requirements identification. Incoming requirements are being
identified as market or product requirement. Product requirements are
written in a pre-defined template.

Optimized requirements identification. Market and product requirements in
the entire product portfolio are automatically linked, for example by using
advanced techniques, such as linguistic engineering.

RM3. Requirements organizing

A

B.

Release-based requirements organization. For each release, requirements
are organized by, for example, theme, function or core asset.
Roadmap-based requirements organization. Organizing requirements is
based on the product roadmap. Dependencies between different
requirements are also identified.

Portfolio-based requirements organization. The organization of product
requirements is automated. The various products, core assets, themes and
the product roadmap are linked to each other.
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Release Planning

RP1. Requirements prioritization

A. Ad hoc requirements prioritization. Requirements are prioritized.

B. Release-based requirements prioritization. Before defining the release
content, requirements are prioritized by multiple internal stakeholders. A
light-weight prioritization technigue such as MOSCOW is used.

C. Roadmap-based requirements prioritization. During requirements
prioritization, the roadmap is used as a guide and the dependencies between
the different requirements are taken into account.

D. Portfolio-based requirements prioritization. During  requirements
prioritization, the products and core assets are taken into account, as well as
information about the costs and revenues of each requirement. Sophisticated
techniques such as integer linear programming are used.

RP2. Requirements selection

A. Ad hoc requirements selection. Requirements that have the highest priority
are selected for the next release.

B. Release-based requirements selection. During requirements selection for
the next release, constraints concerning engineering capacity are taken into
account.

C. Roadmap-based requirements selection. Multiple releases are included in
the requirements selection process and dependencies between requirements
are handled.

D. Portfolio-based requirements selection. During the requirements selection
process, multiple releases, products and core assets are taken into account.

RP3. Release definition

A. Ad hoc release definition. A release definition of approximately one page is
being written, which contains an overview of the requirements that will be
implemented, a time path and the needed capacity.

B. Organized release definition. A standard release definition template is used
to write the release definition. The release definition is communicated to the
internal stakeholders.

C. Optimized release definition. The release definition is generated from the
list of selected requirements and the roadmap. It is communicated to
internal and external stakeholders.
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RP4. Release validation

A

B.

Ad hoc release validation. De release definition is checked internal
stakeholders, before the software is realized.

Organized release validation. The release definition must be formally
approved, before the software is realized.

Integrated release validation. A business case (including the ROI) is being
written before the software is realized.

Optimized release validation. Business intelligence is used to create a
business case. Information concerning requirements’ costs and revenues and
experiences with earlier releases is used.

RP5. Launch preparation

A

B.

Ad hoc launch preparation. Before the new release is launched, an
informative email is being sent to internal stakeholders.

Organized launch preparation. Internal and external stakeholders are
informed about the upcoming release and trainings are organized. A formal
‘go’ decision must be obtained from the board.

Optimized launch preparation. Internal and external stakeholders are
notified automatically about the progress of the upcoming release, in order
to prepare things like promotion material and trainings.

RP6. Scope change management

A

B.

C.

Ad hoc scope change management. In case of a scope change, project
managers and/or developers are being informed.

Organized scope change management. A formal scope change management
is in place, in which all involved stakeholders are informed.

Optimized scope change management. The scope change management
process is automated, which makes is possible to: automatically notify the
involved stakeholders; run an impact analysis and propose alternative plans.
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Product Roadmapping

PR1. Theme identification

A

B.

C.

Ad hoc theme identification. A list of themes is created, which is used to
decide on the contents of the release.

Organized theme identification. Release themes are identified and
maintained. Themes are decided on together with the internal stakeholders.
Optimized theme identification. Identification themes results in a list of
release themes that are stored centrally, so that requirements, core assets,
market trends etc. can be linked to it.

PR2. Core asset coordination

A

B.

Organized core asset coordination. All core assets are registered in
standardized manner and are stored in a central location.

Externally oriented core asset coordination. External sources are
investigated based on ROI in the search for core asset acquisition: partners,
outsourcing or subcontracting of development.

Optimized core asset coordination. An automated procedure of acquiring
core assets created by external parties, such as SOA, is in place to buy and
sell core assets.

PR3. Roadmap construction

A

B.

Ad hoc roadmap construction. A product roadmap exists in which the
releases of the upcoming period are described.

Organized roadmap construction. Product roadmap(s) are created in
consultation with internal stakeholders. The roadmap spans over multiple
releases describing a period of at least one year and is actively maintained.y
Optimized roadmap construction. Roadmaps are created in consultation
with both internal and external stakeholders. (Part of) the roadmap is
communicated to the market.
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Portfolio Management

PM1. Market trend identification

A

B.

C.

Ad hoc market trend identification. A document with market trends is being
maintained.

Organized market trend identification. There is an active search for market
trends. All search findings are recorded in standardized forms.

Optimized market trend identification. Large research projects are set up to
investigate trends among every type of external party (customers,
competitors, partners).

PMZ2. Partnering & contracting

A

B.

C.

Organized partnering & contracting. A process is in place to actively
investigate make-or-buy decisions. Standard SLA’s are used.

Externally oriented partnering & contracting. A partner network and/or
partner portals are used to regulate partnering.

Optimized partnering & contracting. KPI’s are set up to monitor the
performance of partners on a regular basis.

PMa3. Product lifecycle management

A

Organized product lifecycle management. All internal stakeholders are
involved in product lifecycle management, and know in which phase of the
lifecycle a product is.

Externally oriented product lifecycle management. External stakeholders
are involved in the monitoring of deciding about product lifecycles.
Optimized product lifecycle management. Product lifecycles are tuned to
each other across the entire portfolio, ensuring smooth transition between
products, and maximizing the products lifecycle.

PM4. Product line identification

A

B.

C.

Ad hoc product line identification. Product lines are used, but not actively
managed or monitored.

Organized product line identification. Product lines are actively managed
and monitored, with several internal stakeholders are involved.

Externally oriented product line identification. Product lines are in line with

those of external parties such as partners and suppliers.
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Appendix B: Situational factors case companies

SupplyComp CashComp ProcessComp
Business unit characteristics
Development Iterative Waterfall Iterative
philosophy
Size of business unit 13 50 15
team (fte)
Customer characteristics
Customer loyalty High High High
Customer satisfaction 8 6 7
(1-10)
Customer variability 10% 10% 100%
Number of customers 59 <10 7
Type of customers Large companies SMEs & Large SMEs & Large
companies companies
Market characteristics
Localization demand 3 5 4
Market growth Growing Growing Growing
Market size (customers) | 1500-3500 3500+ 500-1500
Release frequency 90 365 120
(days)
Sector Logistics Petrol, retail, Utilities
transport
Standard dominance Medium High Low
Variability of feature High Medium High

requests

Product characteristics
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Defects per year

40

35

50

Development platform
maturity

Ever changing

Ever changing

Fully developed

New requirements rate 250 150 100
(per year)

Number of products 2 7 2
Product age (years) 4 4,5 4
Product lifetime (years) | >15 10 >15
Product size (KLOC) 320.000 500.000 -
Product tolerance Medium Low Medium
Stakeholder involvement

Company policy High Low High
Customer involvement | High Medium High
Legislation Loose Strict Non-existing
Partner involvement Low Low Low
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Summary

Hardly any figures exist of the success of product software companies. What we
do know is that a good Software Product Management (SPM) practice pays off.
However, not many IT-professionals know how to implement SPM practices in
their organization, which causes many companies to not have the proper
processes in place. One of the reasons for this lack of knowledge is that hardly
any education exists in the SPM domain. As a consequence, software product
managers have to learn the practice on the job. Without a solid body of SPM
knowledge, this can be a difficult task.

We can address the lack of knowledge among product managers by giving
them access to SPM methods and guide them in implementing them in their
company. Immediately some other problems come to mind. For example,
product software companies can be characterized by various situational factors;
they operate in diverse sectors, have varying sizes and use a range of
development methods. Subsequently, companies need different methods. For
example, a company with 5 employees does not need an elaborate release
planning method, whereas a large company, such as Microsoft, needs to have a
very elaborate workflow process in place. These situational factors influence the
decision whether to implement simple or elaborate SPM processes profoundly.

In this research, a knowledge infrastructure is proposed that provides
methodical support to product software companies. The aim of this knowledge
infrastructure is to assess and analyze a company’s current situation and
maturity level. Then, by using incremental method engineering and meta-
modeling principles, previously stored method fragments can be selected and
assembled into a process advice. By implementing this process advice, the
overall maturity of the SPM practice increases.

This dissertation consists of three parts. First, the main processes in SPM
(requirements management, release planning, product roadmapping, and
portfolio management) and the internal and external stakeholders are described.
In the second part, a modeling technique for storing method fragments is
proposed. Furthermore, the principles for incremental method engineering are
identified, formalized and validated in a retrospective case study. In the third
part, an approach for incremental method evolution is described. In this
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approach, the aforementioned concepts are combined with a maturity matrix for
SPM, and integrated in one knowledge infrastructure. A comparative case study
in three product software companies is carried out to test the approach. The
results indicate that the knowledge infrastructure is able to create a useful
process advice for improving a company’s SPM practice.
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Er zijn weinig cijfers bekend over het succes van productsoftwarebedrijven.
Wat we wel weten is dat goed geimplementeerde Software Product
Management (SPM) processen hier een positieve invloed op hebben. Toch
weten weinig IT professionals hoe ze SPM processen in hun organisatie kunnen
implementeren. Een reden voor dit gebrek aan kennis is dat er nauwelijks
onderwijs wordt gegeven in dit domein. Als gevolg hiervan leren
productmanagers pas tijdens hun baan wat SPM inhoud en hoe de processen
moeten worden ingericht in een organisatie. Omdat de kennis over SPM
gefragmenteerd is, kan dit een moeilijke taak zijn.

Het probleem dat hierboven geschetst is, kan opgelost worden door
productmanagers toegang te geven tot SPM methoden en ze te helpen met de
implementatie hiervan in hun organisatie. Een moeilijkheid hierbij is dat elk
productsoftwarebedrijf een eigen context heeft die gekarakteriseerd kan worden
door verschillende situationele factoren. Zo opereren productsoftwarebedrijven
in verschillende sectoren, zijn ze van verschillende groottes en gebruiken ze
verschillende ontwikkelmethodes voor hun software. Deze situationele factoren
hebben invloed op de methodes die een bedrijf gebruikt. Een bedrijf met vijf
werknemers zal geen uitgebreide release planning methode nodig hebben,
terwijl grote bedrijven, zoal Microsoft of SAP, een uitgebreide workflow in dit
domein moeten hebben geimplementeerd.

In dit onderzoek wordt een kennisinfrastructuur ontwikkeld die methodische
ondersteuning kan geven aan productsoftwarebedrijven. Het doel van deze
kennisinfrastructuur is het analyseren van de volwassenheid en situationele
factoren van een bedrijf. Door middel van incrementele method engineering
principes kan een proces advies worden geassembleerd dat is samengesteld uit
bestaande, eerder opgeslagen, methodefragmenten. Door dit advies bij het
bedrijf in het bestaande proces te implementeren wordt de volwassenheid van
de SPM activiteiten verhoogd.

Dit proefschrift bestaat uit drie delen. In het eerste deel wordt het
referentieraamwerk voor SPM geintroduceerd, waarin de belangrijkste
processen (requirements management, release planning, product roadmapping
en portfolio management) en interne en externe stakeholders worden
beschreven. In het tweede deel wordt een modelleringstechniek voor het

241



Nederlandse samenvatting

analyseren en opslaan van methodefragmenten beschreven. Ook worden de
principes van incrementele method engineering geidentificeerd, geformaliseerd
en gevalideerd in een retrospectieve case study. In het derde deel wordt het
proces van incrementele method evolutie beschreven. In dit proces worden de
eerder genoemde concepten gecombineerd in een volwassenheidsmatrix voor
SPM welke vervolgens geintegreerd wordt in de kennisinfrastructuur. Dit
proces wordt getest in een vergelijkende case study waarin drie
productsoftwarebedrijven geanalyseerd worden. De resultaten geven aan dat
met de kennisinfrastructuur een bruikbaar procesadvies kan worden gecreéerd
waarmee bedrijven hun SPM processen kunnen verbeteren.
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