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1 Introduction 

1.1 Research Motivation 

Product management has become an essential strategic practice in the 

manufacturing and software industry since the first studies on the dimensions 

of success and failure of launching new products were conducted (Cooper R. G., 

1979; Murphy & Gorchels, 1996). This is increasingly more so in the software 

domain. Here companies are rapidly evolving their products, and have to deal 

with thousands of requirements, large numbers of stakeholders, and the 

alignment between products and strategy (Khurum & Gorschek, 2011).  

Product managers thus play a crucial role in the success of product software 

companies (Condon, 2002). A good product manager needs to understand 

what the customer is going to buy, make sure that it gets built, and ensure it is 

done for a profit. Ebert formally defines software product management (SPM) as 

“the discipline and role, which governs a product (or solution or service) from 

its inception to the market/customer delivery in order to generate biggest 

possible value to the business” and further states that “companies win or fail 

depending on their product managers” to further underline their importance 

(2007).  

To successfully compete, product managers must not only focus on the 

product itself, but on the whole software product management lifecycle, and in 

essence become the owner of the product (Cooper R. G., 2001; McGrath, 2004). 

SPM provides an integrated approach to ensure high quality software products 

by presenting the domain as a coherent process. According to Ebert, SPM 

needs to be recognized by product managers in order to develop a successful 

product that is geared towards customer and business needs (2007). Well 

organized SPM therefore has a high impact on the success of a software 

product as it is crucial to building great software products (Ebert C. , 2007). 
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Being a software product manager thus is a complex affair consisting of many 

responsibilities that require a combination of technological, managerial, and 

business skills. These skills include important activities such as requirements 

management (Nuseibeh & Easterbrook, 2000; Regnell & Brinkkemper, 2005; 

Dieste, Juristo, & Shull, 2008), defining and planning optimal releases (Greer & 

Ruhe, 2004; Carlshamre, 2002), setting out the product roadmaps (Lehtola, 

Kauppinen, & Kujala, 2005; Robertson & Ulrich, 1998), and managing the 

portfolio (Cooper, Edgett, & Kleinschmidt, 1999). It is important that these 

activities get enough attention, else the quality of a product will decrease, 

release dates will not be met, and managing customers’ expectations will 

become a large problem. All these activities can only be successfully 

accomplished through intensive interaction with many internal and external 

stakeholders. A product manager should act as the nerve center of the 

organization, connecting all the different stakeholders to ensure everyone 

works together to build the best product. 

Without guidance, product managers are vulnerable to losing focus in this 

complex set of responsibilities. This loss of focus happens because most 

software product managers were earlier employed in functions such as 

development manager, project manager or sales manager. The lack of 

education in this area causes a gap of knowledge that the product manager 

has to solve by getting experienced in the area (van de Weerd, Brinkkemper, 

Nieuwenhuis, Versendaal, & Bijlsma, 2006). Hence, lifting the quality of the 

product by improving the SPM processes is often difficult, which can lead to 

some aspects of SPM being under exposed.  

Organizations highly appreciate guidance in the SPM domain, as the lack of 

knowledge and proper methods (Khurum & Gorschek, 2009) makes it difficult 

to measure and improve SPM processes and thereby the quality of software 

products. 

1.2 Research Relevance 

Much research has been performed into capability frameworks in the 

software domain over the past decades. This is true for the management and 

organization domain as well. The two approaches have some commonalities, 

but also have their distinctions, as will be illustrated in the first part of this 

section. First, capability frameworks are described in the management and 

organization domain. This is then followed by a description of capability 

frameworks in the software domain in which comparisons are made to the 
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management and organization domain. This is followed by a discussion 

indicating the lack of models specifically for SPM. Lastly, the importance of 

situational context is discussed. 

Dynamic capabilities in the organization and management domain are related 

to the resource based perspective (Teece, Pisano, & Shuen, 1997), and are 

regarded as the source of sustained competitive advantage (Teece & Pisano, 

1994; Eisenhardt & Martin, 2000). They “enable business enterprises to create, 

deploy, and protect the intangible assets that support superior long-run 

business performance” according to Teece (2007). 

“Dynamic capabilities aspire to be a relatively parsimonious framework 

for explaining an extremely seminal and complicated issue: how a business 

enterprise and its management can first spot the opportunity to earn 

economic profits, make the decisions and institute the disciplines to execute 

on that opportunity, and then stay agile so as to continuously refresh the 

foundations of its early success, thereby generating economic surpluses 

over time.” (Teece D. J., 2007) 

Eisenhardt and Martin (2000) describe dynamic capabilities as “The firm’s 

processes that use resources—specifically the processes to integrate, 

reconfigure, gain and release resources—to match and even create market 

change”. An example of a dynamic capability that is often mentioned by them 

is product development. Zollo and Winter (2002) comment on this definition 

stating that “while this suggests something of what dynamic capabilities are for 

and how they work, it leaves open the question of where they come from”. 

They further add that “the definition seems to require the presence of rapidly 

changing environments for the existence of dynamic capabilities, but firms 

obviously do integrate, build, and reconfigure their competencies even in 

environments subject to lower rates of change.” They therefore propose the 

following definition:  

“A dynamic capability is a learned and stable pattern of collective activity 

through which the organization systematically generates and modifies its 

operating routines in pursuit of improved effectiveness.” (Zollo & Winter, 

2002) 

Dynamic capabilities are characterized as “systematic patterns of 

organizational activity aimed at the generation and adaptation of operating 

routines” (Zollo & Winter, 2002). This is based on the notion that “dynamic 

capabilities in the organization and management domain arise from learning; 
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they constitute the firm’s systematic methods for modifying operating routines” 

(Zollo & Winter, 2002), where operating routines are “organizational activities 

geared towards the operational functioning of the firm”. 

Zott (2003) explains that “dynamic capabilities have been used in particular to 

explain why firms in the same industry perform differently”. He designed a 

model that describes the evolutionary process of dynamic capabilities through 

several stages, to explain “the emergence of differential performance patterns 

among firms”. In this model, the dynamic capabilities “are treated as a set of 

routines guiding the evolution of a firm’s resource configuration”. Helfat and 

Peteraf (2003) also developed a model “which articulates general patterns and 

paths in the evolution of organizational capabilities over time”. Because, as they 

argue, the dynamic resource based view “must include, as one of its prime 

components, an understanding of the evolution of resources and capabilities”, 

to effectively go on to “answer questions about competitive advantage and 

disadvantage over time based on capabilities and resources“. 

The models of Zott (2003) and Helfat & Peteraf (2003) show, on a high level, 

resemblance to maturity models developed within the software domain, which 

also describe stages through which capabilities evolve. The first staged maturity 

model for the software domain was developed by Richard Nolan of Harvard 

University who, in 1973, published the Stages of Growth model for IT 

organizations (Nolan, 1973). Crosby (1979) later advanced the position that 

quality-improvement activities paid for themselves by reducing the related 

costs, generating more interest in quality-improvement initiatives. 

Many other maturity models were developed in the software domain in the 

decades following the introduction of the maturity of Nolan (1973). The most 

notable successor is the Capability Maturity Model (CMM) of the Software 

Engineering Institute (SEI) of Carnegie Mellon University. In 1986, the SEI 

started their own efforts to develop a model which “provides organizations 

with more effective guidance for establishing process improvement programs” 

to “gain control over processes for developing and maintaining software” 

(Paulk, Curtis, Chrissis, & Weber, 1993). This model became a popular 

methodology for improving software development processes with the goal of 

developing high-quality software within budget and planned cycle time 

(Agrawal & Kaushal, 2007). The first steps towards the development of the 

model consisted of the creation of the process maturity framework (Humphrey, 

1987) and maturity questionnaire (Humphrey & Sweet, 1987), which would 

form the basis for the CMM (Paulk, Curtis, Chrissis, & Weber, 1991; Weber, 
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Paulk, Wise, & Withey, 1991) released in 1991 (Paulk, Curtis, Chrissis, & Weber, 

1993). 

Paulk, et al. (1993) state that the CMM “framework describes an evolutionary 

path from ad hoc, chaotic processes to mature, disciplined software processes”, 

and has emerged “from integrating the concepts of software process, software 

process capability, software process performance, and software process 

maturity”. A software process in CMM is defined as “a set of activities, methods, 

practices, and transformations that people use to develop and maintain 

software and the associated products (e.g., project plans, design documents, 

code, test cases, and user manuals)”. Maturity is described by them by stating 

that “as an organization matures, the software process becomes better defined 

and more consistently implemented throughout the organization”. The 

maturity of an organization is determined based on the maturity level the 

organization has achieved, which is defined as “a well-defined evolutionary 

plateau toward achieving a mature software process” (Software Engineering 

Institute, 1994). 

The SEI (1994) has designed the CMM in such a way that “each maturity level 

comprises a set of process goals that, when satisfied, stabilize an important 

component of the software process”. They do not provide a specialized 

definition for a capability, but rather provides a definition for a capability 

maturity model to set the context. The capability maturity model is defined as 

follows: 

“A description of the stages through which software organizations evolve 

as they define, implement, measure, control, and improve their software 

processes.” (Software Engineering Institute, 1994) 

The CMM “provides a guide for selecting process improvement strategies by 

facilitating the determination of current process capabilities and the 

identification of the issues most critical to software quality and process 

improvement” (Software Engineering Institute, 1994). 

The introduction of CMM led to the development of many other maturity 

models in the software domain that are either based upon, or strongly related 

to CMM. One of the most well-known and accepted thereof is SPICE (Dorling, 

1993), which provides an international standard for software related processes, 

activities and tasks. SPICE originally stood for "Software Process Improvement 

and Capability Evaluation", but was later redefined as "Software Process 

Improvement and Capability Determination" due to disquiet over the meaning 
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of "evaluation". Dorling (1993) describes that “the project aimed to build on the 

best features of existing software assessment methods” in the software domain, 

naming several of them explicitly: CMM (Paulk, Curtis, Chrissis, & Weber, 1993), 

TRILLIUM (Bell Canada, 1992), the Software Technology Diagnostic (Compita 

Ltd, 1993), and the Bootstrap method (Commission of the European 

Communities, 1990). Process assessment is defined within SPICE as “a 

disciplined examination of the process used by an organization against a set of 

criteria to determine the capability of those processes to perform within quality, 

cost and schedule goals by characterizing current practice and identifying 

strengths and weaknesses” (Dorling, 1993). A detailed comparison of CMM to 

the ISO standard can be read in Paulk’s (1995) article “How ISO 9001 Compares 

With The CMM”.  

CMMI version 1.1 (2002) was released by the CMMI Product Team as the 

successor to CMM. The CMMI was later updated to CMMI for development 

version 1.2 (CMMI Product Team, 2006), and once more thereafter to CMMI for 

development version 1.3 (CMMI Product Team, 2010). CMMI has shown its 

potential, as many organizations have achieved improvements in product 

quality and customer satisfaction at the same time that they have achieved 

higher productivity, cost performance, and schedule performance (Gibson, 

Goldenson, & Kost, 2006). Both CMM and CMMI have become very popular 

worldwide (Sun & Liu, 2010; Alyahya, Ahmad, & Lee, 2012), becoming the de 

facto standard where the SPICE initiative aims to provide an official standard. 

The popularity of CMMI has, as with CMM, again resulted in much related 

research. For example, into formal specifications which contribute to achieve 

the specific goals of CMMI process areas (Mishra & Schlingloff, 2008), into 

projects combining agile methods with CMMI (Jakobsen & Sutherland, 2009), 

and of testing aspects of CMMI (Bueno, Crespo, & Jino, 2006). 

One of the important changes of CMMI compared to CMM is the 

introduction of an additional improvement path as an alternative to the 

maturity path from CMM. Where CMM only used maturity levels, CMMI uses 

maturity levels and capability levels as two alternative improvement paths. 

"Levels are used in CMMI-DEV to describe an evolutionary path recommended 

for an organization that wants to improve the processes it uses to develop 

products or services. Levels can also be the outcome of the rating activity in 

appraisals” (CMMI Product Team, 2010). Each path is associated with a 

representation; the continuous representation uses capability levels to measure 

process improvement, while the staged representation uses maturity levels. The 

continuous representation “enables organizations to incrementally improve 
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processes corresponding to an individual process area (or group of process 

areas) selected by the organization”, whereas the staged representation 

“enables organizations to improve a set of related processes by incrementally 

addressing successive sets of process areas” (CMMI Product Team, 2010). But 

ultimately, the two representations each provide “ways to improve your 

processes to achieve business objectives, and both provide the same essential 

content and use the same model components” (CMMI Product Team, 2010). 

The notion that different routes can lead to the same results exists in both the 

dynamic capabilities framework and capability frameworks within the software 

domain. For dynamic capabilities, Eisenhardt & Martin (2000) indicate that “the 

existence of common features among effective dynamic capabilities does not, 

however, imply that any particular dynamic capability is exactly alike across 

firms”, as “effective dynamic capabilities can differ in form and details as long 

as the important commonalities are present“. They furthermore state that 

“managers of firms that develop an effective dynamic capability very probably 

begin the development of that capability from different starting points, and 

take unique paths”, but “since they end up with capabilities that are similar in 

terms of key attributes, there are multiple paths (equifinality) to the same 

dynamic capabilities”. This thus means that “although dynamic capabilities are 

idiosyncratic in their details and path dependent in their emergence, they have 

significant commonalities across firms (popularly termed ‘best practice’)” 

(Eisenhardt & Martin, 2000). The SEI also explicitly foresees in best practices, 

stating that it ”provides guidance for applying CMMI best practices in a 

development organization” (CMMI Product Team, 2010). 

Notable differences between the management and organization and the 

software domains are the intention, and end-goal behind the development of 

the capability frameworks, as well as the scope. Frameworks in the 

management and organization domain are designed with the intent to explain 

why organizations perform differently (Zott, 2003; Helfat & Peteraf, 2003), while 

frameworks within the software domain intend to provides organizations with 

more effective guidance for establishing process improvement programs 

(1993). The scope of models within the software domain more restricted, as 

they are aimed at SPOs rather than organizations in general, allowing the 

models to incorporate aspects specific to these type of organizations. 

Dynamic capabilities have not universally been accepted. Some authors 

criticize it for not specifying what dynamic capabilities consist of in enough 

detail (MacCormack & Iansiti, 2009). CMM, CMMI, and SPICE all explicitly 
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describe specific process areas within software organizations. A process area in 

CMMI is “a cluster of related practices in an area that, when implemented 

collectively, satisfies a set of goals considered important for making 

improvement in that area” (CMMI Product Team, 2010). Where they provide 

criteria that are specific to the areas being improved.  

Another type of maturity model in the software domain, related to the CMM, 

is the focus area maturity model (van Steenbergen, van den Berg, & 

Brinkkemper, 2007). This type of model is used in the software testing domain 

(Koomen & Baarda, 2005) and the enterprise architecture domain (van 

Steenbergen & Brinkkemper, 2007). Focus area maturity models are based on 

the concept of a number of focus areas that have to be developed to achieve 

maturity in a functional domain (van Steenbergen, Bos, Brinkkemper, van de 

Weerd, & Bekkers, 2010). Van Steenbergen, et al. (2010) indicate that focus 

areas can, for example, be the development and maintenance of certain 

processes or deliverables, alignment with other disciplines, and training of 

certain competences. The number of focus areas can vary based on the 

functional domain. 

Every focus area has its own number of specific maturity levels, which define a 

series of progressively more mature capabilities that are specific to the focus 

area. A capability in a focus area model is defined “as an ability to achieve a 

predefined goal that is associated with a certain maturity level” (van 

Steenbergen, Bos, Brinkkemper, van de Weerd, & Bekkers, 2010). Being able to 

make a distinction in the number of maturity levels within the different focus 

areas prevents oversimplification of the capabilities (van Steenbergen, Bos, 

Brinkkemper, van de Weerd, & Bekkers, 2010). 

Focus area maturity models provide a development path towards a higher 

maturity by juxtaposing all of the capabilities over all of all focus areas relative 

to each other in a balanced, incremental development path (van Steenbergen, 

Bos, Brinkkemper, van de Weerd, & Bekkers, 2010). This is achieved by 

positioning the capabilities in a matrix (see Table 3.1). This type of positioning 

makes it possible to distinguish more stages of maturity than the widely used 

fixed level models such as CMM (Paulk, Curtis, Chrissis, & Weber, 1993), which 

results in smaller steps between the stages that provide more detailed 

guidance to setting priorities in capability development. The positioning of the 

capabilities in a matrix makes the aforementioned model well suited to express 

the sometimes complex combinations of different factors that determine the 

effectiveness of a functional domain. Departing from the fixed maturity levels 
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makes the focus area oriented model more flexible in defining both focus areas 

and interdependencies between focus areas. 

Many other instruments, that provide software organizations with guidance in 

the development of processes, have been created along the line of CMM(I). For 

example, the Requirements Capability Maturity Model (R-CMM) (Beecham, Hall, 

& Rainer, 2005), which focuses on the requirements phase of software 

development. The Software Engineering Body of Knowledge (SWEBOK) (Abran, 

Moore, Bourque, Dupuis, & Tripp, 2005), which provides a guide detailing 

knowledge about software engineering. This guide, however, also tends to 

focus on the requirements aspect and the creation of tailored software rather 

than product software. The Project Management Body of Knowledge (PMBOK) 

(Project Management Institute, 2000) provides a guide with knowledge about 

project management. These guides provide excellent knowledge about 

software engineering. However, none of them focus on the domain of SPM as a 

whole, and they do not provide an improvement process to support 

organizations. There are also models that take another approach, focusing on 

the improvement process without providing a knowledge base. For example, 

the improvement framework utilizing lightweight assessment and planning 

(iFLAP) (Pettersson, Ivarsson, Gorschek, & Öhman, 2008). But these also do not 

provide complete information for SPM. 

The Capability Maturity Model (CMM) (Paulk, Curtis, Chrissis, & Weber, 1993), 

and its follow-up CMMI (CMMI Product Team, 2002) both provide an 

improvement process and a body of knowledge. These models, however, also 

have their flaws. 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 

SPICE (ISO/IEC-15504, 1998) 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 organizations. Another problem is that small 

and medium software organizations 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). 

These models are also aimed at a broad spectrum of SPI; the area of SPM is 

usually not the main area of attention. This results in a less than optimal 

solution for SPM. 
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Earlier research in the field of SPM led to the development of the reference 

framework for SPM (van de Weerd, Brinkkemper, Nieuwenhuis, Versendaal, & 

Bijlsma, 2006), which is a lightweight framework in comparison to CMMI or 

SPICE that aims solely at SPM. This framework structures the important 

business functions within SPM, and therewith provides an important step 

towards a body of knowledge for SPM. However, it does not define the 

concepts used in the framework, while defining the concepts is essential 

towards the creation of a complete body of knowledge. 

Weerd, Versendaal, & Brinkkemper (2006) also developed the concept of a 

Product Software Knowledge Infrastructure (PSKI). The PSKI is an online 

systematic collection of methodical knowledge for improving process maturity 

in a product software company. The PSKI allows product software companies to 

obtain a custom-made advice that helps them improve their processes. It uses 

a method base loaded with experiences (acquired via cases) and existing 

methods in the product software field. When fully developed, the PSKI can offer 

companies a solution to help mature their processes in an easy to comprehend, 

incremental way. The PSKI provides an important conceptual infrastructure for 

situational process improvement. However, it was never fully developed. The 

situational aspects remained conceptual as there was no comprehensive list of 

situational factors (SFs) to be used, and the application of the SFs towards the 

customization was also never detailed. 

It is very important that models and practices are adaptable to an 

organization because, as Mirbel points out, the “current practices in the field of 

Information System Development (ISD) show that methods are almost never 

suited literally and that there is a wide difference between the formalized 

sequences of steps prescribed by the method and their real application in 

practice” (2007). Mirbel and Ralyté (2006) also note that ISD methods are 

always adapted when used in practice (e.g. steps are added, removed, or 

skipped). They indicate that different factors can lead to this tailoring. These 

can be related to the project, the technology, the team expertise, and the 

business domain. Moor and Delugach (2006) also recognize this difference in 

process and practice models. This difference is made clear in a case study by 

Kautz et al. (2000) of the IDEAL model, where they note that "it is expected that 

organizations will, respectively must, tailor the steps to their particular 

situation". Becker et al. (2007) further add to this point by stating that 

“customers will choose a reference model that – along-side the quality of the 

transferred know-how – provides the best fit to their individual requirements 

and therefore implies the least need for changes”. Winter (2011) provides an 
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expansion upon this point by indicating that “with increasing generality, the 

individual utility of a solution for solving a specific design problem decreases – 

and vice versa”. Finally Saat, et al. (2011) state that "since most companies face 

different challenges regarding the goal of achieving a high degree of 

IT/business alignment, a prescriptive ‘one-size-fits all’ solution seems not to be 

suited to solve these issues. As existing approaches do not distinguish different 

situations of IT/business alignment in the real world". The importance of 

situational awareness is also recognized by Eisenhardt and Martin (2000) for 

the previously mentioned dynamic capabilities as they state that “in high 

velocity markets, dynamic capabilities rely extensively on new knowledge 

creation for specific situations”. 

It is therefore important to know the specific contexts wherein methods fit 

best. SFs that describe the situational characteristics of an organization can be 

used to solve this problem, as they can be used to describe the situational 

context in which a method can best be applied. 

There have been many uses of different types of factors within the software 

industry. For example, the usage of factors as indicators for productivity when 

applying software products (Morasca & Russo, 2001), "factors for the longevity 

of a product-line" (Jaktman, 1998), "factors influencing release planning" 

(Gorschek, Gomes, Pettersson, & Torkar, 2012), and as indicators for the relative 

importance of "factors in knowledge submission frequency" (Durcikova & 

Brown, 2007). But very little research has been done that provides detailed 

factors that can be used to fine-tune software process improvement models 

and methods. Winter further underlines the problem by stating that “while 

many method engineering approaches claim to incorporate SFs, they do nearly 

never detail what these SFs exactly are and how they can incorporated into 

method fragment design and fragment configuration rules” (Winter, 2011). 

Kautz et al. (2000) also ran into this problem in their case study of the IDEAL 

model, indicating that "little advice is however given of how to tailor the 

approach and which factors and their interdependencies have to be taken into 

account ...". 

The research in this dissertation is approached from the software domain, 

and is a continuation of the research along the lines set out by the SEI, the 

reference framework for SPM, PSKI, and specifically focus area maturity models. 

The focus area maturity model was chosen because it enables the modeling of 

complex relationships and detailed guidance needed in the multidisciplinary 

domain of SPM. 
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1.3 Research Questions 

The goal of this dissertation is to expand and deepen the research in the SPM 

domain, and more specifically the incorporation of SFs in process improvement 

to provide methods and models that better fit the user. The main research 

question of the dissertation thus is: 

[MRQ] How can software product management practices be improved in 

a situational manner? 

Several objectives need to be achieved to reach this goal. Firstly, the domain 

of SPM must be clearly defined. Secondly, it must be clear what the influences 

of the SFs on SPM are. Third and finally, a detailed method must be provided 

that describes how the SFs can be used to achieve situational process 

improvement. All of these three issues have not yet been researched 

thoroughly before, and are therefore each addressed in separate research 

questions: 

[RQ1] What practices constitute software product management? 

[RQ2] What are the effects of situational factors on software product 

management practices? 

[RQ3] How can software product management practices of software 

producing organizations be assessed? 

These research questions will now be explained further. 

[RQ1] What practices constitute software product management? 

It must first be clear what SPM is, before it can be improved. The practices 

that constitute SPM must therefore first be described. This research question 

also sets the scope for the main research question since the main research 

question is aimed at improving SPM. Answering this question is not easy as 

there are many different approaches to SPM. E.g. some practitioners approach 

SPM from a development point of view, where others approach it from a 

marketing, sales, or project management viewpoint. This research aims to unify 

the different points of view into a single model that describes the core 

practices that are important to every product manager regardless of his or her 

point of view. 
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[RQ2] What are the effects of situational factors on software product 

management practices? 

Situational improvement of SPM requires knowledge about the effects of SFs. 

This requires that the SFs themselves are known and described in a measurable 

form. The first step within this research question thus is the identification of the 

SFs. A description in itself does not provide any information about the effects 

of the described SFs, but it does provide the foundation which makes research 

into the effects possible. 

This dissertation researches three facets to provide this crucial information 

about the actual effects that make situational process improvement possible. 

The first facet provides knowledge about the SPM practices that are usually 

implemented in daily practice of software product management organizations 

(SPMOs) based on their SFs. This facet provides valuable information for 

researchers since it shows where SPMOs are already focusing on, and where 

they are falling behind and can thus gain the biggest improvements. 

The second facet provides knowledge about the SPM practices that should be 

implemented by an SPMO based on its SFs. Knowing what SPM practices 

should be implemented allows for a customized improvement advice that only 

improves the useful aspects instead of a one size fits all advice. 

The final facet provides knowledge about the methods that fit an SPMO 

based on its SFs. This allows for tailored method fragment selection. It is 

important that each of these types of effects is researched and the uncovered 

SF effects are mapped to enable their incorporation in the overall improvement 

process.  

[RQ3] How can software product management practices of software 

producing organizations be assessed? 

Providing knowledge about the SPM practices that need to be fulfilled and 

the method fragments that are applicable to an SPMO in itself is not enough. 

The knowledge needs to be supported by a method that guides organizations 

in their improvement efforts. This helps SPMOs to approach the improvement 

of their SPM in a well-structured manner that is tried and tested, increasing 

their chances for a successful improvement project. The final research question 

is therefore aimed at the development of such a guide. 
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1.4 Research Method 

The overall research method in this dissertation follows the design science 

methodology of Hevner et al., in which research is performed through a 

process of building and evaluating artifacts (Hevner, March, Park, & Ram, 2004). 

All of the artifacts described in this dissertation also adhere to this 

methodology on their own. The overall dissertation follows the seven 

guidelines of Hevner et al. (2004). This section provides an elucidation for each 

of the guidelines. 

Design as an Artifact 

The first guideline requires the production of a viable artifact in the form of a 

construct, a model, a method, or an instantiation. This research produces 

several artifacts. The main artifact is the situational assessment method (SAM), 

which was developed as shown in part IV of the dissertation. This method aids 

SPMOs in understanding the current state of their SPM practices, the problem, 

and helps them understand the solution.  

The SAM relies on several other important artifacts, which were created 

during this dissertation research. The first of which is the SPM competence 

model, which presents an overview of all the areas that are important to the 

field of SPM. Secondly, the SPM maturity matrix presents all of the important 

SPM practices in a best practice order for implementation. Both artifacts are 

presented in Part II. The third and final cornerstone of the SAM is the 

situational factor effects catalog (SFEC), which is presented in Part III. This 

catalog provides knowledge about SF effects in SPM. 

Two versions of both the SPM maturity matrix and the SAM have been 

published showing the production and improvement of these artifacts over 

time. Table 6.2 shows the first version that was published, and Table 8.1 an 

improved version. The main differences between these two versions consist of 

the refinement and ordering of the capabilities. Field-testing showed that some 

capabilities needed to be refined to prevent multiple interpretations. The 

ordering of the capabilities within the SPM maturity matrix has also been 

improved to better reflect the best practice order for implementation. The 

improved ordering also led to a change in the number of maturity levels. 
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Problem Relevance 

The objective of design-science research is to develop technology-based 

solutions to important and relevant business problems. The goal of this 

research is to develop a method to improve SPM in a situational manner to 

close the gap between the theoretical one size fits all methods and method 

fragments and the way they are applied in practice as explained in section 1.1. 

Design Evaluation 

Each of the artifacts created in this research was thoroughly evaluated. The 

SPM maturity matrix was evaluated many times. First, the positioning of the 

capabilities was evaluated thoroughly with expert validations and a survey 

among 45 product managers and product management experts (van de Weerd, 

Bekkers, & Brinkkemper, 2010). This research is not included in this dissertation. 

Second, Chapter 3 describes an even more elaborate and in-depth evaluation 

and improvement of the SPM Maturity Matrix based on 62 case studies. 

Chapter 4 describes the evaluation of the SFs. Chapter 5 describes the 

evaluation of the SF effects. Finally, the evaluation of the SAM presented in 

chapter 7 has led to several improvements. 

Research Contributions 

Effective design-science research must provide clear and verifiable 

contributions in the areas of the design artifact, design foundations, and/or 

design methodologies. Each chapter in this dissertation describes the design 

methodology that is used. Furthermore, the dissertation describes each of the 

artifacts in detail. Every practice in the SPM maturity matrix is described, all of 

the SF effects are described in detail, and the SAM is explained step by step. 

This makes the research contribution clear and verifiable. 

Research Rigor 

Design-science research relies upon the application of rigorous methods in 

both the construction and evaluation of the design artifact. This research 

adheres to the appropriate data collection techniques as will be further 

explained in the chapters ahead that make use of data collection. The 

evaluation itself has already been addressed in design evaluation guideline. 
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Design as a Search Process 

The search for an effective artifact requires utilizing available means to reach 

desired ends while satisfying laws in the problem environment. Design-science 

research often oversimplifies a problem by explicitly representing only a subset 

of the relevant means, ends, and laws or by decomposing a problem into 

simpler problems. One of the key points of this dissertation is that the field of 

SPM is addressed as a whole, rather than addressing the subjects within SPM 

one by one. The search for a satisfactory solution is detailed throughout the 

entire dissertation (Simon, 1996). E.g. the search process for the discovery of 

the SFs was based firstly upon literature, which was then verified and expanded 

upon by both experts from practice (product managers and a technical 

director) and the scientific community (researchers of Utrecht University) in 

several iterations. A similar search process took place with the development of 

the SAM. 

Communication of Research 

This dissertation presents the research so that it can be used by both 

technology-oriented as well as management-oriented audiences. The chapters 

2, and 4 to 7 have either been published or accepted for publication at an 

international peer-reviewed scientific outlet. Chapter 3 has been submitted for 

publication. The SAM was also published in a popular Dutch magazine for IT 

professionals, where it was described in a manner suited to practitioners to 

make it more accessible to management-oriented audiences (Bekkers, Spruit, 

van de Weerd, van Vliet, & Mahieu, 2010). This publication was thus written 

especially to suit the non-academic audience. The research presented in this 

dissertation is also communicated through two courses, each with its own 

intended audience. The first course is provided for master students. The second 

course is aimed directly at professionals who already fulfill the position of 

product manager within an SPO. 

1.5 Research Setting 

1.5.1 Theory-oriented Research 

In the recent years, the SPM domain has been established with papers by van 

de Weerd, et al. (2006), Ebert (2007), Fricker, et al. (2008). The domain still has 

many areas that have never been researched before, which thus have few or no 

earlier studies to refer to. One of these areas is, as described in section 1.2, the 
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use of SFs to fine-tune software process improvement models and methods. 

The focus is therefore on gaining insights and familiarity as a basis for further 

investigation to be performed by other researchers. The general objective of 

this dissertation is to contribute to the development of theory regarding SPM, 

as is mentioned in section 1.3. This is achieved in this research by conducting 

theory-oriented research to contribute to the development of theory. But as 

Lewin (1945) states, “Nothing is quite so practical as a good theory”. 

The research can be further detailed as theory-building research. Theory-

building research is research with the objective of formulating new 

propositions based on the evidence drawn from observation of instances of the 

object of study (Dul & Hak, 2008). We decided to perform theory-building 

research since there is little to no previous research to build on when 

researching SFs that influence SPM (van de Weerd, Brinkkemper, Nieuwenhuis, 

Versendaal, & Bijlsma, 2006; Ebert C. , 2007). We perform this type of research 

by using case studies and expert interviews to further explore and describe 

concepts, relationships between concepts, and methods within the SPM 

domain. Qualitative research means collecting, analyzing, and interpreting data 

by observing what people do and say. Data are therefore collected by means of 

individual case studies and/or in-depth interviews with experts within the SPM 

domain. The data gained are used for exploratory as well as descriptive 

purposes. 

The lack of concepts from previous research in the SPM domain also implies 

that this research describes many concepts for the first time and describes and 

uncovers relationships that were unknown up to now. Quality indicators, such 

as performance and effectiveness, have not been elaborated earlier, which 

means that metrics and measurements are not available yet to show quality 

improvements in an objective manner. Longitudinal research would be very 

useful as a means to show the growth over time, as shown by the research of 

Newman and Sabherwal (1996). It does, however, not fall within the scope of 

this dissertation due to time constraints. Section 8.3 describes various 

opportunities to further build on the research in this dissertation, amongst 

which the opportunity for longitudinal validation. 

Thus, the first objective for our research is to determine the concepts for 

practices within the SPM domain, since there are no detailed commonly 

accepted definitions of these concepts to start with. This is addressed in RQ1. 

The lack of concepts also led to a lack of descriptions of the relationships 

between the concepts. The relationships between the concepts are therefore 
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addressed in RQ1 and RQ2. RQ1 thus contributes concepts and relationships, 

RQ2 contributes relationships, and RQ3 presents a first attempt at 

instrumentation which uses these concepts and relationships. Exploration of 

these concepts and their relationships is a major undertaking in itself. This is 

reflected in the semantics of the research questions which pose theory-building 

statements for describing (what) and building (how) concepts, relationships, 

and methods without reasoning why. The latter aspect calls for a major 

research project on its own. 

This dissertation makes use of theory-building in several researches. Chapter 

2 presents the first theory-building research, with the introduction of concepts 

for all of the important areas within SPM. Secondly, chapter 4 introduces 

concepts to determine the situational context of an SPMO. Chapter 5 then 

introduces relationships between the previously introduced concepts. These 

chapters apply a cross case analysis to look beyond the initial impressions 

gained from the single cases. Finally, chapter 6 introduces the first attempt at 

instrumentation mentioned earlier in this section. 

This research also presents some preliminary theory-testing research as an 

extension of the theory-building research, most notably in chapters 3 & 7. This 

type of research is aimed at the testing of formulated propositions, where the 

result of theory-testing can be used for (re)formulating propositions (Dul & 

Hak, 2008). 

Dul and Hak (2008) state that given the fact that the knowledge base in 

business studies mainly consists of propositions that have been tested only 

once and have not been put to replication tests, an effective and appropriate 

way to contribute to a specific theory is by replicating published one-shot 

studies in the same and in other instances or sets of instances (populations). 

They continue with the statement that the number of replications within one 

study (reported in a single research article) depends only on time and money 

constraints, and is not considered a methodological constraint by them. A 

parallel single case study is defined by them as a case study research with a 

replication strategy in which a number of single cases are selected at the same 

time and the same proposition is tested in each of them without taking into 

account the outcome of any of the separate tests. 

Meyer (2001) indicates that the logic of sampling cases is fundamentally 

different from statistical sampling. She supports this with the following 

statements: The logic in case studies involves theoretical sampling, in which the 

goal is to choose cases that are likely to replicate or extend the emergent 
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theory or to fill theoretical categories and provide examples for polar types 

(Eisenhardt K. M., 1989). Hence, whereas quantitative sampling concerns itself 

with representativeness, qualitative sampling seeks information richness and 

selects the cases purposefully rather than randomly (Crabtree & Miller, 1992). 

1.5.2 Case Organization Selection 

The cases in these research projects were selected using a combination of 

judgement and theoretical sampling. These forms of sampling have 

considerable overlap between them (Marshall, 1996). With judgement 

sampling, the researcher actively selects the most productive sample to answer 

the research question, wherein it may be advantageous to study a broad range 

of subjects (maximum variation sample) (Marshall, 1996). Theoretical sampling 

means that cases are selected because they are particularly suitable for 

illuminating and extending relationships and logic among constructs 

(Eisenhardt & Graebner, 2007). The cases have been selected carefully to 

achieve a maximum variation sample as a means to replicate and extend the 

theory in a broad group of SPMOs. This consisted of selecting case 

organizations to include SPMOs of different organization sizes and ages, that 

are active in different sectors and markets. The case organizations also vary on 

the customer aspect, which consists of the number and type of customers they 

have. The cases organizations in this dissertation had to fulfil several criteria: 

 The organizations had to produce product software (see section 1.6 for the 

definition hereof); 

 The organizations had to have customers (customers can consist of both 

consumers and businesses); 

 The organization had to have employees (organizations where one person 

fulfills every role are not considered organizations in this context). 

The research projects in this dissertation consist of parallel single case 

studies. The case organizations were approached through several networks. 

Firstly, through the Software~VOC. The Software~VOC is the network of 

product software companies within ICT~Office, which is a trade association of 

IT, telecom, internet, and office companies in the Netherlands. Secondly, 

through ProductCamp Amsterdam. ProductCamp Amsterdam is a collaborative, 

user-organized unconference, focused on software and internet product 

management and marketing. And thirdly, through the network of Utrecht 

University. This network has been built during years of research and teaching in 

the IT domain. These networks provide access to different types of 
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organizations. The Software~VOC provides access to the larger and/or more 

formal organizations, where ProductCamp offers access to smaller and/or less 

formal organizations. The contacts of Utrecht University allowed for direct 

access to organizations of various types to fill in theoretical gaps. 

The applicability of the case organizations was judged by scientific experts 

from the SPM domain, to verify whether the cases fitted the research project, 

based on their expertise in the domain. The scientific experts judging the 

selected cases indicated that they regard the cases applied in the different 

research projects to be an adequate representation of product software 

producing organizations. Their expertise was built during years of research in 

the domain, participation in research into the Dutch software sector (te Velde, 

Plomp, Veldkamp, & Verweijen, 2010), and experience with similar research in 

Finland (Rönkkö, et al., 2010; Rönkkö, Peltonen, & Pärnänen, 2011; Rönkkö & 

Peltonen, 2012). The research of this dissertation, however, has only been 

studied at Dutch organisations. 

The selection of the cases was performed in a scientific setting without any 

influence of the sponsoring organization of this dissertation. The sponsor did 

not provide any demands as to the cases incorporated in the case studies, nor 

did it provide a starting theory or expected/favourable result. They do not have 

access to any of the data gained during this research other than the published 

results. This means that they do not know the identities of the participating 

case organizations, nor the results of the individual case studies. 

All of the case studies, except for the 13 product managers of the SPM course 

in chapter 2, were performed by visiting the individual case organizations and 

performing the case study for that specific case organization. The 

aforementioned case studies with the 13 product managers of the SPM course 

were performed at Utrecht University during a session in which the product 

managers applied the SPM maturity matrix to their own organizations under 

guidance of the researchers. 

The availability of case organizations is limited due to the level of openness 

required from the organizations involved in the case studies, which have to 

provide a lot of data which they deem classified. To add to this, SPOs can 

usually recognize other SPOs fairly easily based on the SF values of the SPO, 

making them unwilling to provide the required data. The case organizations are 

therefore described on an overall level to safe-guard the anonymity of the 

individual SPOs, which was promised to ensure their full cooperation. 



Chapter 1: Introduction 

 

 

23 

1.5.3 Case Organization Profiles 

This section depicts, per chapter, which type of organizations were used for 

the case studies. The descriptions of the case organizations make use of the 

terms small, medium, and large to indicate the organization size of the case 

organizations and of their customers. These organization size categories are 

based on the definition of an SME set by the European Commission (2012). 

Table 1.1 shows the constraints for the organization categories. 

To illustrate the representativeness of the cases in the dissertation, Table 1.2 

to Table 1.8 present the profiles of the balance of the case organizations in the 

research projects. Not all categories are mutually exclusive. Case organizations 

can have multiple types of customers, for example, both medium and large. 

They can also be active in multiple markets and sectors. Case organizations 

where this applies are counted in all fulfilled categories. Markets are only 

mentioned once when multiple organizations are active in one market. Some 

organizations did not wish to provide exact numbers for their organization size, 

number of customers, and type of customers for publication, these are 

therefore not presented in the profile. There are also a few cases where the 

exact product age is unclear, e.g. due to take-overs of organizations, rebuilding 

of products, and rebranding. This was usually the case for older products. Only 

the product ages that are reliable have been incorporated in the profile. Please 

observe that the figures do therefore not always add to the number of case 

studies in the research due to these multiple or missing categorizations. 

Chapter 2 – Chapter 2 is based on 12 cases, a profile of the corresponding 

case organizations is presented in Table 1.2. An additional validation was 

performed during a SPM course for professionals. 13 product managers filled in 

the SPM maturity matrix during this course and provided feedback to the 

researchers after having filled in the SPM maturity matrix. A short description of 

their organizations can be found in Table 1.3. 

Organization size category Number of employees 

Small < 50 

Medium < 250 

Large ≥ 250 

Table 1.1 The organization size categories 
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Chapter 3 – Chapter 3 is based on 62 cases, a profile of the corresponding 

case organizations is presented in Table 1.4. 

Chapter 4 – Chapter 4 is based on 13 cases, a profile of the corresponding 

case organizations is presented in Table 1.5. Additional information about these 

cases can be found in section 4.2.4. 

Chapter 5 – Chapter 5 is based on 49 cases, a profile of the corresponding 

case organizations is presented in Table 1.6. 

Chapter 6 – Chapter 6 is based on 4 cases, a profile of the corresponding case 

organizations is presented in Table 1.7. 

Chapter 7 – Chapter 7 is based on 5 cases, a profile of the corresponding case 

organizations is presented in Table 1.8. These case organizations mainly 

operate in the public sector to balance out the previous study of the SAM 

which consisted of organizations that operate in the profit sector. 

 

Organization size Small Medium Large 

7 5 0 

Number of customers 0-99 100-500 >500 

3 7 2 

Type of customers Individuals Small Medium Large 

0 6 12 6 

Product age 0-5 6-10 11-15 >15 

4 4 3 1 

Sector Public Non-Profit Profit 

5 2 7 

Markets agriculture, customer relationship management, 

enterprise resource planning, content management 

systems, logistics, project management, publishing, 

real estate, taxes, retail, permits, welfare, service 

management 

Table 1.2 Description of the case organizations corresponding to the 12 case 

studies in chapter 2 
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Organization size Small Medium Large 

5 6 2 

Sector Public Non-Profit Profit 

7 3 12 

Markets construction, payment transactions, service 

management, geographical information systems, 

project management, healthcare, real estate, 

human resources, logistics, law enforcement, 

utilities, customer relationship management 

Table 1.3 Description of the case organizations corresponding to the 13 

participants in the SPM course for professionals in chapter 2 

 

Organization size Small Medium Large 

39 16 4 

Number of customers 0-99 100-500 >500 

14 22 11 

Type of customers Individuals Small Medium Large 

6 19 40 35 

Product age 0-5 6-10 11-15 >15 

15 20 8 5 

Sector Public Non-Profit Profit 

37 24 35 

Markets construction, payment transactions, service 

management, geographical information systems, 

project management, healthcare, real estate, 

human resources, logistics, law enforcement, 

utilities, customer relationship management, 

agriculture, enterprise resource planning, content 

management systems, publishing, taxes, retail, 

permits, welfare, local government, process 

industry, finance, discrete manufacturing 

Table 1.4 Description of the case organizations corresponding to the 62 case 

studies in chapter 3 
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Organization size Small Medium Large 

9 3 1 

Number of customers 0-99 100-500 >500 

4 7 1 

Type of customers Individuals Small Medium Large 

0 7 12 7 

Product age 0-5 6-10 11-15 >15 

6 2 0 1 

Sector Public Non-Profit Profit 

6 5 6 

Markets retail, housing associations, construction, 

wholesales, publishers, logistics, local government 

Table 1.5 Description of the case organizations corresponding to the 13 case 

studies in chapter 4 

 

Organization size Small Medium Large 

34 10 2 

Number of customers 0-99 100-500 >500 

14 22 11 

Type of customers Individuals Small Medium Large 

6 19 40 35 

Product age 0-5 6-10 11-15 >15 

15 20 8 5 

Sector Public Non-Profit Profit 

30 21 23 

Markets logistic, healthcare, local government, process 

industry, real estate, finance, discrete 

manufacturing, taxes, retail, permits, welfare, 

agriculture, service management, customer 

relationship management, enterprise resource 

planning, content management systems, project 

management, publishing 

Table 1.6 Description of the case organizations corresponding to the 49 case 

studies in chapter 5 
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Organization size Small Medium Large 

3 1 0 

Number of customers 0-99 100-500 >500 

4 0 0 

Type of customers Individuals Small Medium Large 

0 3 3 3 

Product age 0-5 6-10 11-15 >15 

3 0 1 0 

Sector Public Non-Profit Profit 

0 0 4 

Markets logistics, petrol, retail, utilities, service management 

Table 1.7 Description of the case organizations corresponding to the 4 case 

studies in chapter 6 

 

Organization size Small Medium Large 

3 2 0 

Number of customers 0-99 100-500 >500 

2 3 0 

Type of customers Individuals Small Medium Large 

0 2 5 2 

Product age 0-5 6-10 11-15 >15 

1 1 2 1 

Sector Public Non-Profit Profit 

3 1 1 

Markets local government, housing associations, taxes, 

retail, permits, welfare 

Table 1.8 Description of the case organizations corresponding to the 5 case 

studies in chapter 7 
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1.6 Key Concepts 

The following concepts are used throughout this dissertation. They are 

therefore defined here as an introduction into the SPM domain. Several more 

concepts were developed during this research. These concepts are defined in 

the chapters that describe their development. 

Tailor-made Software 

Tailor-made software is made specifically for an organization and sold only 

once (Xu & Brinkkemper, 2007). It can be divided into two categories, the first 

being contractual tailor-made software. This type of software is typically made 

for one particular buyer. The development budget and schedule are fixed, and 

there are usually penalties for late delivery. The second type of tailor made 

software is in-house tailor-made software. This software is typically used to 

improve the efficiency and effectiveness of an internal organization. It usually 

has a limited number of end-users. 

Product Software 

Product software is developed for a specific market and sold many times 

within that market (Xu & Brinkkemper, 2007). The functionality of product 

software is continually improved and/or expanded upon in new releases of the 

same product. Product software can also be divided into two categories. Firstly, 

there is business-to-business product software. This software is sold to other 

businesses. It typically has many different buyers and is critical to the buyer’s 

business. Secondly there is business-to-consumer product software. This 

software is typically sold to individual buyers and high volume buyers. 

Software Producing Organization (SPO) 

Even though the term software producing organization (SPO) has been used 

by several authors (Birkhölzer, Dickmann, Vaupel, & Dantas, 2005; Grindal, 

Offutt, & Mellin, 2006; Jansen, Brinkkemper, Souer, & Luinenburg, 2012), none 

have provided a formal definition of an SPO. The following definition is 

therefore defined: 

SPO is an umbrella term which covers all organizations that produce software 

products, both tailor-made software and product software. This includes the 

traditional companies that build and sell software, open source software 

development organizations, and companies that build software products not to 

sell them but to make money from them through other means. For example, 
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free applications for mobile phones and social media websites which generate 

revenue through advertisements. 

Software Product Management Practice 

An SPM practice is a broad overall term that covers all the activities that are 

conducted in the context of SPM. An SPM practice can consist of a process, but 

also covers the use of SPM related instruments such as information systems 

and templates. It can consist of a process or an instrument.  

Software Product Management Organization (SPMO) 

A Software Product Management Organization (SPMO) can and should exist 

in every type of SPO as long as they create product software. Organizations 

that only deal in tailor-made software do not necessarily have to deal with 

continuous SPM practices since there usually is no process of improving and/or 

expanding the functionality of the product with sequential improvements. 

Small companies usually only have one SPMO for their entire company. This 

single SPMO handles all of the SPM practices for all of the products of the 

company. Larger organizations, often consisting of several business units, 

sometimes have multiple SPMOs that each handle the SPM practices for a 

different product or set of products within the organization. 

An SPMO in the context of this dissertation refers to a structure that handles 

the SPM practices for a single product or group of products within an SPO that 

creates product software. 

Method Fragment 

In this research, method engineering is used to analyze and store information 

on method fragments (Brinkkemper, 1996; Harmsen, 1997), consisting of 

processes and their deliverables, in SPMOs. To achieve this method 

administration, Process Deliverable Diagrams (van de Weerd, Souer, 

Versendaal, & Brinkkemper, 2005) were used to model activities and work 

products. These diagrams are a way of meta-modeling a process by creating a 

model with formal descriptions. 
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1.7 Dissertation Outline 

Figure 1.1 shows the outline of this dissertation, which has been split into five 

parts based on the research questions listed in section 1.3. Part II, III, and IV 

each answer one of the sub research questions, and part I and V address the 

main research question. The parts of the dissertation are shown in the first 

column of Figure 1.1. The next column shows the chapters within the part. 

Finally, the third column presents the (sub) research question addressed in the 

part. 
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1.7.1 Part I: Introduction 

The first part of the dissertation consists of one chapter and describes the 

overall research: the motivation behind the research, the research relevance, 

the main research question and its three sub research questions, and the 

overall research methodology. 

1.7.2 Part II: The Software Product Management Maturity 

Matrix 

Part II of the dissertation is aimed at the first sub research question: What 

practices constitute software product management? This part describes the 

creation and evaluation of the SPM maturity matrix. First chapter 2 describes 

the creation, and then chapter 3 presents the evaluation. 

Chapter 2: Creation of the Maturity Matrix 

This chapter presents a comprehensive overview of all the important areas 

within SPM. The overview has been created and validated in collaboration with 

many experts from practice and the scientific community. It provides 68 SPM 

practices an SPMO should implement to reach a full grown SPM maturity. The 

overview consists of the SPM competence model that shows high level 

practices that are important to SPM, and the SPM maturity matrix that lists all 

of the low level activities within those high levels activities in a best practice 

implementation order. SPM organizations can use this matrix to map and 

improve their SPM practices incrementally. 

Chapter 2 has been published in the proceedings of the 17th European 

Systems & Software Process Improvement and Innovation conference (Bekkers, 

van de Weerd, Spruit, & Brinkkemper, A framework for process improvement in 

software product management, 2010). 

Chapter 3: Evaluation and Improvement of the Maturity Matrix 

This chapter describes the validation of the SPM maturity matrix. This matrix 

has been created to enable product managers to benchmark their SPMO, 

assess individual processes and apply best practices to create an effective SPM 

environment. This evaluation is conducted based on 62 case studies. The cases 

were analyzed to uncover anomalies: blocking questions, blocking levels, and 

undifferentiating questions. The anomalies were then discussed in a workgroup 

with experts, which resulted in suggested improvements to address the 
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anomalies. The suggestions of the workgroup were used to improve the SPM 

maturity matrix. As an additional result, the case studies also provide valuable 

insight into the maturity of software companies in industry. 

Chapter 3 has been accepted unconditionally for publication in the 

proceedings of the 20th IEEE International Requirements Engineering Conference 

(Bekkers, et al., 2012). 

1.7.3 Part III: The Situational Factor Effects Catalog 

The third part of the dissertation is aimed at the second sub research 

question: What are the effects of situational factors on software product 

management practices? Here the creation and evaluation of the SFEC is 

described. This catalog was produced in two steps, each of which is addressed 

in a separate chapter. First chapter 4 describes the creation and evaluation of 

the SFs, and then chapter 5 describes the creation of the SFEC itself.  

Chapter 4: Creation and Evaluation of the Situational Factors 

This chapter discusses the process of SF discovery and validation. It shows 

that SFs influence the selection process of method fragments for SPM in two 

applications. Firstly, the influence level of SFs on the SPM processes: the 

likelihood that an SPM process needs to be changed because of a change in 

the SF values of the SPMO. And secondly, the level of influence on method 

fragment choice: selecting a method which fits the situational context of the 

company. The process of discovery and validation finally results in a list of 27 

SFs in 5 categories, relevant to SPM, with the level of influence they have on the 

selection of (parts of) methods. 

Chapter 4 has been published in the proceedings of the 2nd International 

Workshop on Software Product Management (Bekkers, van de Weerd, 

Brinkkemper, & Mahieu, 2008). 

Chapter 5: Creation and Evaluation of the Situational Factor Effects 

Catalog 

This chapter details three different types of effects that SFs have on the 

implemented SPM practices and the implementation thereof. The first of which 

shows the effects SFs have on the practices that are implemented in the daily 

practice of SPMOs based on 49 case studies. The second details the effects SFs 

have on the practices that should be implemented by an SPMO. The third 

indicates the effects SFs have in the selection process of method fragments to 



Chapter 1: Introduction 

 

 

33 

fulfill those practices based on 26 case studies. This study resulted in the 

creation of the SFEC for the SPM domain. Researchers can use this catalog in 

the development of software process improvement models, and practitioners 

can use it to gain insight into the effects of changes in their situational 

characteristics. 

Chapter 5 has been submitted for journal publication (Bekkers, Spruit, 

Brinkkemper, 2012). 

1.7.4 Part IV: The Situational Assessment Method 

The fourth part of the dissertation is aimed at the third sub research question: 

How can software product management practices of SPOs be assessed? This 

problem is solved with the development of the SAM. This method was created 

in two steps, each of which is addressed in a separate chapter. First chapter 6 

describes the initial creation of the SAM; this work is then evaluated and 

improved upon in chapter 7. 

Chapter 6: Creation of the Situational Assessment Method 

This chapter presents a general incremental assessment method that takes 

the organization’s situational context into account: the SAM. This scientific 

method was applied to the field of SPM to solve the aforementioned problem. 

The method presents SPMOs with an assessment of their current maturity level, 

and suggests steps to incrementally improve their processes. SAM is a focus 

area oriented instrument with a different set of capabilities for each area. The 

context of an organization is taken into account by examining various SFs that 

describe the context of the SPMO, and the SPMO itself. This context is then 

used to determine which capabilities apply to the SPMO being assessed. A 

situation specific advice indicating how SPM practices can be improved upon is 

then created based on a gap analysis of the currently implemented capabilities, 

and the capabilities that should be implemented. 

Chapter 6 has been published in the proceedings of the 18th European 

Conference on Information Systems (Bekkers, Spruit, van de Weerd, van Vliet, & 

Mahieu, 2010). 

Chapter 7: Evaluation and Improvement of the Situational Assessment 

Method 

This chapter presents an improved version of the SAM. The SAM was 

analyzed during five case studies at SPOs in the Netherlands to test the 
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applicability in day-to-day business environments. The case studies consisted 

of the application of the SAM at the organizations and an evaluation on how 

the organizations looked at the results. This evaluation was used to improve 

the SAM. One of the cases studies has been included as an example. 

Chapter 7 has been published in the proceedings of the 4th International 

Workshop on Software Product Management (Bekkers & Spruit, 2010). 

1.7.5 Part V: Conclusions 

Part V consists of a single chapter which provides the overall results of the 

dissertation. This single chapter – chapter 8 – details the answers to the main 

and sub research questions, reflects on the research process and achieved 

results, and describes future research possibilities. 
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2 Creation of the Maturity Matrix 

This chapter was originally published as “A framework for process 

improvement in software product management“ in the proceedings of the 17th 

European Systems & Software Process Improvement and Innovation 

conference (EuroSPI 2010) (Bekkers, van de Weerd, Spruit, & Brinkkemper, 

2010).  

This chapter presents a comprehensive overview of all the important 

areas within Software Product Management (SPM). The overview has been 

created and validated in collaboration with many experts from practice 

and the scientific community. It provides a list of 68 capabilities a product 

software organization should implement to reach a full grown SPM 

maturity. The overview consists of the SPM Competence Model that shows 

the areas of importance to SPM, and the SPM Maturity Matrix that lists all 

important activities within those areas in a best practice implementation 

order. SPM organizations can use this matrix to map and improve their 

SPM practices incrementally. 
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2.1 Introduction 

As confirmed by recent research, Software Product Management (SPM) is a 

key area within many software companies (Berander, 2007; Fricker, Gorschek, 

Byman, & Schmidle, 2010). A product manager can also be referred to as the 

“mini-CEO” of an organization (Ebert, Brinkkemper, Jansen, & Heller, 2008). 

They are positioned at the center of the organization where they keep in 

contact with all stakeholders to ensure that they all work towards the same 

goal according to the strategies set out. As such, a large array of skills is 

expected; ranging from gathering requirements, to constructing roadmaps.  

Although the product manager’s function is essential in the product software 

industry, little education exists in this area (van de Weerd, Brinkkemper, 

Nieuwenhuis, Versendaal, & Bijlsma, 2006). To make things worse, no extensive 

body of knowledge exists, such as PMBOK (Project Management Institute, 

2000) and SWEBOK (Abran, Moore, Bourque, Dupuis, & Tripp, 2005). This leads 

to a situation in which product managers learn their skills ‘on-the-job’, often 

starting out of a position as development, sales, or project manager. Problems 

arise when companies want to professionalize their product management 

practices, either to support the company’s growth, or to make a shift from 

selling customized software to selling standard product software (Artz, van de 

Weerd, & Brinkkemper, 2010). Due to the lack of knowledge, lifting the quality 

of the product by improving the SPM processes is often difficult. 

To aid product managers in improving their SPM practices, we proposed the 

Reference Framework for SPM (van de Weerd, Brinkkemper, Nieuwenhuis, 

Versendaal, & Bijlsma, 2006) and the Situational Assessment Method (SAM) 

(Bekkers, Spruit, van de Weerd, van Vliet, & Mahieu, 2010). A key component of 

the SAM is the SPM Maturity Matrix, which is used to determine an 

organization’s SPM maturity level and identify the areas that need 

improvement to reach a higher maturity level. All kinds of organizations, 

including small and medium sized organizations, should be able to use the 

maturity matrix as a guide for incremental process improvement in SPM. We 

focused on an incremental, or evolutionary, SPI approach for several reasons: a) 

it is a fundamental way to reduce risk in complex improvement projects 

(Krzanik & Simila, 1997), and b) we observe that in many organizations this is 

the natural way for method evolution (van de Weerd, Versendaal, & 

Brinkkemper, 2006; van de Weerd, Brinkkemper, & Versendaal, 2010).  

Since the proposal of SAM, the maturity matrix has been evaluated in several 

case studies. Feedback from these case studies led to a number of significant 
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improvements. This paper presents a detailed overview of the SPM 

Competence Model and the maturity matrix for SPM and the research method 

we followed to achieve these improvements. 

2.2 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 artifacts in this research are the SPM Competence Model 

and the SPM Maturity Matrix. The research is performed as action research, 

since the lead author is both working as a researcher at Utrecht University as 

well as a consultant at the Dutch product software company Centric. 

During our research we follow the five process steps of the design cycle 

(Vaishnavi & Kuechler, 2009). This design cycle consists of steps that follow an 

iterative process. Knowledge produced in the process by constructing and 

evaluating the artifact is used as input for a better awareness of the problem. 

The five steps are: (1) Awareness of the problem – In section 2.1, we described 

the problem and its context. (2) Suggestion – The suggestion for a solution to 

the problem identified in step 1 is developed. In section 2.2, we describe our 

approach in tackling the problem and the research methods that we use. 3) 

Development – the artifacts that are developed are the SPM Competence 

Model and SPM Maturity Matrix, which are presented in section 2.3 and 2.4. (4) 

Evaluation – This step comprises the evaluation of the method. We used expert 

validations, a survey, case studies, and questionnaires to validate the method. 

The results of these extensive validations lead to a higher level of problem 

awareness and suggestions for solutions. Three case studies are presented in 

chapter 9 of Advancing in Software Product Management: An Incremental 

Method Engineering Approach (van de Weerd, 2009). 5) Conclusion – Finally, in 

section 2.5, conclusions and areas for further research are covered. 

During this research, we made use of several data collection sources. Firstly, 

we performed a literature study. The literature study was based on a multitude 

of papers describing specific processes within the field of SPM (e.g. Abramovici 

& Soeg (2002) & Clements & Northrop (2002)). Secondly, a brainstorm session 

was conducted with experts from the scientific community to create a first 

version of the maturity matrix. The session consisted of two parts: 1) 

determination of the capabilities; 2) determination of the positioning of the 

capabilities relative to each other. The literature study was used as input for the 

brainstorm session. Furthermore, an expert validation was held where business 
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professionals validated the results of the brainstorm session: the maturity 

matrix and the SPM Competence Model. Finally, we performed a survey, to 

fine-tune the positioning of the capabilities in the maturity matrix (van de 

Weerd, Bekkers, & Brinkkemper, 2010). 

The SPM Maturity Matrix was applied by the authors in twelve case studies at 

product software organizations from the Netherlands to test the applicability in 

day-to-day business environments. The case studies consisted of a series of 

interviews performed at the organizations and an evaluation on how the 

organizations looked at the results. Furthermore, during a professional SPM 

course, under guidance of the authors, thirteen product managers from 

different organizations filled in a questionnaire where they applied the maturity 

matrix to their own organization.  

Finally, we followed the following iterative process to fine-tune both the SPM 

Competence Model and Maturity Matrix: (1) make adjustments based on 

feedback, (2) validate the model with experts from practice, and (3) validate the 

model with experts from the scientific community. These steps were repeated 

over a period of 4 months until a consensus was reached among all experts 

(resulting in a total of twelve iterations). The results of this process are 

presented in this chapter. During this validation process six experts from 

practice were consulted (each representing another SPM organization), and 

four experts from the scientific community were consulted. 

2.3 The Software Product Management 

Competence Model 

2.3.1 Introduction 

The SPM Competence Model (Figure 2.1) presents an overview of all of the 

areas which are important to the field of the SPM. These areas are called focus 

areas. The relevant external and internal stakeholders are presented on left and 

right side of the model. The model does not include the development 

departments’ activities of the product software organization. Development is 

simply one of the stakeholders that provide input to the SPM processes. 

Four main business functions are defined in the model, namely: Requirements 

management, Release planning, Product planning, and Portfolio management. 

These business functions are based on the structure where a portfolio consists 

of products, a product consists of releases, and releases consist of 
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requirements. The portfolio is represented in the Portfolio management 

function. The products are represented in the Product planning function. The 

releases are represented in the Release planning function. And finally, the 

requirements are represented in the Requirements management function. 

Each business function consists of a number of focus areas (the white areas in 

Figure 2.1), each of which represents a strongly coherent group of capabilities 

within a business function. These focus areas are explained further in the next 

section. 

The model contains arrows between the stakeholders and the different 

business functions. This indicates the interaction that exists between the 

stakeholders and the different functions. Adjacent business functions also have 

strong interactions between them, which is indicated by the arrows in between 

the business functions. Finally, the arrows between focus areas indicate the 

main flow of the process and therewith information between the different focus 

areas. Note that this leaves room for interaction between focus areas that are 

not directly connected via arrows. 
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Figure 2.1 The Software Product Management Competence Model 
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2.3.2 Focus Areas 

The business function Requirements management comprises the continuous 

management of requirements outside of releases and consists of three focus 

areas. Requirements gathering concerns the acquisition of requirements from 

both internal and external stakeholders. Requirements identification identifies 

the actual Product Requirements by rewriting the Market Requirements to 

understandable Product Requirements, and connecting requirements that 

describe similar functionality. Requirements organizing structures the 

requirements throughout their entire lifecycle based on shared aspects, and 

describes the dependencies between Product Requirements. 

Release planning covers the SPM capabilities needed to successfully create 

and launch a release. Requirements prioritization prioritizes the identified and 

organized requirements. Release definition selects the requirements that will be 

implemented in the next release, based on the prioritization they received in 

the preceding process. It also creates a release definition based on the 

selection. Release definition validation is performed before the release is built 

by the development department. It focuses on the validation of the release 

definition by internal parties. Scope change management handles the different 

kinds of scope changes that can occur during the development of a release. 

Build validation is performed after the release has been realized by the 

development department. It focuses on validating the built release before it is 

launched. Launch preparation prepares the internal and external stakeholders 

for the launch of the new release. Issues ranging from communication, to 

documentation, training, and the preparations for the implementation of the 

release itself are addressed. 

Product planning is focused on the gathering of information for, and creation 

of a roadmap for a product or product line and its core assets. It consists of 

three focus areas: Roadmap intelligence gathers decision supporting 

information needed in the creation of the product roadmap. Product 

roadmapping deals with the actual creation of the product roadmap itself. Core 

asset roadmapping concerns the planning of the development of core assets 

(components that are shared by multiple products). 

Portfolio management concerns the strategic information gathering and 

decision making across the entire product portfolio. Its first focus area is 

Market analysis, which gathers decision support information about the market 

needed to make decisions about the product portfolio of an organization. 

Secondly, Product lifecycle management concerns the information gathering 
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and key decision making about product life and major product changes across 

the entire product portfolio. Finally, Partnering & contracting focuses on 

establishing partnerships, pricing, and distribution aspects in which the product 

manager is involved. 

2.4 The Software Product Management Maturity 

Matrix 

2.4.1 Introduction 

The maturity matrix is a key component of the Situational Assessment 

Method (SAM) for Software Product Management (Bekkers, Spruit, van de 

Weerd, van Vliet, & Mahieu, 2010). It is structured based on the SPM 

Competence Model introduced in section 2.3 and presents all of the important 

practices – called capabilities – in a best practice order for implementation, so 

that organizations have a guideline for the improvement of those SPM 

practices. Organizations can thus identify areas of improvement by comparing 

their organization’s processes to the capabilities in the SPM Maturity Matrix. 

Based on the best practice order provided by the maturity matrix, companies 

can plan the improvement of their processes.  

The maturity matrix depicted in Table 2.1 is a Focus Area Maturity Model (van 

Steenbergen & Brinkkemper, 2007; van Steenbergen, Bos, Brinkkemper, van de 

Weerd, & Bekkers, 2010). We chose to develop this type of maturity model 

because of the shortcomings of other existing models described in (Bekkers, 

van de Weerd, Brinkkemper, & Mahieu, 2008) and to enable local analysis and 

incremental improvement. Focus area maturity models are successfully used in 

the testing domain (Koomen & Baarda, 2005) and the architecture domain (van 

Steenbergen & Brinkkemper, 2007). A focus area maturity model consists of a 

number of focus areas, each with its own number of specific maturity levels. 

The focus areas are represented in the leftmost column in Table 2.1. The focus 

area specific maturity levels are represented by the letters A-F in Table 2.1 and 

range from maturity level 1 to 10 (the topmost row in Table 2.1). Their spread 

across the overall maturity levels indicates a best practice order, in which 

capabilities in the maturity matrix are implemented left to right. 

The development steps of a Focus Area Maturity Matrix in general, and the 

maturity matrix specifically are discussed in length in The Design of Focus Area 

Maturity Models (van Steenbergen, Bos, Brinkkemper, van de Weerd, & 

Bekkers, 2010). 



Chapter 2: Creation of the Maturity Matrix 

 

 

44 

Focus area 0 1 2 3 4 5 6 7 8 9 10 

Portfolio management 

Market analysis     A  B C D  E 

Partnering & contracting      A B  C D E 

Product lifecycle management     A B   C D E 

Product planning 

Roadmap intelligence    A  B C  D E  

Core asset roadmapping     A  B  C  D 

Product roadmapping   A B   C D  E  

Release planning 

Requirements prioritization   A  B C D   E  

Release definition   A B C    D  E 

Release definition validation     A   B  C  

Scope change management    A  B  C  D  

Build validation     A   B  C  

Launch preparation  A  B  C D  E  F 

Requirements management 

Requirements gathering  A  B C  D E F   

Requirements identification   A   B  C   D 

Requirements organizing    A  B  C    

Table 2.1 The Software Product Management Maturity Matrix 

2.4.2 Capabilities 

This section shortly describes all capabilities of the SPM Maturity Matrix by 

showing their title and the action required of the SPM organization. The 

capabilities have more aspects besides the title and action, but these were left 

out due to the limited space available in this chapter. These additional aspects 

provide supporting information for each capability, consisting of the following: 

The goal to be achieved by possessing the capability; references to related 

literature supporting the SPM organization in the implementation and 

understanding of the capability; and the capability’s prerequisites, these are the 

capabilities that need to be achieved before the capability in question can be 

achieved. The rest of this section is an overview of all 68 capabilities in the 

maturity matrix. 
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Requirements gathering 

(A) Basic registration – Requirements are being gathered and registered. (B) 

Centralized registration – All incoming requirements are stored in a central 

database, which is accessible to all relevant stakeholders. (C) Automation – All 

incoming requirements are automatically stored in a central database (e.g. by 

means of an online helpdesk). (D) Internal stakeholder involvement – 

Requirements are gathered from all relevant internal stakeholders: support, 

services, development, sales & marketing, research & development. (E) 

Customer involvement – Customer’s and prospect’s requirements are being 

gathered and registered, and the customer or prospect is informed of the 

status of their requirements. (F) Partner involvement – Requirements are 

systematically gathered from partner companies. 

Requirements identification 

 (A) Uniformity – Market Requirements are rewritten to Product Requirements 

using a pre-defined template if the Market Requirement is applicable to a 

product. (B) Requirements validation – The correctness (“Is the definition 

correct?”), completeness (“Does the requirement describe all relevant 

aspects?”), and unambiguousness (“Can the requirement only be interpreted in 

one way?”) of the requirement is validated. (C) Connect similar requirements – 

Market Requirements that describe similar functionality are grouped together 

by linking Market Requirements and Product Requirements to each other. (D) 

Automatically connect similar requirements – Similar requirements are 

automatically connected by using advanced techniques such as linguistic 

engineering. 

Requirements organizing 

(A) Requirement organization – Product requirements are organized based 

on shared aspects (e.g. type, function, or core asset). (B) Requirement lifecycle 

management – A requirement’s history is logged by recording the submitter, 

submission date, change log, original description, current status (e.g. new, 

rewritten, validated, organized, scheduled for release X, tested, released in 

release X), etc. A requirement remains in the database after it has been built, so 

that it can be reused in a new or related product. (C) Requirement dependency 

linking – Dependencies between Market and Product Requirements are 

determined and registered. A dependency exists when a requirement requires a 

specific action of another requirement. E.g. a requirement requires that another 

requirement be implemented too, or that another requirement is not 
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implemented in case of conflicting requirements. This linkage can be supported 

by using advanced techniques, such as linguistic engineering. 

Requirements prioritization 

(A) Internal stakeholder involvement – All relevant internal stakeholders are 

involved in prioritizing the requirements that should be incorporated in future 

releases. (B) Prioritization methodology – A structured prioritization technique 

is used (e.g. MOSCOW, Wiegers). (C) Customer involvement – Customers and 

prospects (or representatives thereof) indicate the requirements that should be 

incorporated in future releases by assigning priorities to the requirements from 

their point of view. Customers can also be represented in a delegation, select 

group of customers, or in other more manageable forms. (D) Cost revenue 

consideration – Information about the costs and revenues of each (group of) 

requirement(s) is taken into account during the requirements prioritization 

(costs can be expressed in other means than money). (E) Partner involvement – 

Partner companies indicate the requirements that should be incorporated in 

future releases by assigning priorities to the requirements from their point of 

view. 

Release definition 

(A) Basic requirements selection – During requirements selection for the next 

release, constraints concerning engineering capacity are taken into account. (B) 

Standardization – A standard template is used to write the release definition. 

The release definition contains aspects such as an overview of the requirements 

that will be implemented, a time path, and the needed capacity. (C) Internal 

communication – The release definition is communicated to the internal 

stakeholders. (D) Advanced requirements selection – The optimal release is 

automatically calculated based upon the constraints of the requirements. At 

least the engineering capacity, priorities, cost, requirement dependencies are all 

taken into account. (E) Multiple releases – Multiple releases are included in the 

requirements selection process. 

Release definition validation 

(A) Internal validation – The release definition is checked by internal 

stakeholders, before the software is realized. (B) Formal approval – Approval 

standards are determined and verified by the board before the software is 

realized (turned over to development). (C) Business case – A business case 

(including the ROI) is being written before the software is realized. 
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Scope change management 

(A) Event notification – A formal scope change management process is in 

place, in which all involved stakeholders are informed. (B) Milestone monitoring 

– Key dates and checkpoints are monitored in the product delivery. (C) Impact 

analysis – The impact of problems is determined, and involved stakeholders are 

informed of the impact. (D) Scope change handling – A process is in place to 

develop alternative plans, with all relevant stakeholders, to react to the effects 

of the scope change. 

Build validation 

(A) Internal validation – Internal stakeholders perform a functional validation 

of the build release to verify that it meets the expected outcome. (B) External 

validation – The build is validated by external parties (customers, partners) to 

verify the builds quality (e.g. by settings up a pilot). (C) Certification – 

Certification by an independent external party is acquired for the release. 

Launch preparation 

(A) Internal communication – Information about the upcoming new release is 

communicated to the internal stakeholders. This information contains a 

description of the most important changed and added features, the estimated 

release date, possible costs involved, information about how the new release 

can be obtained, possible training dates, etc. (B) Formal approval – A formal 

‘go’, based upon standard quality rules, must be obtained from the board 

before the launch can begin. (C) External communication – Information about 

the upcoming new release is communicated to the external stakeholders. This 

information contains a description of the most important changed and added 

features, the estimated release date, possible costs involved, information about 

how the new release can be obtained, possible training dates, etc. (D) Training 

– Trainings are organized and documentation is updated for both internal 

parties) and external parties to help educate them in the new release. (E) 

Launch impact analysis – The time needed to implement the new release at the 

individual customers is determined, and what type of experts are needed to 

perform the implementation (e.g. database experts). (F) Update external 

expressions – A checklist of all external expressions of the product (e.g. fact 

sheets, demo’s, presentations) that may need to be updated by changes made 

in latest release of the product is created. The items are checked, and possibly 

updated before they are made available to external parties (e.g. customers, 

partners). 
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Roadmap intelligence 

(A) Product analysis – The organization’s product is analyzed to determine 

the product’s strong and weak points on both functional and technical aspects. 

Relevant stakeholders, such as the development department for the technical 

part, are involved in this analysis. (B) Society trends – An overview is created 

showing the big picture of important trends in society in the coming years. This 

picture contains a general view and a view specific for a product’s industry. (C) 

Technology trends – An overview is created showing the big picture of 

important developments in terms of technology in the coming years. This 

picture contains a general view and a view specific for the product’s market. (D) 

Competition trends – An overview is created showing what competing products 

are doing in terms of their product development in the coming years. The 

general developments trends among competitors are shown, and the 

developments of the most important competing products are depicted with 

special attention. (E) Partner roadmap – An overview is created showing what 

an organization’s partners will be developing the coming period. Examples of 

partner products are operating systems, development environments, database, 

etc. The overview shows what will be happening with the core platform 

software as well as what the partner organization will be delivering in terms of 

their own products and development tools that the organization can or will 

need to use to support the partner products/components. 

Core asset roadmapping 

(A) Centralized registration – All core assets are registered in a standardized 

manner, and are stored in a central location. (B) Core asset identification – Core 

assets are systematically identified among the organization’s products and 

deliverables surrounding the product. (C) Make or buy decision – A process is 

in place to actively investigate make-or-buy decisions. This also includes the 

decision to outsource or subcontract development. (D) Core asset roadmap 

construction – A roadmap is created for the core assets, which shows how they 

are sustained, upgraded, and enhanced. This roadmap contains both existing 

core assets, and core assets that are in development. 

Product roadmapping 

(A) Short-term roadmap – A roadmap is developed detailing the short-term 

plans. (B) Internal consultation – Roadmaps are created in consultation with 

internal stakeholders. (C) Theme identification – Release themes are identified 

and maintained. Themes are decided on together with the internal 
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stakeholders. This results in a list of release themes that is stored centrally, so 

that requirements, core assets, market trends etc. can be linked to it. (D) Long-

term roadmap – The roadmap spans a time period of at least four years. (E) 

Customer variant – A (less detailed) variant of the roadmap is created for 

external parties (e.g. customers, partners). 

Market analysis 

(A) Market trend identification – There is an active search for market 

opportunities to either expand existing products, or create new products. In 

this search, market research is carried out in markets related to or similar to the 

organization’s markets, conferences are visited, customers are interviewed, etc. 

All search findings are documented. (B) Market strategy – A plan is created 

showing which markets will be pursued and products for each segment can be 

developed. E.g., in year one, a company might plan to enter the automotive 

market by partnering with another company, or it may want to enter the 

pharmaceutical market in year two by building products in-house or acquiring 

products. (C) Customer win/loss analysis – A win/loss analysis is performed to 

research why customers chose or did not choose to buy an organization’s 

products. This capability looks further than just the product features, e.g. the 

sales process is reviewed. (D) Competitor analysis – A competitor analysis is 

performed on an organizational level to analyze what competitors offer, what 

their strengths are and what they are going to offer, compared to the own 

organization. (E) Custom market trend identification – External market research 

parties are used to perform a market analysis specifically for the organization’s 

product portfolio. 

Partnering & contracting 

(A) Service level agreements – (Standard) service level agreements (SLA’s) are 

set up for customers. (B) Intellectual property management – Measures are in 

place to protect the intellectual property of the own organization, and to 

manage the used intellectual property from other organizations. (C) Investigate 

distribution channels – A process is in place to periodically verify the current 

distribution channels, and identify alternative distribution channels. (D) 

Establish and evaluate pricing model – A process is in place to establish the 

pricing model and periodically verify whether it still fits the market. (E) 

Monitored Partner network – A monitored partner network and/or partner 

portals are used to regulate partnering. Key performance indicators are set up 

to monitor the performance of partners on a regular basis. 
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Product lifecycle management 

(A) Product life cycle analysis – The current life phase is determined, at least 

once per year, for each product in the organization’s portfolio. This analysis is 

based on both financial and technical aspects. Information is gathered from all 

relevant internal stakeholders. (B) Portfolio innovation – A decision process is in 

place to decide whether or not to incorporate trends in the organization’s 

products, and whether to incorporate these trends in the current products or in 

future products. (C) Portfolio scope analysis – A product scope analysis is 

performed to identify overlaps and gaps between the products in the 

organization’s product portfolio. (D) Business case – A business case is 

performed for major product revisions. (E) Product lines – Product lines are 

developed. The architecture of the product line is documented, and its goal is 

clearly defined. A software product line is defined 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. 

2.5 Conclusion and Future Research 

2.5.1 Conclusion 

We believe the Software Product Management Competence Model and the 

Software Product Management Maturity Matrix presented in this chapter to be 

a solid basis for Software Process Improvement. Our iterative process of 

improvements and validations in both the field of practice and the scientific 

community makes this a broadly accepted model. 

The organizations which participated in our research all indicated that they 

have a great need for a model which can be applied in practice at relatively low 

costs to improve their SPM processes. This chapter provides in this need by 

presenting a model with descriptions for all of the most important SPM 

practices in SPM organizations. Our case study organizations found the SPM 

Competence Model and SPM Maturity Matrix presented here very useful 

models to structure and improve their SPM processes. 

2.5.2 Future Research 

The models presented in this chapter form a base for the assessment method 

presented in A Situational Assessment Method for Software Product 



Chapter 2: Creation of the Maturity Matrix 

 

 

51 

Management (Bekkers, Spruit, van de Weerd, van Vliet, & Mahieu, 2010). Our 

experiences during the case studies made clear that the SPM organizations 

both need and want such an assessment method. We therefore intend to 

expand the SAM to a quality instrument with which organizations can 

periodically evaluate their improvements and set new goals to further improve 

their maturity. 

Further research into the effects of Situational Factors (Bekkers, van de 

Weerd, Brinkkemper, & Mahieu, 2008) on the capabilities is also very useful. 

Not all capabilities are relevant to every type of organization. It is therefore 

important to map which capabilities are relevant to the different types of 

organizations.  

The field of SPM is closely related to development, project management, 

marketing, and sales. It can be hard to define where SPM ends where another 

area starts. In many cases, there is cooperation between the product managers 

performing the SPM activities, and the managers performing the related tasks. 

We incorporated all activities in which the product managers have a substantial 

participation. Further research to define the responsibilities in the grey areas 

would be useful. 

The model presented in this chapter was developed based on Dutch experts 

from product software organizations and the scientific community. It might 

therefore not be fully applicable to organizations outside of the Netherlands. 

Further international validations must therefore be performed to check the 

general applicability. 
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3 Evaluation and Improvement of the 

Maturity Matrix 

This chapter has been accepted for publication as “Evaluating the Software 

Product Management Maturity Matrix“ at the 20th IEEE International 

Requirements Engineering Conference (RE’12) (Bekkers, et al., 2012). It is co-

authored by Sjaak Brinkkemper, Lucas van den Bemd, Frederik Mijnhardt, 

Christopher Wagner, and Inge van de Weerd.  

Product managers play a pivotal role in maximizing value for software 

companies. To assist product managers in their activities the Software 

Product Management (SPM) Maturity Matrix has been created that enables 

product managers to benchmark their organization, assess individual 

processes and apply best practices to create an effective SPM environment. 

Although a number of case studies and expert evaluations have been 

performed, a large scale analysis has not yet been conducted to evaluate 

this instrument. This research evaluates and improves the SPM Maturity 

Matrix based on 62 case studies. The cases were analyzed to uncover 

anomalies: blocking questions, blocking levels, and undifferentiating 

questions. The anomalies were then discussed in a workgroup with experts 

which resulted in suggested improvements to address the anomalies. The 

suggestions of the workgroup will be used to improve the SPM Maturity 

Matrix. As an additional result, the case studies also provide valuable 

insight into the maturity of software companies in industry. 
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3.1 Introduction 

Product management has become an essential strategic practice in most 

companies since the first studies on dimensions of success and failure of 

launching new products were conducted (Cooper R. G., 1979; Murphy & 

Gorchels, 1996). This is increasingly more so in the software domain. Here 

organizations are rapidly evolving their products, and have to deal with 

thousands of requirements, large numbers of stakeholders and the alignment 

between products and strategy (Khurum & Gorschek, 2011). To successfully 

compete, product managers must not only focus on the product itself, but on 

the whole software product management lifecycle, and in essence become the 

owner of the product (Cooper R. G., 2001; McGrath, 2004; Ebert C. , 2007). 

Software Product Management (SPM) provides an integrated approach to 

ensure high quality software products by presenting the domain as a whole 

coherent process. According to Ebert, SPM needs to be recognized by product 

managers in order to develop a successful product that is geared towards 

customer and business needs (2007). 

Being a product manager is a complex affair consisting of many 

responsibilities ranging from requirements management (Nuseibeh & 

Easterbrook, 2000), release planning (Carlshamre, 2002; Greer & Ruhe, 2004), 

product planning (Robertson & Ulrich, 1998; Lehtola, Kauppinen, & Kujala, 

2005), to portfolio management (Cooper, Edgett, & Kleinschmidt, 1999). 

Therefore a product manager can also be referred to as the “mini-CEO” of an 

organization (Ebert C. , 2007). Without guidance, product managers are 

vulnerable to losing focus in this complex set of responsibilities. This loss of 

focus happens because most product managers worked in more specific 

departments before (e.g. development or sales) and did not receive education 

in the specifics of SPM (Bekkers, Spruit, van de Weerd, van Vliet, & Mahieu, 

2010). This can lead to some aspects of SPM being under exposed. Or, as Ebert 

puts it: “Companies win or fail depending on their product managers” (2007). 

The need for guidance in the SPM domain is highly appreciated by companies, 

as the lack of knowledge and proper methods (Khurum & Gorschek, 2009) 

makes it difficult to measure and improve SPM processes and thereby the 

quality of software products (Bekkers & Spruit, 2010).  

There are many software process improvement methods that address parts of 

SPM, e.g. CMM (Paulk, Curtis, Chrissis, & Weber, 1993), CMMI (CMMI Product 

Team, 2002), and SPICE (Dorling, 1993). However, research showed that 

companies find these methods too heavy to use (Cusumano, 2004), too large to 
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implement (Kuilboer & Ashrafi, 2000), very expensive (especially for small and 

medium sized companies) (Brodman & Johnson, 1994; Wiegers & 

Sturzenberger, 2000), and time-consuming (Wiegers & Sturzenberger, 2000). 

The benefits of these methods are gained in the long-run rather than in the 

short-run (Dion, 1993). There thus is a need for a lightweight framework to 

address these issues (Pettersson, Ivarsson, Gorschek, & Öhman, 2008). Previous 

research led to the development of the Situational Assessment Method (SAM) 

(Bekkers, Spruit, van de Weerd, van Vliet, & Mahieu, 2010; Bekkers & Spruit, 

2010), a lightweight framework that is also applicable to small and medium 

sized organizations, to address these problems and needs.  

The SPM Maturity Matrix (Table 3.1) is the key component of the SAM. It is 

used to assess existing SPM activities within the organization. The SPM 

Maturity Matrix is based on the SPM Competence Model and lists all of the key 

aspects of SPM in a best practice implementation order (Bekkers, van de 

Weerd, Spruit, & Brinkkemper, 2010). The SPM Competence Model consists of 

four business functions: Requirements management, Release Planning, Product 

planning, and Portfolio management. The business functions represent groups 

of coherent focus areas within SPM. These in turn consist of a number of 

capabilities (the letters A to F). Each capability is linked to a question for which 

the organization has to state if it is implemented within the organization or not. 

For instance, the Release definition capability C is “The release definition is 

communicated to the internal stakeholders.”. Which is either true or false for 

the organization. This results in an overview showing which capabilities have 

been implemented and which have not. Organizations can then start improving 

their SPM practices based on the overview for their organization by 

implementing the missing capabilities based on the best practice order 

provided by the SPM Maturity Matrix, thereby reaching a higher maturity level. 

The full list of capabilities can found in appendix A, and more detailed 

information about the capabilities is given in (Bekkers, van de Weerd, Spruit, & 

Brinkkemper, 2010).  
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Focus area 0 1 2 3 4 5 6 7 8 9 10 

Portfolio management 

Market analysis     A  B C D  E 

Partnering & contracting      A B  C D E 

Product lifecycle management     A B   C D E 

Product planning 

Roadmap intelligence    A  B C  D E  

Core asset roadmapping     A  B  C  D 

Product roadmapping   A B   C D  E  

Release planning 

Requirements prioritization   A  B C D   E  

Release definition   A B C    D  E 

Release definition validation     A   B  C  

Scope change management    A  B  C  D  

Build validation     A   B  C  

Launch preparation  A  B  C D  E  F 

Requirements management 

Requirements gathering  A  B C  D E F   

Requirements identification   A   B  C   D 

Requirements organizing    A  B  C    

Table 3.1 The Software Product Management Maturity Matrix 

The SPM Maturity Matrix is part of a larger research project at Utrecht 

University. It has already been evaluated in several case studies: 1) Feedback 

was gathered from product managers who have applied the SPM Maturity 

Matrix in practice (Bekkers & Spruit, 2010), and 2) the positioning of the 

capabilities has been evaluated thoroughly with expert validations and a survey 

among 45 product managers and product management experts (van de Weerd, 

Bekkers, & Brinkkemper, 2010). However, an extensive research to evaluate the 

SPM Maturity Matrix in practice has not yet been conducted. The questions 

linked to the capabilities need to be evaluated to guarantee that organizations 

will correctly apply the matrix. This research aims to further evaluate and 

improve the SPM Maturity Matrix by performing research into the questions of 

the SPM Maturity Matrix. The main research question thus is: “Are the 

questions in the SPM Maturity Matrix correct?”. The evaluation is based on the 

Maturity Matrix evaluation introduced by van Steenbergen et al. (van 
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Steenbergen, Schipper, Bos, & Brinkkemper) which also addresses a focus area 

maturity model. The 68 capabilities and corresponding questions are evaluated 

for three different types of anomalies. The first being blocking questions, which 

continually score a low maturity. Followed by undifferentiating questions. These 

are questions that in almost all cases are scoring positively. And lastly, the 

maturity levels for the different business functions are assessed. Determining 

whether the maturity level of an organization's business functions is being held 

back by a single capability not being implemented. The results of these 

statistical analyses have been discussed in an expert group which suggested 

improvements to solve the anomalies.  

The chapter is structured as follows. The next section describes the design of 

this research, followed by a detailed analysis of the SPM assessments. The 

fourth section describes the results of the expert meeting and the 

improvements made to the SPM Maturity Matrix. Finally, the last sections 

address the discussion of the results, the conclusions, and suggestions for 

further research. 

3.2 Scientific Evaluation 

The evaluation of the SPM Maturity Matrix was performed through data 

analysis and expert evaluation. A total of 62 case studies have been carried out 

at SPM organizations. 27 of these cases have been performed by Utrecht 

University academics with extensive consultancy experience in practice. The 

remaining 35 cases were performed by groups of Utrecht University graduate 

students during a course on Software Product Management. All students had 

been instructed in the use of the SPM Maturity Matrix by the authors before 

performing the case studies. The studies were executed by interviewing the 

responsible product managers of the product to ensure the proper knowledge 

was available to provide correct information. The entire dataset has been 

analyzed on quality and completeness. 

To improve the Maturity Matrix, three types of anomalies have been 

researched (Table 3.2). These anomalies have been chosen to identify whether 

certain questions or capabilities show inconsistencies and might therefore 

distort the use of the Maturity Matrix. The choice for the three types of 

anomalies blocking questions, blocking levels, and undifferentiating questions 

is based on research by van Steenbergen et al. (van Steenbergen, Schipper, Bos, 

& Brinkkemper). They successfully evaluated a Maturity Matrix in the domain of 

Enterprise Architecture. 
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Anomaly Description 

Blocking question 

At least α1 percent of the organizations would increase its 

maturity level of the focus area containing the capability 

by at least two levels if the capability question was 

answered positively instead of negatively. 

Blocking level 

At least α2 percent of the organizations would increase its 

maturity level of the business function containing the 

capability by at least two levels if the capability question 

was answered positively instead of negatively. 

Undifferentiating 

question 

At least α3 percent of the organizations answered the 

capability question positively. 

Table 3.2 The types of anomalies researched 

Identifying blocking questions is performed to see whether certain 

capabilities are ranked in an incorrect order, or are not described clear enough. 

This analysis is performed by extracting which organizations show non-

implemented capabilities on a lower level while the successive capabilities, on 

higher levels, are implemented (e.g. when capability A is not implemented, and 

capability B and C are).  

 The threshold for considering a question as blocking was set at 10% of the 

cases, meaning at least 10% of the organizations were blocked in their maturity 

level by the capability being negative instead of positive (α1 = 10). 

Identifying blocked levels is performed in a similar manner, with the 

difference being that the blocking of the maturity of an entire business function 

is considered rather than a focus area. A threshold of 10% was applied here as 

well (α2 = 10). 

Undifferentiating questions were identified by evaluating the capabilities one 

by one and checking whether 85% of the case organizations indicated the 

capability as implemented (α3 = 85). These questions thus provide little 

differentiation between the organizations. The thresholds α1, α2, and α3 have 

been tried and tested in previous research and will therefore be adhered to 

(van Steenbergen, Schipper, Bos, & Brinkkemper). 

Based on the results of the analysis the main results have been grouped and 

structured. These grouped and structured results were discussed in a 

workgroup with experts. This meeting consisted of two experts with extensive 

experience in practice in the field of SPM. The two hour workgroup meeting 
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was held at Utrecht University and was used to define: 1) How to interpret the 

results, and 2) To discuss improvements to address the anomalies. The final list 

of proposed questions to improve the SPM Maturity Matrix is based on the 

statistical analysis accompanied by the results of the expert meeting. 

Yin’s guidelines for case study research validity were followed to ensure the 

validity of the case studies (Yin, 2003). 

Construct validity – The participants in the case studies were provided with a 

report of their own case study. The reports consisted of the results of the 

questionnaire with an analysis of the results, a benchmark comparing the 

organization to the other organizations, and improvement recommendations. 

This was done to validate the data gathered and to thus increase the accuracy 

of the final results by increasing the accuracy of the data used. A chain of 

evidence was created recording all procedures to guarantee the reliability of 

the case studies. This was done by maintaining a case study database recording 

all relevant information of the case studies.  

External validity – Organizations with varying characteristics were studied to 

allow for generalization. The case companies are active in many different 

sectors including logistics, healthcare, local government, nationwide 

government, real estate, discrete manufacturing, finance, and retail. They also 

have varying characteristics such as the numbers of customers, types of 

customers, development philosophies. A limitation to the organizations 

investigated is that they are all based in the Netherlands. 

Reliability – The data was gathered by executing the questionnaires of the 

SAM. This ensures that other researchers can replicate the study by repeating 

the questionnaire. A case study database was also maintained in which all 

relevant information used in the case study was stored.  
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3.3 Data Analysis 

Two types of analyses were performed on the data set, the first being a 

distribution analysis on the focus areas. The second looked into the three types 

of anomalies that can potentially affect the SPM Maturity Matrix. The 

percentages in Table 3.3 indicate the percentage of organizations that have 

reached a certain capability maturity level. For example, 38.7% of the 

organizations reached capability A in the focus area ‘Release definition 

validation’. Another aspect that stands out is that all organizations have at least 

implemented capability A in the focus area ‘Requirements gathering’. 

 

Focus Area None A B C D E F 

Portfolio management 

Market analysis 30.2 32.6 16.3 4.7 7.0 9.3 - 

Partnering & contracting 16.3 23.3 37.2 2.3 11.6 9.3 - 

Product lifecycle management 47.6 14.3 19.0 7.1 0.0 11.9 - 

Product planning 

Roadmap intelligence 46.5 23.3 4.7 2.3 14.0 9.3 - 

Core asset roadmapping 48.4 21.0 19.4 6.5 4.8 - - 

Product roadmapping 14.5 25.8 12.9 33.9 3.2 9.7 - 

Release planning 

Requirements prioritization 21.0 35.5 21.0 3.2 9.7 9.7 - 

Release definition 9.7 45.2 8.1 33.9 1.6 1.6 - 

Release definition validation 25.8 38.7 16.1 19.4 - - - 

Scope change management 59.0 9.8 6.6 8.2 16.4 - - 

Build validation 9.3 32.6 55.8 2.3 - - - 

Launch preparation 12.9 45.2 11.3 1.6 3.2 6.5 19.4 

Requirements management 

Requirements gathering 0.0 22.6 32.3 1.6 6.5 19.4 17.7 

Requirements identification 25.6 11.6 14.0 46.5 2.3 - - 

Requirements organizing 17.7 21.0 38.7 22.6 - - - 

Table 3.3 Distribution percentages of the maturity levels between the 

organizations 
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Based on the distribution it can be seen that a lot of organizations still need 

to reach the first maturity level in most of the focus areas, meaning that most 

organizations have a low maturity level. An interesting case can be identified 

for the focus area ‘Product lifecycle management’. No organization has reached 

capability D without also reaching capability E. 

To determine the spread of the focus areas a box plot for the focus areas has 

been created (Figure 3.1). This shows that Requirements organizing, Release 

definition validation, Build validation, and Partnering & contracting have a very 

small distribution of capability scores, with a majority of the capabilities scoring 

either capability A or B. The capabilities Requirements gathering, Requirements 

identification, Scope change management, and Launch preparation have a very 

wide distribution of capability scores. The narrow and wide distribution is due 

to the number of capabilities within these focus areas, which range from 3 to 6.  

The focus areas Requirements organizing and Partnering & contracting show 

outliers respectively between 1.5 and 3 times below the interquartile range and 

1.5 and 3 times above the interquartile range. 

 

None A B C D E F

Requirements organizing

Requirements identification

Requirements gathering

Launch preparation

Build validation

Scope change management

Release definition validation

Release definition

Requirements prioritization

Product roadmapping

Core asset roadmapping

Roadmap intelligence

Product lifecycle management

Partnering & contracting

Market analysis

 

Figure 3.1 Score distributions per focus area 
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Figure 3.2 The normalized average maturity scores for the business functions 

(the upper 4 scores) and focus areas (the lower 15 scores) 
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Focus area Deviation n p 

Requirements gathering  Higher 61 0.000 

Release definition validation  Lower 61 0.002 

Scope change management  Lower 59 0.003 

Core asset roadmapping  Lower 57 0.000 

Table 3.4 Focus areas’ deviation from the mean 

To determine the average capability score and compare the focus areas, the 

maturity levels have been normalized, making them comparable to each other. 

The result of the normalized average maturity score for each focus area is 

depicted in Figure 3.2. Giving a clear overview showing which focus areas are 

commonly implemented and which areas fall behind in daily practice.  

The data from the figure shows a large discrepancy between the lower and 

higher scoring focus areas with a difference of 2.23 on a scale of 0 to 6. The 

average maturity over all focus areas is 1.73 and the standard deviation is 0.55. 

Based on a One-Sample T-Test with a 99 confidence interval the focus area 

Requirements gathering is significantly more mature than the mean maturity. 

The maturity of the focus areas Core asset roadmapping, Scope change 

management and Release definition validation is significantly lower than the 

average maturity (Table 3.4).  

Questions that could not be answered by the interviewees were marked as 

unanswered and left out of the data analysis. This results in a slightly lower 

sample size for some of the tests, ranging from 57 to 61 samples. 

3.3.1 Blocking Questions 

The analysis provided four blocking questions which are presented in Table 

3.5. There are three possible reasons for these blocking questions: (1) The 

question is positioned at a too low level; the question should be moved to a 

higher level. (2) The question is not clear; it should be rephrased to make it 

more understandable. (3) It can also be the case that there is nothing wrong 

with the question: it represents a common weakness among SPM 

organizations. Therefore, the question should not be changed, but the 

companies should pay more attention to this specific part of the focus area.  
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Capability Blocking question Blocked 

Requirements 

gathering 

C 

All incoming requirements are automatically 

stored in a central database (e.g. by means of 

an online helpdesk). 

22.6% 

Scope change 

management 

A 

A formal scope change management process is 

in place, in which all involved stakeholders are 

informed. 

25.6% 

Launch 

preparation 

B 

A formal ‘go’, based upon standard quality 

rules, must be obtained from the board before 

the launch can begin. 

22.6% 

Product 

lifecycle 

management 

C 

A product scope analysis is performed to 

identify overlaps and gaps between the 

products in the organizations product portfolio. 

11.6% 

Table 3.5 Blocking questions 

3.3.2 Blocking Levels 

Analysis showed that there are several cases where a higher maturity level for 

a business function is being blocked by a single capability not being reached. 

An example where a level is blocking is the case of Release planning where 

capability A the focus area Scope change management is blocking four 

companies from reaching at least level C, in two cases even level D. These cases 

would achieve a higher overall maturity rating in Release planning if question A 

of Scope change management would have been answered positively. However, 

the threshold of at least 10% of the cases being blocked for a higher maturity is 

not reached in any focus area. Two other cases worth mentioning are Scope 

change management and Requirements identification where the percentages 

of 6.5 and 3.3 are reached respectively. As discussed in the blocking question 

section, question A of Scope change management is also a blocking question. 

By implementing the suggested improvements of section 3.4 regarding this 

question it is expected that the percentage of 6.5 will decrease. 
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3.3.3 Undifferentiating Questions 

Analysis of the cases revealed six undifferentiating questions. Table 3.6 

provides an overview of these questions. Two possible problems with the 

questions can be identified. The questions are either (1) too general/basic (2) 

not defined clearly enough. 

 

Capability Undifferentiating Question Positive 

Requirements 

gathering 

A 

Requirements are being gathered and registered. 100% 

Requirements 

gathering 

D 

Requirements are gathered from all relevant 

internal stakeholders: support, services, 

development, sales & marketing, research & 

development (parties not present in your 

organization can be ignored). 

88.7% 

Release definition 

validation 

A 

The release definition is checked by internal 

stakeholders, before the software is realized. 
90.3% 

Build 

validation 

A 

Internal stakeholders perform a functional 

validation of the build release to verify that it 

meets the expected outcome. 

90.7% 

Launch 

preparation 

A 

Information about the upcoming new release is 

communicated to the internal stakeholders. This 

information contains a description of the most 

important changed and added features, the 

estimated release date, possible costs involved, 

information about how the new release can be 

obtained, possible training dates, etc. 

87.1% 

Product 

roadmapping 

A 

A roadmap is developed detailing the short-term 

plans. The plans span more than one release is 

developed detailing the short-term plans. 

85.4% 

Table 3.6 Undifferentiating questions 
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3.4 Suggested Improvements 

3.4.1 Blocking Questions 

All the blocking and undifferentiating questions were discussed in the expert 

meeting. These meetings first addressed the different reasons that could cause 

the anomaly for the capability questions. These reasons can be divided into 

three categories. First, the positioning could be incorrect. For example, a 

process that is easier to implement than the next capability within the same 

focus area. It thus should not be placed on a lower maturity level than its 

follow-up capability. Second, the understandability of the question could cause 

problems. An example would be a question formulation which does not clearly 

represent the actual meaning of the capability. Lastly, the relevance was 

questioned: it could be that the capability the question represents should not 

be in the assessment. Once the reasons had been discussed, improvements to 

the question were discussed to address the anomalies. 

The first question discussed concerns capability C of Requirements gathering. 

The experts reckoned that the question’s position as opposed to the 

surrounding questions is correct. However, they identified two possible reasons 

for it being a blocking question. The question regarding capability C contains 

the word ‘automatically’ which suggests a more advanced form of 

requirements gathering than is intended. It is unlikely that the process is 

conducted fully automatically. What is intended is that it is possible for 

stakeholders to submit requirements directly to the central database storing 

them. The improvement to capability C also led to a discussion about capability 

B within the same focus area as its question now resembled the question for 

capability C to closely. Capability B is intended as a lighter version of capability 

C. It was therefore also improved to create a better gradual increase between 

the capabilities. The improvements for capability B and C are presented in Table 

3.7, based on the expert discussion, in which the questions have been 

rephrased to better express the capabilities behind the questions. 

The discussion of capability C also lead to discussion concerning capability D 

of Requirements gathering. This capability is identified as being an 

undifferentiating question. The experts argued that this question can also be 

phrased better. The most likely problem is the subjectivity of the word 

‘relevant’. In this context the person answering the questions can decide which 

stakeholders he finds relevant or not. While the idea behind the capability is to 

address all key stakeholders that exist within the organization. The 
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improvement of this question will be discussed further in the next section with 

the other undifferentiating questions. 

The second focus area discussed was Scope change management. Here 

capability A was identified as being blocking. The experts view this question 

and the other questions for the focus area as correctly positioned. The solution 

to the anomaly was found in the use of the words formal. The experts regard 

the word formal to be interpreted in a matter where it resembles the following 

definition as mentioned in Merriam-Webster's dictionary: "characterized by 

punctilious respect to lawful form" (Merriam-Webster, 2011). This makes the 

question have a strict form, while the capability only intends to make sure that 

all involved stakeholders are simply informed. Based on this conclusion, it was 

proposed to remove the word ‘formal’ from the question, as is presented in 

Table 3.7. 

The third blocking question discussed concerns capability B of the focus area 

Launch preparation. According to the experts, they reckon this question was 

again positioned at the right maturity level. The explanation for its blocking was 

found in the formulation. The experts argue that it is unlikely that the board of 

software companies will deal with these kinds of decisions and that it is more 

likely that another person or committee gives the formal ‘go’. Taking into 

account that the software product managers can only reply with a ‘yes’ or ‘no’ 

response to the question this is identified as the most probably cause for its 

blocking. Based on this argumentation an improvement has been proposed in 

Table 3.7 to change the question. 

The last question discussed concerns capability C of the focus area Product 

lifecycle management. The experts agreed that this question is positioned 

correctly and is found to be clear and understandable. Further discussion 

revealed that the explanation why this is a blocking question is due to 

organizations that only have one product, where the question requires multiple 

products. Organizations with only one product are forced to answer the 

question concerning capability C with ‘no’ in the questionnaire, while 

subsequent capabilities can still be reached. The Situational Assessment Model, 

which uses the questionnaire, will filter out this question and its corresponding 

capability, for organizations that only have one product by using Situational 

Factors (Bekkers & Spruit, 2010). Taking this into account no improvement was 

suggested since it is expected that this will prevent this question from being a 

blocking question. 
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Capability Changed Questions 

Requirements 

gathering 

B 

From 

All incoming requirements are stored in a central 

database, which is accessible to all relevant 

stakeholders. 

Into 

Requirements are stored in a central database, 

that is readable for all internal stakeholders (e.g. 

with an Excel/Word file on a network drive). 

Requirements 

gathering 

C 

From 

All incoming requirements are automatically 

stored in a central database (e.g. by means of an 

online helpdesk). 

Into 

Stakeholders can submit requirements directly 

to the central database (e.g. with an online 

helpdesk system). 

Scope change 

management 

A 

From 

A formal scope change management process is 

in place, in which all involved stakeholders are 

informed. 

Into 

A scope change management process is in 

place, in which all involved stakeholders are 

informed. 

Launch 

preparation 

B 

From 

A formal ‘go’, based upon standard quality rules, 

must be obtained from the board before the 

launch can begin. 

Into 

A formal ‘go’, based upon standard quality rules, 

must be obtained from the responsible person 

or committee before the launch can begin. 

Table 3.7 Suggested improvements following from the blocking questions 

3.4.2 Undifferentiating Questions 

Six undifferentiating questions were identified and presented to the experts. 

They were asked for possible reasons why a particular questions is 

undifferentiating and whether the question should be removed from the SPM 

Maturity Matrix or not. 

Five out of the six undifferentiating questions are related to capability A of 

their respective focus areas. The capabilities of these questions are intended to 

be easily reachable as they are the first and most basic form of SPM 

capabilities. They are however important to SPM and should be implemented. 
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Not implementing them would result in a seriously dysfunctional SPM 

organization. They also mark an important difference between organizations 

that do not perform SPM capabilities, which would end up reaching maturity 

level 0, and the most basic SPM organizations which would reach a very low 

maturity level. This separates the SPM organizations from other types of 

organizations. The experts thus agreed that none of these five questions should 

be removed from the matrix. 

The question for capability D of the focus area Requirements management 

cannot be explained in the same manner as it is not the first capability within its 

focus area. This capability was scoring high, which is interesting as capabilities B 

and C of the same focus area were scoring lower. During the evaluation of 

blocking questions by the experts it became clear that this anomaly was due to 

the interpretation of the word ‘relevant’ in ‘relevant parties’ by the product 

managers. As they might misuse this word to not take into account all the 

parties not incorporated in their organization. Removing this word makes the 

questions more strict. It is expected that this will lead to a correct interpretation 

of the question as proposed in the Table 3.8, and will reflect the actual meaning 

of the capability.  

 

Capability Changed Question 

Requirements 

gathering 

D 

From 

Requirements are gathered from all relevant 

internal stakeholders. Such as, support, services, 

development, sales & marketing, research & 

development (parties not present in your 

organization can be ignored). 

Into 

Requirements are gathered from all internal 

stakeholders, such as support, services, 

development, sales & marketing, research & 

development (parties not present in your 

organization can be ignored). 

Table 3.8 Suggested improvement following from the undifferentiating 

questions 
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3.5 Conclusions 

3.5.1 Conclusion 

In this research the SPM Maturity Matrix has been analyzed and refinements 

have been proposed. Over a period of three years 62 software companies have 

been assessed, ranging from small to large and from single product to multi 

product organizations. A data analysis was performed on these case studies to 

determine which questions should be improved. To propose improvements to 

the SPM Maturity Matrix an expert meeting was held to discuss the results, and 

identify the rationale behind distributions and possible blocking and 

undifferentiating questions.  

The analysis of the dataset provides insight into the maturity distribution of 

certain business functions of SPM. It reveals how the focus areas Release 

definition validation, Scope change management and Core asset roadmapping 

are significantly less mature than other focus areas in the average organization. 

The expert meetings also revealed that most of the observations made were to 

be expected. Focus areas that are more complex and have less short term 

impact on the actual product generally are expected to score lower.  

Reviewing the research question “Are the questions in the SPM Maturity 

Matrix correct?” brings us to the anomalies. There were a few questions that 

can be improved. A number of improvements to the SPM Maturity Matrix have 

been suggested based on the results of the anomaly analysis. In total four 

blocking questions and six undifferentiating questions were identified. There 

were no blocking levels that surpassed the threshold. Consensus between the 

experts existed that the positioning of the four blocking questions was correct. 

When discussing the formulation of the questions, they identified a number of 

possible problem words which could be interpreted incorrectly. Suggestions to 

rephrase three of the four blocking questions and an additional follow-up 

question were made based on the analysis and expert meeting. The rationale of 

the fourth question being blocking lies in the linkage between Situational 

Factors and capabilities, and is addressed in the SAM. 

The experts agreed that none of the undifferentiating questions should be 

removed from the matrix. As five of the questions are related to the first 

capability of a focus area, it was to be expected that most organizations would 

have these implemented. They agreed that removing these questions would 

not justify the capabilities organization should have to effectively manage their 
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SPM. The sixth undifferentiating question did not clearly represent the exact 

meaning of the capability it represented. A proposal for rephrasing this 

question was discussed. 

Appendix A presents the complete list of capability questions in which the 

suggestions have been incorporated. 

By finding only four blocking questions, no blocking levels and six 

undifferentiating questions it is concluded that the SPM Maturity Matrix has 

proven to be a good instrument to assess a company’s maturity in the field of 

SPM. Especially now that these anomalies have been evaluated and 

improvements have been proposed. Applying the improved SPM Maturity 

Matrix can, for many organizations, raise awareness on their SPM maturity and 

aid them in the improvement of their SPM capabilities. 

3.5.2 Discussion & Further Research 

In this research a dataset of 62 organizations, all mainly operating in the 

Netherlands, have been analyzed. This might not fully represent organizations 

from other countries, especially non-western countries. It would therefore be 

useful to conduct case studies in other countries. 

During the assessment, two types of questions were asked. The first 

addresses Situational Factors, describing the environment, industry, and key 

factors the software organization deals with. The second type addresses the 

capabilities. This evaluation only addressed the second type. Taking into 

account the Situational Factors, which are used to remove capabilities that do 

not apply to the organization will lead to a better overview of the current state 

of SPM. 

The assessment consists of 24 Situational Factor questions and 68 capability 

questions. A number of the questions can be highly complex as they depend 

on several stakeholders, and might differ per capability. This resulted in the 

interviews taking up to 3 hours. During these sessions the attention span of the 

product manager might decline when nearing the end of the interview, 

possible resulting in biased answers when addressing the business functions 

Product Planning and Portfolio Management. This could interfere with the 

reliability of the results in this section. 

A potential threat to the validity is that using only one respondent to 

represent each case might lead to single rater bias (Snow & Hambrick, 1980). 

However, the unit of analysis in our study was a company or a business unit in 
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which one product or product line was developed. This means that most cases 

only had one product manager (and thus one person that was able to answer 

the questions). Therefore, we believe that the choice for using only one 

respondent per case is justified. 

 Another possible effect is the social desirability effect, which means that the 

interviewees might have the need to perform good and receive the highest 

maturity level (Podsakoff, MacKenzie, Lee, & Podsakoff, 2003). However, if this 

effect did take place, we expect it to happen consistently among the cases and 

questions, and has therefore no impact on the comparisons of cases. 

This research resulted in improvement suggestions for several capabilities. 

Further research should be performed to investigate whether the proposed 

changes effectively did solve the anomalies.  

It is also useful to investigate the differences in score distribution among the 

focus areas to discover why particular scores are significant higher or lower. 
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4 Creation and Evaluation of the 

Situational Factors 

This chapter was originally published as “The Influence of Situational Factors 

in Software Product Management: An Empirical Study“ in the proceedings of 

the 2nd International Workshop on Software Product Management (IWSPM 

2008) (Bekkers, van de Weerd, Brinkkemper, & Mahieu, 2008).  

Current research in the field of software product management (SPM) and 

software process improvement does not take the situational context of a 

company into account. Taking the context into account, allows small and 

medium sized companies to improve their SPM processes in a more 

optimal manner. This research shows that situational factors (SFs) 

influence the selection process of method fragments for SPM in two 

applications: SPM process maintenance – the influence level of SFs on the 

SPM processes: if the SF changes value the SPM process may need to be 

changed; and method fragment choice – selecting a method which fits the 

situational context of the company. This chapter presents a list of 27 

situational factors in 5 categories, relevant to SPM, with the level of 

influence they have on the selection of (parts of) methods. 
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4.1 Introduction 

Product managers play a crucial role in the success of product software 

companies (Condon, 2002). They operate in a complex setting with many 

internal and external stakeholders, where many improvements can still be 

achieved. When, for example, looking at just requirements engineering, it can 

be seen that products are delivered with just 42 percent to 67 percent of the 

required functionality (Jacobs, 2007).  

Methods are needed to reach more mature software product management 

(SPM) processes. There already are some software improvement approaches, 

which have been applied in companies of varying sizes. Some of the best-

known methods are the Capability Maturity Model (CMM) (Paulk, Curtis, 

Chrissis, & Weber, 1993), and its follow-up CMMI (CMMI Product Team, 2002). 

Even though much research has been done into the improvement of SPM, the 

results of this research remain minimal. CMMI, for example, has been found too 

heavy to use by several organizations (Cusumano, 2004). And there are others 

who say that extensive software improvement frameworks, such as CMMI and 

ISO/IEC 15504 (1998) also known as SPICE are even too large to implement, or 

even comprehend (Kuilboer & Ashrafi, 2000; Reifer, 2000). A typical CMM 

software process improvement cycle can for example take between one and a 

half and two years to complete, demanding 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 process improvement initiatives on practices 

that do not apply to them (Brodman & Johnson, 1994). A method is thus 

needed to select methods with an appropriate level which fit the environment 

in which the company is situated. 

Later research in the field of SPM lead to the development of a framework for 

SPM (van de Weerd, Brinkkemper, Nieuwenhuis, Versendaal, & Bijlsma, 2006), 

which is a lightweight framework in comparison to CMM(I). The reference 

framework shows the product management function, containing four main 

process areas, which are portfolio management, product roadmapping, 

requirements management and release planning. Several internal stakeholders 

and external stakeholders are also included in the framework. 

In this chapter, the research in the SPM field is expanded, by finding out 

which situational factors influence the selection process of method fragments. 

Thus allowing software process improvement to be enhanced by tuning the 
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selection method fragments to the companies environment. “A situational 

factor (SF) is any factor relevant for product development and product services. 

Examples are company size, branch and the number of submitted requirements 

per month, whether or not currently a waterfall-based method is used for 

product software development, etc.” (van de Weerd, Brinkkemper, 

Nieuwenhuis, Versendaal, & Bijlsma, 2006). 

In this research, method engineering is used to analyze and store information 

on method fragments (Brinkkemper, 1996), consisting of processes and their 

deliverables, in product software companies. To achieve this method 

administration, process deliverable diagrams (PDDs) (van de Weerd, Souer, 

Versendaal, & Brinkkemper, 2005) will be used to model activities and work 

products. A PDD is a way of meta-modeling a process by creating a model with 

formal descriptions.  

A method is needed to determine which methods are optimal for the 

situation in which a business unit is located. This leads to the following research 

question: 

“What are the most important situational factors influencing the selection of 

method fragments for software product management processes?” 

This research’s main scientific contribution is the list of SF weights; a model 

which indicates how influential specific SFs are to the process areas of the 

reference framework for SPM. 

The next section describes the research approach that was followed. Then the 

main results are presented: the SFs with their influence on the SPM processes, 

and the research into the application of the SFs as a way of indicating the 

situation for which method fragments are intended. Finally discussion, 

conclusions and suggestions for future work are presented, followed by related 

work. 

4.2 Research Approach 

4.2.1 Design Research 

The general method structuring the design of this research thesis is the 

design research methodology for performing research in information systems 

(Purao, 2002; Dasgupta, 1996). Design research involves the analysis of the use 

and performance of designed artifacts to improve on the behavior of aspects of 

Information Systems (Vaishnavi & Kuechler, 2007). The design cycle consists of 
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five process steps, Knowledge produced in the process steps by constructing 

and evaluating new artifacts is used as an input for a better awareness of the 

problem. 

The design cycle methodology starts with the awareness of the problem, 

resulting in a proposal of the research. In the second phase, the suggestion 

phase, literature research is carried out and interviews with product managers 

are conducted. First a list of SFs is constructed based firstly upon literature and 

then verified and expanded upon by both experts from practice (product 

managers and a technical director) and the scientific community (researchers of 

Utrecht University). During the interviews the respondents will be asked to 

indicate what SFs they find important in structuring their processes. They will 

also be asked what the value of the SFs are within their business unit, thus 

indicating their situation. The SFs they will look at will be presented in the form 

of a list where they can fill out what the value is of that SF within their business 

unit and, for every process area of the reference framework for SPM (van de 

Weerd, Brinkkemper, Nieuwenhuis, Versendaal, & Bijlsma, 2006), what level of 

influence they deem that SF to have in the structuring of their SPM processes. 

The influence levels thus indicate the likelihood that the an SPM method has to 

change if the value of a SF changes. The influence levels of the SFs will be 

measured using a seven point Likert scale (Likert, 1933). A method engineering 

approach is used to analyze and store information on method fragments 

(Brinkkemper, 1996) that are used by the product managers. The result of this 

phase is a list of SFs, deduced from the literature and interviews; and an 

analysis of the methods that are used by the product managers. 

The third phase is the development phase. In this phase, the SF model is 

created. First, the influence of each SF on the SPM processes is determined. 

Secondly, the applicability to label SPM method fragments with these SFs is 

examined. The result of this phase is a list of SF weights from which the 

unreliable SFs have been removed, and in which the highly correlated factors 

have been aggregated. 

In the evaluation phase, the developed model is evaluated by domain experts 

from both the practical field (product managers) and academic field (SPM 

researchers). This evaluation results in a refined model for the selection of 

processes based on SFs. 

The final phase, the conclusion, consists of analyzing the results gathered 

during the research and using them see if we can deduce answers towards our 

research questions.  
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4.2.2 Research Methods 

This research uses two main research techniques to gather information, these 

techniques are: 

Interviews - Explorative semi-structured interviews are conducted allowing 

new questions to be brought up during the interview as a result of what the 

interviewee says. The conversation needs to be guided rather than provide 

structured queries (Yin, 2003) in order to get the most out of the semi-

structured interviews. The previously discussed reference framework for SPM 

(van de Weerd, Brinkkemper, Nieuwenhuis, Versendaal, & Bijlsma, 2006) is 

therefore used as a framework of themes to be explored.  

Document study – Documentation provided by the product managers will be 

gathered to get an overview of the SPM processes.  

Literature study – The first list of SFs will be based upon a literature study. A 

second literature study will be performed to determine what SFs best describe 

method fragments, these method fragments will be taken from literature. 

Meta-modeling – The information gathered about the SPM processes will be 

processed by means of a meta-modeling technique called process-data 

diagrams (PDDs) (van de Weerd, Souer, Versendaal, & Brinkkemper, 2005), 

which has been developed to model the processes and deliverables. 

4.2.3 Validity 

The validity of the data gathered during exploratory research is important. 

Yin’s (2003) guidelines are therefore followed to ensure the validity. 

Firstly, the construct validity is addressed; this type of validity concerns the 

validity of the research method. The technique of multiple triangulation is 

therefore applied in the following way:  

Multiple observers – A second person will be interviewed for each product 

manager that is interviewed to verify the data from the first interview. 

Documentation – All documents used by the product manager during the 

SPM are requested to verify and clarify data gathered during the interview. 

These documents are, for example, requirement templates, product roadmaps, 

or release documents. 

To guarantee the reliability of the case study, a chain of evidence is created 

recording all procedures. This is done by using a case study protocol and by 
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maintaining a case study database storing all relevant information used in the 

case study.  

4.2.4 Case Company Description 

The research was conducted at an IT company, with around 6500 employees, 

that manages the IT needs of numerous customers on a daily basis. They 

implement large-scale projects in a wide variety of markets including local 

government, financial services, housing associations and wholesale. The offices 

are mainly situated in The Netherlands, but are also in Belgium, Germany and 

Norway. There are various areas of expertise; consultancy, IT solutions, software 

engineering, e-business, systems integration, managed ICT services and 

training.  

The case company has acquired many software product companies over the 

last few years, to become a very diverse company. The various divisions all 

operate fully independently in different markets where they offer standard 

software products, which are all made by the company itself. Fourteen of these 

divisions, called business units (BUs), are incorporated in the case study. The 

BUs can be looked at as companies of small to large size, because all these BUs 

operate totally independent. 
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4.3 Results 

4.3.1 Situational Factor Weights 

This section will provide a statistical overview of the results of the interviews. 

For each SF, we asked the product managers how much influence it had on the 

four SPM process areas. We used a Likert scale (Likert, 1933) which ranged from 

1 (low) to 7 (high).  

Fourteen cases were researched with the expert interviews, the first of these 

cases is not incorporated in the overview for the following reasons. All cases 

except for the first case were held within business units from the Netherlands. 

Removing the first case thus gives a consistent data region: the Netherlands. 

The interviewer also noted some unclarities in the reliability of the data of the 

first case due to possible misinterpretations by the interviewee. 

Table 4.1 provides an overview of the means and the corresponding standard 

deviations of the influence levels. The averages of the SF groupings in Table 4.1 

(marked bold in the leftmost column) do not take into account the greyed out 

SFs, since these have been removed for reasons discussed in the following 

section (section 4.3.2). The influence levels have been stressed by shading the 

cells grey in the table from light (a low level of influence) to dark (a high level 

of influence). 

4.3.2 Reducing the Situational Factor List 

The SF list is reduced in two ways: firstly the results are checked for reliability, 

removing the unreliable results; and secondly the strongly correlated SFs are 

aggregated. 

All factors that have a standard deviation that exceeds the mean will be 

eliminated from the list in order to filter out the less reliable results. This results 

in the removal of only one factor, for which a portion of the results are 

unusable. This factor is the ‘Release frequency’ (within the process area 

‘Product roadmapping’) which has a standard deviation of 2,370, which is 

slightly higher than its mean value of 2,27. This factor is thus removed from the 

list due to a unacceptable high variance among the answers given during the 

interviews with the experts. 
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Portfolio 

management 

Product 

roadmapping 

Release 

planning 

Requirements 

management 

 σ  σ  σ  σ 

Business unit characteristics 1,82   2,1   3,14   2,77   

   Development philosophy 1,45 1,036 1,64 1,433 2,55 1,572 2,27 1,272 

   Size of business unit team 2,18 1,401 2,55 1,572 3,73 2,149 3,27 2,24 

   Size of development team 2,36 1,748 2,82 1,94 3,73 2,37 3,18 2,562 

Customer characteristics 3,54   3,6   2,82   3,25   

   Customer loyalty 4,09 1,973 3,91 1,7 2,64 1,69 2,82 1,888 

   Customer satisfaction 3,91 1,921 4 1,949 3,27 1,191 3,73 1,489 

   Customer variability 3,18 2,04 3,45 2,115 3,55 2,252 3,82 2,089 

   Number of customers 3,27 1,794 3,09 1,578 2,18 1,888 2,45 1,864 

   Number of end-users 2,36 2,157 2,18 1,888 1,64 1,502 1,73 1,555 

   Type of customers 3,27 1,794 3,55 1,695 2,45 1,508 3,45 2,018 

Market characteristics 2,44   2,73   2,36   2,19   

   Hosting demands 1,55 0,934 1,82 1,168 1,82 1,401 1,64 0,924 

   Localization demand 2 1,789 2,91 2,071 2,91 2,548 2,27 1,618 

   Market growth 3,36 2,111 3,09 2,166 1,82 1,079 1,45 0,688 

   Market size 3,18 2,228 2,55 1,968 1,27 0,647 1,27 0,647 

   Release frequency 1,64 1,804 2,27 2,37 3,36 2,461 2,82 2,228 

   Sector 3,09 2,023 3,36 2,335 3,27 2,328 3,64 2,58 

   Standard dominance 1,73 1,618 2,27 2,005 2,09 1,921 2,09 1,7 

   Variability of feature requests 2,18 1,779 3,09 1,973 3,36 2,838 3 2,28 

Product characteristics 2,77   2,82   2,87   2,82   

   Application age 4,2 2,201 3,9 2,234 3,5 2,369 3,4 2,366 

   Defects per year: total 1,73 1,191 1,36 0,924 3 2,236 2,73 2,149 

   Defects per year: serious 2 1,342 1,64 1,206 3,27 2,328 2,91 2,166 

   Development platform maturity 2,64 2,203 3,36 1,912 3,45 2,018 3,55 1,968 

   New requirements rate 2,91 2,212 3 2,236 3,18 2,316 3,55 2,252 

   Number of products 2,73 2,149 2,55 1,809 2,27 1,555 1,73 1,272 

   Product lifetime 4,55 1,753 4,36 1,804 3,45 2,382 3,36 2,378 

   Product size 2,73 2,005 2,91 1,814 2,55 1,753 2,82 1,991 

   Product tolerance 1,45 0,82 2,18 1,94 2,91 2,256 2,73 2,328 

   Software Platform 2 1,844 1,73 1,348 1,55 0,82 1,55 0,82 

Stakeholder involvement 3,09   3,09   2,89   2,87   

   Company policy 3,45 2,339 3,18 1,834 2,55 1,864 2,55 1,864 

   Customer involvement 3,36 1,748 3,64 1,912 3,18 1,888 3,91 1,868 

   Legislation 2,36 1,912 2,45 1,916 3,55 1,809 2,82 1,601 

   Partner involvement 3,18 1,888 3,09 1,814 2,27 1,555 2,18 1,662 

Table 4.1 Situational factor weights, calculated over 13 data sets 
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Determining the correlations between SFs allows the list of SFs to be reduced 

in size by aggregating strongly correlated SFs. The correlations have been 

determined using a Pearson correlation with a significance of 0,05. Table 4.2 

shows the results of the correlation calculations, done within the SF groupings, 

based upon the results gathered during the expert interviews with the product 

managers. 

SFs are only aggregated when they are grouped within one SF grouping, and 

are correlated in all four domains. There are three combinations which meet 

these demands and will thus be aggregated, these are: 

 Size of business unit team & size of development team – The SF ‘Size of 

development team’ will be removed from the SF list since it is contained 

within the ‘Size of business unit team’ and since the latter is more reliable 

because it does not depend on the balance between personnel groups 

within a business unit. 

 Number of customers & Number of end-users – The SF ‘Number of end-

users’ will be dropped, since the product managers indicated during the 

interviews that the number of customers is more important to them than 

the number of end-users, the reasoning behind that is the all interactions 

are done with customers, and not end-users. This low importance of the 

‘Number of end-users’ is also reflected in its low level of influence. 

 Defects per year: serious & Defects per year: total – The SF ‘Defects per year: 

serious’ will be dropped since it is contained within the SF ‘Defects per year: 

total’, which will now be renamed to ‘Number of defects per year’. 

 

Situational Factors 

Portfolio 

management 

Product 

roadmapping 

Release 

planning 

Requirements 

management 

r p r p r p r p 

Size business unit team & 

Size development team 
0,914 0,000 0,957 0,000 0,779 0,003 0,935 0,000 

Number of customers & 

Number of end-users 
0,850 0,000 0,804 0,002 0,845 0,001 0,866 0,000 

Defects per year: serious & 

Defects per year: total 
0,881 0,000 0,850 0,000 0,962 0,000 0,963 0,000 

Table 4.2 Situational factors correlations 
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4.3.3 Fragment choice 

A group of 26 carefully selected master students from the master Business 

Informatics at Utrecht University performed a research to determine whether 

the list of SFs is suited to describe method fragments, and if so, which of SFs 

are best suited to describe a method fragment. All students reviewed different 

method fragments, which are described in papers by various authors 

throughout the field of SPM. The papers were divided among two categories 

for reasons of educational organization: Release planning & Requirements 

management and Portfolio management & Product roadmapping. The 

frequencies of the SFs that were selected as best describing a method fragment 

can be seen in Table 4.3. 

The research clearly indicates several dominant SFs, the most frequent SFs 

are: ‘Customer involvement’ and ‘Development philosophy’. Two other factors 

that are less frequent than the previously mentioned SFs but still rise above the 

majority of SFs are the ‘New requirements rate’ and ‘Release frequency’. 

4.4 Discussion and Conclusions 

4.4.1 Situational Factor Weights 

The list of SF weights presents an overview of the most important SFs in 

deciding which method is best suited for software development unit. An overall 

observation that can be made when inspecting the list of SF weights is that the 

four domains can be divided into two groups. The first group being Portfolio 

management & Product roadmapping, and the second Requirements 

management & Release planning. The value of Portfolio management almost 

always lies close to that of Product roadmapping when looking at the same SF 

for both areas. The same holds for the values of Requirements management, 

which almost always lie close to those of Release planning when looking at the 

same SF. 
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Rel. plan. & 

Req. man. 

Port. man. & 

Prod. roadm. 
Total 

n (number of studies) 18 8 26 

Business unit characteristics    

  Development philosophy 8 1 9 

  Size of business unit team  1 1 

  Size of development team 4  4 

Customer characteristics    

  Customer loyalty  1 1 

  Customer satisfaction 2 1 3 

  Customer variability 2 2 4 

  Number of customers  1 1 

  Number of end-users   0 

  Type of customers 3  3 

Market characteristics    

  Hosting demands 1  1 

  Localization demand  1 1 

  Market growth 1 1 2 

  Market size 1 2 3 

  Release frequency 6 1 7 

  Sector 1  1 

  Standard dominance   0 

  Variability of feature requests 1 3 4 

Product characteristics    

  Application age 1  1 

  Defects per year: total 1 1 2 

  Defects per year: serious 1 1 2 

  Development platform  

  maturity 
2 1 3 

  New requirements rate 5 2 7 

  Number of products  4 4 

  Product lifetime   0 

  Product size 3 1 4 

  Product tolerance 3 1 4 

  Software Platform   0 

Stakeholder involvement    

  Company policy 3  3 

  Customer involvement 11 1 12 

  Legislation   0 

  Partner involvement 2 2 4 

Table 4.3 Selection frequency per situational factor 
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A difference in influence can clearly be seen when comparing the groups into 

which the SFs have been divided. The group ‘Customer characteristics’ is the 

most important group looking at its influence on the selection of method 

fragments. It has great influence on all four domains, and has the highest 

average SF influence weights in three out the four process areas. The most 

important SFs within this group are the SFs that represent information about 

the state of the customers, these SFs are ’Customer loyalty’, ‘Customer 

satisfaction’, and ‘Customer variability’.  

The SFs relating to the market for which the product is created have a low 

influence, with the exception of the SFs ‘Sector’ and, somewhat less important 

but still worth noting, the ‘Variability of feature requests’. 

‘Product characteristics’ has significant influence on the SPM processes, 

mainly supported by two of the most influential SFs of the whole list of SF 

weights ‘Application age’ and ‘Product lifetime’. The SF ‘Software platform’ is 

remarkable because of its very low level of influence. 

‘Stakeholder involvement’ is the final group, and is on par with ‘Product 

characteristics’ in terms of its influence on the SPM processes. Overall the SFs 

are important, with the exception of ‘Partner involvement’ in the two lower 

process areas (‘Requirements management’ & ‘Release planning’). 

All experts used exactly the same detailed definitions for the SFs. However, it 

is important to note that the experts did not always share the same opinion 

about the influence of the SFs. This is reflected in the relatively high standard 

deviations across the list of SF weights.  

4.4.2 Fragment Choice 

The fragment choice research describes which SFs are restrictive for a method 

fragment. For example, there are methods that can only be usefully applied in 

environments dealing with a small number of customers, these method would 

then have the SF ‘Number of customers’ set as a restrictive SF. 

The balance among the SFs is different from that of the most influential SFs. 

‘Development philosophy’, a SF with very little influence, is indicated to often 

be a restricting in selecting which method fragment can be used within the 

unit. 

The list of SFs has shown to be a tool which can be applied in practice to 

indicate the restrictive environmental properties of a method fragment. 
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4.4.3 The List of Situational Factors 

The list of SFs is a good guide in selecting SPM methods. It is a guide 

showing the most important SFs influencing the structuring of SPM processes: 

 SPM process maintenance – Does the SPM method need to be changed due 

to a change in environment? – A change in the environment in which the 

business unit is operating may require a change in the SPM processes. 

Table 4.1 show the influence SFs have on the SPM processes, and thus the 

effect a change in environment (represented by the list SFs) can have on the 

SPM processes. 

 Fragment choice – What method fragments can be applied given the 

business units SF values? – The applicability of method fragments can be 

restricted to a specific situation. A quick selection process can be set up by 

comparing the SF values of the business unit to the SF values to which a 

method fragment is restricted. 

4.4.4 Future Research 

Most of the experts interviewed during the case studies focus on the two 

lower levels of the reference framework for SPM. Extra research is needed for 

the two high process areas of the reference framework to check the validity of 

the SF list for those domains. 

The number of case studies was fourteen in this research; an extra research 

held on a larger scale would provide a more stable base for conclusions. 

The case studies performed for this research provide a good basis for a 

validation of the reference framework for SPM. It would be useful to check the 

completeness and correctness of the framework as it is a basis for this and 

future research. 

This research is a step toward the PSKI (van de Weerd, Versendaal, & 

Brinkkemper, 2006), further steps are needed to complete the concept of the 

PSKI. The most important step being the linkage of SFs to maturity levels. 

4.5 Related Work 

4.5.1 Software Product Management 

The SPM research done so far has mainly focused on singular tasks of the 

product manager and not on his full field of work as can be seen in the papers 
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described in this section. When looking at the different components of the 

reference framework for SPM (as described in section 4.1) it can be seen that 

each component in itself has received a lot of attention within the field of 

software engineering, recent research has resulted in a multifold of techniques, 

standards, and frameworks available for each specific component, but little 

research of putting those components together (van de Weerd, 2007). 

Van Gurp et al. (2001) were among the first researchers to recognize the 

importance of the emergence of software product lines and the concept of 

variability.  

Looking at product line identification, for example, there are many 

researchers trying to create a more mature and profitable way of handling 

product lines specifically for software products. Shackman & Lichter (2006) for 

example have developed a costing approach to enable more transparency on 

the costs of variability, to support sound decisions on the appropriate amount 

of variability and gain control on the development process. 

Software product lines have received considerable adoption in the software 

industry and prove to be a very successful approach to intra-organizational 

software reuse. Existing literature, however, often presents only a single 

approach towards adopting and evolving a software product line. Bosch (2002) 

presents an overview of different approaches to architecture-centric, intra-

organizational reuse of software artifacts. He relates these to maturity levels for 

product line artifacts and organizational models. The optimal approach for a 

company depends on the maturity of the organization, but also on the maturity 

of the application domain. 

Vähäniitty et al. (2002) present a software product roadmapping technique in 

which they describe the need for adequate roadmapping by stressing that the 

success in software product business requires the release of new products and 

product upgrades with the right amount of features and quality within an open 

market window. In order to this, they developed a systematic approach for 

managing the contents, timing and roles of future product releases as well as 

the product architecture. They propose that by providing a long-term view into 

release management, product roadmapping can help bring together the 

perspectives of business management and software development. 

One of the fields which have received the most attention is requirements 

engineering. It is often seen as critical in a software enterprise. El Emam & 
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Madhavji (1996) therefore decided to check whether the overall organizational 

maturity has effect on this practice and found this to be true. 

Weerd, et al. (2006) developed the concept of a Product Software Knowledge 

Infrastructure (PSKI) and an early version of the capability maturity matrix. The 

PSKI is an online systematic collection of methodical knowledge for improving 

process maturity in a product software company. It allows product software 

companies to obtain a custom-made advice that helps them improve their 

processes. When fully developed, the PSKI can offer companies a solution to 

help mature their processes in an easy to comprehend, incremental way. 

4.5.2 Situationality 

Several clues to SFs can be found in existing literature presenting methods 

and models related to processes related to the individual processes in SPM. For 

example in the article ‘Quantifying the Effects of Process Improvement on 

Efforts’ by Clark (2000), in which he calls for a clearer assessment of process 

maturity effects to measure the results of for example the Software Capability 

Maturity Model. He describes many SFs influencing the level of maturity in 

order to determine its effectiveness. Schakman & Lichter (2006) provide a 

greater inside into product variation with their research into a cost-based 

approach to software product line management. They use the concept of 

variability as an important factor. Harter, et al. (2000) describe the many effects 

of process maturity on quality, cycle time, and effort software product 

development, and therewith the SFs influencing these processes.  

Many of SFs found in literature are described informally, Jansen (2007) makes 

us aware of some of the nuances in describing SFs related to defects, releases, 

and versions; in his book describing a method which helps product software 

developers in structuring the process of providing customers with new versions 

of products and updates. 
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5 Creation and Evaluation of the 

Situational Factor Effects Catalog 

This chapter has been submitted for publication as “Situational Factor Effects 

in Software Product Management“ (Bekkers, Spruit, Brinkkemper, 2012). 

Software product management is an important business function in the 

creation of product software, e.g. the creation of roadmaps, managing 

requirements. Many software product management organizations have 

implemented customized processes based on their situational 

characteristics to address this business function. There has been research 

into the situational factors that influence this customization, but this 

research nearly never details the effects of the situational factors. This 

chapters details three different types of effects that situational factors have 

on the implemented software product management practices and the 

implementation thereof. The first of which shows the effects situational 

factors have on the practices that are implemented in the daily practice of 

software product management organizations based on 49 case studies. The 

second details the effects situational factors have on the practices that 

should be implemented by a software product management organization. 

The third indicates the effects situational factors have in the selection 

process of method fragments to fulfill those practices based on 26 case 

studies. This study resulted in the creation of the Situational Factor Effects 

Catalog for the software product management domain. Researchers can 

use this catalog in the development of software process improvement 

models, and practitioners can use it to gain insight into the effects of 

changes in their situational characteristics.  
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5.1 Introduction 

Well organized Software Product Management (SPM) is key to building great 

software products on schedule (Ebert C. , 2007). Good product management 

thus has a high impact on the success of a software product. This requires a 

combination of technological, managerial, and business skills such as defining 

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 becomes a large problem. Ebert formally 

defines SPM as “the discipline and role, which governs a product (or solution or 

service) from its inception to the market/customer delivery in order to generate 

biggest possible value to the business” and further states that “companies win 

or fail depending on their product managers” (Ebert C. , 2007). 

Software Product Management Organizations (SPMOs) can exist in every type 

of Software Producing Organizations (SPOs). The term SPO is an umbrella term 

which covers all organizations that produce software products. This includes 

the traditional companies that build and sell software, open source software 

development organizations, and companies that build software products not to 

sell them but to make money from them through other means. For example, 

free applications for mobile phones and social media websites which generate 

revenue through adds. All of these different types of SPOs can have 

implemented SPM practices as long as they create product software. Product 

software is developed for a specific market and sold many times within that 

market, whereas tailor-made software is made specifically for an organization 

and sold only once (Xu & Brinkkemper, 2007). The functionality of product 

software is continually improved and/or expanded upon in new releases of the 

same product. Organizations that only deal in tailor-made software do not 

necessarily have to deal with continuous SPM practices since there is usually is 

no process of improving and/or expanding the functionality of the product with 

sequential improvements. Small companies usually only have one SPMO for 

their entire company. This single SPMO handles all of the SPM practices for all 

of the products of the company. Larger organizations, often consisting of 

several business units, sometimes have multiple SPMOs that each handle the 

SPM practices for a different product or set of products within the organization. 

An SPMO in the context of this chapter refers to an organization that handles 

the SPM practices for a single product or group of products within an SPO that 

creates product software. 
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Many best-practice guides for parts of SPM have been created so far, such as 

the Requirements Capability Maturity Model (R-CMM) (Beecham, Hall, & 

Rainer, 2005), the improvement framework utilizing lightweight assessment and 

planning (iFLAP) (Pettersson, Ivarsson, Gorschek, & Öhman, 2008), the Software 

Engineering Body of Knowledge (SEBOK) (Abran, Moore, Bourque, Dupuis, & 

Tripp, 2005), the Project Management Body of Knowledge (PMBOK) (Project 

Management Institute, 2000), the Capability Maturity Model Integration (CMMI) 

(CMMI Product Team, 2002), and SPICE (ISO/IEC-15504, 1998). But as Mirbel 

points out, the “current practices in the field of Information System 

Development (ISD) show that methods are almost never suited literally and that 

there is a wide difference between the formalized sequences of steps 

prescribed by the method and their real application in practice.” (2007). Mirbel 

and Ralyté also note that ISD methods are always adapted when used in 

practice (e.g. steps are added, removed, or skipped) (2006). They indicate that 

different factors can lead to this tailoring. These can be related to the project, 

the technology, the team expertise, and the business domain. Moor and 

Delugach also recognize this difference in process and practice models (de 

Moor & Delugach, 2006). The difference is also clear in a case study by Kautz, 

Hansen, & Thaysen of the IDEAL model, where they note that "it is expected 

that organizations will, respectively must tailor the steps to their particular 

situation" (2000). Becker et al. further add to this point by stating that 

“customers will choose a reference model that – along-side the quality of the 

transferred know-how – provides the best fit to their individual requirements 

and therefore implies the least need for changes.” (2007). Winter provides an 

expansion upon this point by indicating that “With increasing generality, the 

individual utility of a solution for solving a specific design problem decreases – 

and vice versa.” (2011). Finally, Saat, et al. state that "since most companies face 

different challenges regarding the goal of achieving a high degree of 

IT/business alignment, a prescriptive ‘one-size-fits all’ solution seems not to be 

suited to solve these issues. As existing approaches do not distinguish different 

situations of IT/business alignment in the real world." (2011). 

It is therefore important to know the specific contexts wherein methods fit 

best. Situational Factors (SFs) that describe the situational characteristics of an 

organization can be used to solve this problem. SFs can be used to describe the 

situational context in which a method can best be applied. 

There have been many uses of different types of factors within the software 

industry. For example, the usage of factors as indicators for the productivity 

when applying software products (Morasca & Russo, 2001), "factors for the 
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longevity of a product-line" (Jaktman, 1998), "factors influencing release 

planning" (Gorschek, Gomes, Pettersson, & Torkar, 2012), and as indicators for 

the relative importance of "factors in knowledge submission frequency" 

(Durcikova & Brown, 2007). But very little research has been done that provides 

detailed factors that can be used to fine-tune software process improvement 

models and methods. Winter further underlines the problem by stating that 

“While many method engineering approaches claim to incorporate situational 

factors, they do nearly never detail what these situational factors exactly are 

and how they can incorporated into method fragment design and fragment 

configuration rules.” (2011). Kautz et al also ran into this problem in their case 

study of the IDEAL model, indicating that "Little advice is however given of how 

to tailor the approach and which factors and their interdependencies have to 

be taken into account ..." (2000). 

This research investigates the effects that SFs have on the implementation of 

SPM, with special attention towards the application of SFs to customize 

methods based on the organization.  

The main research question is: 

[MRQ] Which Situational Factors affect the implementation of Software 

Product Management? 

Previous research already provided a list of SFs that influence SPM according 

to product managers (Bekkers, van de Weerd, Brinkkemper, & Mahieu, 2008). 

This chapter further researches those SFs by examining and validating their 

effects on three different facets of SPM using case studies. The first facets 

concerns the processes/instruments that are usually implemented by SPMOs in 

daily practice based on their SFs. The second facet addresses the 

processes/instruments an SPMO should implement based on its SFs. The final 

facet deals with the methods that fit an organization based on its SFs. 

These facets provide the basis for our research questions, which will be 

discussed in section 5.3.1. The first facet helps to understand SPMOs better. 

The last two facets are an essential part in closing the gap between the theory 

behind the method and the manner in which it is implemented in practice. 

Closing this gap is an essential part of the research on the Situational 

Assessment Method (SAM) for SPM. The goal of the SAM is to provide a 

method to identify improvement areas for SPMOs based on SFs and to suggest 

method fragments based on SFs that can be implemented to improve those 
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areas. This provides SPMOs with a solution that fits their specific needs while 

still following a structured, repeatable approach. 

The next section will discuss previous work which was used during this 

research. Section 3 details the research design. This section is followed by three 

sections that each discuss the effects on one of the three facets of SPM 

(sections 5.4, 5.5, and 5.6). Finally, the conclusion provides an overview of these 

effects and suggestions for further research. 

5.2 Previous Work 

This section describes the concepts developed in previous research that are 

used in this research. 

5.2.1 SPM Competence Model 

The SPM Competence Model (Figure 5.1) presents an overview of all of the 

areas that are important to the field of the SPM (Bekkers, van de Weerd, Spruit, 

& Brinkkemper, 2010). The relevant external and internal stakeholders are 

presented on the left and right sides of the model. 

 Figure 5.1 shows the four main business functions: Requirements 

management, Release planning, Product planning, and Portfolio management. 

These business functions are based on the concept that a portfolio consists of 

products, a product consists of releases, and releases consist of requirements. 

The white rectangles in Figure 5.1 depict the focus areas, each of which 

represents a strongly coherent group of capabilities within a business function. 

The SPM Competence Model consists of 15 focus areas which are explained in 

more detail A framework for process improvement in software product 

management” (Bekkers, van de Weerd, Spruit, & Brinkkemper, 2010). 
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Figure 5.1 The Software Product Management Competence Model (Bekkers, 

van de Weerd, Spruit, & Brinkkemper, 2010) 

5.2.2 Capabilities 

A capability is defined as "a predefined goal that needs to be achieved to 

reach the maturity level with which it is associated". It can consist of a process 

or an instrument. The SPM Maturity Matrix contains 68 capabilities. Table 5.1 

shows one of the capabilities as an example. 

The capability shown in the table is the third and last capability out the three 

capabilities that constitute the Requirements organizing focus area 

(Requirements organization C in Table 5.2) at maturity level 7. 
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Name Requirement dependency linking 

Goal 

The existence of requirement interdependencies means that 

requirements interact with and affect each other. 

Requirement dependency linking prevents problems that 

result from these interdependencies, and therewith enables 

better planning of the development process. 

Action 

Dependencies between market and product requirements 

are determined and registered. A dependency exists when a 

requirement demands a specific action of another 

requirement. E.g. a requirement demands that another 

requirement be implemented too, or that another 

requirement is not implemented in case of conflicting 

requirements. The linkage can be supported by using 

advanced techniques, such as linguistic engineering. 

Prerequisite(s) Requirements gathering A 

Reference(s) Dahlstedt & Persson (2003) 

Table 5.1 The requirement dependency linking capability from the Software 

Product Management Maturity Matrix (Bekkers, van de Weerd, Spruit, & 

Brinkkemper, 2010) 

5.2.3 SPM Maturity Matrix 

The SPM Maturity Matrix is structured based on the SPM Competence Model 

and presents all of the important SPM practices – the capabilities – in a best 

practice order for implementation. This provides SPMOs with a guideline for 

the improvement of those SPM practices. SPMOs can identify areas of 

improvement by comparing their processes with the capabilities in the SPM 

Maturity Matrix. Based on the best practice order provided by the maturity 

matrix, they can then plan the improvement of their processes.  

The maturity matrix depicted in Table 5.2 is a Focus Area Maturity Model (van 

Steenbergen & Brinkkemper, 2007; van Steenbergen, Bos, Brinkkemper, van de 

Weerd, & Bekkers, 2010). This type of maturity model was chosen because of 

the shortcomings of other existing models (Bekkers, van de Weerd, 

Brinkkemper, & Mahieu, 2008) and to enable local analysis and incremental 

improvement. Focus area maturity models have already successfully been 
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developed in the testing domain (Koomen & Baarda, 2005) and the architecture 

domain (van Steenbergen & Brinkkemper, 2007).  

The SPM Maturity Matrix consists of a number of focus areas, each with its 

own number of specific maturity levels. The focus areas are represented in the 

leftmost column in Table 5.2. The focus area specific maturity levels (the 

capabilities) are represented by the letters A-F in Table 5.2 and range from 

maturity level 1 to 10 (the topmost row in Table 5.2). Their spread across the 

overall maturity levels indicates a best practice order, in which capabilities in 

the maturity matrix are implemented from left to right.  

The development steps of a Focus Area Maturity Matrix in general, and the 

maturity matrix in particular are discussed at length by van Steenbergen, et al. 

(2010).  

Focus area 0 1 2 3 4 5 6 7 8 9 10 

Portfolio management 

Market analysis     A  B C D  E 

Partnering & contracting      A B  C D E 

Product lifecycle management     A B   C D E 

Product planning 

Roadmap intelligence    A  B C  D E  

Core asset roadmapping     A  B  C  D 

Product roadmapping   A B   C D  E  

Release planning 

Requirements prioritization   A  B C D   E  

Release definition   A B C    D  E 

Release definition validation     A   B  C  

Scope change management    A  B  C  D  

Build validation     A   B  C  

Launch preparation  A  B  C D  E  F 

Requirements management 

Requirements gathering  A  B C  D E F   

Requirements identification   A   B  C   D 

Requirements organizing    A  B  C    

Table 5.2 The Software Product Management Maturity Matrix (Bekkers, van de 

Weerd, Spruit, & Brinkkemper, 2010) 
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5.2.4 Situational Factors 

A Situational Factor (SF) “contains information about the process, the context 

of the organization, and the organization itself” (Bekkers W. , 2008). SFs 

describe the situational context in which the product manager has to operate 

and which the SPM processes thus have to be fine-tuned to. An example of a 

SF in SPM is ‘Customer involvement’, which indicates to what extent a customer 

wishes to be involved in the SPM processes. When the value of this SF changes, 

some SPM processes may need to be changed to respond to the new context. 

Previous research presented a list of SFs for SPM, with the level of influence 

they have on the selection of (parts of) methods according to product 

managers (Bekkers, van de Weerd, Brinkkemper, & Mahieu, 2008). 

Appendix A presents an overview of all the SFs that were used in this 

research. It presents their name, description, and the unit used to measure the 

SFs. The SFs Development philosophy, Sector, and Type of customers were 

rephrased for measuring purposes. The SFs now have yes/no as unit instead of 

original units which were multi-select units. For example, an organization could 

have both medium and large organizations as the answer to the Type of 

customers SF. The rephrased SFs can only have one possible answer. 

The SFs are aimed at gathering information about a single product. The 

questions thus only concern the SPMO that is connected to that specific 

product. The number of customers for example, only concerns the customers of 

the specific product and not that of other products the SPMO may have.  

5.3 Research Design 

This section describes how the research was set up and executed. Starting 

with the research questions, moving on to the research method, data 

collection, and finally discussing the validity. 
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5.3.1 Research Questions 

This research aims to reveal the most influential SFs in SPM domain. The main 

research question therefore is: 

[MRQ] Which Situational Factors affect the implementation of Software 

Product Management? 

SFs can have an effect on different facets of the SPM domain. Three 

important facets of SPM have been presented in the introduction. These facets 

provide important information needed in Situational Method Engineering. Each 

of the facets will be addressed with a research question that addresses the SF 

effects on the individual facet. 

The first research question provides insight into the capabilities that have 

been implemented in daily practice by specific types of SPMOs. It will help to 

understand why they work the way they do, and helps to categorize SPMOs 

into different types based on SFs. Knowing what capabilities are usually 

implemented by specific types of SPMOs provides many interesting starting 

points for further research. It also provides insight into the weaknesses and 

strengths of specific types of SPMOs, which can then be addressed more 

efficiently. And finally, it allows for benchmarking of specific types of SPMOs. 

The first research question thus is: 

[RQ1] Which Situational Factors indicate the Software Product 

Management capabilities that are implemented in daily practice 

by specific types of software product management organizations? 

Not every SPMO is the same nor do they all need to implement the same 

SPM capabilities. The capabilities that are relevant to specific types of SPMOs 

thus need to be identified to be able to provide an efficient profile of the 

capabilities that should be implemented. This facet is addressed in the second 

research question: 

[RQ2] Which Situational Factors indicate the Software Product 

Management capabilities that should be implemented by specific 

types of software product management organizations? 
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Situational Method Engineering requires a structured manner to select 

method fragments that are suitable to an SPMO. The method fragments that 

are useful for a specific type of SPMO need to be identifiable to enable this 

selection. The final research question therefore is: 

[RQ3] Which Situational Factors indicate the Software Product 

Management method fragments that can be implemented 

usefully by specific types of software product management 

organizations? 

5.3.2 Research Method 

This study follows the design science methodology of Hevner et al., in which 

research is done through the processes of building and evaluating artifacts 

(Hevner, March, Park, & Ram, 2004). The seven guidelines of Hevner et al. are 

therefore followed: 

Design as an Artifact – This research produces an artifact in the form of a 

model which aids in problem and solution understanding as shown in Table 

5.10. Namely the Situational Factor Effects Catalog in the SPM domain. 

Problem Relevance – The objective of design-science research is to develop 

technology-based solutions to important and relevant business problems. The 

goal of this research is to provide the SAM with SF effects so it can be used to 

help close the gap between the theoretical method fragments and the way 

they are applied in practice as explained in the introduction. The SAM can then 

be operationalized in the Online Method Engine (Vlaanderen, van de Weerd, & 

Brinkkemper, 2011). 

Design Evaluation – Several evaluation methods are used. First and foremost 

an observational method was used in the form of case studies to build and 

evaluate our model. Secondly, an experimental method was used where the 

results were used in a simulation in the SAM with artificial data. And lastly, a 

descriptive technique was used in sections 5.4 and 5.5 where all of the SF 

Effects were detailed in a scenarios to demonstrate their utility. 

Research Contributions – This research provides both a clear global overview 

of the design artifact as well as detailed overviews of all the design artifacts 

details, the SF Effects, that make up the model. This makes the model both 

clear and verifiable. 
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Research Rigor – Design-science research relies upon the application of 

rigorous methods in both the construction and evaluation of the design 

artifact. This research adheres to the appropriate data collection techniques as 

will be further explained in the next section. The evaluation has been addressed 

in guideline 3 and will elaborated upon in the next sections as well. 

Design as a Search Process – Firstly three different types of SF effects are 

identified which were then further developed with case studies using our 

network of product software organizations. 

Communication of Research – This chapter presents the research so that it can 

be used by both technology-oriented as well as management-oriented 

audiences. 

5.3.3 Data collection 

Two types of data were collected for each of the 49 case organizations 

investigated in this research. Firstly, the values of the SFs for the organization. 

And secondly, the capabilities implemented by the SPMOs were determined. 

The case organizations were approached by the researchers to participate in 

the research and were carefully selected to have a balanced representation of 

Dutch SPMOs. 

All of the case study data was gathered during interviews with the case 

organizations. Each case organization was interviewed separately. The 

interviews were executed in four phases. First the main author interviewed four 

case organizations. This was done to make sure the questions were clear 

enough to the product managers. Some additional explanatory descriptions 

were added to the questions during this phase, no information was removed 

from the questions. The organizations interviewed in these first four cases also 

received the extra information during their interviews. Then a second 

researcher interviewed the next ten case organizations. The interviews in the 

last two phases were conducted by teams of two to three data managers who 

had been trained in the use of the model by the researchers. The researchers 

were available for the data managers to provide support when needed. These 

last two phases consisted of 19 and 16 interviews respectively. 

5.3.4 Validity 

Yin’s guidelines for case study research validity were followed to ensure the 

validity of the case studies (Yin, 2003). 
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Construct – The participants in the case studies were provided with a report of 

their own case study. This was done to validate the data gathered and to thus 

increase the accuracy of the final results by increasing the accuracy of the data 

used. A chain of evidence was created recording all procedures to guarantee 

the reliability of the case studies. This was achieved by maintaining a case study 

database recording all relevant information of the case studies.  

External validity – SPMOs with varying characteristics were studied to allow 

for generalization. The case organizations are active in many different sectors 

including logistics, healthcare, local government, nationwide government, real 

estate, discrete manufacturing, finance, retail. They also have varying 

characteristics such as the numbers of customers, types of customers, and 

development philosophies. Their size also varies from 5 to 700 employees, with 

customers of all sizes and products that are young and old. A limitation 

regarding to the organizations investigated is that they are all based in the 

Netherlands. 

Internal validity – Explanation-building is used to improve internal validity. 

The effects of the SFs are explained for the effects within all facets. 

Reliability – The data was gathered by executing the questionnaires of the 

SAM. This ensures that other researchers can replicate the study by repeating 

the steps and exact questionnaire. A case study database was also maintained 

in which all relevant information used in the case study was stored. 

5.4 Situational Factor Effects in Daily Practice 

This section addresses the first research question: Which Situational Factors 

indicate the Software Product Management capabilities that are implemented 

in daily practice by specific types of software product management 

organizations?  

The data collected was analyzed to determine whether there is a correlation 

between SFs and whether or not a capability is implemented. This does not 

provide a causal relation but does indicate that SPMOs with certain SF values 

will likely have implemented a specific capability. Or the other way around in 

which case the SF value indicates that the SPMO likely won’t have implemented 

a specific capability. The correlations do not have to be indicators for good 

practices. They merely indicate practices that are common among SPMOs with 

certain situational characteristics. 
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The SFs used in this research can be classified into three different types of 

scales based on their possible values and the properties of those values. 

Firstly, there are SFs that can be ordered and have an equal degree of 

difference between the items measured. For example, the number of defects or 

the number of customers. These SFs have a ratio scale. 

The second class can be ordered, but this order does not provide information 

about the relative size or degree of difference between the items measured. 

The difference between the ordered items can thus vary. This is, for example, 

the case for the SFs with a unit measured as low, medium, high. These SFs have 

an ordinal scale. 

And, to conclude, there are SFs that can only have two possible values, e.g. 

yes or no. The Yes answer is not necessarily better than the No answer. These 

SFs thus cannot be ordered among themselves. The SFs therefore have a 

categorical scale with two categories. The capabilities are also all dichotomous 

(categorical with two categories). Table 5.3 shows which test was used for each 

of the types of scales. 

The correlation of the dichotomous SFs with the capabilities was tested using 

Fishers Exact Test (Agresti, 2002). Fishers Exact Test was chosen to calculate the 

relationship between two dichotomous variables. It was chosen because of the 

sample size of our data and because there are expected frequencies that are 

lower than five which is problematic in the chi-square test. 

 SF Scale Capability Scale Test 

Categorical 

(with two categories) 

Categorical 

(with two categories) 
Fishers Exact Test 

Ordinal 
Categorical 

(with two categories) 

Rank Biserial 

correlation 

Ratio 
Categorical 

(with two categories) 

Point Biserial 

correlation 

Table 5.3 The tests used for the different types of scales 
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The point-biserial correlation (Field, 2005) was used to determine the 

correlation between the continuous SFs and the dichotomous capabilities. A 

point biserial correlation coefficient can be used between one interval or ratio 

variable and one dichotomous variable. The term biserial refers to the fact that 

there are two groups being observed on the continuous variable. This 

procedure was used to test correlations between “haves” and “have-nots”: 

SPMOs that have implemented a capability and SPMOs that have not 

implemented a capability. 

The rank biserial correlation coefficient is much like the point biserial, except 

that it uses an ordinal variable in place of an interval or ratio variable. The 

coefficient measures the degree of relationship between a dichotomous 

condition and a ranking. 

Double-sided testing was used with all tests because there was no prior 

expectation as to which of the two groups had a higher median. A SF could 

both indicate that a capability usually isn’t implemented as well as that is 

usually is implemented. An alpha value of 0.01 was chosen over 0.05 to lower 

the chances of having accidental correlations. 

5.4.1 The Categorical Situational Factors 

This section describes the correlations between the categorical SFs and the 

dichotomous capabilities. The SFs with a categorical scale are: Development 

philosophy, Sector, and Type of customers.  

Table 5.4 shows the SFs that are significantly correlated to the 

implementation count of specific capabilities. Each correlation has been 

assigned an ID for identification purposes in the Situational Factor Effects 

Catalog. The ID consist of an acronym for the type of influence, in this case DP 

for Daily Practice, and a number indicating the specific effect. Table 5.5 shows 

the actual implementation counts of the case studies.  

Partnering and contracting C addresses the verification of current distribution 

channels and the exploration of alternative distribution channels. The results 

show that agile SPMOs have implemented processes to handle this significantly 

more often than non-agile SPMOs (DP02). Agile SPMOS also involve external 

research parties more often to perform market analyses (DP01). 
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SPMOs that operate in the public sector have implemented three capabilities 

significantly more often than those that do not operate in this sector: 

 Processes for the internal communication of new releases (DP03). 

 Processes aimed at the creation of market strategies (DP04). 

 They more often create an external version of the roadmap (DP05). 

Situational 

Factor 
ID Focus Area Cap. 

Sig. 

(2-tailed) 
N 

Organization characteristics 

Development 

philosophy: 

   Agile 

DP01 Market analysis E .002 43 

DP02 
Partnering and 

contracting 

C .002 43 

Market characteristics 

Sector: 

   Public 

DP03 Launch preparation A .004 47 

DP04 Roadmap intelligence A .005 41 

DP05 Product roadmapping E .001 47 

Sector: 

   Profit 
DP06 Requirements gathering C .007 47 

Customer characteristics 

Type of customers: 

   Small 

   organizations 

DP07 
Requirements 

prioritization 
D .005 49 

Type of customers: 

   Medium 

   organizations 

DP08 Launch preparation E .005 49 

Type of customers: 

   Large 

   organizations 

DP09 
Scope change 

management 
C .010 49 

DP10 Launch preparation E .009 49 

Table 5.4 The effects of situational factors with a categorical scale on software 

product management practice, significant at the 0.01 level 
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ID Situational Factor  No Yes 

DP01 

  Partnering and contracting C 

Development 

philosophy: 

   Agile 

No 18 1 

Yes 12 12 

DP02 

  Market analysis E 

Development 

philosophy: 

   Agile 

No 18 1 

Yes 12 12 

DP03 

  Launch preparation A 

Sector: 

   Public 

No 5 12 

Yes 0 30 

DP04 

  Roadmap intelligence A 

Sector: 

   Public 

No 10 2 

Yes 9 20 

DP05 

  Product roadmapping E 

Sector: 

   Public 

No 15 2 

Yes 10 20 

DP06 

  Requirements gathering C 

Sector: 

   Profit 

No 4 15 

Yes 18 10 

DP07 

  Requirements prioritization D 

Type of customers: 

   Small organizations 

No 6 24 

Yes 12 7 

DP08 

  Launch preparation E 

Type of customers: 

   Medium 

organizations 

No 7 2 

Yes 10 30 

DP09 

  Launch preparation E 

Type of customers: 

   Large organizations 

No 9 5 

Yes 8 27 

DP10 

  Scope change management C 

Type of customers: 

   Large organizations 

No 10 4 

Yes 10 25 

Table 5.5 Comparison of the implementation count of the capabilities for the 

significantly correlated Situational Factors 
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There is only significant finding for SPMOs that operate in the profit sector. 

They implement tooling to automatically record requirements in a central 

database less often (e.g. an online helpdesk tool) (DP06). 

There are four effects that can be seen regarding the size of the SPMOs’ 

customers. Firstly, information about the costs and revenues of requirements is 

more often taken into account during the requirements prioritization when an 

SPMO has small organizations as customers than it is with SPMOs that do not 

have small organizations as customers (DP07). The next two findings show that 

SPMOs with medium and/or large customers usually plan the implementation 

of a new release at customers more elaborately (DP08 & DP09). The time 

needed to implement the new release at the individual customers is 

determined, and what type of experts are needed to perform the 

implementation (e.g. database experts). Where SPMOs that do not have large 

customers tend to not do this. The final finding regarding the size of the 

customers indicates that the implementation of a process to handle scope 

changes and inform stakeholders about those changes is implemented more 

often by SPMOs that have large organizations as customers than by SPMOs 

that do not have large organizations as customers (DP10). 

The SFs shown in this section make clear that are differences in the manner in 

which SPMOs handle their SPM practices depending on their sector , the size of 

their customers, and whether or not they are agile. Underlining the importance 

of these aspects in the creation of models and assessments. 

5.4.2 The Ordinal Situational Factors 

This section describes the correlations between the ordinal SFs and the 

dichotomous capabilities (see Table 5.6). The SFs with an ordinal scale are: 

Customer loyalty, Customer satisfaction, Market growth, Standard dominance, 

Variability of feature requests, Product tolerance, Company policy, Customer 

involvement, Legislation, and Partner involvement. 

SPMOs that have to adhere to standards because of customer demand map 

the dependencies between market and product requirements more often 

(DP11). They also perform competitor analysis more often to analyze what 

competitors offer compared to their own offering (DP12). 

Customer involvement shows a correlation with four capabilities. All of which 

are implemented more often when the level of customer involvement increases. 

These capabilities are: 
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 Gathering of requirements at customers and prospects (DP13); 

 Prioritization of requirements by customers and prospects (DP14); 

 Communication of the release definition to internal stakeholders (DP15); 

 Communication of upcoming releases to internal stakeholders (DP16). 

SPMOs that have to deal with a higher level of influence of legislation 

significantly more often create a long term roadmap (DP17). They also set up 

partner portals more often, for which they monitor the performance regularly 

(DP18). 

There is also a strong correlation between the level of partner involvement 

and the gathering of requirements at partners (DP19) and the prioritization of 

requirements (DP20). SPMOs implement these capabilities significantly more 

often when the level of involvement increases. 

The SFs in this section show that stakeholders have a very high level of 

influence on the manner in which SPM is performed by SPMOs. They are 

especially important within the business function of Requirements 

management. 

Situational 

Factor 
ID Focus area Cap. rrb 

Sig. 

(2-tailed) 
N 

Customer characteristics 

Standard 

dominance 

DP11 Requirements organization C .479 .007 49 

DP12 Market analysis D .543 .001 43 

Stakeholder involvement 

Customer 

involvement 

DP13 Requirements gathering E .453 .009 49 

DP14 Requirements prioritization C .434 .006 49 

DP15 Release definition C .473 .009 49 

DP16 Launch preparation A .682 .008 49 

Legislation 
DP17 Product roadmapping D .500 .010 49 

DP18 Partnering and contracting E .680 .000 43 

Partner 

involvement 

DP19 Requirements gathering F .473 .002 48 

DP20 Requirements prioritization E .462 .003 48 

Table 5.6 The effects of situational factors with an ordinal scale on software 

product management practice, significant at the 0.01 level 
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5.4.3 The Ratio Situational Factors 

This section describes the correlations of the ratio SFs and the dichotomous 

capabilities (see Table 5.7). The SFs with a ratio scale are: Size of organization, 

Customer variability, Number of customers, Number of localizations, Release 

frequency, Market size, Defects per year, New requirements rate, Number of 

products, Product age, Product lifetime, and Product size. 

The first correlation has a very high significance level and a steep correlation 

curve. Long term product roadmapping is thus clearly performed more often 

when an SPMO’s size increases (DP21). 

The results also show that the number of localizations has a correlation to the 

implementation of processes to develop alternative plans with all relevant 

stakeholders to react to scope changes (DP23). 

Product lifetime has two correlations with the implementation of capabilities. 

With a higher number of defects per year, the chance increases that an 

organization maps dependencies between market and product requirements 

more often (DP24), and partners are also involved more often in the 

requirements prioritization process (DP25). 

Situational 

Factor 
ID Focus area Cap. rpb 

Sig. 

(2-tailed) 
N 

Organization characteristics 

Size of 

organization 
DP21 Product roadmapping D .540 .000 46 

Customer characteristics 

Customer 

variability 
DP22 Product lifecycle management D -.413 .007 42 

Product characteristics 

Number of 

localizations 
DP23 Scope change management D .430 .005 41 

Defects per 

year 

DP24 Requirements organization C .466 .002 40 

DP25 Requirements prioritization E .424 .006 40 

Product 

lifetime 

DP26 Requirements prioritization A -.469 .003 39 

DP27 Partnering and contracting B -.446 .008 34 

Product size DP28 Release definition validation C .460 .009 31 

Table 5.7 The effects of situational factors with a ratio scale on software 

product management practice, significant at the 0.01 level 
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There are also SFs that are negatively correlated to the implementation of 

certain capabilities. One of these SFs is customer variability. SPMOs that have a 

higher percentage of custom features (features intended for a single customer) 

in their products significantly less often perform business cases for major 

product revisions than organizations that have a low percentage of 

customizations (DP22). The Product lifetime even has two negative correlations. 

SPMOs with products that have a long remaining lifetime significantly less 

often involve all relevant internal stakeholders when they prioritizing the 

requirements that should be incorporated in future releases (DP26), and these 

organizations also implement measures to protect the intellectual property of 

the own organization less often (DP27). 

Finally, the results show that SPMOs with larger products perform business 

cases more as part of their release validation process before they start building 

a new release (DP28). 

Only six of the twelve SFs that fall into the ratio class show significant 

correlations with the capabilities. Two of which display a negative correlation 

with the implementation of capabilities. 

5.5 Situational Factor Effects on Capability 

Constraints 

This section addresses the second research question: Which Situational 

Factors indicate the Software Product Management capabilities that should be 

implemented by specific types of software product management 

organizations? 

There are several SFs that indicate capabilities that should not be 

implemented since they are inapplicable in the context of the SPMO. These SF 

effects can be derived from the descriptions of the capabilities. An instance 

hereof is the case where an SPMO only has one product and the capability 

discusses the performance of an analysis between the products of the SPMO. It 

is clear that it is impossible to compare the SPMOs’ own products when there 

only is one product. This is the first situation described in Table 5.8. The table 

presents all the disabling effects that could derived from all of the capabilities 

in the SPM Maturity Matrix. The following table provides an overview of all the 

capability disabling effects derived. These effects are further explained in the 

text following the table. 
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Situational 

Factor 
ID Focus area Cap. Constraint 

Product characteristics 

Number of 

products 
CC01 Product lifecycle management C SF = 1 

Product 

lifetime 
CC02 Product roadmapping D SF < 4 

Stakeholder involvement 

Customer 

involvement 

CC03 Requirements prioritization C SF = None 

CC04 Build validation B SF = None 

Partner 

involvement 

CC05 Requirements gathering F SF = None 

CC06 Requirements prioritization E SF = None 

Table 5.8 Situational Factor effects on the capabilities in the SPM Maturity 

Matrix 

The capability indicating that a product scope analysis should be performed 

to identify overlaps and gaps between the products in the SPMOs product 

portfolio becomes inapplicable when there only is one product (CC01). In that 

scenario there are no products to compare the product with. This constraint is 

indicated as ‘Number of products = 1’.  

The creation of a long term roadmap for the product becomes irrelevant 

when the product lifetime is short, resulting in the product not being around in 

the long-term (CC02). The capability demands a roadmap that spans at least 

four years. This is not possible when the expected remaining product lifetime is 

less than 4 years. This is modeled as ‘Product lifetime < 4’. The creation of a 

short term roadmap for the product is handled in a separate capability that still 

will need to be implemented. 

There are two capabilities that involve the customer in the development 

process. These depend on customer involvement to succeed. Involving 

customers in the prioritization process and performing external build 

validations (pilot, etc.) are not possible when the customer does not want to be 

involved in the development process (CC03 & CC04). The case studies 

performed in this chapter measured involvement on a scale of low, medium, 

high. This however leaves grey areas within low involvement since it cannot be 

made clear whether the customer wants little involvement, or the customer 

wants no involvement. The option ‘none’ should therefore be added to the 
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ranking. Making the scale: none, low, medium, high. The constraints can then 

be modeled as ‘Customer involvement = none’. 

The same goes for the involvement of partners. Involving partners in 

requirements gathering and requirements prioritization is only possible when 

partners want to be involved (CC05 & CC06). Here the scale needs to be 

expanded with the option ‘none’ as well. Once this has been done, these 

capability constraints can be indicated as ‘Partner involvement = none’. 

There are thus only four SFs that are important as capability constraints. 

Together these four SFs influence the implementation of six capabilities. 

5.6 Situational Factor Effects on Method Constraints 

Finally, the third research question was answered: Which Situational Factors 

indicate the Software Product Management method fragments that can be 

implemented usefully by specific types of software product management 

organizations? 

Choosing a method fragment that fits a specific SPMO can be achieved by 

filtering out method fragments that do not fit based on situational 

characteristics. SFs can be used to indicate the context for which a method 

fragment is intended, which thus fits the method fragment best. This 

application of SFs was applied during previous research (Bekkers, van de 

Weerd, Brinkkemper, & Mahieu, 2008). Method engineering was used to 

analyze and store information on method fragments (Brinkkemper, 1996), 

consisting of processes and their deliverables. In this research 26 SPM method 

fragments were described using Process Deliverable Diagrams. SFs were added 

to these diagrams to describe the context in which the method fragments can 

best be applied. A maximum of three SFs was used per method fragment to 

make sure only the best fitting SFs were applied. Table 5.9 provides an 

overview indicating how often a SF was used to describe the context in which a 

method fragment can best be applied.  

The following sections provide detailed examples of all the SFs that were 

applied during our case studies. 
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Situational Factor ID Applicability 

Organization characteristics 

Development philosophy MC01 35% 

Size of organization MC02 19% 

Customer characteristics 

Customer loyalty MC03 4% 

Customer satisfaction MC04 12% 

Customer variability MC05 15% 

Number of customers MC06 4% 

Type of customers MC07 12% 

Market characteristics 

Market growth MC08 8% 

Release frequency MC09 27% 

Sector MC10 4% 

Market size MC11 12% 

Standard dominance - 0% 

Variability of feature requests MC12 15% 

Product characteristics 

Number of localizations MC13 4% 

Defects per year MC14 8% 

New requirements rate MC15 27% 

Number of products MC16 15% 

Product age MC17 4% 

Product lifetime - 0% 

Product size MC18 15% 

Product tolerance MC19 15% 

Stakeholder involvement 

Company policy MC20 12% 

Customer involvement MC21 46% 

Legislation - 0% 

Partner involvement MC22 15% 

Table 5.9 The percentage of cases where a Situational Factor was applied to 

aid method fragment selection (Bekkers, van de Weerd, Brinkkemper, & 

Mahieu, 2008) 
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5.6.1 Organization characteristics 

The development philosophy was the second most influential SF in our study, 

being applied to about one-third of our method fragments. A lot of methods 

have been designed with a particular development philosophy in mind. These 

methods will thus best fit SPMOs with the corresponding development 

philosophy. An example of such a constraint is ‘Development philosophy = 

agile’. 

Communication in small and large SPMOs (Size of organization) requires 

different approaches, for example with method fragments that handle internal 

communication. Method fragments aimed at small SPMOs could have a 

constraining SF such as ‘Size of organization < 10’. 

5.6.2 Customer characteristics 

Customer loyalty can help determine how suitable a method fragment is. A 

method fragment that grants the customer a lot of insight into the workings of 

the SPMO might not be wise to implement when there is a high risk of that 

customer leaving and taking the inside information with them. An example of a 

constraint for a method fragment which is best used with loyal customer is 

‘Customer loyalty = high’. 

Customer satisfaction can be a helpful indicator with method fragments to 

indicate whether or not a fragment is suitable for dealing with dissatisfied 

customers. This can be modeled as ‘Customer satisfaction < 6’. 

The customer variability (the percentage of clients with custom features) can 

also influence the choice for a method fragment. Not all methods can handle 

customers with customer features. These methods can be constrained with 

‘Customer variability = 0%’. 

Dealing with a small number of customers allows for approaches where each 

customer can be contacted in person. This is highly impractical for SPMOs with 

many customers. Method fragments which are only useful when the number of 

customers is low could for example be constrained with ‘Number of customers 

< 30’. 

The type of customers an SPMO has can also influence the method choice. 

E.g. large organizations often requiring a more formal approach than small 

organizations. More formal method fragments can thus have the constraint 

‘Type of customers: large organizations = yes’. 
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5.6.3 Market characteristics 

There is an increased level of complexity when a product has more than one 

localization (Number of localizations). For example, because of differences in 

legislation between countries or the languages used in the application. The 

ability to handle these situations can for example be modeled with 'Number of 

localizations > 1'. 

Amongst others, market analysis is influenced by market growth. Especially 

when it’s not growing (e.g. in certain government sectors). This can be 

indicated with ‘Market growth = stable’. 

Some method fragments require a minimum amount of time for the process 

to work properly. For instance when a method fragment is based on a schedule 

of four weeks. A constraint indicating a release every four weeks is: ‘Release 

frequency = 28’. 

The sector in which an SPMO operates can pose different demands. E.g., the 

public sector usually demands a formalized process. A method fragment that 

isn’t suitable for this sector can be indicated using ‘Sector: public = no’. 

Acting in a market with a market size small enough to know all of your 

potential customers by name provides different opportunities than a large 

market. An SF indicating a small market could for example be ‘Market size < 

200’. 

Standard dominance was not used as a constraint in the performed cases. A 

use for it as a constraint in method fragment selection was not found during 

this research.  

Different approaches can be useful when there is much variability between 

the requests for new features of customers as opposed to all customers 

generally requesting the same new features (Variability of feature requests). 

The constraint ‘Variability of feature requests = low’ can be used to indicate 

that the method fragment is particularly useful in situations where customers 

generally want the same things. 

5.6.4 Product characteristics 

An international product with more than one localization. E.g. because of 

differences in law between countries have to deal with extra problems with 

which a domestic SPMO does not have to deal. The ability to handle these 

situations can for example be modeled with ‘Number of localizations > 1’. 
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Some method fragments are specifically designed for the handling of large 

quantities of defects per year, others are intended for lower quantities. It is very 

useful to map such a constraint. For example, ‘Defects per year < 100’. 

As with the defect per year, some method fragments are intended for dealing 

with a high or low volume of requests for new or improved features. This can 

be the case with method fragments that organize requirements. A less detailed 

organization is required when a product only has a few dozen requirements 

since an overly elaborate organization would not be efficient. Whereas an 

SPMO that has to deal with hundreds of requirements will require a more fine 

grained organization level of its requirements. A method suited for SPMOs with 

a high new requirements rate can be indicated as ‘New requirements rate > 

500’. 

SPMOs with only one product have no need for capabilities and method 

fragments that enable synergy between a higher number of products. A 

possible constraint could be ‘Number of products = 1’ in this situation. 

A start-up product requires a different approach than a product which has 

been around longer and has all the basics down. This can be indicated using 

the SF Product age. E.g. ‘Product age > 2’. 

The SF Product lifetime was not applicable in the cases researched. Though 

one can imagine that a product nearing the end of its life can require a 

different approach for, for example, requirements prioritization (e.g. ‘Product 

lifetime < 3’). 

Method fragments come with different levels of detail, where a bigger 

product (product size) can require more elaborate method fragments. This can 

be indicated as ‘Product size > 10’. 

SPMOs that have products with a low Product tolerance for bugs (e.g. 

financial products) demand more attention for specific processes (e.g. testing, 

pilots) than those with a higher product tolerance. The constraint would be 

‘Product tolerance = low’ in this situation. 

5.6.5 Stakeholder involvement 

Company policy can be required as input for method fragments. This can, for 

example, be indicated with ‘Company policy ≥ medium’ 

Method fragment choice is highly influenced by customer involvement. 

Customer involvement was used in almost half of the cases in our research to 
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indicate the situation in which a method fragment fits best. For example, 

situations where customers do not want to be involved, or the opposite, where 

customers demand to be involved require very different method fragments. 

Method fragments that require cooperation from customers to work could for 

example get the constraint ‘Customer involvement = high’. 

The application of legislation as a constraining SF has not been proven in our 

cases. SPMOs that act in sectors where legislation can change within a short 

amount of time (e.g. the next year or less) need methods that are flexible 

enough to handle these short term must have changes. These method 

fragments could be marked with the constraint ‘Legislation = high’, or 

‘Legislation = low’ when they cannot cope with these short term legislation 

changes.  

As with customers involvement, some methods require a high level of partner 

involvement. These partner organizations might not always be willing to invest 

this much in an SPMO. Large database suppliers might for example might not 

be willing to do this for all their partners. It can therefore be useful to indicate 

the level of involvement your partner organizations need to be willing to 

provide for the method to work. For example, ‘Partner involvement = high’. 

5.7 Conclusions & Further Research 

5.7.1 Conclusions 

There are various ways to look at the influence SFs have on SPM. This chapter 

has detailed three different types of influences: 

 Daily practice – The influence SFs have in the daily practice of SPMOs. These 

indicators show, based on a situational characteristic of an SPMO, whether 

an SPMO likely performs one or more specific capabilities. 

 Capability constraints – The influence SFs have on the implementation of 

capabilities. SFs that indicate capability constraints determine for one or 

more capabilities whether an SPMO should implement a method fragment 

that handles those capabilities. 

 Method constraints – The influence SFs have on the selection of method 

fragments. These SFs indicate which method fragment fits the SPMO best. 

SFs that influence method fragment constraints determine which method 

fragments fit best, and thus influence how a capability should be 

performed. 
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Situational 

Factor 

Daily 

Practice 

Capability 

Constraints 

Method 

Constraints 

Organization characteristics 

Development philosophy DP01, DP02 • MC01 

Size of organization DP21 • MC02 

Customer characteristics 

Customer loyalty • • MC03 

Customer satisfaction • • MC04 

Customer variability DP22 • MC05 

Number of customers • • MC06 

Type of customers DP07 - DP10 • MC07 

Market characteristics 

Market growth • • MC08 

Release frequency • • MC09 

Sector DP03 - DP06 • MC10 

Market size • • MC11 

Standard dominance DP11, DP12 • • 

Variability of feature requests • • MC12 

Product characteristics 

Number of localizations DP23 • MC13 

Defects per year DP24, DP25 • MC14 

New requirements rate • • MC15 

Number of products • CC01 MC16 

Product age • • MC17 

Product lifetime DP26, DP27 CC02 • 

Product size DP28 • MC18 

Product tolerance • • MC19 

Stakeholder involvement 

Company policy • • MC20 

Customer involvement DP13 - DP16 CC03, CC04 MC21 

Legislation DP17, DP18 • • 

Partner involvement DP19, DP20 CC05, CC06 MC22 

Table 5.10 The Situational Factor Effects Catalog 
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Table 5.10 integrates all of the findings in the Situational Factor Effects 

Catalog for the SPM domain. The SFs are shown in the first column, the 

following columns present the three types of influences researched. The SF 

effects are mapped using the ID’s of the individual SF effects as indicated in the 

previous sections. 

The column Daily practice relates to the first research question: 

[RQ1] Which Situational Factors indicate the Software Product 

Management capabilities that are implemented in daily practice 

by specific types of software product management organizations? 

This research question was the subject of section 5.4. Here 28 correlations 

were discovered that indicate characteristics of SPMOs that are correlated to 

the implementation of specific capabilities. 

The smallest group of SFs, Organization characteristics, has three effects. With 

the two SFs in the group (Development philosophy and Size of organization) 

together influencing three capabilities. 

Customer characteristics contains one of the three most influential SFs within 

this type of influence: Type of customers. This SF alone already influences four 

capabilities. There is only one other influential SF in this group, namely size of 

customers, which correlates to one capability. 

Market characteristics also contains one of the three most influential SFs with 

the SF Sector showing a correlation with four capabilities. There are two other 

SFs in this group which have a correlation to one and two capabilities 

respectively. 

Product characteristics also has three SFs that show a correlation with one or 

more capabilities. Number of defects has one correlation, Product lifetime has 

two, and Product size also has two. 

Finally, Stakeholder involvement is the group with the highest number of 

correlations. Two of these SFs (Legislation and Partner involvement) each 

influence two capabilities, and customer involvement shows correlations with 

four capabilities. 
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[RQ2] Which Situational Factors indicate the Software Product 

Management capabilities that should be implemented by specific 

types of software product management organizations? 

Out of the total list of SFs only four SFs were demonstrated to have an impact 

on the capability constraints (Table 5.8). These four SFs together disable six 

capabilities. The first two SFs concern the willingness of external parties to be 

incorporated in the SPM process of the SPMO (Partner involvement & 

Customer involvement). The third concerns the number of products of the 

SPMO (Number of products). This is only important when an SPMO only has 

one product since all cross-product activities become inapplicable. And the 

final SF concerns the lifespan of the product (product lifetime). The lifetime is 

particularly of influence when the end of a products lifetime is near and certain 

SPM processes can be discontinued. 

[RQ3] Which Situational Factors indicate the Software Product 

Management method fragments that can be implemented 

usefully by specific types of software product management 

organizations? 

Almost all SFs reviewed in this research were useful as a means to 

characterize SPM practices as can be seen in Table 5.9. Only three SFs out of 25 

SFs were not demonstrated to be applicable for the categorization of method 

fragments. The five most used SFs, as depicted in Table 5.9, are: 1) Customer 

involvement with 46%, 2) Development philosophy with 35%, 3) a shared third 

place for New requirements rate and Release frequency which both have 27%, 

and 5) Size of organization with 19%. 

[MRQ] Which Situational Factors affect the implementation of Software 

Product Management? 

Table 5.10 shows that all of the SFs incorporated in this research have at least 

one type of effect within the SPM domain. The two SFs that proved to be the 

most important SFs are Customer involvement and Partner involvement. These 

two SFs show all three types of influences. Of these three, Customer influence 

stood out the most with a lot of different influences in daily practice and a high 

application rate in method fragment choice of nearly 50% of the cases.  



Chapter 5: Creation and Evaluation of the Situational Factor Effects Catalog 

 

 

121 

5.7.2 Further Research 

As Patel already noted in 1999, “Social context such as business organizations 

are not static …” (Patel, 1999). Patel takes this as the starting point for a 

discussion on requirements gathering for information systems. The same can 

be said for SPMOs. Therefore it is necessary to consider business change and 

on-going business activity that affect such information. SF effects should be 

reviewed periodically to check whether the organization hasn’t changed in such 

a way that the SFs (effects) that are relevant have changed. 

This research investigates SFs individually. Some influences can of course be 

the result of a combination of situational characteristics. The research done 

here should be expanded upon to investigate the combined effects of SFs.  

The Situational Factor Effects Catalog for SPM in Table 5.10 only indicates the 

discovered influences. Some SFs might influence more areas than empirically 

found during this research. It is therefore useful to further research the non-

influencing SFs to confirm that they really do not have an influence on the 

areas presented in this research. 

The Online Method Engine (Vlaanderen, van de Weerd, & Brinkkemper, 

2011), which is currently under development, will be valorizing our research 

findings on SFEs to further the field of SPM. 
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6 Creation of the Situational 

Assessment Method 

This chapter was originally published as “A Situational Assessment Method 

For Software Product Management“ in the proceedings of the 18th European 

Conference on Information Systems (ECIS 2010) (Bekkers, Spruit, van de Weerd, 

van Vliet, & Mahieu, 2010). 

There is very little literature supporting software product managers in 

their work, even though they play a crucial role within software product 

management organizations. There are large solutions for the improvement 

of software product management practices, but these are not applicable to 

most small and medium sized organizations. This research-in-progress 

chapter presents a general incremental assessment method that takes the 

organization’s situational context into account: the Situational Assessment 

Method (SAM). We applied this scientific method to the field of software 

product management to solve the aforementioned problem. Our method 

presents organizations with an assessment of their current maturity level, 

and suggests steps to incrementally improve their processes. SAM is a focus 

area oriented instrument with a different set of capabilities for each area. 

The context of an organization is taken into account by examining various 

situational factors that describe the context of the organization, and the 

organization itself. This context is then used to determine which 

capabilities apply to the organization being assessed. A situation specific 

advice indicating how software product management practices can be 

improved upon is then created based on a gap analysis of the currently 

implemented capabilities, and the capabilities that should be implemented.  
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6.1 Introduction 

6.1.1 Motivation and Research Goal 

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 C. , 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 becomes a large problem. 

Earlier research showed that even though 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). 

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 by getting experienced in 

the area. Hence, lifting the quality of the product by improving the SPM 

processes is often difficult. 

To aid product managers in improving their SPM practices, we propose the 

Situational Assessment Method (SAM). The SAM can be used to measure an 

organization’s SPM maturity level and determine the areas that need 

improvement to reach a higher maturity level. This assessment method uses an 

SPM maturity model to determine which SPM capabilities are implemented in 

the organization and which SPM capabilities should be implemented in the 

organization. By analyzing the gaps, local, incremental improvements can be 

suggested to the product manager. The assessment method should require 

relatively little time and expenses to execute. Furthermore, all kinds of 

organizations, including small and medium sized organizations, should be able 

to use the assessment method. Finally, the model we create should be 

applicable in different areas of attention. The version described in this chapter 

is aimed at SPM.  

6.1.2 Research Method 

This study follows the design science methodology, in which research is done 

through the processes of building and evaluating artifacts (Hevner, March, Park, 
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& Ram, 2004). The artifact in this research is the Situational Assessment 

Method (SAM) which we applied to the SPM domain. During our research we 

follow the five 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 five process 

steps are: 

1) Awareness of the problem – In section 6.1, we described the problem and its 

context.  

2) Suggestion – The suggestion for a solution to the problem identified in step 

1 is developed in this step. In this section, we describe our approach in 

tackling the problem and the research methods that we use. 

3) Development – The development of the artifact, in this case the situational 

maturity assessment described in section 6.3. 

4) Evaluation – This step comprises the evaluation of the method. We used an 

expert validation, case studies, and 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 show one of the case 

studies in section 6.4. 

5) Conclusion – Finally, in section 6.5, conclusions and areas for further 

research are covered. 

During this research, we made use of several data collection sources. Firstly, 

we performed a literature study. This study was used as one of the sources for 

the capabilities, which are defined for each of the processes in the reference 

framework for SPM. The literature study was based on a multitude of papers 

describing specific processes within the field of SPM (e.g. Abramovici & Soeg 

(2002), Clements & Northrop (2002)). Secondly, a brainstorm session was 

conducted with experts from the scientific community to create the model. The 

session consisted of two parts: 1) the capabilities themselves were determined; 

2) the positions of the capabilities relative to each other were determined. The 

literature study was used as a basis for the brainstorm session. Furthermore, an 

expert validation was held where business professionals validated the results of 

the brainstorm session: the capabilities themselves, their order, and their 

weights. Finally, four case studies were performed at SPM companies from the 

Netherlands to test the applicability of the assessment in day-to-day business 

environment method (one of which is presented in section 6.4). 
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6.2 Related Work 

The SAM is based on several key elements that we will describe in the 

following sub sections. First, we provide an overview of the different types of 

maturity models, and explain our choice of one of these maturity models. Then, 

we explain the reference framework for software product management that is 

used to structure the SAM. Finally, we explain how situational factors are used 

in the SAM. 

6.2.1 Maturity Models 

Various types of maturity models have been described and used in science 

and business. Van Steenbergen et al. (2007) make the following categorization 

of maturity models: 

 Staged 5-level models – Five levels of maturity are distinguished, which in 

turn have a number of focus areas that are defined specific to that level. 

The most well-known examples are the Capability Maturity Model (CMM) 

(Paulk, Curtis, Chrissis, & Weber, 1993), and its follow-up CMMI (CMMI 

Product Team, 2002). 

 Continuous 5-level models – These models consist of a number of focus 

areas for which five levels are distinguished. Examples of these models are 

Appel (2000) and Westbrock (2004). 

 Focus area oriented models – Each focus area has its own number of specific 

maturity level. These models are used in the testing domain Koomen & 

Baarda (2005) and the architecture domain Steenbergen & Brinkkemper 

(2007).  

Earlier research into the improvement of SPM shows some shortcomings in 

the staged and continuous 5-level models. CMMI for example, has been found 

too heavy to use by several organizations (Cusumano, 2004). Furthermore, 

extensive software process improvement (SPI) frameworks, such as CMMI and 

ISO/IEC 15504 (SPICE) (ISO/IEC-15504, 1998) 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, which 

can be a problem for small and medium companies (Zahran, 1997). 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 
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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 enable local analysis and incremental improvement. 

6.2.2 Software Product Management 

In earlier research we developed the Reference Framework for Software 

Product Management (van de Weerd, Brinkkemper, Nieuwenhuis, Versendaal, 

& Bijlsma, 2006). Various studies have been performed to test the reference 

framework in product software companies since its publication (cf. Bekkers & 

Weerd & Brinkkemper & Mahieu (2008), Weerd & Brinkkemper & Versendaal 

(2007)). In this research, we use the reference framework as a source for the 

focus areas in our maturity matrix. Therefore we will provide a brief explanation 

of the framework. 
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Figure 6.1 Reference Framework for Software Product Management (van de 

Weerd, Brinkkemper, Nieuwenhuis, Versendaal, & Bijlsma, 2006) 
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Figure 6.1 depicts the reference framework for software product 

management. 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, product roadmapping, requirements management and release 

planning. Each of these business functions consists of a number of focus areas, 

as shown in Figure 6.1. 

6.2.3 Situational Factors 

A Situational Factor (SF) contains information about the process, the context 

of the organization, and the organization itself (Bekkers W. , 2008). SFs describe 

the situational context in which, in this case, the product manager has to 

operate and to which the SPM processes thus have to fine-tuned. An example 

of an SF in SPM is ‘Customer involvement’, which indicates to what extent a 

customer wishes to be involved in the SPM processes. When the value of this 

SF changes, some SPM processes may need to be changed to respond to the 

new environment. In previous research we presented a list of 27 SFs in five 

categories, relevant to SPM, with the level of influence they have on the 

selection of (parts of) methods (Bekkers, van de Weerd, Brinkkemper, & 

Mahieu, 2008). These SFs are divided into five categories: organizational 

characteristics, customer characteristics, market characteristics, product 

characteristics, and stakeholder involvement. In the SAM, SF values will be used 

to determine situational context based maturity goals specifically for the 

organization being assessed. 

6.3 Situational Assessment Method 

The SAM is an assessment method that can be applied as a general 

assessment method. We developed a variant for software product 

management: the Situational Assessment Method for Software Product 

Management (SAM-SPM). 
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The SAM consists of four components: knowledge base, questionnaire, 

calculation, and feedback (see Figure 6.2). 

 Knowledge base – The knowledge base contains the knowledge on which 

the assessment advice is based: the Capability Matrix (CM), a matrix 

containing all capabilities within the field of SPM in an ordered manner, the 

Situational Factors (SFs) for SPM, and the Situational Factor Effects (SFEs), 

the effects certain specific SF values have on the capabilities. 

 Questionnaire – The questionnaire consists of two separate questionnaires. 

The Implemented Capabilities questionnaire determines which capabilities 

are implemented within the organization. The Situational context 

questionnaire gathers the SF values for the organization. 

 Calculation – The calculation determines, based on the input from the 

questionnaires, what the current maturity is, and what the optimal 

capabilities are for the organization being assessed. The current maturity is 

modeled in the Current Capability Profile (CCP), the optimal maturity is 

modeled in the Optimal Capability Profile (OCP). A comparison between the 

current and the optimal situation results in an overview of the problem 

areas that need improving, this is modeled in Areas of Improvement Matrix 

(AIM). The AIM is thus a custom-made advice for an organization. 

 Feedback – The feedback consists of an evaluation that is performed to 

update the knowledge base. It can result in the addition, adjustment, or 

removal of knowledge components. The evaluation is performed after each 

assessment, but it can also be performed based on new scientific literature, 

case studies, or expert interviews which have not yet been incorporated in 

the knowledge base. 

The four components are explained further in the following four sections 

(section 6.3.1 to 6.3.4).  
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Figure 6.2 The four components of the Situational Assessment Method (SAM) 
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6.3.1 Knowledge Base 

A capability is an element contributing to the maturity within a specific focus 

area. It can be a process, the use of standards, or a technical instrument that 

needs to be implemented by an organization to reach a higher maturity level. 

An example of a process is ‘Requirements prioritization’, a standard can be a 

standard format in which requirements are recorded, and a technical 

instrument can be a central database for requirements. Table 6.1 shows a 

capability from the SAM-SPM. 

We describe the following six attributes for the capabilities in the CM: 

 Name – A name describing the capability in a few words. 

 Weight – The weight indicates the amount of effort the capability costs to 

perform after it has been implemented. A scale ranging from low to high 

indicates the effort. 

 Goal – The goal describes what purpose the capability serves, it indicates 

the advantage of executing the capability. 

Name Requirement dependency linking 

Weight High 

Goal The existence of requirement interdependencies means 

that requirements interact with and affect each other. 

Requirement dependency linking prevents problems that 

result from these interdependencies, and therewith 

enables better planning of the development process. 

Action Dependencies between market and product requirements 

are determined and registered. A dependency exists when 

a requirement demands a specific action of another 

requirement. E.g. a requirement demands that another 

requirement be implemented too, or that another 

requirement is not implemented in case of conflicting 

requirements. The linkage can be supported by using 

advanced techniques, such as linguistic engineering. 

Prerequisite(s) RG:A 

Reference(s) Dahlstedt & Persson (2003) 

Table 6.1 Capability C of the focus area Requirements organizing (RO:C) within 

the SAM-SPM 
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 Action – The action describes what must be done in order to meet the 

capability. 

 Prerequisite(s) – Some capabilities require that one or more other 

capabilities be implemented first. This optional relation is described here by 

listing all the capabilities that have to be implemented first. There are two 

types of dependencies, both of which are indicated at the prerequisites. 

Firstly, we define intra-process capability dependency: this is the 

dependency of one capability within a focus area to another capability in 

the same focus area. And Secondly, we distinguish inter-process capability 

dependency: this type of dependency refers to a dependency of a capability 

in a focus area to a capability in another focus area. 

 Reference(s) – The optional reference attribute describes related literature 

which can aid in understanding and implementing the capability, this 

literature thus has a supporting role. 

There are two generally applicable criteria that apply to all capabilities in 

order for them to reach the implemented status within the model. Firstly all 

capabilities must be reoccurring. This means that the process must be executed 

on a reoccurring and planned basis, and not ad hoc. The SAM-SPM model is 

intended to improve continuous processes, its capabilities therefore also 

describe reoccurring (or continuous) actions. If a capability is not executed on a 

regular, predetermined basis, then the capability is not satisfied within this 

model. Secondly, all capabilities must be documented. A detailed description of 

the processes must be described in a document for all parties involved in the 

capability. All parties involved in the capability must at least have access to the 

(part of) the process describing the actions that are required of them. These 

actions may be described in a less formal way so that the document is also 

understandable to external parties (e.g. customers). 

Capabilities are labeled using the following guidelines: a combination is made 

of a two or three letter abbreviation indicating the process, a colon, and a letter 

corresponding to the capability within the process. The abbreviation indicating 

the process is based on the first letters of the words in the focus area name. 

The identifier for capability A of the ‘Requirements gathering’ process will thus 

be RG:A.  

One of the components in the SAM knowledge base is the Capability Matrix 

(CM). The CM provides an overview of all the capabilities that need to be 

implemented to reach a full-grown maturity (see Table 6.2). The matrix consists 

of columns and rows, which represent the two dimensions of the maturity 
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model. The SPM key processes are represented by the rows in the focus area 

column and are divided into four groups (the business functions: Requirements 

management, Release planning, Product roadmapping, Portfolio management). 

The columns 0 to 12 represent the maturity levels (where zero is low and twelve 

is high). The letters A to F represent the capabilities. Each focus area has its own 

unique capabilities, the amount of capabilities within a focus area varies from 

two (A-B) to six (A-F). The CM suggests the best implementation order for the 

capabilities (from left to right). The placement of the capabilities is based on a 

series of interviews with experts from both the scientific world and the field of 

practice, and questionnaires among product managers. 

Focus area 
Maturity level 

0 1 2 3 4 5 6 7 8 9 10 11 12 

Requirements management 

Requirements gathering 
 

A 
 

B C 
 

D E F 
   

 

Requirements identification 
  

A 
  

B 
 

C 
 

D 
  

E 

Requirements organizing 
  

A 
 

B 
 

C 
     

 

Release planning 

Requirements prioritization 
   

A 
 

B C D 
 

E 
  

 

Requirements selection 
  

A 
     

B C D 
 

 

Release definition 
   

A B C 
 

D 
 

E 
  

 

Release validation 
   

A 
  

B 
  

C 
 

D  

Launch preparation 
 

A 
   

B 
 

C 
  

D 
 

 

Scope change management 
   

A 
 

B 
   

C 
 

D  

Product roadmapping 

Theme identification 
    

A 
 

B 
     

 

Core asset identification 
     

A 
  

B 
   

C 

Roadmap construction 
  

A 
  

B C 
 

D E F 
 

 

Portfolio management 

Market trend identification 
  

A 
 

B 
   

C 
   

 

Partnering & contracting 
  

A 
 

B 
 

C 
 

D 
   

 

Product lifecycle management 
  

A 
  

B 
  

C 
   

 

Product line identification 
      

A 
  

B 
  

 

Table 6.2 The Capability Matrix (CM) from the Knowledge Base component 
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Situational Factor Operator Value Capability Effect 

Customer involvement = Low RG:F Disable 

Customer variability > 10% RI:C Enable 

Partner involvement = Low RG:F Disable 

Partner involvement = Low RP:C Disable 

Table 6.3 Four Situational Factor Effects (SFE) examples of the SAM-SPM 

The Situational Factor Effects (SFEs) provide a method to model product 

managers’ knowledge. It reflects what should be done under certain 

circumstances (a specific SF value, or range of values). It does this by modeling 

what effect specific values, or value ranges, of SFs have on one or more 

capabilities. In this manner both situations where a capability does not need to 

be implemented because of a situational context (the SF values), as well as 

situations where a capability needs to be implemented because of a situational 

context, can be modeled. Conflicts are solved by making SFEs, which indicate 

that a capability does not need not be implemented, overrule SFEs that indicate 

that a capability needs to be implemented. 

The current SFE knowledge base has populated with representations of the 

knowledge of experts, this knowledge was gathered during expert interviews. 

Four examples of these SFEs can be seen in Table 6.3. The first example is the 

SF ‘Customer involvement’, which represents the wish of the customer to be 

involved in the SPM processes. If this SF has the value ‘Low’, meaning that the 

customer does not want to be involved in the processes, then this SFE disables 

the capabilities that involve the customer in the SPM processes. The SFE for 

‘Customer variability’ shows that a SFE can also enable a capability. Finally, the 

SFEs for ‘Partner involvement’ shows that a SF can have an effect on more than 

one capability. 

6.3.2 The Questionnaires 

There are two questionnaires in the SAM. The first one is the situational 

context questionnaire. This questionnaire determines the situational context of 

the organization. It consists of a series of SFs for which the organization has to 

indicate their own values. There are currently 26 questions in this questionnaire 

for the SAM-SPM (see Table 6.4 for two examples from the questionnaire).The 

second questionnaire is the capability questionnaire. This questionnaire 

determines which capabilities are implemented within the organization. It 

consists of one statement for each capabilities in the CM, the organization 
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being assessed needs to answer the question ‘Have you implemented this 

capability within your organization?’ with either yes or no for each statement. 

There are currently 61 questions in this questionnaire for the SAM-SPM (see 

Table 6.5 for two examples from the questionnaire). Both questionnaires are 

close-ended, making them fast and easy to fill out for the organization being 

assessed. 

The capability prerequisites (one of the attributes of the capabilities as 

defined in section 6.3.1) allow for the creation of an intelligent capability 

questionnaire. There is no need to ask the interviewee whether a capability has 

been implemented for which the mandatory prerequisites have not been met. 

Such a capability cannot be true. The number of questions that need to be 

asked can therefore be minimized by applying an intelligent ordering of the 

questions in the capability questionnaire. 

Situational Factor Description Unit Answer 

New requirements 

rate 

The number of new feature 

requests per year from all 

sources (e.g. customers and 

sales). 

Feature 

requests 

per year 

60 

Number of 

products 

The number of other products 

in the product line for this 

product (this can thus be zero 

to many). 

Number of 

products 
1 

Table 6.4 Two examples from the ‘Situational Context’ questionnaire of the 

SAM-SPM 

 

Code Statement Answer 

RI:B 

The correctness (“Is the definition correct?“) and 

completeness (“Does the requirement describe all 

relevant aspects?”) of the requirement is validated. 

No 

SCM:C 
An impact analysis is performed to determine the 

effects of the scope change.  
Yes 

Table 6.5 Two examples from the ‘Implemented Capabilities’ questionnaire of 

the SAM-SPM 
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6.3.3 The Calculation 

There are three steps in the maturity calculation. The first two steps can be 

executed in parallel, and serve as input for the third step. 

First, the current capability profile (CCP) is determined based on the 

capabilities that are currently implemented within the organization. This profile 

can be deduced directly from the ‘Implemented capabilities’ questionnaire. 

Secondly, the organizations SF values (indicated in the ‘Situational context’ 

questionnaire) are applied to the SFE rules (which determine which capabilities 

should be enabled in a situation). This results in the optimal capability profile 

(OCP), a custom CM tailored to the situational context of the organization. 

Note that some of the capabilities of the CM may be disabled in this tailored 

CM, because they are not relevant in situational context of the organization. 

Finally, the improvement areas are determined. These are determined by 

comparing the CCP with the OCP. This results in a matrix detailing the 

differences between the currently implemented and the optimal set of 

capabilities, this matrix is called the Areas of Improvement Matrix (AIM). The 

AIM indicates the status of each capability, the different statuses are: 

‘implemented’, for capabilities that need to be implemented, and are indeed 

implemented; ‘missing’, for capabilities that need to be implemented, but have 

not been implemented; N/A’, for capabilities that need not be implemented 

based on the SFEs, and have not been implemented; and finally ‘extra’, for 

capabilities that need not be implemented but are implemented. 

An organizations maturity level is determined in the same manner as 

Steenbergen, et al. (2007) present in their focus area oriented model, with the 

addition that we ignore capabilities that have been disabled by SFEs. The 

maturity level of the organization is the highest level for which all of its enabled 

capabilities, and the enabled capabilities of the previous levels have been 

satisfied by the organization. To determine the maturity level we can thus scan 

the CM left to right stopping the level before the level where a capability has 

not been satisfied. The level we stopped at will then be the current maturity 

level for the organization. This means that if the capabilities RG:A and LP:A are 

satisfied, and RG:B has not been satisfied, then the maturity level is 1. 
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6.3.4 Feedback 

The field of SPM is constantly evolving. The content of the knowledge base 

will therefore need to evolve with the SPM field. It does this by performing an 

evaluation after each assessment. This evaluation is used as feedback to 

determine whether the capabilities, SFs, and SFEs are still correct and complete. 

This mechanism enables the knowledge base to evolve over time, becoming 

more complete and correct, and remain up-to-date with the field SPM. A first 

implementation of the knowledge base is currently in the early stages of 

development, based on expert interviews (both from the scientific and practical 

fields), case studies, and scientific literature. Expert interviews will be conducted 

to determine the SFEs. 

6.4 SAM-SPM Case Study 

In this section we present results of a test case at an SPM organization where 

we tested the SAM-SPM. The case company is a small organization that only 

has a few customers. These customers are highly involved in the SPM 

processes. We only present the results the ‘Requirements management’ and 

‘Release planning’ focus areas of one of the four cases due to the limited space 

available in this chapter. 

The results of the Implemented Capabilities questionnaire determine the CCP 

(see Table 6.6). The Situational Context questionnaire together with the SFEs 

determine the OCP (see Table 6.7). The CCP and OCP combined result in the 

AIM, this matrix shows where the problems, and therewith the opportunities for 

improvements, lie. 

We will take capability D from ‘Requirements identification’ (RI:D) as an 

example. The statement for this capability in the situational context 

questionnaire is the following: ‘Incoming requirements are identified as being 

either a market or product requirement. Market requirements are rewritten as 

product requirements, both requirement types have a pre-defined template.’. 

This statement is not true for the case company, thus the answer for RI:D in the 

CCP is ‘No’. RI:D should be performed by default and is not disabled by any SFE 

based on the case company situational context, thus the answer for RI:D in the 

OCP is ‘Yes’. Capability RI:D should be executed, but is not executed, it is 

therefore indicated as ‘Missing’ in the AIM. 



Chapter 6: Creation of the Situational Assessment Method 

 

 

139 

The case company’s maturity level (based on the focus areas presented in 

Table 6.6) is thus 1. Since they haven’t implemented the mandatory capability A 

of the focus area ‘Requirements organization’ placed on maturity level 2.  

Focus area Capabilities 

Title Lab. A B C D E F 

Requirements gathering RG Yes Yes No Yes Yes No 

Requirements identification RI Yes No Yes No No  

Requirements organization RO No Yes No    

Requirements prioritization RP Yes Yes No No No  

Requirements selection RS Yes Yes No No   

Release definition RD Yes No No Yes Yes  

Release validation RV Yes No No No   

Launch preparation LP Yes Yes Yes No   

Scope change management SCM Yes No Yes Yes   

Table 6.6 Case company’s Current Capability Profile (CCP) for the 

‘Requirements management’ & ‘Release validation’ 

 

Focus area Capabilities 

Title Lab. A B C D E F 

Requirements gathering RG Yes Yes No Yes Yes No 

Requirements identification RI Yes Yes Yes Yes No  

Requirements organization RO Yes Yes Yes    

Requirements prioritization RP Yes Yes No Yes Yes  

Requirements selection RS Yes Yes No Yes   

Release definition RD Yes Yes Yes Yes Yes  

Release validation RV Yes Yes Yes Yes   

Launch preparation LP Yes Yes Yes Yes   

Scope change management SCM Yes Yes Yes Yes   

Table 6.7 Case company’s Optimal Capability Profile (OCP) for the 

‘Requirements management’ & ‘Release validation’ 
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If we look at capability RG:A (capability A within the focus area of 

‘Requirements gathering’) in the CCP, than we can see that it has been 

implemented within the organization. The OCP tells us that the capability needs 

to be implemented to achieve optimal maturity. This capability will thus be 

indicated as ‘Implemented’ in the AIM (Table 6.8). Capability RO:A is indicated 

as not being implemented in the CCP, while the OCP indicates that it should be 

implemented. This capability has thus been indicated as ‘Missing’ in the AIM. As 

a final example we look at capability RG:C which hasn’t been implemented and 

does not have to implemented, it is thus indicated as ‘N/A’ in the AIM. 

The resulting high-level advice for the focus area group of ‘Requirements 

management’ (codes: RG, RI, RO) for the case company is (1) to start organizing 

their requirements (capability RO:A), (2) validate requirements (capability RI:B), 

(3) map requirement dependencies (capability RO:C), and (4) model the 

requirements in a uniform manner (capability RI:D). The advice given is 

accompanied by a more detailed description of the capabilities, which also 

refers to relevant literature for the capability, and explains what the advantage 

is of implementing the capability (see Table 6.1 for an example of a complete 

capability description). 

The case company is also advised to implement the capabilities in the 

following order: first RO:A, then RI:B, followed by RO:C, and finally RI:D. This 

order suggestion follows from the ordering within the CM (see Table 6.2) and 

the prerequisites that some capabilities have (indicating a mandatory order). 

Focus area 
Capabilities 

A B C D E F 

Requirements gathering Impl. Impl. N/A Impl. Impl. N/A 

Requirements identification Impl. Miss.
2 

Impl. Miss.
4 

N/A  

Requirements organizing Miss.
1 

Impl. Miss.
3 

   

Requirements prioritization Impl. Impl. Miss. Miss. Miss.  

Requirements selection Impl. Impl. Miss. Miss.   

Release definition Impl. Miss. Miss. Impl. Impl.  

Release validation Impl. Miss. Miss. Miss.   

Launch preparation Impl. Impl. Impl. Miss.   

Scope change management Impl. Miss. Impl. Impl.   

Table 6.8 Case company’s Areas of Improvement Matrix (AIM) for the 

‘Requirements management’ & ‘Release validation’ 
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The case company recognized the advice as valid points for improvement. 

6.5 Conclusions & Future Research 

6.5.1 Conclusions 

We believe that the SAM is an effective method to aid organizations in the 

improvement of their processes (SPM processes in the case of the SAM-SPM). 

There are many advantages to using it. The SAM is solution oriented. It does 

not only indicate what the current maturity is, it also shows the organization 

where there is room for improvement by indicating the capabilities that need 

to be implemented. The SAM sets a realistic goal for organizations by setting 

goals based on their situational environment instead of treating all 

organizations the same, having them perform all the same capabilities. 

The SAM allows for incremental growth as well as a big bang approach. An 

organization can choose which strategy to apply for its maturity improvement 

implementation. It can choose to implement new capabilities one at a time 

(incremental), or many in one step (big bang). This allows the organization to 

determine how much money and time it wants to invest in its maturity 

improvement. 

The assessment requires relatively little effort of the organization being 

assessed. The organization only has to fill out two questionnaires: one 

questionnaire with a yes/no question for each capability, and one questionnaire 

with close-ended questions for each SF. This makes it quick and easy for the 

organization being assessed to provide the input needed in the assessment. 

The SAM can work fully automatic and can therefore present its results directly 

after the user has supplied the information. This results in fast, repeatable, and 

verifiable results. 

It is possible to produce results with partial input data, though the results 

may provide a less customized advice. The method can be applied partially 

since it can produce results per focus area or per focus area group. These can 

thus be investigated without involving the other focus areas. This allows the 

organization to assess a specific aspect of its organization (e.g. Requirements 

gathering). 

The SAM has been constructed to allow for future changes. It is possible to 

add, modify, or remove processes, capabilities, SFs, and SFEs, which makes it a 

future proof method. 
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6.5.2 Future Research 

The largest part of the future work consists of the gathering and validation of 

the various knowledge components in the SAM-SPM. The completeness and 

correctness of the gathered content in all knowledge base components also 

needs to be validated.  

There are also opportunities for improvement of the SAM model by 

developing the intelligent questionnaires as discussed in section 6.3.2, and 

creating an advanced evaluation method to update the knowledge base. 

It is not always possible to give a simple yes/no answer when determining 

whether the capabilities have been satisfied by the organization. E.g., an 

organization can put a certain capability into practice most of the time, but not 

always. Also, capabilities can be applied with different levels of effort (e.g. just 

writing the bare minimum process descriptions, or creating elaborate processes 

to validate requirements). This results in cases where it is unclear whether a 

capability should be marked as satisfied or not. Further research is therefore 

needed to handle this issue. 

The current maturity level calculation limits the maturity level based on the 

lowest unsatisfied capability. This stimulates organizations to stick to the order 

suggested in the CM, because improving the lowest unsatisfied capability is the 

only way to improve their maturity score. But it could also result in a low 

maturity score for an organization that has satisfied almost all capabilities 

except for a low level capability. This results in a maturity level which does not 

do justice to the true maturity of the organization. Further research is therefore 

desirable into a more realistic depiction of maturity than presenting the 

maturity as simply the lowest score among the focus areas. Accommodating 

this type of maturity flexibility could also generate more goodwill among 

organizations being assessed while not doing harm to the truth. 
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7 Evaluation and Improvement of the 

Situational Assessment Method 

This chapter was originally published as “The Situational Assessment Method 

Put to the Test: Improvements Based on Case Studies “ in the proceedings of 

the 4th International Workshop on Software Product Management (IWSPM 

2010). It is co-authored by Marco Spruit. 

This chapter presents an improved Situational Assessment Method (SAM) 

for Software Product Management (SPM). The improvement is the result of 

an evaluation process, of which one of the cases is included in this chapter. 

The SAM is tool which allows product managers to evaluate and improve 

their processes in an incremental manner. It does this by determining 

which capabilities the organization has currently achieved, and what 

capabilities should be achieved. A gap analysis can then be performed 

which results in an advice to implement specific capabilities. This advice 

includes suggestions for method fragments (best practices) which the 

organization can use to achieve the capabilities. 
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7.1 Introduction 

Recent research confirms that Software Product Management (SPM) is a key 

area within many software companies (Fricker, Gorschek, Byman, & Schmidle, 

2010; Berander, 2007). A product manager can also be referred to as the “mini-

CEO” of an organization (Ebert, Brinkkemper, Jansen, & Heller, 2008). They are 

positioned at the center of the organization where they keep in contact with all 

stakeholders to ensure that all stakeholders work towards the same goal 

according to the strategies set out. As such, a large array of skills is expected; 

ranging from gathering requirements, to constructing roadmaps.  

Although the product manager’s function is essential in the product software 

industry, little education exists in this area (van de Weerd, Brinkkemper, 

Nieuwenhuis, Versendaal, & Bijlsma, 2006). To make things worse, no extensive 

body of knowledge exists, such as PMBOK (Abran, Moore, Bourque, Dupuis, & 

Tripp, 2005) and SWEBOK (Project Management Institute, 2000) in the fields of 

project management and software engineering, respectively. This leads to a 

situation in which product managers learn their skills ‘on-the-job’, often 

coming from a position in development, sales, or project management. 

Problems arise when companies want to professionalize their product 

management practices, either to support the company’s growth, or to make a 

shift from selling customized software to selling standard product software 

(Artz, van de Weerd, & Brinkkemper, 2010). Due to the lack of knowledge, 

increasing the quality of the product by improving the SPM processes is often 

difficult. 

To aid product managers in improving their SPM practices, the SPM 

Competence Model (van de Weerd, Brinkkemper, Nieuwenhuis, Versendaal, & 

Bijlsma, 2006) and the Situational Assessment Method (SAM) (Bekkers, Spruit, 

van de Weerd, van Vliet, & Mahieu, 2010) were proposed. A key component of 

the SAM is the SPM Maturity Matrix (Bekkers, van de Weerd, Spruit, & 

Brinkkemper, 2010; Bekkers & van de Weerd, 2010), which is used to determine 

an organization’s SPM maturity level and identify the areas that need 

improvement to reach a higher maturity level. All kinds of organizations, 

including small and medium sized organizations, should be able to use the 

SAM as a guide for incremental process improvement in SPM. 

This research focuses on an incremental, or evolutionary, SPI approach for 

several reasons: a) it is a fundamental way to reduce risk in complex 

improvement projects (Bekkers, van de Weerd, Spruit, & Brinkkemper, 2010), 

and b) this is the natural way for method evolution in many organizations 
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(Krzanik & Simila, 1997; van de Weerd, Versendaal, & Brinkkemper, 2006; van 

de Weerd, Brinkkemper, & Versendaal, 2010).  

Since the proposal of SAM, several case studies have been performed which 

have resulted in the current version of the SAM. This chapter presents one of 

the case studies and the improved SAM. The SAM is currently in an evaluate 

and improve process. 

The structure of the chapter is as follows. First, the research approach is 

explained. After this, the previous work on which the SAM is based and the 

previous version of the SAM are presented to give some more insight into the 

workings of the SAM. After this, an example case study and the improved SAM 

are presented.  

7.2 Research Approach 

7.2.1 Design Research 

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 main artifact in this research is the SAM. The study is 

performed as action research, since the lead author is both working as a 

researcher at Utrecht University as well as a consultant at the Dutch product 

software company Centric. 

During our research we follow the five process steps of the design cycle 

(Vaishnavi & Kuechler, 2007). This design cycle consists of steps that follow an 

iterative process. Knowledge is produced during the process by constructing 

and evaluating the artifact, and is used as input for a better awareness of the 

problem. The five steps are:  

1) Awareness of the problem – Section 7.1 already laid out the problem under 

investigation and its context. 

2) Suggestion – The suggestion for a solution to the problem identified in step 

1 is developed. In this section, The approach in tackling the problem and 

the research methods that are used are described.  

3) Development – The artifact that is developed is the SAM for SPM, which is 

presented in section 7.5. 

4) Evaluation – This step comprises the evaluation of the method. We used 

expert validations, a survey, case studies, and questionnaires to validate the 

method. The results of these extensive validations lead to a higher level of 
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problem awareness and suggestions for solutions. One of the case studies 

is presented in section 7.4.  

5) Conclusion – Finally, in section 7.6, conclusions and areas for further 

research are covered. 

During this research, we made use of several data collection sources. Firstly, 

we performed a literature study. The literature study was based on a multitude 

of papers describing processes and software process improvement methods 

within the field of SPM (e.g. Abramovici & Soeg (2002) & Clements & Northrop 

(2002)). The literature was used as a starting point for the second part, a 

brainstorm session. This session was conducted with experts from the scientific 

community to create a first version of the SAM. Furthermore, an expert 

validation was held where business professionals validated the results of the 

brainstorm session. Finally, we performed case studies, to improve the SAM. 

The SAM was analyzed in five case studies at product software organizations 

in the Netherlands to test the applicability in day-to-day business 

environments. The case studies consisted of the application of the SAM at the 

organizations and an evaluation on how the organizations looked at the results. 

This evaluation is used to improve the SAM. 

7.2.2 Validity 

To ensure the validity during the research applied multiple triangulation in 

the following way:  

 Multiple observers – Multiple employees were interviewed individually for 

each assessment conducted to verify the data gathered during the 

interviews. 

 Documentation – All documents used by the product manager during the 

SPM are requested to verify and clarify data gathered during the interview. 

Example documents include requirement templates, product roadmaps. 

If the observers gave conflicting answers, or if the answers could not be 

supported with documentation, the subject under question would be 

considered as not implemented. 

To guarantee the reliability of the case study, a chain of evidence is created 

recording all procedures. This is done by using a case study protocol and by 

maintaining a case study database storing all relevant information used in the 

case study. 
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7.3 Previous Work 

This section describes the six components which constitute the Situational 

Assessment Method: 1) the SPM Competence Model, 2) Capabilities, 3) the 

SPM Maturity Matrix 4) Situational Factors and Effects 5) method fragments 6) 

the Situational Assessment Method. 

7.3.1 SPM Competence Model 

The SPM Competence Model (Figure 7.1) is the result of previous research 

into SPM (Bekkers, van de Weerd, Spruit, & Brinkkemper, 2010). It presents an 

overview of all of the areas which are important to the field of the SPM. These 

areas are called focus areas. The relevant external and internal stakeholders are 

presented on the left and right sides of the model. The model does not include 

the development departments’ activities of the product software organization. 

Development is simply one of the stakeholders that provides input for the SPM 

processes. 

Four main business functions are defined in the model, namely: Requirements 

management, Release planning, Product planning, and Portfolio management. 

These business functions are based on the structure where a portfolio consists 

of products, a product consists of releases, and releases consist of 

requirements. The portfolio is represented in the Portfolio management 

function. The products are represented in the Product planning function. The 

releases are represented in the Release planning function. And finally, the 

requirements are represented in the Requirements management function. 

Each business function consists of a number of focus areas (the white areas in 

Figure 7.1), each of which represents a strongly coherent group of capabilities 

within a business function. The SPM Competence Model consists of 15 focus 

areas which are explained in more detail in By Bekkers, et al. (2010). 
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Figure 7.1 The Software Product Management Competence Model (Bekkers, 

van de Weerd, Spruit, & Brinkkemper, 2010) 

7.3.2 Capabilities 

We define a capability as "a predefined goal that needs to be achieved to 

reach the maturity level with which it is associated" in our research. The SPM 

Maturity Matrix contains 68 capabilities. The number of capabilities per focus 

area ranges from three to six. We describe the following attributes for the 

capabilities in the SPM Maturity Matrix: 

 Name – A name shortly describing action required by the capability. 

 Goal – The goal describes the purpose of the capability, It indicates the 

advantage of executing the capability. 

 Action – The action describes what must be done in order to meet the 

capability. 

 Prerequisite(s) – Some capabilities require that one or more other 

capabilities be implemented first. This optional relation is described here by 

listing all the capabilities that have to be implemented first. There are two 

types of dependencies, both of which are indicated at the prerequisites. 

Firstly, we define intra-process capability dependency: this is the 

dependency of one capability within a focus area to another capability in 
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the same focus area. And Secondly, we distinguish inter-process capability 

dependency: this type of dependency refers to a dependency of a capability 

in a focus area to a capability in another focus area. 

 Reference(s) – The optional reference attribute describes related literature 

which can aid in understanding and implementing the capability, this 

literature thus has a supporting role. 

Table 7.1 shows a capability from the SAM for SPM. 

Name Requirement dependency linking 

Goal The existence of requirement interdependencies means 

that requirements interact with and affect each other. 

Requirement dependency linking prevents problems that 

result from these interdependencies, and therewith 

enables better planning of the development process. 

Action Dependencies between market and product requirements 

are determined and registered. A dependency exists when 

a requirement demands a specific action of another 

requirement. E.g. a requirement demands that another 

requirement be implemented too, or that another 

requirement is not implemented in case of conflicting 

requirements. The linkage can be supported by using 

advanced techniques, such as linguistic engineering. 

Prerequisite(s) RG:A 

Reference(s) Dahlstedt & Persson (2003) 

Table 7.1 The requirement dependency linking capability from the software 

product management maturity matrix (Bekkers, van de Weerd, Spruit, & 

Brinkkemper, 2010) 

7.3.3 SPM Maturity Matrix 

The SPM Maturity Matrix is a key component of the SAM for SPM. It is 

structured based on the SPM Competence Model and presents all of the 

important practices – the capabilities – in a best practice order for 

implementation, so that organizations have a guideline for the improvement of 

those SPM practices. Organizations can thus identify areas of improvement by 
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comparing their organization’s processes to the capabilities in the SPM 

Maturity Matrix. Based on the best practice order provided by the maturity 

matrix, organizations can plan the improvement of their processes.  

The maturity matrix depicted in Table 7.2 is a Focus Area Maturity Model (van 

Steenbergen, Bos, Brinkkemper, van de Weerd, & Bekkers, 2010; van 

Steenbergen & Brinkkemper, 2007). We chose to develop this type of maturity 

model because of the shortcomings of other existing models described by 

Bekkers, et al. (2008) and to enable local analysis and incremental 

improvement. Focus area maturity models have already successfully been 

developed in the testing domain (Koomen & Baarda, 2005) and the architecture 

domain (van Steenbergen & Brinkkemper, 2007).  

Focus area 0 1 2 3 4 5 6 7 8 9 10 

Portfolio management 

Market analysis     A  B C D  E 

Partnering & contracting      A B  C D E 

Product lifecycle management     A B   C D E 

Product planning 

Roadmap intelligence    A  B C  D E  

Core asset roadmapping     A  B  C  D 

Product roadmapping   A B   C D  E  

Release planning 

Requirements prioritization   A  B C D   E  

Release definition   A B C    D  E 

Release definition validation     A   B  C  

Scope change management    A  B  C  D  

Build validation     A   B  C  

Launch preparation  A  B  C D  E  F 

Requirements management 

Requirements gathering  A  B C  D E F   

Requirements identification   A   B  C   D 

Requirements organizing    A  B  C    

Table 7.2 The Software Product Management Maturity Matrix (Bekkers, van de 

Weerd, Spruit, & Brinkkemper, 2010) 
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A focus area maturity model consists of a number of focus areas, each with its 

own number of specific maturity levels. The focus areas are represented in the 

leftmost column in Table 7.2. The focus area specific maturity levels 

(capabilities) are represented by the letters A-F in Table 7.2 and range from 

maturity level 1 to 10 (the topmost row in Table 7.2). Their spread across the 

overall maturity levels indicates a best practice order, in which capabilities in 

the maturity matrix are implemented from left to right. 

The capabilities have been carefully balanced throughout the different 

maturity levels to ensure that the amount of work needed to increase the 

maturity level to the next is in balanced logically over all the maturity levels. 

The development steps of a Focus Area Maturity Matrix in general, and the 

maturity matrix in particular are discussed in length in (van Steenbergen, Bos, 

Brinkkemper, van de Weerd, & Bekkers, 2010). 

7.3.4 Situational Factors and Effects 

A Situational Factor (SF) 'contains information about the process, the context 

of the organization, and the organization itself' (Bekkers W. , 2008). SFs 

describe the situational context in which the product manager has to operate 

and to which the SPM processes thus have to fine-tuned. An example of an SF 

in SPM is ‘Customer involvement’, which indicates to what extent a customer 

wishes to be involved in the SPM processes. When the value of this SF changes, 

some SPM processes may need to be changed to respond to the new 

environment. In previous research we presented a list of 27 SFs in five 

categories, relevant to SPM, with the level of influence they have on the 

selection of (parts of) methods (Bekkers, van de Weerd, Brinkkemper, & 

Mahieu, 2008). These SFs are divided into five categories: organizational 

characteristics, customer characteristics, market characteristics, product 

characteristics, and stakeholder involvement. In the SAM, SF values will be used 

to determine situational context based maturity goals specifically for the 

organization being assessed. 
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Situational Factor Operator Value Capability Effect 

Customer involvement = Low 
Requirements 

gathering F 
Disable 

Customer variability > 10% 
Requirements 

Identification C 
Enable 

Partner involvement = Low 
Requirements 

gathering F 
Disable 

Partner involvement = Low 
Requirements 

prioritization C 
Disable 

Table 7.3 Four examples of situational factor effects from the situational 

assessment method for software product management 

The Situational Factor Effects (SFEs) provide a method to model product 

managers’ knowledge. It reflects what should be done under certain 

circumstances (a specific SF value, or range of values). It does this by modeling 

what effect specific values, or value ranges, of SFs have on one or more 

capabilities. In this manner both situations where a capability does not need to 

be implemented because of a situational context (the SF values), as well as 

situations where a capability needs to be implemented because of a situational 

context, can be modeled. 

Four examples of SFEs from the SAM for SPM can be seen in Table 7.3. The 

first example is the SF ‘Customer involvement’, which represents the wish of the 

customer to be involved in the SPM processes. If this SF has the value ‘Low’, 

meaning that the customer does not want to be involved in the processes, then 

this SFE disables the capabilities that involve the customer in the SPM 

processes. The SFE for ‘Customer variability’ shows that a SFE can also enable a 

capability. Finally, the SFEs for ‘Partner involvement’ shows that a SF can have 

an effect on more than one capability. 

7.3.5 Method Fragments 

In this research, method engineering is used to analyze and store information 

on method fragments (Brinkkemper, 1996), consisting of processes and their 

deliverables, in product software companies. To achieve this method 

administration, Process Deliverable Diagrams (van de Weerd, Souer, 

Versendaal, & Brinkkemper, 2005) will be used to model activities and work 

products. These diagrams are a way of meta-modeling a process by creating a 

model with formal descriptions. 
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7.3.6 The Situational Assessment Method 

The SAM is a conceptually generic assessment method with domain-specific 

implementations. The variant described in this chapter focuses on software 

product management. It is a Situational Assessment Method for Software 

Product Management (SAM for SPM). The goal of the SAM is to identify 

improvement areas within the SPM organization. 

The SAM presents organizations with an assessment of their current maturity 

level, and suggests steps to incrementally improve their processes. SAM is a 

focus area oriented instrument with a different set of capabilities for each area 

(van Steenbergen, Bos, Brinkkemper, van de Weerd, & Bekkers, 2010; van 

Steenbergen & Brinkkemper, 2007). The context of an organization is taken 

into account by examining various Situational Factors that describe the context 

of the organization, and the organization itself. This context is then used to 

determine which capabilities apply to the organization being assessed. A 

situation specific advice indicating how software product management 

practices can be improved upon is then created based on a gap analysis of the 

currently implemented capabilities, and the capabilities that should be 

implemented.  

There are five important components in the SAM: a knowledge base and 

three process steps (questionnaire, calculation, and feedback). 

1) Knowledge base – The knowledge base contains the knowledge on which 

the assessment advice is based: the SPM Maturity Matrix; the Situational 

Factors for SPM; the Situational Factor Effects (the effects certain specific SF 

values have on the capabilities in the maturity matrix); and the method 

fragments. 

2) Questionnaire – The questionnaire consists of two separate questionnaires. 

The Implemented Capabilities questionnaire determines which capabilities 

are implemented within the organization. The Situational context 

questionnaire gathers the Situational Factor values for the organization. 

3) Calculation – The calculation determines, based on the input from the 

questionnaires, what the current maturity is, and what the optimal 

capabilities are for the organization being assessed. The current maturity is 

modeled in the Current Capability Profile, the optimal maturity is modeled 

in the Optimal Capability Profile. A comparison between the current and the 

optimal situation results in an overview of the problem areas that need 

improving, this is modeled in Areas of Improvement Matrix (AIM). The AIM 

is thus a custom-made advice for an organization. 
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4) Feedback – The feedback consists of an evaluation that is performed to 

update the knowledge base. It can result in the addition, adjustment, or 

removal of knowledge components. The evaluation is performed after each 

assessment, but it can also be performed based on new scientific literature, 

case studies, or expert interviews which have not yet been incorporated in 

the knowledge base. 

The SAM allows for incremental growth as well as a big bang approach. An 

organization can choose which strategy to apply for its maturity improvement 

implementation. It can choose to implement the improvements in increments, 

or all at once. This allows the organization to determine how much resources 

and time it wants to invest in its maturity improvement. 

The assessment requires relatively little effort of the organization being 

assessed. The organization only has to fill out two questionnaires: one 

questionnaire with a yes/no question for each capability, and one questionnaire 

with close-ended questions for each SF. This makes it quick and easy for the 

organization being assessed to provide the input needed in the assessment. 

The SAM can work fully automatic and can therefore present its results directly 

after the user has supplied the information. This results in fast, repeatable, and 

verifiable results. 

It is also possible to produce results with partial input data, though the results 

may provide a less customized advice. The method can be applied partially 

since it can produce results per focus area or per business function. This allows 

the organization to assess a specific aspect of its organization (e.g. 

Requirements gathering, or Portfolio management). 

7.4 Case Study 

7.4.1 An Example Case Study 

The case study presented in this section is one of the case studies we 

performed during the design research process. It is meant to serve as an 

example and provides a case how the SAM can be applied in practice. The 

Situational Factor values for this case have been gathered but are not included 

in this chapter due to confidentiality constraints. 

The case study organization is one of the largest organizations active in the 

Dutch governmental sector. They have a great need for reliable roadmaps since 

the government requires higher standards of SPM organizations than the 
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average organization. They therefore indicated that they wanted to use the 

SAM to investigate the Product planning and Portfolio management business 

functions. 

Firstly, Table 7.4 shows the capabilities which were already achieved by the 

organization in question (the Current Capabilities Profile). The achieved 

capabilities have been indicated by making them bold, the shaded cells show 

the progression through the maturity matrix. The organization was at maturity 

level 2 overall. Or level 2 for Product planning and 3 for Portfolio management 

if one opts to assess the business functions separately. Capability B of Product 

roadmapping has not been achieved by the organization, but capabilities C and 

D have been. This is possible since the maturity matrix gives a best practice 

order for the capabilities. It is possible that organizations have implemented 

capabilities in a different order if the higher placed capabilities have no 

prerequisite pointing to the skipped capability. 

Secondly, Table 7.5 presents the optimal capability profile. The capabilities 

marked in bold indicate the capabilities that have been disabled. Only one 

capability was thus disabled (capability E of Product Lifecycle Management) 

since the organization being assessed was quite large and the product will 

remain in production for many years. 

Thirdly, Table 7.6 (the Areas of Improvement Matrix) gives an overview of the 

capabilities that the organization still needs to achieve to increase their 

maturity to the highest level (the capabilities indicated as 'missing'). 

Finally, Table 7.7 shows the Current Capability Profile that will be the result of 

the implementation of the capabilities that were selected by the organization 

to be included in the first incremental improvement (the shaded cells). This 

increment will, once completed, result in a Current Capability Profile with a 

maturity level of 7. 
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Focus area 0 1 2 3 4 5 6 7 8 9 10 

Portfolio management 

Market analysis     A  B C D  E 

Partnering & contracting      A B  C D E 

Product lifecycle management     A B   C D E 

Product planning 

Roadmap intelligence    A  B C  D E  

Core asset roadmapping     A  B  C  D 

Product roadmapping   A B   C D  E  

Table 7.4 The current capability profile 

Focus area 0 1 2 3 4 5 6 7 8 9 10 

Portfolio management 

Market analysis     A  B C D  E 

Partnering & contracting      A B  C D E 

Product lifecycle management     A B   C D E 

Product planning 

Roadmap intelligence    A  B C  D E  

Core asset roadmapping     A  B  C  D 

Product roadmapping   A B   C D  E  

Table 7.5 The optimal capability profile 

Focus area 
Capabilities 

A B C D E 

Portfolio management 

Market analysis Impl. Impl. Miss.
 

Miss.
 

Miss.
 

Partnering & contracting Impl. Impl. Impl. Miss.
 

Miss.
 

Product lifecycle management Miss.
 

Miss.
 

Miss.
 

Miss.
  

Product planning 

Roadmap intelligence Impl. Miss.
 

Miss.
 

Miss.
 

Miss.
 

Core asset roadmapping Impl. Miss.
 

Miss.
 

Miss.
  

Product roadmapping Impl. Miss.
 

Impl. Impl. Miss.
 

Table 7.6 The areas of improvement matrix 
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Focus area 0 1 2 3 4 5 6 7 8 9 10 

Portfolio management 

Market analysis     A  B C D  E 

Partnering & contracting      A B  C D E 

Product lifecycle management     A B   C D  

Product planning 

Roadmap intelligence    A  B C  D E  

Core asset roadmapping     A  B  C  D 

Product roadmapping   A B   C D  E  

Table 7.7 The optimal capability profile 

The organization indicated that the SAM, the SPM Competence Model, and 

the SPM Maturity Matrix provided them with a much needed structure for their 

SPM organization. They indicated that they already gathered some of the 

information, but often ended up not using and eventually losing the 

information and reinventing the wheel (processes and templates) every few 

years because they had not structured their processes. Other improve points 

were an increase in knowledge about their competitors. And a better balance 

between the different products in their portfolio. This was the result of an 

increase in knowledge sharing about the turnover and profit of the different 

products. And also because of a better high level overview over all of the 

products, which was made possible because of the comparable and 

substantiated roadmaps. 

The organization did initially struggle with the implementation of the 

capabilities as they did not know how to define the processes. They wanted 

some method fragments for them to start with. 

A RASCI matrix (Dressler, 2004) was used during the planning of the adoption 

of the new capabilities. Which proved to be a valuable tool to map the 

responsibilities of the various stakeholders for the various capabilities. 

7.4.2 General Conclusions of the Cases 

All of the organizations at which the cases were performed were positive 

about the advice they received from the SAM. They indicated that they really 

appreciated the tangible nature of the capabilities. The capabilities were not 

too abstract or vague to be able to use them. They also indicated that they 
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valued the fact that the SAM does not require them to do perform capabilities 

that are not useful for their organizations. 

The questionnaires also proved to be understandable to the users. The 

questions were not too abstract, and did not use language which was unknown 

to the users. One thing the users did have some difficulties with was the yes/no 

answer form. Some users indicated that would like to have a less strict form. 

They indicated that there were some capabilities which they often performed, 

but not all of the time. They now had to answer these questions with no, where 

they would like to answer them with 'in most cases'. 

A point that all organizations struggled with was how to tackle these 

capabilities. They had no idea where to start the search for method fragments. 

And those that did search did not have the time to perform a decent search. 

This lack of knowledge and time resulted in the organizations starting to 

crudely reinvent the wheel over and over. They designed new processes to 

tackle the capabilities without looking at existing methods or even looking at 

neighboring organizations who already perform these capabilities. They all 

indicated a wish to be guided in this method selection process as well. 

7.5 The Situational Assessment Method 

The results of the case studies showed that the SAM works. But it also 

became apparent that there was a great wish from the organizations to take 

the SAM one step further and also suggest method fragments which they can 

use with the specific capabilities. This section presents an improved version of 

the SAM which includes a process step in which method fragments are selected 

based on the SFs that describe the organization being assessed (see figure 2). 

The new components within the SAM are the method fragments in the 

knowledge base, and a new process step, called selection, which selects 

appropriate method fragments for the organization. 

The dotted arrows in Figure 2 indicate the flow of information between the 

user and the assessment process, and between the assessment process and the 

knowledge base. The arrows within the process show the process flow in the 

assessment. 

7.5.1 Knowledge Base 

The knowledge base contains all of the information needed to perform the 

assessment and provide an advice. One of the components in the Knowledge 
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base is the SPM Maturity Matrix (see Table 7.2). This maturity matrix provides 

an overview of all the capabilities that need to be achieved to reach a full-

grown maturity. The maturity matrix consists of columns and rows, which 

represent the two dimensions of the maturity model. The SPM key processes 

are represented by the rows in the focus area column and are divided into four 

groups (the business functions: Requirements management, Release planning, 

Product roadmapping, Portfolio management). The columns 0 to 10 represent 

the maturity levels (where 0 is low and 10 is high). The letters A to F represent 

the capabilities. Each focus area has its own unique capabilities, the amount of 

capabilities within a focus area varies from three (A-C) to six (A-F). The maturity 

matrix also suggests the best implementation order for the capabilities (from 

left to right). The placement of the capabilities is based on a series of interviews 

with experts from both the scientific world and the field of practice, and 

questionnaires among product managers (Bekkers, van de Weerd, Spruit, & 

Brinkkemper, 2010). 

The capabilities in the SPM Maturity Matrix are processes, the use of 

standards, and technical instruments that need to be achieved by SPM 

organizations to reach a higher maturity level. An example of a process is 

‘Requirements prioritization’, a standard can be a standard format in which 

requirements are recorded, and a technical instrument can be a central 

database for requirements. 

There are two generally applicable criteria that apply to all capabilities in 

order for them to reach the implemented status within the model. Firstly all 

capabilities must be reoccurring. This means that the process must be executed 

on a reoccurring and planned basis, and not ad hoc. The SAM for SPM model is 

intended to improve continuous processes, its capabilities therefore also 

describe reoccurring (or continuous) actions. If a capability is not executed on a 

regular, predetermined basis, then the capability is not satisfied within this 

model. Secondly, all capabilities must be documented. A description of the 

processes must be described in a document for all parties involved in the 

capability. All parties involved in the capability must at least have access to the 

(part of) the process describing the actions that are required of them. These 

actions may be described in a less formal way so that the document is also 

understandable to external parties (e.g. customers). 

The second component of the Knowledge base consists of the Situational 

Factors. The SFs are used to model the context in which the organization being 

assessed operates. The SFs used in the SAM were selected during previous 
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research into SFs that influence SPM (Bekkers, van de Weerd, Brinkkemper, & 

Mahieu, 2008). 

The effects the SFs have on the SPM Maturity Matrix are modeled using the 

Situational Factor Effects, which indicate which capabilities in the SPM Maturity 

Matrix apply in the context of the organization. Capabilities can be disabled (if 

they are enabled by default) or disabled (if they are enabled by default). 

The current SFEs in the Knowledge base are based on the knowledge of 

experts. This knowledge was gathered during expert interviews with experts 

from the scientific community and with experts from practice.  

7.5.2 The Questionnaires 

There are two questionnaires in the SAM. The first one is the 'Situational 

context' questionnaire. This questionnaire determines the situational context of 

the organization. It consists of a series of SFs for which the organization has to 

indicate their own values. There are currently 26 questions in this questionnaire 

for the SAM for SPM (see Table 7.8 for two examples from the questionnaire). 

The second questionnaire is the 'Implemented capabilities' questionnaire. This 

questionnaire determines which capabilities are implemented within the 

organization. It consists of one statement for each of the capabilities in the 

SPM Maturity Matrix, the organization being assessed needs to answer the 

question ‘Have you implemented this capability within your organization?’ with 

either yes or no for each statement. There are currently 68 questions in this 

questionnaire (see Table 7.9 for two examples from the questionnaire). Both 

questionnaires are close-ended, making them fast and easy to fill out. 

The capability prerequisites (one of the attributes of the capabilities as 

defined in this section) allow for the creation of an intelligent 'Implemented 

capabilities' questionnaire. There is no need to ask the interviewee whether a 

capability has been implemented for which the mandatory prerequisites have 

not been met. Such a capability cannot be true. We can also use the SF values 

to reduce the number of questions in this questionnaire. The number of 

questions that need to be asked can therefore be minimized by applying an 

intelligent ordering of the questions in the capability questionnaire and first 

performing the Situational context questionnaire. 
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Situational factor Description Unit Answer 

New requirements rate 

The number of new feature 

requests per year from all 

sources (e.g. customers and 

sales). 

Feature 

requests 

per year 

60 

Number of products 

The number of other 

products in the product line 

for this product (this can 

thus be zero to many). 

Number of 

products 
1 

Table 7.8 Two examples from the ‘situational context’ questionnaire in the 

situational assessment method for software product management 

 

Code Statement Answer 

Requirements identification B 

The correctness (“Is the definition 

correct?“) and completeness (“Does 

the requirement describe all 

relevant aspects?”) of the 

requirement is validated. 

No 

Scope change management C 

An impact analysis is performed to 

determine the effects of the scope 

change.  

Yes 

Table 7.9 Two examples from the ‘implemented capabilities’ questionnaire in 

the situational assessment method for software product management 

7.5.3 The Calculation 

There are three steps in the maturity calculation. The first two steps can be 

executed in parallel, and serve as input for the third step. 

Firstly, the Current Capability Profile is determined based on the capabilities 

that are currently implemented within the organization. This profile can be 

deduced directly from the ‘Implemented capabilities’ questionnaire. 

Secondly, the organizations SF values (indicated in the ‘Situational context’ 

questionnaire) are applied to the SFE rules (which determine which capabilities 

should be enabled in a situation). This results in the Optimal Capability Profile, 

a custom maturity matrix tailored to the situational context of the organization. 

Note that some of the capabilities of the maturity matrix may be disabled in 
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this tailored version, because they are not relevant in situational context of the 

organization. 

Finally, the improvement areas are determined with the help of a gap 

analysis. These are determined by comparing the Current Capability Profile with 

the Optimal Capability Profile. This results in a matrix detailing the differences 

between the currently implemented and the optimal set of capabilities, this 

matrix is called the Areas of Improvement Matrix (AIM). This matrix indicates 

the status of each capability, the different statuses are: ‘implemented’, for 

capabilities that need to be implemented, and are indeed implemented; 

‘missing’, for capabilities that need to be implemented, but have not been 

implemented; N/A’, for capabilities that need not be implemented based on the 

SFEs, and have not been implemented; and finally ‘extra’, for capabilities that 

need not be implemented but are implemented. 

An organizations maturity level is determined in the same manner as 

presented (van Steenbergen, Bos, Brinkkemper, van de Weerd, & Bekkers, 

2010), with the addition that we ignore capabilities that have been disabled by 

SFEs. The maturity level of the organization is the highest level for which all of 

its enabled capabilities, and the enabled capabilities of the previous levels have 

been satisfied by the organization. To determine the maturity level we can thus 

scan the maturity matrix left to right stopping the level before the level where a 

capability has not been satisfied. The level we stopped at will then be the 

current maturity level for the organization. This means that if the capabilities 

Requirements gathering A and Launch preparation A are satisfied, and e.g. 

Requirements identification A has not been satisfied, then the maturity level is 

1. 

7.5.4 Selection 

The selection stage selects method fragments that fit the organization and 

suggests these to the organization. 

The method fragments are stored in the Knowledge Base in the form of PDDs 

(see section 7.3.5). They are organized according to two aspects: 

1) Capability linking – To be useful the method fragment should cover at least 

one of the capabilities in the SPM Maturity Matrix. The method fragments 

should therefore be linked to at least one capability. A more elaborate 

method fragment can also cover multiple capabilities. There are, for 

example, multiple capabilities that describe parties that should be involved 



Chapter 7: Evaluation and Improvement of the Situational Assessment Method 

 

 

163 

in the prioritization process. These could be covered by one method 

fragment that elaborately covers the prioritization process. The method 

fragment would then be linked to all of these capabilities. 

2) Situational Factor restrictions – Method fragments are usually not suited for 

all types of organizations. The useful situations can be expressed using the 

SFs. For example, a prioritization process in which all customers are visited 

by a sales representative of the origination will only be realistic when an 

organization only has a select number of customers. In this case the SF 

'Number of customers' could be used to indicate a range of customers with 

which this method can be applied efficiently. 

At this point in the process the capabilities which need improvement are 

known. The SAM can now select the best suited method fragments by looking 

at the method fragments which cover those capabilities, and comparing the 

results from the Situational Context questionnaire with the SF restrictions  

7.5.5 Feedback 

The field of SPM is constantly evolving. The content of the knowledge base 

will therefore need to evolve with the SPM field. 

There are two parts to the evaluation. Firstly, the method fragments are rated. 

The organization can indicate how useful they find the method fragment, how 

hard they found the implementation, etc. This rating, in combination with the 

situational context of the organization, allows for better method fragment 

suggestions in future assessments because we can now better determine which 

methods organizations with similar profiles find useful. 

Secondly, the evaluation provides feedback which is used to determine 

whether the capabilities, SFs, and SFEs are still correct and complete. This 

mechanism enables the knowledge base to evolve over time, becoming more 

complete and correct, and remain up-to-date with the field SPM. 

The current SPM Maturity Matrix and Situational Factors are fully developed. 

The Situational Factor Effects and method fragments are in an early stage of 

development. The Knowledge Base components are currently based on expert 

interviews (both from the scientific and practical fields), case studies, and 

scientific literature. 
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7.6 Preliminary Conclusions & Future Research 

7.6.1 Preliminary Conclusions 

We believe that the improved Situational Assessment Method provides 

organizations with an elaborate tool for self-assessment and improvement. The 

organizations all found the SAM very useful as can be read in the case study 

and the general conclusions of the case studies. They also all indicated a wish 

to take the model one step further and also provide them with methods which 

they can use. The SAM now fulfills this wish with the inclusion of the selection 

step and the method fragments. 

The combination of method fragments with SFs also offers new possibilities. 

We can now link organizational profiles to capabilities which can provide 

insight into who uses specific method fragments. More insight into which 

methods actually work in practice can also be achieved because the 

organization rate the method fragments. 

7.6.2 Future Research 

The SAM now almost fully covers the Product Software Knowledge 

Infrastructure (PSKI) as suggested in (van de Weerd, Versendaal, & 

Brinkkemper, 2006). The PSKI also links method fragments together 

automatically to form one large process. Further research towards the merging 

of the method fragments is useful since it makes the advice from the process 

even simpler to pick up for organizations. 

Further research into the Situational Factor Effects is needed. There are 

currently relatively few effects modeled in the Knowledge Base. This provides 

some fine-tuning, but the level of fine-tuning should be increased to provide 

the full benefit of the SAM. 

The collection of method fragments in the Knowledge Base should be 

expanded to provide a wider range of choices allowing for the selection of even 

better fitting method fragments. 

The implemented capabilities are currently determined using strict yes/no 

questions. In reality we often came across the situation 'yes, but' or 'most of the 

time'. It would be useful to research alternative mechanisms for determining 

the implemented capabilities. 
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8 Contributions, Reflection, and Future 

Research 

This final chapter presents and discusses the answers to the research 

questions formulated in chapter 1. Also, the research artifacts are recapped. 

Furthermore, the research process as a whole is reflected upon. To conclude 

the chapter, several suggestions for possible further research are made to 

expand and improve the knowledge about SPM and its advancement on 

SPMOs. 

8.1 Contributions 

This dissertation focused on the following main research question: 

[MRQ] How can software product management practices be improved in 

a situational manner? 

The answer to this main research question was reached in three steps. These 

three steps are addressed with their own research question. Each of which 

relates to a separate part of this dissertation. Together, these answers provide 

the solution to the main research question. 

8.1.1 The SPM Maturity Matrix 

The second part of the dissertation is aimed at the first sub research question: 

[RQ1] What practices constitute software product management? 

It must first be clear what SPM is, before it can be improved. The practices 

that constitute SPM must therefore first be described. This is a very broad task 

as there are a lot of different practices within the SPM domain. It was therefore 

important to first create a high level view that showed the structure of the SPM 
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domain. This structure sets the scope of the SPM domain and determines the 

high level practices that constitute SPM. This thus sets the scope for the main 

research question as well, since the main research question is aimed at 

improving the SPM domain. Creating this structure was a difficult task in itself 

as there are several different takes of SPM depending on the background of 

the product managers as explained in section 1.1. The most prominent points 

of view are those of the sales, project, and development oriented product 

manager. The creation of this structure, called the SPM competence model is 

described in chapter 2. The SPM competence model presents a high level 

overview of all the practices that are important to the field of the SPM. The 

practices consist of the core practices that every software product manager 

should perform, independent of their point of view. The practices that are only 

relevant to a single view are not considered core to SPM, but are considered to 

be a practice of the originating function, such as sales. 

The SPM competence model (Figure 8.1) divides the SPM practices into four 

main business functions: Requirements management, Release planning, 

Product planning, and Portfolio management. It also shows the relevant 

external and internal stakeholders on the left and right sides. The business 

functions are based on the concept that a portfolio consists of products, a 
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Figure 8.1 The Software Product Management Competence Model 
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product consists of releases, and releases consist of requirements. Each white 

rectangles depicts a high level practice and represents a strongly coherent 

group of capabilities within a business function. The business functions and its 

15 high level practices are explained in detail in chapter 2. 

Once the foundation was set with the creation of the SPM competence 

model, the high level practices could be detailed into low level practices. These 

low level practices needed to be placed in a structure for them to form a 

coherent overview of the practices that constitute SPM. This was solved by 

placing the practices in a focus area maturity model. This allows the practices to 

be placed in relation to each other, and provides a best practices order for 

implementation. 

The core of the focus area maturity model consists of the focus areas, which 

are the high level practices. Each focus area can be divided into a number of 

capabilities, the low level practices. By positioning these capabilities against 

each other in a matrix, as shown in Table 8.1, the model presents the order in 

which the different aspects of a functional domain should be addressed and 

implemented. A functional domain is the whole of activities, responsibilities and 

actors involved in the fulfillment of a well-defined function within an 

organization. In this case the domain is SPM. We define a focus area as an 

aspect that has to be implemented to a certain extent for a functional domain 

to be effective. The collection of focus areas provides a complete and mutually 

disjoint coverage of the functional domain. With each focus area a number of 

capabilities are associated, depicted in the matrix by capital letters. A capability 

is here defined as an ability to achieve a predefined goal that is associated with 

a certain maturity level. For example in the SPM maturity matrix, the focus area 

Requirements organizing has three capabilities A: Requirements organization, 

B: Requirement lifecycle management, and C: Requirements dependency 

linking (Table 8.2 shows this capability in detail), representing a progression in 

maturity. The position of the letters in the matrix indicates the order in which 

the capabilities of the different focus areas can best be implemented to 

improve SPM in a balanced manner. With the matrix we can define both intra-

process dependencies between capabilities, where one capability must be 

implemented after another capability in the same focus area and inter-process 

dependencies, where a capability must be implemented after a capability in 

another focus area. 

The eleven columns with numbers in the SPM maturity matrix define 

progressive overall maturity scales; scale 0 being the lowest and scale 10 being 
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the highest scale achievable. An organization is said to be at the maturity scale 

represented by the rightmost column for which the organization has achieved 

all capabilities positioned in that column and in all columns to its left. The 

mathematical formalization of the maturity level determination of the focus 

area maturity matrix has been published (van Steenbergen, Bos, Brinkkemper, 

van de Weerd, & Bekkers, 2010). 

Two versions of the SPM maturity matrix are presented in this dissertation. 

Chapter 2 shows an early version of the matrix with all of its capabilities. The 

SPM maturity matrix has been evaluated in several researches since this early 

version. Chapter 3 presents the final evaluation, based on 62 case studies, and 

the improved list of capabilities that resulted from this evaluation. These 

overviews have been created and validated in collaboration with many experts 

from practice and the scientific community. They provide a list of 68 SPM 

practices an SPMO should implement to reach a full grown SPM maturity. 

Focus area 0 1 2 3 4 5 6 7 8 9 10 

Portfolio management 

Market analysis     A  B C D  E 

Partnering & contracting      A B  C D E 

Product lifecycle management     A B   C D E 

Product planning 

Roadmap intelligence    A  B C  D E  

Core asset roadmapping     A  B  C  D 

Product roadmapping   A B   C D  E  

Release planning 

Requirements prioritization   A  B C D   E  

Release definition   A B C    D  E 

Release definition validation     A   B  C  

Scope change management    A  B  C  D  

Build validation     A   B  C  

Launch preparation  A  B  C D  E  F 

Requirements management 

Requirements gathering  A  B C  D E F   

Requirements identification   A   B  C   D 

Requirements organizing    A  B  C    

Table 8.1 The Software Product Management Maturity Matrix 
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Name Requirement dependency linking 

Goal The existence of requirements interdependencies means 

that requirements interact with and affect each other. 

Requirement dependency linking prevents problems that 

result from these interdependencies, and therewith 

enables better planning of the development process. 

Action Dependencies between market and product requirements 

are determined and registered. A dependency exists when 

a requirement requires the a specific action of another 

requirement. E.g. a requirement requires that another 

requirement be implemented too, or that another 

requirement is not implemented in case of conflicting 

requirements. The linkage can be supported by using 

advanced techniques, such as linguistic engineering. 

Prerequisite(s) RG:A 

Reference(s) Dahlstedt & Persson (2003) 

Table 8.2 The requirement dependency linking capability from the software 

product management maturity matrix (Bekkers, van de Weerd, Spruit, & 

Brinkkemper, 2010) 

The SPM maturity matrix also enables the benchmarking of SPMOs by 

comparing the capabilities implemented by the SPMO to a global SPM maturity 

matrix showing the average percentage of implemented capabilities over all of 

the cases performed, or over all of the performed cases with similar situational 

profiles. 
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8.1.2 The Situational Factor Effects Catalog 

The research question addressed in the second part of the dissertation is: 

[RQ2] What are the effects of situational factors on software product 

management practices? 

Situational improvement of SPM requires knowledge about the effects of 

situational factors (SFs). This requires that the SFs themselves are known and 

described in a measurable form. The first step within this research question 

thus is the identification of the SFs. This was done in chapter 4. There the SF 

discovery process is described which used literature as its starting point, and 

many expert interviews and validations as its iterative improvement process. 

This process resulted in a list of 27 SFs divided into five categories. Each of the 

SFs has been specified in terms of a title, a description, and a unit for 

measurement. These SFs were refined in chapter 5 to make them more suited 

to use in the automated situational process improvement advice. 

The list of SFs in itself does not provide any information about the effects of 

the described SFs, but it does provide the foundation which makes research 

into the SF effects themselves possible. The research into the SF effects was 

divided into three different facets of SPM. The first facet describes the effects of 

SFs on daily practice based on 49 case studies. A first step towards discovering 

this effect was already made in chapter 4. There the research was focused on 

discovering whether a change in SF value would lead to a change in the SPM 

practices of the SPMO. This was performed by questioning the product 

managers for the level of influence they thought SFs have on focus areas. 

However, this level of influence is far too coarse to provide a base for 

situational process improvement as it only states that a change in the SF value 

might lead to a change in SPM practices. This type of effect was therefore 

researched in more detail in chapter 5, which provides a detailed overview of 

the correlations between SFs and capabilities. These effects provide valuable 

information for future method fragment development as it shows, from 

practice, what SFs should be taken into account when developing a method 

fragment for a specific capability. This allows researchers to develop method 

fragments that better suit the daily practice of SPMOs and to better define their 

intended audience based on SFs. 

The second facet provides knowledge about the SPM practices that should be 

implemented by an SPMO based on its SFs. Knowing what SPM practices 
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should be implemented allows for a more customized improvement advice that 

only implements the useful aspects instead of a one-size-fits-all advice which 

forces an SPMO to implement all the parts of the model. Four SFs were 

identified that influence the capabilities that should be implemented. These SFs 

are described in chapter 5. 

Chapter 5 also details the third researched facet, namely the method 

constraints. This facet provides knowledge about the method fragments that fit 

an SPMO based on its SFs, which enables tailored method fragment selection. 

Choosing a method fragment that fits a specific SPMO can be achieved by 

filtering out method fragments that do not fit based on situational 

characteristics. SFs can be used to indicate the context for which a method 

fragment is intended and which thus fits the method fragment best. Chapter 4 

showed the results of 26 case studies, which indicated that virtually all the SFs 

investigated are useful as a means of categorization. 

All of the SF effects within the three different facets have been mapped in the 

situational factor effects catalog (SFEC) (Table 8.3). This catalog consists of four 

columns. The first column presents the SFs, the other three columns present 

the SF effects. First, the daily practice column shows the influence SFs have in 

the daily practice of SPMOs. These indicators show, based on a situational 

characteristic of an SPMO, whether an SPMO likely performs one or more 

specific capabilities. Secondly, the capability constraint column shows the 

influence SFs have on the implementation of capabilities. SFs that indicate 

capability constraints determine for one or more capabilities whether an SPMO 

should implement a method fragment that handles those capabilities. And 

finally, the method constraints column shows the influence SFs have on the 

selection of method fragments. These SFs indicate which method fragment fits 

the SPMO best. SFs that influence method fragment constraints determine 

which method fragments fit best, and thus influence how a capability should be 

performed.  

Each SF effect has been assigned an ID. The ID consists of an acronym for the 

type of influence and a number indicating the specific effect. DP stands for 

daily practice, CC for capability constraint, and MC for method constraint. The 

detailed descriptions of the effects are described in chapter 5 in sections 5.4 to 

5.6, where they can be identified based on the ID from the SFEC. 
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Situational 

Factor 

Daily 

Practice 

Capability 

Constraints 

Method 

Constraints 

Organization characteristics 

Development philosophy DP01, DP02 • MC01 

Size of organization DP21 •
 

MC02 

Customer characteristics 

Customer loyalty •
 

•
 

MC03 

Customer satisfaction •
 

•
 

MC04 

Customer variability DP22 •
 

MC05 

Number of customers • •
 

MC06 

Type of customers DP07 - DP10 •
 

MC07 

Market characteristics 

Market growth •
 

•
 

MC08 

Release frequency •
 

•
 

MC09 

Sector DP03 - DP06 •
 

MC10 

Market size •
 

•
 

MC11 

Standard dominance DP11, DP12 •
 

•
 

Variability of feature requests •
 

•
 

MC12 

Product characteristics 

Number of localizations DP23 •
 

MC13 

Defects per year DP24, DP25 •
 

MC14 

New requirements rate •
 

•
 

MC15 

Number of products •
 

CC01 MC16 

Product age •
 

• MC17 

Product lifetime DP26, DP27 CC02 • 

Product size DP28 •
 

MC18 

Product tolerance • •
 

MC19 

Stakeholder involvement 

Company policy •
 

•
 

MC20 

Customer involvement DP13 - DP16 CC03, CC04 MC21 

Legislation DP17, DP18 •
 

•
 

Partner involvement DP19, DP20 CC05, CC06 MC22 

Table 8.3 The situational factor effects catalog with the situational factor 

effects identified in sections 5.4 to 5.6 
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8.1.3 The Situational Assessment Method 

The research question addressed in the third part of the dissertation is: 

[RQ3] How can software product management practices of software 

producing organizations be assessed? 

Providing knowledge about the SPM practices that need to be fulfilled and 

the method fragments that are applicable to an SPMO in itself is not enough. 

The knowledge needs to be supported by a method that guides organizations 

in their improvement efforts. This helps SPMOs to approach the improvement 

of their SPM in a structured manner, increasing their chances of a successful 

improvement project. This issue is addressed in the third research question: 

“How can software product management practices of software producing 

organizations be assessed?” 

This issue was solved with the development of the situational assessment 

method (SAM) (Figure 8.2). This method was developed to help increase the 

maturity (the degree of development) of SPM in SPMOs. It uses the SPM 

maturity matrix, and the SFEC to determine the characteristics of the 

organization, and the best-practices suited for the organization. This method 

was created in three steps, each of which is addressed in a separate chapter. 

First chapter 6 describes the initial creation of the SAM; this work is then 

evaluated and improved upon in chapter 7. The SAM presents SPMOs with an 

assessment of their current maturity level, and suggests steps to incrementally 

improve their processes to reach a higher maturity level. The situational 

characteristics of an SPMO are taken into account by examining various SFs 

that describe the context of the SPMO, and the SPMO itself. This context is then 

used to determine which capabilities apply to the SPMO being assessed. A 

situation specific advice indicating how SPM practices can be improved upon is 

then created based on a gap analysis of the currently implemented capabilities, 

and the capabilities that should be implemented. 

The SAM method starts by presenting the product manager a questionnaire 

with closed-ended questions, making the questions easier to answer. The 

questionnaire starts with a situational part containing 26 questions to 

determine the characteristics (the SFs) of the organization. Questions include 

"How many customers do you have?" and "What type of customers do you 

have (individuals or small to large businesses)?". This is followed by a list of 68 

questions to determine what practices are currently implemented. This part 
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consists of statements such as "The build is validated by external parties 

(customers, partners) to verify the builds quality (e.g. by setting up a pilot)." and 

"A structured requirements prioritization technique is being used (e.g. 

MOSCOW, Wiegers)" (Clegg & Barker, 2004; Wiegers K. , 1999). 

The method is then continued with a calculation to determine the gap 

between the current situation within the organization and the optimal situation. 

The current situation is an overview of the SPM Maturity Matrix in which all 

capabilities that have been implemented by the organization are marked. The 

optimal situation is an overview of the SPM Maturity Matrix from which the 

irrelevant capabilities have been removed for the organization in question. For 

example, if an organization doesn’t have any partners, then all capabilities 

concerning partners can be removed. Comparing the current situation (what is 

implemented) to the optimal situation (what should be implemented) gives an 

overview of what is missing (what should be improved). 
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Best-practices are linked to improvement areas in the SAM. This means that, 

based on the gap analysis, we can select those best-practices that, if 

implemented, lead the organization to a higher maturity. However, best-

practices cannot be applied to all situations. SFs are therefore used to indicate 

when a best-practice can best be applied. For example, a prioritization process 

in which all customers are visited by a sales representative of the organization 

will only be realistic when an organization has a low number of customers. In 

this case the SF 'Number of customers' will be used to indicate a range of 

customers for which this best-practice can be applied efficiently. 

The questionnaire and calculation steps of the SAM have been 

operationalized in a simple tool which presents the questionnaires to the user, 

and subsequently determines the current capability profile, the optimal 

capability profile, and the areas of improvement matrix. This tool has also been 

applied in a substantial number of case studies performed during this research. 

8.2 Reflection 

8.2.1 Education & Valorization 

One of the issues indicated in section 1 is the lack of education in the SPM 

domain. This absence causes the product manager to lose focus on SPM and 

start acting from previous experience in other roles such as development 

manager, project manager or sales manager. This problem was acted upon by 

Utrecht University by providing this education. This is done by providing two 

courses, each with its own intended audience. The first course is provided for 

master students as part of the Master Business Informatics (MBI) at Utrecht 

University. The second course is aimed directly at professionals who already 

fulfill the position of product manager within an SPO. 

Both of these courses make extensive use of the knowledge provided 

through this dissertation research such as the SPM Competence Model, and the 

SPM Maturity Matrix. Professionals that follow this course indicate that they 

appreciate the guidance in the SPM domain, as they lack knowledge and 

proper methods. These courses form an important step that is often lacking in 

research, as they make the knowledge provided by this research available to 

both the current and future practitioners in the domain. This knowledge 

distribution has resulted in numerous improvement projects in the 

organizations of the SPM course attendees. 
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8.2.2 Centric 

Several of the case studies in this dissertation were performed at Centric IT 

Solutions. With over 5,300 employees, Centric offers software, infrastructure, 

market-specific solutions and a wide range of related services, and has offices 

in the Netherlands, Belgium, Germany, Norway, and Switzerland. Centric 

launched, and continues to launch various improvement initiatives that are 

based in part, or in its entirety on this dissertation research. 

One very important aspect of SPM is the creation of product roadmaps. 

Centric recognizes this and saw room for improvement. They therefore 

launched an improvement project for this focus area. Part of this project is the 

presentation of this research to all of the product managers and many related 

functions at Centric. These presentations were provided separately to all of the 

different SPMOs within the software producing organization (SPO) to allow for 

questions and specific discussions about the SPMO in question. This resulted in 

the implementation of roadmaps at many SPMOs based on the models 

provided in this research. 

Another improvement initiative went all the way in the incorporation of this 

research as they reorganized their entire business unit based on the SPM 

competence model and SPM maturity matrix. Important steps herein were the 

appointment of product managers to specific products, the creation of 

roadmaps, the organization of core assets, and release management based on 

the model provided by this research. 

Currently, a new proprietary quality instrument is about to be launched, 

called the Wheel of Innovation. This instrument will be applied in the entire 

organization, where it will systematically monitor the progress of business in 

their improvement initiatives. It is aimed at four different domains, namely 

product management, project management, service management, and quality 

management. A series of questions are posed to the business unit to determine 

the practices that are implemented within a business unit. The product 

management questions in this instrument are all based on the questions in the 

SPM maturity matrix. 

8.2.3 Naming 

The process of name giving for a model is always an important creative part 

in the creation of a model as it sets the tone for the model. The SPM 

competence model was no different. The naming process started with a list of 
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15 proposals. The proposals used a wide variety of terms to indicate the 

intended purpose and content of the model. 

This first list resulted in the decision to split the name into two parts, an 

adjective part and a noun part that would be placed alongside the term SPM. 

Several different terms were considered for the adjective part, but were 

dismissed because they were either too vague or did not provide a good 

enough fit. Examples thereof are reference which was too confusing 

considering the already existing “reference” framework for SPM, and 

“capability” which is fitting but was dismissed to distance the model from 

CMM. This left capacity, competence, and competency as viable candidates as 

an adjective. Competence was chosen over competency and capacity in the 

final discussion because competency is more of an indication how something is 

performed rather than of the fact that it is performed. It was chosen over 

competency because competence describes what people can do while 

competency focuses on how they do it. The model is aimed at showing all the 

capabilities that should be performed rather than stipulating how they should 

be performed exactly. 

The same process also took place for the noun where several terms were 

dismissed such as architecture which was too technical. The final discussion left 

structure, model, layers, and layering as candidates, from which “model” was 

chosen. This than gave the final name SPM competence model. 

8.2.4 Continuous Development 

The development of the SPM maturity model and the SFEC artifacts was a 

continuous process of reviewing, performing case studies and improving the 

models. This process took place throughout the entire period in which the 

dissertation was written. This results in some variance in the SPM maturity 

matrix and the SF effects that are applied throughout the chapters 

An earlier chapter in this dissertation may also be based on a later version of 

the artifacts than a later chapter is. This is the result of the choice to not place 

the chapters in the chronological order of their publication, but to structure the 

chapters based on their focus. 

The latest version of the SPM maturity matrix can be found in Appendix A, 

the list of SFs in Appendix B. Finally, the latest version of the SFEC, in which the 

SF effects are described, can be found in chapter 5. 
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8.2.5 Performing a PhD Research at a Software Company 

Carrying out this entire research process while both working at an SPO and a 

university has enabled me to put things in perspective. Continuously facing the 

reality of everyday life in an SPO was an invaluable reminder of the true 

challenges faced by SPMOs and the opportunities to improve SPMOs. On the 

other hand, working at the university prevented me from getting too bogged 

down in specific day-to-day problems by stimulating me to also maintain a 

long term high level vision that works everywhere. 

Having direct access to product managers operating in many sectors allowed 

me to test the artifacts quickly and often, which is invaluable in design science. 

Speaking to many product managers both in my own company but also from 

other companies has really helped me grow my SPM knowledge throughout 

the research. The many interesting discussions I had with them learned me 

much about my own research, but also about the industry as a whole. 

Performing this research during the peak of the economic crisis has had its 

up and downside. The increasing pressure to immediately deliver has its toll on 

people, who have to deliver more in less time. At the same companies are 

forced to rethink the way they operate as they are pressured to streamline their 

operations while also increasing the product quality. 

8.3 Limitations & Future Research 

There are some attention points that could potentially limit the scope of this 

research. The contributions in this dissertation have all been validated 

extensively. Several of the case study organizations also operate internationally. 

However, a limitation to these validations is that all of them took place at 

organizations that operated from the Netherlands. Although it is likely that 

organizations in other countries operate in a very similar manner, it cannot be 

stated as a certainty. The application of the framework in other countries would 

therefore provide for a thorough additional verification. 

All of the case organizations in this dissertation sell software. It would 

therefore be a useful addition to extend this research with case studies at SPOs 

that offer their product software free of charge, as these types of organizations 

have not been researched here. 

Organizations could not be forced to participate in the case studies. This 

means that a specific type of organizations, namely those that are unwilling to 

participate in research, are outside of the scope of this research.  
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The case studies performed to evaluate the SAM consisted of multiple types 

of organizations, but not all variants have been studied in case studies. Further 

study of the SAM regarding organizations with the following three 

characteristics will provide a useful extension of the method: organizations that 

are large, organizations that have individuals as customers, and organizations 

that have more than 500 customers. 

This research describes the exploration concepts and their relationships, 

which is a major undertaking in itself. This is reflected in the semantics of the 

research questions which pose theory-building statements for describing 

(what) and building (how) concepts, relationships, and methods without 

reasoning why. The latter aspect calls for a major research project on its own. 

Especially the relationships between the SFs and the capabilities that are 

described in chapter 5 warrant further research. 

The SAM is intended as a method for self-assessment and improvement of 

SPMOs. This means that, just like other self-assessment methods, it relies on 

the product manager providing real answers rather than spinning the answers 

to be positive as much as possible. The purpose of the SAM is not to reach the 

highest maturity level, but to improve the organization as much as possible. 

Advice based on the SAM should therefore focus on providing improvement 

steps without explicitly mentioning maturity levels. 

The low level practices – the capabilities – provided by this research can be 

handled differently based on the method fragment chosen to handle the 

practices. It is therefore possible to detail the low level capabilities even further 

into the specific steps within the process. Researchers that operate in niche 

segments of SPM that address a specific focus area may thus break down the 

capabilities even further. This is, however, not necessary for the SAM to 

function properly since these details will follow from the selected method 

fragment. 

The final step of the SAM relies on a database filled with method fragments 

of best practices that are categorized based on SFs. Such a database is 

currently not available publicly. This issue will be solved when the online 

method engine (Vlaanderen, van de Weerd, & Brinkkemper, 2011) becomes 

available to the public and is populated with enough method fragments. 

The daily practice facet of the SFEC provides valuable information for 

researchers since it shows where SPMOs are already focusing on, and where 

they are falling behind and can thus gain the biggest improvements. It is 
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therefore useful, when starting a new SPM research project, to first investigate 

the SFEC to see what organizations are currently doing with respect to the 

capabilities related to the research topic. 

The questionnaires used by the SAM proved to be understandable to the 

users. The questions were not too abstract, and did not use language which 

was unknown to the users. One thing the users did have some difficulties with 

was the yes/no answer form. Some users indicated they would like to have a 

less strict form. They indicated that there were some capabilities which they 

often performed, but not all the time. They now had to answer these questions 

with no, where they would like to answer them with 'in most cases'. It is 

interesting to research possibilities for a different scale to use when 

questioning the implemented capabilities. 

The SPM domain is a relatively young domain which is constantly evolving 

and improving itself. It is therefore important to re-validate the knowledge on 

which the SAM is based, namely the SPM competence model, the SPM maturity 

matrix, and the SFEC. This validation should check whether high or low level 

practices should be adjusted, removed, or added. 

The research presented in this dissertation provides a starting point for 

longitudinal research as it describes many important concepts of SPM for the 

first time. The SFs and capabilities especially offer many opportunities to 

measure the development of SPM over time. 

It is my sincere hope that this dissertation will provide a solid starting point to 

expand and deepen the knowledge on SPM even further as I believe SPM will 

only become more important in the future.  
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Appendix A: The Software Product 

Management Capabilities 

This appendix presents the capabilities in the SPM maturity matrix. For space 

saving purposes the optional references attribute of the capabilities is only 

mentioned when used.  

REQUIREMENTS MANAGEMENT 

Requirements management comprises the continuous management of 

requirements outside of releases and consists of three focus areas  

Requirements gathering 

Requirements gathering concerns the acquisition of requirements from both 

internal and external stakeholders. 

A Basic registration 

Goal:   Create a basis for product development. 

Action: Requirements are being gathered and registered. 

Prerequisite(s): - 

B Centralized registration 

Goal:   Structuring of requirements registration.  

Action: Requirements are stored in a central database, that is 

readable for all internal stakeholders (e.g. with an 

Excel/Word file on a network drive). 

Prerequisite(s): Requirements gathering A 
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C Automation 

Goal: Reduced workload / improved speed of requirements 

gathering process, reduced error percentage 

Action: Stakeholders can submit requirements directly to the 

central database (e.g. with an online helpdesk system). 

Prerequisite(s): Requirements gathering A 

D Internal stakeholder involvement 

Goal: Improved product quality & increased involvement of 

internal stakeholders in the product management 

process. 

Action: Requirements are gathered from all internal 

stakeholders, such as support, services, development, 

sales & marketing, research & development (parties not 

present in your organization can be ignored). 

Prerequisite(s): - 

E Customer involvement 

Goal: Incorporation of customer needs and wishes in the 

product. 

Action: Customer and prospect requirements are being 

gathered and registered, and the customer or prospect 

is informed of the developments concerning their 

requirements. 

Prerequisite(s): - 

Reference(s):   Dieste, Juristo, & Shull (2008) 

F Partner involvement 

Goal: Improved product quality & increased involvement of 

external stakeholders in the product management 

process. 

Action: Requirements are systematically gathered from partner 

companies. 

Prerequisite(s): - 

Requirements identification 

Requirements identification identifies the actual Product Requirements by 

rewriting the Market Requirements to understandable Product Requirements, 

and connecting requirements that describe similar functionality. 
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A Uniformity  

Goal: Identification of the essence of the requirements, this 

provides clarity to all involved, enables a meaningful 

comparison of requirements. 

Action: Market requirements are rewritten to product 

requirements using a pre-defined template if the market 

requirement is applicable to a product. 

Prerequisite(s): Requirements gathering A 

B Requirements validation 

Goal:  Validation of the requirements to prevent rework. 

Action: The correctness (“Is the definition correct?“), 

completeness (“Does the requirement describe all 

relevant aspects?”), and unambiguousness (“Can the 

requirement only be interpreted in one way?”) of the 

requirement is validated. 

Prerequisite(s): Requirements gathering A 

C Connect similar requirements 

Goal: Identify the true need for requirements (e.g. two 

requirements that individually are not valued high 

enough could be valued high enough when merged), 

prevention of double requirements. 

Action: Market requirements which describe similar functionality 

are grouped together by linking market requirements 

and product requirements to each other. 

Prerequisite(s): Requirements gathering A, Requirements gathering B 

D Automatically connect similar requirements 

Goal: Reduce the workload of the connecting of similar 

requirements. 

Action: Similar requirements are automatically connected by 

using advanced techniques such as linguistic 

engineering. 

Prerequisite(s): Requirements gathering A, Requirements gathering B 

Requirements organizing 

Requirements organizing structures the requirements throughout their entire 

lifecycle based on shared aspects, and describes the dependencies between 

Product Requirements. 
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A Requirement organization 

Goal: Increase potential of requirements by identifying value 

outside of the original boundaries, and provide insight 

into the planning concerning the requirement. 

Action: Product requirements are organized based on shared 

aspects (e.g. type, function, or core asset). 

Prerequisite(s): Requirements gathering A 

B Requirement lifecycle management 

Goal: Make requirements reusable for other projects, adds 

traceability for a requirements (easy to gather extra 

information, discover mistakes) 

Action: A requirements history is logged by recording who 

submitted it, when it was submitted, what changes were 

made to it, what the original description of the 

requirement was, what the current status of the 

requirement is (e.g. new, rewritten, validated, organized, 

scheduled for release A, tested, released in release B, 

etc.). A requirement remains in the database after it has 

been built so that it can be reused in a new or related 

product. 

Prerequisite(s): Requirements gathering A 

Reference(s): Arendsen, Cannegieter, Grund, Heck, Klerk, & Zandhuis 

(2008) 

C Requirement dependency linking 

Goal: The existence of requirements interdependencies means 

that requirements interact with and affect each other. 

Requirement dependency linking prevents problems 

that result from these interdependencies, and therewith 

enables better planning of the development process. 

Action:  Dependencies between market and product 

requirements are determined and registered. A 

dependency exists when a requirement requires the a 

specific action of another requirement. E.g. a 

requirement requires that another requirement be 

implemented too, or that another requirement is not 

implemented in case of conflicting requirements. The 

linkage can be supported by using advanced techniques, 

such as linguistic engineering. 

Prerequisite(s): Requirements gathering A 

Reference(s):   Dahlstedt & Persson (2003) 
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RELEASE PLANNING 

Release planning covers the SPM capabilities needed to successfully create and 

launch a release. 

Requirements prioritization 

Requirements prioritization prioritizes the identified and organized 

requirements. 

A Internal stakeholder involvement 

Goal: Improved product quality & increased involvement of 

internal stakeholders in the product management 

process. 

Action: All relevant internal stakeholders (e.g. the product 

manager, support, services, development, sales & 

marketing, research & development) indicate the 

requirements that should be incorporated in future 

releases by assigning priorities to the requirements from 

their point of view.  

Prerequisite(s): Requirements gathering A 

B Prioritization methodology 

Goal: Structure the requirement prioritization process and 

therewith provide a solid prioritization which is 

balanced, and clear to all parties involved. 

Action: A structured prioritization technique is used (e.g. 

MOSCOW, Wiegers).  

Prerequisite(s): Requirements gathering A 

References:   Wiegers (1999), Clegg & Baker (2004) 

C Customer involvement 

Goal: Incorporation of customer needs and wishes in the 

product. 

Action: Customers and prospects (or representatives thereof) 

indicate the requirements that should be incorporated 

in future releases by assigning priorities to the 

requirements from their point of view. Customers can 

also be represented in a delegation, select group of 

customers, or in other more manageable forms. 

Prerequisite(s): Requirements gathering A , Requirements gathering B 
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D Cost revenue consideration  

Goal:   Create a financial basis for the prioritization. 

Action: Information about the costs and revenues of each 

(group of) requirement(s) is taken into account during 

the requirements prioritization (costs can be expressed 

in other means than money). 

Prerequisite(s): Requirements gathering A 

E Partner involvement 

Goal: Improved product quality & increased involvement of 

external stakeholders in the product management 

process.  

Action: Partner companies indicate the requirements that 

should be incorporated in future releases by assigning 

priorities to the requirements from their point of view. 

Prerequisite(s): Requirements gathering A 

Release definition 

Release definition selects the requirements that will be implemented in the 

next release, based on the prioritization they received in the preceding process. 

It also creates a release definition based on the selection. 

A Basic requirements selection 

Goal:   Create a realistic release selection. 

Action: During requirements selection for the next release, 

constraints concerning engineering capacity are taken 

into account. 

Prerequisite(s): - 

B Standardization 

Goal: Create clarity, enable comparison of releases. 

Action: A standard template is used to write the release 

definition. The release definition contains aspects such 

as an overview of the requirements that will be 

implemented, a time path, and the needed capacity. 

Prerequisite(s): - 
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C Internal communication 

Goal: Inform the internal stakeholders of the upcoming 

development. 

Action: The release definition is communicated to the internal 

stakeholders.  

Prerequisite(s): Release definition A 

D Advanced requirements selection 

Goal: Optimize the release selection 

Action: The optimal release is automatically calculated based 

upon the constraints of the requirements. At minimum 

the engineering capacity, priorities, cost, requirement 

dependencies are all taken into account.  

Prerequisite(s): Release definition A, Requirements organizing C 

E Multiple releases 

Goal:   Create a more detailed mid-term vision the product. 

Action: Multiple releases are included in the requirements 

selection process.  

Prerequisite(s): - 

Release definition validation 

Release definition validation is performed before the release is built by the 

development department. It focuses on the validation of the release definition 

by internal parties. 

A Internal validation 

Goal: Increase quality of releases, generate awareness among 

internal stakeholders.  

Action: The release definition is checked by internal 

stakeholders, before the software is realized.  

Prerequisite(s): Release definition A 

B Formal approval 

Goal:   Increase release quality, improve internal acceptance. 

Action: Approval standards are determined and verified by the 

board before the software is realized (turned over to 

development).  

Prerequisite(s): Release definition A 
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C Business case 

Goal:   Verify real world viability of release. 

Action: A business case (including the ROI) is being written 

before the software is realized. 

Prerequisite(s): Release definition A, Requirements prioritization D 

Scope change management 

Scope change management handles the different kinds of scope changes that 

can occur during the development of a release. 

A Event notification 

Goal: Create awareness of the problem, learn from the 

problem for future projects. 

Action: A scope change management process is in place, in 

which all involved stakeholders are informed. 

Prerequisite(s): - 

B Milestone monitoring  

Goal: Create more insight into the development process by 

introducing milestones. 

Action: Key dates and checkpoints are monitored in the product 

delivery. 

Prerequisite(s): - 

C Impact analysis 

Goal: Determine the impact of the problems to be able to 

inform all stakeholders. 

Action: An impact analysis is performed to determine the effects 

of the scope change. 

Prerequisite(s): - 

D Scope change handling 

Goal: Minimize effects of scope change. 

Action: A process is in place to develop alternative plans, with 

all relevant stakeholders, to react to the effects of the 

scope change.  

Prerequisite(s): Scope change management C 
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Build validation 

The Release build validation is performed after the release has been built by 

the development department. It focuses on the validation of the built release 

before the release candidate is launched. 

A Internal validation  

Goal: Improve product quality.  

Action: Internal stakeholders (consultants, etc.) perform a 

functional validation of the build release to verify that it 

meets the expected outcome.  

Prerequisite(s): - 

B External validation 

Goal:   Improve product quality. 

Action: The build is validated by external parties (customers, 

partners) to verify the builds quality (e.g. by settings up 

a pilot). 

Prerequisite(s): - 

C Certification 

Goal: Improve product quality, get independent confirmation 

of product quality to prove the quality of your product. 

Action: Certification by an independent external party is 

acquired for the release. 

Prerequisite(s): - 

Launch preparation 

Launch preparation prepares the internal and external stakeholders for the 

launch of the new release. Issues ranging from communication, to 

documentation, training, and the preparations for the implementation of the 

release itself are addressed. 
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A Internal communication 

Goal: Inform all internal parties involved of the upcoming 

release. 

Action: Information about the upcoming new release is 

communicated to the internal stakeholders. This 

information contains a description of the most 

important changed and added features, the estimated 

release date, possible costs involved, information about 

how the new release can be obtained, possible training 

dates, etc. 

Prerequisite(s): - 

B Formal approval 

Goal:   Higher quality of releases. 

Action: A formal ‘go’, based upon standard quality rules, must 

be obtained from the responsible person or committee 

before the launch can begin. 

Prerequisite(s): - 

C External communication  

Goal: Inform all external parties involved of the upcoming 

release. 

Action: Information about the upcoming new release is 

communicated to the external stakeholders. This 

information contains a description of the most 

important changed and added features, the estimated 

release date, possible costs involved, information about 

how the new release can be obtained, possible training 

dates, etc.  

Prerequisite(s): - 

D Training 

Goal: Ensure a smooth transition to the new version, enable 

optimal use of the new version. 

Action: Trainings are organized and documentation is updated 

for both internal parties (e.g. service desk, consultants) 

and external parties (e.g. customers, partner companies) 

to help educate them in the new release.  

Prerequisite(s): - 
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E Launch impact analysis 

Goal: Ensure a smooth transition to the new version (on time, 

without problems). 

Action: Determine how much time it is going to take to 

implement the new release at the individual customers, 

and what type of experts are needed to perform the 

implementation (e.g. database experts). 

Prerequisite(s): - 

F Sales & marketing support 

Goal: Ensure external corporate expressions are correct. 

Action: Create a checklist of all external expression of the 

product (e.g. fact sheets, demo’s, presentations) that 

may need to be updated by changes made in latest 

release of the product. These items must be checked, 

and possible updated before they are available to 

external parties (e.g. customers, partners). 

Prerequisite(s): - 

PRODUCT PLANNING 

Product planning is focused on the gathering of information for, and creation of 

a roadmap for a product or product line and its core assets. 

Roadmap intelligence 

Roadmap intelligence gathers decision supporting information needed in the 

creation of the product roadmap. 

A Product analysis   

Goal: Show how your product responds to / fits the trends, 

how you will take advantage of the momentum. 

Action: A plan is created showing which markets you will be 

going after and how you plan to develop the products 

for each segment. E.g., in year one you may plan to 

enter the automotive market by partnering with another 

company, or you may want to enter the pharmaceutical 

market in year two by building products in-house or 

acquiring products. 

Prerequisite(s): - 
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B Society trends   

Goal: Show how your product responds to / fits the trends, 

how you will take advantage of the momentum. 

Action: An overview is created showing the big picture of 

important trends in society in the coming years. This 

picture contains a general view and a view specific for 

your products industry. 

Prerequisite(s): - 

Reference(s): Capron & Glazer (1987), Byars (1991), Kotler (1998), 

Cooper L. (2000), Pearce & Robinson (2005), Lawley 

(2007) 

C Technology trends 

Goal: Making sure and being able to show how your product 

is staying up-to-date and is taking advantage of 

opportunities provided by current and up-and-coming 

technologies. 

Action: An overview is created showing the big picture of 

important developments in terms of technology in the 

coming years. This picture contains a general view and a 

view specific for your products industry. 

Prerequisite(s): - 

Reference(s): Lawley (2007), Fenn & Raskino (2008) 

D Competition trends 

Goal: Making sure and being able to show how your product 

is staying up-to-date and is taking advantage of 

opportunities provided by your partners. 

Action: An overview is created showing what competing 

products are doing in terms of their product 

development in the coming years. The general 

developments trends among your competitors are 

shown, and the developments of the most important 

competing products are depicted with special attention. 

Prerequisite(s): Roadmap intelligence A 

Reference(s): Lawley (2007) , Fleisher & Bensoussan (2002) 
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E Partner roadmap   

Goal: Show how your organization responds to developments 

of partner products and which your own products rely. 

Action: An overview is created showing what your partners will 

be developing the coming period. Examples of partner 

products are operating systems, development 

environments, database, etc. The overview shows what 

will be happening with the core platform software as 

well as what the partner organization will be delivering 

in terms of their own products and development tools 

that your organization can or will need to use to support 

the partner products/components. 

Prerequisite(s): - 

Reference(s):  Lawley (2007) 

Product roadmapping 

Product roadmapping deals with the actual creation of the product roadmap 

itself. 

A Short-term roadmap  

Goal: Development of a short-term vision of the product(s). 

Internal roadmaps can be used for defining 

development priorities, communicating to upper 

management and other departments and for use in 

obtaining funding for the company. 

Action: A roadmap is developed detailing the short-term plans. 

The plans cover more than one release. 

Prerequisite(s): - 

B Theme identification 

Goal: Structuring of releases and roadmaps: themes are used 

give a clear direction to the roadmap and later on to 

structure the requirements. 

Action: Release themes are identified and maintained. Themes 

are decided on together with the internal stakeholders. 

Identification of the 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. 

Prerequisite(s): - 
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C Internal consultation 

Goal: Organization wide acceptance of the product roadmap. 

Optimal use of all knowledge in the organization to 

create more rich and realistic product roadmaps 

Action: Product roadmaps are created in consultation with all 

relevant internal stakeholders. 

Prerequisite(s): - 

D Long-term roadmap 

Goal:   Development of a long-term vision of the product(s). 

Action:  The roadmap spans a time period of at least four years. 

Prerequisite(s): Product roadmapping A 

E External variants 

Goal: Informing of customers/managing customers’ 

expectations, marketing tool. Informing external parties 

using information they want. External roadmaps are 

used for communicating to customers, partners, press 

and analysts. 

Action: Less detailed variants of the internal roadmap are 

created for specific external parties (e.g. customers, 

partners, investors). An external roadmap should be 

fine-tuned for the specific party it is intended for. 

Prerequisite(s): Product roadmapping A 

Reference(s):  Lawley (2007) 

Core asset roadmapping 

Core asset roadmapping concerns the planning of the development of core 

assets (components that are shared by multiple products). 

A Centralized registration 

Goal:   Enable the reuse of components. 

Action: All core assets are registered in a standardized manner, 

and are stored in a central location. 

Prerequisite(s): - 
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B Core asset identification 

Goal:   Increase and simplify the reuse and maintenance of 

components. 

Action: Common components/functionality (core assets) are 

systematically identified among the organizations 

products and deliverables surrounding the product. 

Prerequisite(s): - 

C Make or buy decision 

Goal:   Cost and time savings by using external parties. 

Action: A process is in place to actively investigate make-or-buy 

decisions. This also includes the decision to outsource or 

subcontract development. 

Prerequisite(s): - 

D Core asset roadmap construction 

Goal: Provide insight in the future plans for the core assets to 

ensure that this is incorporated in the product roadmap 

in a realistic and optimal form. 

Action: A roadmap is created for the core assets, this roadmap 

shows how the core assets are sustained, upgraded, and 

enhanced. This roadmap contains both existing core 

assets, and core assets that are in development. 

Prerequisite(s): Core asset registration A 

PORTFOLIO MANAGEMENT 

Portfolio management concerns the strategic information gathering and 

decision making across the entire product portfolio. 

Market analysis 

Market analysis, which gathers decision support information about the 

market needed to make decisions about the product portfolio of an 

organization. 
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A Market trend identification 

Goal: Widen your product base.  

Action: There is an active search for market opportunities to 

either expand existing products to, or create new 

products for. This search exists of doing market research 

in markets related to or similar to your organizations 

markets, visiting conferences, listening to customers, etc. 

All search findings are documented. 

Prerequisite(s): -  

B Market strategy 

Goal: Plan which markets you will target and how you will 

enter them. 

Action: A plan is created showing which markets your product 

will be going after and how you plan to develop the 

products for each segment. E.g., in year one you may 

want to enter healthcare by partnering with another 

company. Or you may want to enter the financial market 

in year two by building products in-house or acquiring 

products. 

Prerequisite(s): -  

C Customer win/loss analysis 

Goal: Learn about your customers/prospects, to generate 

more future customers by tuning product development 

to them. 

Action: A win/loss analysis is performed to research why 

customers chose or did not choose to buy your 

organizations products. This capability looks further 

than just the product features, e.g. the sales process is 

reviewed. 

Prerequisite(s): - 

D Competitor analysis 

Goal: Learn from competitors and do not fall behind product-

wise. 

Action: A competitor analysis is performed on an organizational 

level to analyze what competitors offer, what their 

strengths are and are going to offer compared to your 

organizations. 

Prerequisite(s): - 

Reference(s): Fleisher & Bensoussan (2002) 
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E Custom market trend identification 

Goal: Gain unique information (that your competition does 

not have) specific to your own organization. Gain an 

unbiased insight into your market and/or operations. 

Action: External market research parties are used to perform a 

market analysis specifically for the organizations product 

portfolio. 

Prerequisite(s): -  

Product lifecycle management 

Product lifecycle management concerns the information gathering and key 

decision making about product life and major product changes across the 

entire product portfolio. 

A Product life cycle analysis  

Goal: Ensure that there is a healthy balance between new and 

old products in the product portfolio, create awareness 

of the products life expectations. 

Action: The current life phase is determined, at least once per 

year, for each product in the organizations portfolio. 

This analysis is based on both financial and technical 

aspects. Information is thus gathered from all relevant 

internal stakeholders (e.g. company board, sales, 

development). 

Prerequisite(s): - 

Reference(s): Stern & Stalk (1998), Stern & Deimler (2006) 

B Portfolio innovation 

Goal: Balance the products in the product portfolio to make 

sure that products do not become competitors. 

Action: A decision process is in place to decide whether or not 

to incorporate trends in one of the current products or 

in newly to be developed products. 

Prerequisite(s): - 
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C Portfolio scope analysis  

Goal: Balance products in the portfolio and identify 

opportunities for reuse (overlap) and discover possible 

new market segments (gaps).  

Action: A product scope analysis is performed to identify 

overlaps and gaps between the products in the 

organizations product portfolio. 

Prerequisite(s): - 

D Business case 

Goal: Validation of major future plans before they are put into 

practice. 

Action: A business case is performed for major product revisions 

(revisions spanning multiple release) or when the 

product strategy is changed. Kittlaus & Clough (2009) 

definition is used in which a business case is the 

“comparison of the costs associated with the product or 

project to the quantified economic benefits or value to 

be derived”. 

Prerequisite(s): - 

Reference(s): Kittlaus & Clough (2009) 

E Product lines 

Goal: Enable maximum reuse of resources and simplify the 

creation of new products. 

Action: Product lines are developed. The architecture of the 

product line is documented, and its goal is clearly 

defined. A software product line is defined 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 (Clements & Northrop, 2002). 

Prerequisite(s): - 

Reference(s):  Clements & Northrop (2002) 

Partnering & contracting 

Partnering & contracting focuses on establishing partnerships, pricing, and 

distribution aspects in which the product manager is involved. 
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A Service level agreements 

Goal: Manage customer expectations. 

Action: (Standard) service level agreements (SLA’s) are set up for 

customers. 

Prerequisite(s): - 

Reference(s): Bouman, et al. (2004)  

B Intellectual property management  

Goal: Protection of the organizations intellectual property, and 

prevention of problems due to misuse of the intellectual 

property of other organizations. 

Action: Measures are in place to protect the intellectual 

property of the own organization, and to manage the 

used intellectual property from other organizations. 

Prerequisite(s): -  

C Investigate distribution channels  

Goal:   Improve sales process. 

Action: A process is in place to periodically verify the current 

distribution channels, and identify alternative 

distribution channels. 

Prerequisite(s): -  

D Establish and evaluate pricing model 

Goal:   Improve sales process. 

Action: A process is in place to establish the pricing model and 

periodically verify whether it still fits the market. 

Prerequisite(s): -  

E Monitored partner network 

Goal:   Set up partner networks to gain synergetic advantages. 

Action: A partner network and/or partner portals are used to 

regulate partnering. Key performance indicators are set 

up to monitor the performance of partners on a regular 

basis. 

Prerequisite(s): -  
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Appendix B: The Situational Factors for 

Software Product Management 

The following table presents all situational factors used in this research. 

 

Situational factor Description Unit 

Organization characteristics 

Development 

philosophy: 

   Agile 

The organization uses an agile 

development philosophy. 

Yes 

No 

Size of 

organization 

The total FTE (full-time equivalent) 

employees spent working on/for the 

product. This includes, for example, 

developers, testers, managers, sales, 

etc. 

One full-time employee is equivalent 

to 1.0 FTE. For example, one 

employee working half of full-time is 

equivalent to 0.5 FTE. 

Employees within the organization 

that do not work on/for the product 

should not be included. E.g. when an 

organization has other products. 

Accumulated 

FTE spent 

on/for the 

product 

Customer characteristics 

Customer loyalty The loyalty of the customer, 

determined by judging the likelihood 

that customers will switch to another 

supplier. Where low means a low 

chance that the customer will switch, 

and high means a high chance the 

customer will switch. 

Low 

Medium 

High 
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Customer 

satisfaction 

The level of customer satisfaction, 

measured on a scale of 1 to 10, where 

1 is the lowest and 10 is the highest 

level of satisfaction. 

Scale of 1 to 10 

Customer 

variability 

The percentage of customers that 

have special features or adaptations 

of features that are only available to 

one specific customer. 

Percentage of 

customers 

that have 

customized 

features 

Number of 

customers 

The number of customers that 

currently hold a license to the 

product. This is not the number of 

end-users, but the number buyers. 

Number of 

customers 

Type of customers: 

   Individuals  

The organization has individuals 

(private buyers, not organizations) as 

customers. 

Yes 

No 

Type of customers: 

   Small 

   organizations  

The organization has small 

organizations as customers. 

Yes 

No 

Type of customers: 

   Medium 

   organizations 

The organization has medium 

organizations as customers. 

Yes 

No 

Type of customers: 

   Large 

   organizations 

The organization has large 

organizations as customers. 

Yes 

No 

Market characteristics 

Market growth The growth of the market size. The 

market size can be increasing, stable, 

or decreasing. The market size 

consists of the number of potential 

customers for the product(s) 

including the current customers. 

Increasing 

Stable  

Decreasing 

Market size The number of potential customers 

for the product(s) including the 

current customers. 

Number of 

potential 

customers 
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Release frequency The release frequency in days. Where 

a release is an new version containing 

functional changes, and not only bug 

fixes. 

Number of 

days 

Sector: 

   Public 

The organization has customers from 

the public sector: the customer 

organizations are related to the 

government. 

Yes 

No 

Sector: 

   Profit 

The organization has customers from 

the profit sector: the customer 

organizations are established for the 

purpose of making a profit. 

Yes 

No 

Sector: 

   Non-profit 

The organization has customers that 

are non-profit: the customer 

organizations are not established for 

the purpose of making a profit and 

are not government. E.g. charities, 

foundations, social welfare 

organizations, professional and trade 

organizations. 

Yes 

No 

Standard 

dominance 

The demand for standards by the 

market. The market sometimes shows 

a strong demand for certain 

standards, this SF indicates the level 

of that demand. It indicates whether 

there is, for example, a high demand 

for open source, or standards. 

None* 

Low  

Medium  

High 

Variability of 

feature requests 

The stability of the demands made on 

the product by the market, by looking 

at the level of variety in the feature 

requests. It indicates whether all 

customers want the same new 

features or whether they all want 

something else. 

Low  

Medium  

High 
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Product characteristics 

Number of 

localizations 

The number of localizations that are 

present in the product (these are 

languages, but can also region 

specific legislation such as US or 

Canadian law). 

Number of 

localizations 

Defects per year The total number of defects per year 

reported by external parties. This 

does not include defects found 

during testing. 

Defects per 

year 

New requirements 

rate 

The number of new feature requests 

per year from customers and sales 

Feature 

requests per 

year 

Number of 

products 

The number of product software 

products the organization offers to 

customers (this can thus be one to 

many). The number of product 

software products should be counted, 

not the number of modules within 

one product. 

Product software is defined 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. 

Number of 

products 

Product age The age of the product, determined 

by looking at number of years passed 

since the first release of the product 

until the current point in time. It 

indicates how long the product 

already exists. 

Number of 

years 
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Product lifetime The time period the product will 

remain in production starting from 

the current point in time. This 

indicator thus shows the products 

remaining lifetime, how long the 

product already exists must not be 

included in the calculation. 

Number of 

years 

Product size The number of lines of code 

(excluding comments) of which the 

product exists (measured in KLOC 

(thousand lines of code)). 

KLOC 

Product tolerance 

 

The tolerance for faults in the 

product. 

Some products are more sensitive to 

bugs than others are. For example, an 

application that handles bank 

transactions than it cannot allow for 

any defects at all since it could cause 

grave economical and reputational 

damage to a business. However, a 

back office application that is ran only 

once per week and is non-essential 

can be non-functioning for a short 

while without serious consequences. 

Low  

Medium  

High 

Stakeholder involvement 

Company policy The level of influence the company 

policy has on the organizations SPM 

processes. This indicator shows to 

what extend the company’s board 

(the management level above the BUs 

developing products) imposes rules 

upon the BU, such as technological 

development direction, or an 

interface standard. 

None* 

Low  

Medium  

High 
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Customer 

involvement 

The level of customer involvement in 

the decision determining what 

standard features will be 

implemented and how these features 

will be implemented. In short: how 

much influence the customer has 

during the SPM processes. 

None* 

Low  

Medium  

High 

Legislation The level of influence of legislation 

imposed upon the software product 

by government bodies. Examples of 

legislation are tax laws for an 

administrative product, and privacy 

rules for products that register 

personal details. 

None 

Low  

Medium*  

High 

Partner 

involvement 

The level of influence partner 

enterprises (companies who supply 

components used in the product or 

development thereof) have with 

regard to the organizations decisions 

such as development, and 

implementation decisions. In short: 

how much influence the partners 

have during the SPM processes. 

None* 

Low  

Medium  

High 

* These values were added to the units as a result of this research but were not 

used during the case studies. 
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Summary 

Product management has become an essential strategic practice in most 

companies. This is increasingly more so in the software domain. Here 

organizations are rapidly evolving their products, and have to deal with 

thousands of requirements, large numbers of stakeholders, and the alignment 

between products and strategy. Product managers thus play a crucial role in 

the success of product software companies. A good product manager needs to 

understand what the consumer is going to buy, make sure that it gets built, and 

ensure it is done profitably. To successfully compete, product managers must 

not only focus on the product itself, but on the entire software product 

management (SPM) lifecycle. SPM provides an integrated approach to ensure 

high quality software products by presenting the domain as a coherent process. 

If the SPM activities do not get enough attention, the quality of a product 

decreases, release dates are not met, and managing customers’ expectations 

becomes a large problem. Being a software product manager is thus a complex 

affair consisting of many responsibilities that requires a combination of 

technological, managerial, and business skills.  

Many software product management organizations have implemented 

customized processes based on their situational characteristics for the SPM 

domain. There has been research into the situational factors that influence this 

customization, but the precise effects of the situational factors are nearly never 

detailed. Nor is a method provided which incorporates the situational aspects 

and has been applied in practice. The main research question for this 

dissertation therefore is: 

How can software product management practices 

be improved in a situational manner? 

This research question is answered in three parts. The first part presents an 

overview of all practices that constitute SPM. The overview consists of the SPM 

competence model that shows the high level practices that constitute SPM, and 

the SPM maturity matrix that lists all of the low level practices within the high 

level practices in a best practice implementation order. SPM organizations can 

use this matrix to map and improve their SPM practices incrementally. This 
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overview has been created and validated in collaboration with many experts 

from practice and the scientific community, and was evaluated during 62 case 

studies. 

The next part of the dissertation provides an overview of the situational 

factors that affect SPM. Its main result, the situational factor effects catalog 

(SFEC), provides this overview by showing in detail three different types of 

effects that situational factors have on the implemented SPM practices and the 

implementation thereof. The first of which shows the effects situational factors 

have on the practices that are implemented in the daily practice of SPM 

organizations based on 49 case studies. The second details the effects 

situational factors have on the practices that should be implemented by an 

SPM organization. The third indicates the effects situational factors have in the 

selection process of method fragments to fulfill those practices based on 26 

case studies. Researchers can use the SFEC in the development of method 

fragments and software process improvement models, and practitioners can 

use it to gain insight into the effects of changes in their situational 

characteristics. 

The third part of the dissertation presents a method with which SPM 

organization can assess and improve their SPM in a situational manner: the 

situational assessment method (SAM). This incremental assessment method 

presents SPM organizations with an assessment of their current maturity level, 

and suggests steps to incrementally improve their processes. The situational 

assessment method is a focus area oriented instrument with a different set of 

practices for each area. It first determines which practices have been 

implemented. The context of an organization is taken into account by 

examining various situational factors which are then used to determine the 

capabilities that apply to the SPM organization being assessed. A situation 

specific advice indicating how SPM practices can be improved upon is then 

created based on a gap analysis of the currently implemented capabilities, and 

the capabilities that should be implemented. The SAM was analyzed during five 

case studies at SPM organizations in the Netherlands to test the applicability in 

day-to-day business environments. The case studies consisted of the 

application of the SAM at organizations and an evaluation of the results with 

the organizations. 
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Samenvatting (Dutch Summary) 

Product management is een essentiële strategische praktijk geworden in de 

meeste bedrijven. Dit is in toenemende mate het geval in het software domein. 

Daar evolueren organisaties in hoog tempo hun producten, moeten ze omgaan 

met duizenden requirements, grote aantallen belanghebbenden en de 

afstemming tussen producten en strategie. Product managers vervullen dus 

een cruciale rol in het succes van product software bedrijven. Een goede 

product manager moet begrijpen wat de klant gaat kopen, zorgen dat het 

gebouwd wordt, en bewaken dat dit op een winstgevende manier gebeurt. Om 

succesvol te kunnen concurreren moeten product managers niet alleen 

aandacht hebben voor het product zelf, maar voor de hele software product 

management (SPM) levenscyclus. SPM biedt een geïntegreerde benadering om 

producten van hoge kwaliteit te kunnen garanderen door het domein als een 

samenhangend proces te presenteren. Als de SPM activiteiten niet genoeg 

aandacht krijgen neemt de kwaliteit van het product af, worden opleverdatums 

niet gehaald en wordt het een groot probleem om de verwachtingen van 

klanten te managen. Een product manager zijn is dus een complexe zaak 

bestaande uit vele verantwoordelijkheden die een combinatie van 

technologische, management en zakelijke vaardigheden vereisen. 

Veel SPM organisaties hebben aangepaste processen geïmplementeerd 

omdat de beschikbare universele oplossingen niet werkten in hun situationele 

context. Er is al onderzoek uitgevoerd naar de situationele factoren die deze 

aanpassingen beïnvloeden, maar de precieze effecten van de situationele 

factoren zijn bijna nooit omschreven. Noch is er een methode die rekening 

houdt met de situationele aspecten en in de praktijk is toegepast. De 

hoofdonderzoeksvraag voor deze dissertatie is dan ook: 

Hoe kunnen software product management praktijken 

op een situationele manier worden verbeterd? 

Deze onderzoeksvraag wordt in drie delen beantwoord. Het eerste deel 

presenteert een overzicht van alle praktijken die SPM vormen. Het overzicht 

bestaat uit het SPM competentiemodel dat alle hoog niveau praktijken laat zien 

waaruit SPM is opgebouwd, en de SPM volwassenheidsmatrix waarin alle laag 
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niveau praktijken binnen de hoog niveau praktijken worden gepresenteerd in 

een best-practice implementatievolgorde. SPM organisaties kunnen deze 

matrix gebruiken om hun SPM praktijken in kaart te brengen en in stappen te 

verbeteren. Dit overzicht is gemaakt en gevalideerd in samenwerking met vele 

experts uit zowel de praktijk als de wetenschap en is geëvalueerd gedurende 

62 casusonderzoeken. 

Het tweede deel van de dissertatie presenteert een overzicht van de 

situationele factoren die SPM beïnvloeden. Het belangrijkste resultaat, de 

situationele factor effectencatalogus (SFEC), levert dit overzicht door drie 

verschillende effecten te presenteren die de geïmplementeerde SPM praktijken 

en de implementatie daarvan beïnvloeden. De eerste daarvan toont – op basis 

van 49 casussen – de effecten die situationele factoren hebben op de praktijken 

die in de dagelijkse praktijk geïmplementeerd zijn. De tweede beschrijft de 

effecten van situationele factoren op de praktijken die door een SPM 

organisatie geïmplementeerd zouden moeten zijn. De derde geeft – op basis 

van 26 casussen – de effecten aan die situationele factoren hebben in het 

selectieproces van methodefragmenten voor de SPM praktijken. Onderzoekers 

kunnen de SFEC gebruiken in de ontwikkeling van methodefragmenten en 

verbeteringsmodellen, en organisaties kunnen de SFEC gebruiken om inzicht te 

krijgen in de effecten van wijzigingen in hun situationele eigenschappen. 

Het derde deel van de dissertatie presenteert een methode waarmee SPM 

organisaties hun SPM kunnen beoordelen en verbeteren op een situationele 

manier: de situationele assessment methode (SAM). Deze stapsgewijze 

beoordelingsmethode biedt SPM organisaties een assessment van hun huidige 

volwassenheidsniveau en stelt stappen voor om deze te verbeteren. De SAM is 

een aandachtsgebied georiënteerd instrument met een andere set praktijken 

voor ieder aandachtsgebied. Eerst wordt er bepaald welke praktijken 

geïmplementeerd zijn. Er wordt vervolgens rekening gehouden met de context 

van een SPM organisatie door verscheidene situationele factoren te 

onderzoeken die gebruikt worden om te bepalen welke praktijken van 

toepassing zijn voor de organisatie. Daarna kan er een specifiek advies worden 

gegeven op basis van een analyse die de geïmplementeerde praktijken 

vergelijkt met de praktijken die geïmplementeerd zouden moeten zijn. De SAM 

is gevalideerd gedurende vijf casusonderzoeken bij SPM organisaties in 

Nederland om de toepasbaarheid in de dagelijkse omgeving te testen. Deze 

casussen bestonden uit het toepassen van de SAM in organisaties en het 

evalueren van de resultaten met de organisaties.  
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