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Management Summary  
Due to increased competition in a globalised world, product life cycles are decreasing in almost all 

technology-intensive industries. Companies have to deliver new products, and more customer value, 

faster than ever to stay competitive and sustain long-term growth (Kester, Griffin, Hultink, & Lauche, 

2011). More and more organisations are forced to rely on Innovation Portfolio Management (IPM) to 

ensure a stable pipeline of high-quality products. To effectively manage the innovation activities 

throughout an organisation, portfolios of projects are implemented and resources are allocated to them 

in line with strategy. The goals of IPM were identified as value maximisation, strategic alignment, 

balance and the right number of projects (Cooper, Edgett, & Kleinschmidt, 1999, 2004). The portfolio 

decision-making processes are characterised by uncertain and changing information and 

interdependencies among projects in different locations (Cooper et al., 1999). IPM is essentially about 

choosing the ‘right’ projects. In larger organisations multiple innovation related portfolios may exist: 

(1) More explorative and long-term projects may be centrally managed in a Research & Development 

(R&D) portfolio; (2) More medium- to short-term and exploitative projects dedicated to certain market 

segments projects may be executed in the New Product Development (NPD) portfolio in business units; 

and (3) The agreement on similar parts and systems used in products is done through the Standardisation 

(StD) portfolio. The management of these portfolios could be more effective if managed as a system 

that has the optimisation of the whole innovation portfolio in mind. This led to the following research 

questions: “How can a Management System that manages the R&D, NPD and StD portfolios 

simultaneously be developed that achieves the IPM goals of value maximisation, strategic alignment, 

balance and having the right number of projects?” 

To answer the research question, the thesis is structured according to the design-science methodology, 

which formulates design principles and subsequently implements a design solution. The framework for 

the design-science methodology by van Burg, Romme, Gilsing, & Reymen (2008) was adopted in the 

thesis. The framework synthesises a set of theory- and empirical-based design principles into a final set 

of design principles using the CIMO-logic by Denyer, Tranfield, & van Aken (2008). Where in  a certain 

Context (C), Interventions (I) are used, to invoke generative Mechanism(s) (M), to deliver Outcome(s) 

(O). The thesis adopted two approaches. The first approach was a theoretical approach done through 

conducting a literature review using the method by Randolph (2009), to derive the theory-based design 

principles. The second approach was an empirical analysis done through a single case-study following 

the method by Yin (2018), to formulate empirical-based design principles. Predominantly, interviews 

were used. The case-study was done in an organisation in the maritime industry that manages its 

innovation activities in portfolios, while employing portfolio structures to gain overarching benefits. 

The final design principles were used to develop a design solution accompanied by detailed descriptions 

of recommendations for implementation and a change plan. 

The synthesis of theory- and empirical-based design principles resulted in a final set of design principles 

that are grounded in both theory and practice. The set of final design principles is formulated to be 

applicable in an overarching IPM system that incorporates the R&D, NPD and StD portfolios (C). The 

final set of sixteen design principles is as follows: 

1. Policy plans are used to translate the corporate strategy to subset division, R&D, NPD and StD 

strategies, including product and technology strategies (I), to define criteria for project 

evaluation, selection and prioritisation and subsequently allocate resources in line with strategy 

(M), to create transparency and achieve top-down strategic alignment and continuity in the IPM 

system (O) 

2. Cross-functional collaboration and lower level meetings are used (I), to communicate priorities, 

clarify goals and create transparency within and across the separate R&D, NPD and StD 
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portfolios (M), to achieve bottom-up strategic alignment in absence of a clear strategy and 

strategic guidelines in the IPM System (O)  

3. The corporate strategy is formulated, implemented and reformulated (I), through cascading 

down deliberate strategy to formally initiate projects and propagating projects that follow an 

effective emergent strategy  upwards, while leaving room for projects that are necessary for 

continuous improvement (M), to create a portfolio that operationalises corporate strategy, 

identifies Must Do's and demonstrates new strategic opportunities (O)  

4. The evaluation, selection, prioritisation, termination and resource allocation decisions of 

proposals vs. active projects are made in a complex network of various portfolio meetings in 

multiple hierarchical levels with many different stakeholders (I), resulting in the approval, 

(de)acceleration, termination or shelving of projects (M), to achieve the IPM goals and increase 

market performance (O)  

5. The portfolio is analysed and IPM decisions are made in a periodic review through consensus 

of a distinct group of decision-makers from various functions in the organisation (I), where the 

approval of project proposals, progress of active projects and the strategic imperatives for the 

following period are discussed (M), to provide strategic direction, (internal) customer 

involvement and top management support (O)  

6. The combination of evidence- and opinion-based decision-making needs to take precedence, 

and to a lesser extent power-based decision-making (I), to minimise political interferences, 

enable cross-functional collaboration and foster an understanding of the organisation’s strategy 

(M), to increase the portfolio mindset throughout the organisation, produce a more focused 

effort in the portfolios and allow for more decision-making agility (O) 

7. More informal processes are used earlier in the innovation pipeline and earlier in the project 

management process that feed into formalised project- and portfolio-level processes (I), to 

increase buy-in, flexibility, and avoid unnecessary bureaucracy and hampering of creativity (M) 

to increase project acceptance and IPM efficiency 

8. The portfolios are formalised on the project level and IPM level dependent on the type of 

innovation and stage (I), which ensures the availability of more complete and higher quality 

information on project proposals, project status and resource demands, and a higher 

comparability of projects  (M) increasing IPM decision-making quality and subsequently IPM 

efficiency and portfolio success (O) 

9. Develop clear portfolio governance; steering, guiding and directing the entire IPM process and 

its stakeholders (I), to increase formalisation of IPM processes, organisational learning, cross-

functional collaboration, information availability and knowledge transfer across departments 

(M) which positively impacts IPM innovativeness and firm performance (O) 

10. The roles and responsibilities of mid-level line managers and project managers are clearly 

defined (I), to increase ownership and increase the link between corporate strategy and the 

execution of the projects that implement said strategy (M), to avoid optimisation of sub-strategy 

instead of IPM system strategy (O) 

11. Use multi-level (project/portfolio/organisation) overviews to measure and compare projects 

along explicit, appropriate and comparable evaluation criteria, progress and performance 

metrics (I), which provide information for overarching and portfolio specific decision-making 

at the appropriate hierarchical levels (M), to increase IPM system performance (O) 

12. An organisation develops a portfolio tailored to the organisation (I) which integrates the project- 

and portfolio-level method into one system with appropriate IPM tools, depending on the type 

of innovation and organisational context (M), to increase IPM effectiveness (O) 
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13. The value is maximised by assessing financial and non-financial factors in the portfolios and 

the overarching IPM portfolio (I), balancing potential and realised value (M), to increase overall 

value of the IPM system (O)  

14. The use of both top-down tools, such as strategic buckets and high-level strategic mapping, and 

bottom-up tools, such as strategic evaluation criteria and roadmapping (I), allows for more 

transparency, comparability and accountability in the portfolios (M) increasing strategic 

alignment and avoiding local optimisation rather than contributing to the overall strategy (O)  

15. Projects are visualised and discussed using graphic tools (I), which depict the current state of 

the portfolio in terms of certain parameters, including a representation of how the resources are 

allocated (M), resulting in better balance in the separate and overarching portfolios (O) 

16. The resource capacity analysis, which quantifies projects’ demand for resources versus 

availability, is used to reject and terminate projects (I), limiting the number of projects in the 

portfolios to increase focus and resource efficiency (M), to avoid firefighting and strategic 

misalignment (O) 

The final set of design principles was used to develop a solution design in the form of a management 

system that manages the R&D, NPD and StD portfolios simultaneously. The IPM system developed 

allows for a more holistic approach to portfolio management in organisations and provides insights in 

its related processes, stakeholders, metrics, tools and goals. This was accompanied by recommendations 

and a change plan for implementation.  

The thesis showed that IPM in organisations should not be considered in isolation of one portfolio, but 

rather as an intricate system which combines the R&D, NPD and StD portfolios throughout the 

organisation to achieve the IPM goals. Because, the value created by innovation activities in the pipeline 

is dependent on the downstream implementation. Through the design-science methodology the thesis 

further explored the Innovation Management and Standardisation Management research fields and set 

the first steps towards integrating them in the IPM research domain. Firstly, interventions and 

mechanisms for the R&D, NPD and StD portfolios, which were previously encountered in literature, 

were combined in a general IPM system. Secondly, findings both in scientific literature and in the case-

study organisation substantiate that while the StD perspective in IPM literature is non-existent, the 

processes on the portfolio-level are fundamentally the same. Thirdly, in absence of top-down strategy, 

bottom-up strategic alignment occurs. Fourthly, the findings implicate a consensus-based type of 

strategy in an IPM system that includes R&D, NPD and StD portfolios in absence of top-down strategic 

practices. Next to theoretical implications, more practical implications were found. Firstly, organisations 

that which to assess their own innovation management situation, might use the design principles and 

design solution as inspiration for the implementation of their own IPM system. Secondly, the 

recommendations, for the difficult task of implementing IPM, clarify the processes involved and can be 

used by practitioners to execute them. Thirdly, lessons can be derived from the case-study, such as the 

implication that implementing IPM is a continuous learning process. Fourthly, the importance of the 

human factor, where managers take different stances on the link between strategy and IPM, can help 

organisations think about their own issues.  

The thesis main limitations were diversity of the data, as a single case-study was conducted by a single 

researcher, and the conceptual nature of the design solution. Future research is advised to examine more 

cases from a science-based design perspective, to increase the understanding and validity of the findings 

of the thesis. Moreover, the developed IPM system was not implemented in the organisation, nor tested 

empirically. This could be a potential avenue for future research.  
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 Introduction 
The investment in innovation projects to develop product renewals, line extensions, as well as, 

developing breakthrough innovations is of importance for most firm’s long-term business growth and 

success (Chao & Kavadias, 2008; Hauser, Tellis, & Griffin, 2006). Firms have increasingly implemented 

project-level processes to help manage individual innovation projects effectively and efficiently (Kester, 

Hultink, & Griffin, 2014). Concurrently to doing the projects ‘right’, organisations have to do the ‘right’ 

projects (Cooper, 2000). Most organisations do not have a single person or function responsible for the 

coordination and organisation of their innovation activities (Barczak, Griffin, & Kahn, 2009). However, 

due to a strongly increasing number of projects, many organisations are starting to implement Innovation 

Portfolio Management (IPM) as a new organisational layer, to aid in managing the complex project 

landscapes (Gemünden, Huemann, & Martinsuo, 2013). 

 Theoretical background 

Due to the important role of new products, organisations are forced to rely on IPM to ensure a stable 

pipeline of high-quality products (Killen, Hunt, & Kleinschmidt, 2008; Mikkola, 2001) and to realise 

the organisation’s strategy (Cooper et al., 2004; Meskendahl, 2010). To understand the concept of IPM, 

this thesis follows the widely used definition by Cooper et al. (1999):  

“A dynamic decision process, whereby a business´s list of active new product and R&D projects is 

constantly updated and revised. In this process, new projects are evaluated, selected and prioritised; 

existing projects may be accelerated, killed or deprioritised; and resources are allocated and 

reallocated to the active projects. The portfolio decision process is characterised by uncertain and 

changing information, dynamic opportunities, multiple goals and strategic considerations, 

interdependence among projects, and multiple decision-makers and locations.” (p. 355) 

Cooper et al.  (1999, 2004) identified four  IPM goals followed by successful firms in New Product 

Development (NPD): maximise the value of the portfolio, achieve strategic alignment, balance the 

projects in the portfolio according to specific parameters, and have the right number of projects for the 

resources available. While the portfolio methods that are applicable to organisations vary greatly, the 

common denominators are one or more of these interconnected goals (Kester et al., 2014; Killen et al., 

2008). Despite its importance to overall business success, many firms lack well-implemented IPM 

(Blichfeldt & Eskerod, 2008; Cooper et al., 2004).  

Over its existence portfolio management in relation to innovation in different contexts has had many 

names: inter alia ‘Innovation Portfolio Management’ (Meifort, 2016), ‘Project Portfolio Management’ 

(Blichfeldt & Eskerod, 2008), ‘NPD Portfolio Management’ (Kester et al., 2014), ‘R&D Portfolio 

Management’ (Menke, 2013) and ‘Technology Portfolio Management’ (Sadowski & Roth, 1999). 

Similar IPM methods are used across various types of portfolios and findings from one area may lend 

insights into other areas (Killen et al., 2008). A number of publications using the term Project Portfolio 

Management were identified, which study portfolios more generally (e.g. Beringer, Jonas, & Kock, 

2013; Blichfeldt & Eskerod, 2008). However, in publications that use the concept of Project Portfolio 

Management, the focus often lies on innovation (Killen et al., 2008). Therefore, throughout the thesis, 

the concepts of Project Portfolio Management and IPM are used as one.  

The terms ‘R&D portfolio’ and ‘NPD portfolio’ are often used interchangeably (Cooper et al., 1999). 

Traditionally, R&D has been treated as one function in which an organisation’s activities devoted to the 

development of new technologies and new products is concentrated (Chiesa, Giglioli, & Manzini, 1999). 

However, this thesis argues that these activities are separated throughout the organisation. Here, R&D 

is more focused on basic research, which may include conceptualising entirely new products, developing 
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new technologies, knowledge or core competences (Verbano & Nosella, 2010). Whereas, NPD is 

focused more on applied research and development, which may include implementing newly developed 

technologies in products and product development (Cooper et al., 2004). The results of R&D projects 

may be transferred to the business for implementation in NPD (Sadowski & Roth, 1999). Aalto, 

Martinsuo, & Artto (2003) visualised the interdependencies of research, technology development and 

NPD projects in Figure 1.  

 

Figure 1. Interdependencies of innovation activities. Reprinted from Project Portfolio Management in Telecommunications 

(Aalto et al., 2003) 

After technologies have been established in products, Standardisation (StD) projects allow for the 

exploitation of economies of scale, which may generate additional profits (Blind, 2013). In essence, the 

development of standards is concerned with the creation of agreed-upon solutions for repeatable 

situations (de Vries, 1997). In relation to innovation, StD projects mainly focus on increasing quality 

and safety of developed products, and to increase compatibility as well as avoid unnecessary variety of 

technological components (de Vries & Slob, 2006). Nonetheless, the ‘StD portfolio’ as a separate 

perspective on IPM, seems to be non-existent in literature. However, similar processes were found in 

best practice Standardisation Management research (de Vries & Slob, 2006).  

In IPM, projects need to be selected and managed in line with strategy, subsequently resources are 

allocated with the optimisation of the whole portfolio in mind (Archer & Ghasemzadeh, 1999; Kester et 

al., 2014). The different innovation activities are executed in different portfolios throughout an 

organisation, i.e. research may be done in a central R&D department, whereas NPD and StD projects 

are executed in different Business Units (de Vries & Slob, 2006; Loch, 2000). Organisations often have 

trouble integrating projects within and across portfolios (Elonen & Artto, 2003). The connection 

between R&D and NPD portfolios has been indicated as an opportunity to achieve future business 

potential and improve the front-end of NPD (Martinsuo & Poskela, 2011; Oliveira & Rozenfeld, 2010). 

Here, IPM could be used to promote communication between R&D and the business as well as maintain 

uniform priorities across functions (Cooper, Edgett, & Kleinschmidt, 2001). The investment in new 

knowledge and technologies, while simultaneously assuring the readiness of new technologies for 

commercialisation, reduces time-to-market delays (Sadowski & Roth, 1999). Furthermore, the link 

between R&D and NPD, known as internal technology transfer, has been identified as crucial in 
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managing the new technology stream (Iansiti & West, 1997). This transfer into commercialisation 

affects the forthcoming project scope, lead-time, quality and cost substantially (Roussel, Saad, & 

Erickson, 1991). While traditionally the relationship between standards development and innovation 

was seen as contradictory, StD may promote innovation (Blind, 2009; Swann, 2010). StD functions as 

an incentive to innovate and to re-appropriate the investments into innovation (Swann, 2010). Moreover, 

their relationship is synergetic and may bring about economic benefits, such as accelerating the diffusion 

of innovation, reducing risks and time-to-market of innovation (Blind, 2013; Tassey, 2000). The 

interdependencies of different innovation projects with different time spans and goals introduces 

challenges to successful innovation management in terms of how projects and portfolios are managed 

(Aalto et al., 2003). The characteristics of the R&D, NPD and StD perspectives on IPM are outlined in 

Table 1. 

Table 1. Characteristics of the R&D, NPD and StD perspectives on IPM 

 
R&D NPD  StD 

Type of 

Projects 

Basic and applied research: 

conceptualising new products, 

technology, knowledge and 

competence development 

(Verbano & Nosella, 2010). 

Applied research and 

development: technology and 

product development (radical to 

incremental) (Cooper et al., 

2004; Verbano & Nosella, 2010). 

Standards development: cost 

reduction, quality and safety 

improvement, technology 

compatibility and variety reduction 

(de Vries & Slob, 2006). 

Nature of 

Projects 

Explorative, medium to long 

term with high uncertainty and 

technical risk (Verbano & 

Nosella, 2010) 

Exploitative, short to medium 

term with varying uncertainty 

and technical risk (Verbano & 

Nosella, 2010) 

Exploitative, short term with low 

technical risk (de Vries & Slob, 

2006) 

Project 

Management  

Well-defined yet flexible project 

management processes for 

developing new technologies and 

transferring them into NPD 

(Sadowski & Roth, 1999). 

Systematic and tough project-

level processes, e.g. Stage-Gate©  

(Cooper, Edgett, & 

Kleinschmidt, 2000). 

Formal project management 

processes used in company 

standardisation, e.g. the waterfall 

approach (de Vries & Slob, 2006).  

Portfolio 

Management  

Formalised IPM process for the 

evaluation, selection and 

prioritisation of technology 

development projects based on 

their prospect for strategic fit and 

success, and allocates resources 

to them (Jolly, 2012; Sadowski 

& Roth, 1999).  

Formalised IPM decision-making 

evaluates, selects and prioritises 

project proposals against the 

active projects, and allocates the 

resources to achieve the 

organisation’s strategic 

objectives (Cooper et al., 1999, 

2000). 

Formal decision-making in StD, 

evaluates, selects and prioritises  a 

proposal for a standard against other 

proposals. Then, a project approval 

decision is made in line with strategy 

(de Vries & Slob, 2006). 

Goals Allocate resources to projects in 

a way that balances risk, reward, 

and alignment with corporate 

strategy (Dickinson, Thornton, & 

Graves, 2001). 

Value maximisation, strategic 

alignment, balance and have the 

right number of projects (Cooper 

et al., 1999, 2004). 

StD projects need to have value, be 

aligned with strategy and be balanced 

across certain parameters (de Vries & 

Slob, 2006). 

The R&D, NPD and StD perspectives have similar IPM decision-making processes and differ on project 

characteristics and project management processes. Problems arise with projects overlapping both within 

and across portfolios throughout organisational levels and units (Elonen & Artto, 2003). When a certain 

technology is promising, yet not exploited or exploitable in the business, undertaking R&D projects in 

advance may be critical to take advantage of further developments in that area (Chiesa et al., 1999). 

Drake, Sakkab, & Jonash (2006) strongly support managing and measuring growth and innovation in 

an organisation as a system, and not primarily as the output of R&D, to be one of the keys to successful 

innovation. It is best described as a system that incorporates value creation and value capture through 

new technologies and market applications, new products and services, and new processes and business 
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propositions. Furthermore, Roussel et al. (1991) emphasised taking a holistic view of innovation 

activities while taking into account the interrelationships between them and proposed IPM methods and 

techniques to select the optimal set of projects throughout the organisation.  

Lerch & Spieth (2013) conceptualised that the cause and effects of IPM performance may be better 

understood if treated as an integrated system striving to achieve the IPM goals simultaneously. The 

system operates from concept to customer across the extended organisation and the value of project 

proposals must be considered in this broader context (Drake et al., 2006). The IPM goals of value 

maximisation, strategic alignment and balance in NPD were also identified in the R&D and StD 

perspectives (de Vries & Slob, 2006; Dickinson et al., 2001). Especially, strategic alignment between 

the R&D, NPD and StD portfolios enhances the probability that the potential value created by R&D will 

be realised. As R&D does not produce value directly, it creates assets and capabilities that can be used 

downstream (Menke, 2013). The result is improved business performance through higher alignment 

between functions, and optimally targeted project selection (McMillan, 2003). However, in an immature 

IPM system, managers in the portfolios can pursue their personal interests and act in isolation rather 

than contributing to the overall strategy of the organisation (Beringer et al., 2013). Therefore, the 

performance within and across the R&D, NPD and StD portfolios, and the overarching system can be 

substantially increased or decreased depending on the quality of the people and processes involved.  

Reflecting on the literature, IPM is studied in isolation of the R&D, NPD or general portfolio in separate 

parts of an organisation, rather than as a system across the extended organisation. In addition, the StD 

perspective on IPM in literature is non-existent. This leads to the following main research question:  

How can a Management System that manages the R&D, NPD and StD portfolios 

simultaneously be developed to achieve the goals of value maximisation, strategic 

alignment, balance, and having the right number of projects? 

To answer the main research question, the following sub-questions are posed:  

➢ What are the antecedents to effective Innovation Portfolio Management for a Management 

System that manages the R&D, NPD and StD portfolios simultaneously?  

➢ How can the performance of a Management system that manages the R&D, NPD and StD 

portfolio simultaneously be measured? 

➢ What methods and tools can be applied to a Management System that manages the R&D, NPD 

and StD portfolios simultaneously? 

To answer the research question and sub-questions, the design-science methodology is adopted. This 

approach links scientific knowledge produced in the IPM research domain, to the pragmatic and creative 

work of practitioners (van Burg et al., 2008). The thesis aims to improve IPM theory in two ways. On 

one hand from a theoretical perspective, a literature review is conducted and theory-based design 

principles are developed for an effective IPM system that considers the R&D, NPD and StD portfolios 

simultaneously rather than in isolation. On the other hand from a practical perspective, an empirical 

analysis in the form of a case-study is used to formulate empirical-based design principles and expand 

upon existing IPM knowledge (Denyer et al., 2008; Van Aken, Berends, & van der Bij, 2012). The 

theory- and empirical-based design principles are synthesised into one final set of design principles, 

which are thus grounded in both theory and practice, and subsequently used to design a solution that 

reflects the desired situation in a pragmatic manner (van Aken, 2004; van Burg et al., 2008). Moreover, 

the thesis attempts to bridge the gap between managerial practice and the IPM research domain, by 

accompanying the design solution with a change plan for implementation.  
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 Empirical context  

The empirical part of this thesis was performed in the context of a case-study organisation. First a short 

description is given. Then, the relevance to IPM and an overarching IPM system is outlined.  

The case-study organisation is a globally operating company involved in the niche markets of 

shipbuilding, shiprepair and conversion, and related services. It has its headquarters in the Netherlands 

and operates numerous shipbuilding and repair yards, employing 12.000 people worldwide. Over the 

last years the organisation has grown significantly, both internally and through multiple acquisitions. 

According to internal documentation, the organisation is driven to understand and fulfil present and 

future needs of the maritime world, through structurally working together with their customers, suppliers 

and other partners to develop and deliver innovative maritime solutions with sustainable value. The 

global presence, technological and collaborative capabilities are used to create value as an integrator, 

combining standardisation with the delivery of solutions tailored to customer needs. Nonetheless, in the 

maritime industry the conditions are tough. Profit is under pressure due to a combination of factors 

including vessel oversupply and fierce competition. Key markets are underperforming, while newer 

markets require investment, such as renewable energy. The organisation is becoming aware of the issues 

surrounding IPM and its need to be more proficient. 

The case-study is done in the R&D department and in two divisions in the business. In the case-study 

organisation, there is an IPM system in place that includes different levels of portfolios. The R&D, NPD 

and StD portfolios consist of different types of innovation activities. This is visualised in  Figure 2.  

 

 Figure 2. Overarching IPM System in the case-study organisation 

Different stakeholders responsible for the portfolios have observed that the IPM process and its current 

governance and structure are immature. There is an identified need for more professionality regarding 

IPM processes. Due to the growth of the organisation over the years, and the increasing number of 

projects in portfolios being stretched over a number of divisions and departments, more uniform 

processes are necessary. The different divisions and departments should use similar project approval, 

progress reporting and evaluation documentation to avoid data inconsistencies and be able to translate 

them to an aggregate portfolio overview. Moreover, stakeholders observed difficulty of determining 

metrics to determine IPM performance in the portfolios. Thus, an abundant amount of interrelated 

problems and challenges in the management of the R&D, NPD and StD portfolios in relation to IPM are 

recognised. While the nature of the innovation activities changes, from R&D through NPD to StD, the 

purpose remains fundamentally the same: an organisation must allocate a limited set of resources to 
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projects in a way that satisfies the four IPM goals. The issues are encapsulated in the following problem 

statement: 

 Thesis Outline  

The outline of the chapters in this thesis is depicted in Table 2. The remainder of this thesis is as follows. 

The second chapter outlines the research methodology. Chapter three, four and five present the findings 

of the literature review and formulate theory-based design principles through respectively answering the 

first, second and third sub-questions. Similarly, chapter six, seven and eight describe the processes at 

the case-study organisation and empirical-based design principles are formulated through respectively 

answering the first, second and third sub-questions. The ninth chapter synthesises the theory- and 

empirical-based design principles into one final set of design principles. Chapter ten presents the design 

solution. The eleventh chapter outlines the discussion and conclusion regarding the thesis. This includes 

the limitations and directions for future research. 

Table 2. Thesis Outline 

Heading  Contents 

Introduction Chapter 1 • Theoretical Background & Research Question  

• Empirical Context  

• Thesis Outline 

Design-Science Methodology 

 

Chapter 2 • Literature Review 

• Empirical Analysis: Case-study 

• Synthesis & Design Solution 

Effective IPM Chapter 3 • Sub-question 1 & Theory-based Design Principles 

Metrics in IPM  Chapter 4 • Sub-question 2 & Theory-based Design Principles 

Methods and Tools for IPM Chapter 5 • Sub-question 3 & Theory-based Design Principles 

Effective IPM in practice Chapter 6 • Sub-question 1 & Empirical-based Design Principles 

Metrics in IPM in practice Chapter 7 • Sub-question 2 & Empirical-based Design Principles 

Methods and Tools for IPM in 

practice 

Chapter 8 • Sub-question 3 & Empirical-based Design Principles 

Final Design principles Chapter 9 • Synthesis of the Design principles 

Solution design Chapter 10 • Development of an IPM system 

Discussion Chapter 11 • Discussion & Conclusion  

• Limitations & Future Research 

The case-study organisation has no underlying IPM system to manage the R&D, NPD and StD 

portfolios simultaneously as a result of which the IPM goals of value maximisation, strategic 

alignment, balance, and having the right number of projects cannot be achieved.  
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 Design-Science Methodology 
The design science methodology is a form of science-based design which focuses on the development 

of design principles, to create design solutions to be subsequently implemented in practice (Denyer et 

al., 2008; van Aken et al., 2012). The framework proposed by van Burg et al. (2008) was adopted in the 

thesis. The framework allowed for sufficient room to compare and contrast findings in practice with 

research. The interplay between practice and research in this framework is visualised in Figure 3.  

 

Figure 3. The Research-Design Development Cycle. Reprinted from Creating University Spin-offs: A science-based design 

perspective (van Burg et al., 2008) 

The strong connection between research and practice in this research methodology was necessary to 

develop the final design principles. The following steps proposed in the framework by van Burg et al. 

(2008) were followed: 

• Firstly, theory-based principles were developed by contextualising research findings in the IPM 

research domain based upon a literature review. This consisted of reviewing the literature to 

answer the sub-questions from a scientific perspective and identify, analyse and synthesise what 

effective IPM is, how IPM performance can be measured, and what IPM Methods and Tools to 

develop an effective IPM system already exist in literature. Throughout this process theory-

based principles were derived to gain an understanding of the development of an IPM system 

that achieves the IPM goals and incorporates the characteristics of the R&D, NPD and StD 

portfolios.  

• Secondly, empirical-based principles were developed by decontextualising insights from IPM 

practices through an empirical analysis. This meant conducting a case-study to collect and 

analyse empirical data through the means of interviews, observation and available 

documentation to identify the current IPM practices in the R&D, NPD and StD portfolios, as 

well as, the overarching IPM system. Throughout this process the empirical-based design 

principles were derived by acquiring insight into the effective IPM processes, performance 

measurement practices and currently used methods and tools within the case-study organisation. 

This was achieved for the most part by converting the tacit knowledge of IPM stakeholders to 

empirical-based design principles (Romme, 2003).  

• Thirdly, the formulated theory- and empirical-based design principles were synthesised into a 

final set of design principles that are thus grounded in IPM practice as well as in research 

(Romme, 2003; van Aken, 2004). During this process additional insights from literature were 

used to further integrate the final set (van Aken, 2004).  

• Lastly, the design principles grounded in IPM research and practice were used to design and 

construct the IPM system tailored to the specific context of the case-study organisation (van 

Burg et al., 2008).  
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Design Principles 

The formulation of the theory- and empirical-based principles followed the approach described by 

Denyer et al. (2008). They focused on formulating design principles using the CIMO-logic:  

“In a class of problematic Contexts, use this Intervention type to invoke these generative Mechanism(s), 

to deliver these Outcome(s)” (Denyer et al., 2008: p. 395)  

Firstly, in the CIMO logic the context (C) denotes the surrounding internal and external factors and the 

nature of the persons that influence behavioural change. In this research the context is the development 

of an IPM system that incorporates the R&D, NPD and StD portfolios. Secondly, the intervention (I) 

relates to instruments that managers have at their disposal to influence the behaviour. Thirdly, the 

mechanism (M) that is generated in a specific context by the intervention. Lastly, the outcome (O) is the 

intended result of the intervention in the specific context in which it is generated. In this case the outcome 

consists of the goals for IPM set by Cooper et al. (1999, 2004) and their consequences. The interventions 

and mechanisms involved, resulted from the literature review and empirical analysis.  

 Literature Review 

To answer the sub-questions and derive the theory-based design principles, a review of the existing 

literature was conducted. The literature review applied improved the quality of the review process and 

outcome by employing a transparent and reproducible procedure (Tranfield, Denyer, & Smart, 2003). 

The review was divided into three distinctive stages: familiarisation, data collection and data analysis.  

 Stage 1 – Familiarisation  

An overview of the relevant concepts was gained through reading both synthesis articles and books 

(Randolph, 2009), presented in Table 3. This was a more explorative stage of the review. Therefore, the 

synthesis articles and books were chosen in an informal matter through recommendations and 

availability. Books were chosen as a way of gaining a first look at the concept of IPM and often provide 

more practical information. While synthesis articles provided a more comprehensive overview of the 

existing literature in the IPM research domain. The combination of both synthesis articles and books 

gave an overview from both practical and theoretical perspectives.  

Table 3. Synthesis Articles and Books Familiarisation 

 Synthesis Articles Books 

Innovation 

Portfolio 

Management  

Meifort (2016)   

Chao & Kavadias (2008) 

Albright & Kappel (2003) 

Verbano & Nosella (2010) 

Cooper and Edgett (1998) 

In the familiarisation stage a list of keywords was built to serve as the input for the data collection stage 

of the review. This list was built through reading the synthesis articles and books described above. It is 

common that a range of terms is used to describe the same phenomenon, different authors have different 

preferences. Therefore, in this process alternative keywords with similar meanings were identified and 

evaluated, because these might elicit further information. The list is depicted in Table 4. 

Table 4. List of Keywords for the Search Process 

Main Topic Keywords  

Innovation 

Portfolio 

Management 

Innovation Portfolio, Innovation Portfolio Management, Innovation Project Portfolio Management, NPD Portfolio 

Management, NPD portfolio, New Product Development Portfolio, New Product Portfolio, Portfolio Management, 

Portfolio Planning, Portfolio Structuring, Product Development Portfolio, Product Roadmapping, Product 

Standardisation, Project Portfolio Management, Project Selection, Purchasing Portfolio Management, R&D 

Portfolio Management, R&D Project selection, Strategic Buckets, Technology Roadmapping, Multi-project 

Management 
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 Stage 2 – Data Collection  

Two ways to search systematically for literature are identified by van Aken et al. (2012): Search Engines 

and the ‘Snowball’ method.  

Search Engines 

Articles were searched on electronic databases. The databases included: Web of Science, JSTOR, 

Scopus, and Google Scholar. Relevant literature is identified by specific keyword search in the abstract 

or title of articles. Inclusion and exclusion criteria were defined to select the articles and papers, see 

Table 5. Only those articles that met all inclusion criteria specified and manifested none of the exclusion 

criteria were incorporated into the review (Tranfield et al., 2003). The review only included peer-

reviewed articles written in English, and from 1998-present. During this period the best practice research 

series by Cooper and colleagues was conducted, which spurred an increase in research output. The 

search focused on the inclusion of keywords in the title or abstract. The review excluded articles and 

papers that were published in journals that scored insufficiently on the SC Imago Journal Rank (SJR) 

indicator, an evaluation method for the academic journal’s impact and quality. Articles were excluded 

when the journal is not included in the SJR indicator and when they were below the cut-off value of 0.5. 

Furthermore, articles that focused on highly specific industries or countries were excluded.  

Table 5. Literature Review Inclusion and Exclusion Criteria 

Inclusion Exclusion 

Peer-reviewed articles Journals with SJR indicator ≤ 0.5 

English Articles focused on irrelevant industry 

Period 1998-present Articles focused on irrelevant country 

Relevant Subject area  

The results were put into a database for screening. The screening of the articles occurred in two stages 

(Wright, Brand, Dunn, & Spindler, 2007). First-stage screening consisted of reading the titles and 

abstracts and resulted in the rejection of articles deemed irrelevant. Based on the initial screening, full-

text articles were obtained for the second-stage. Second-stage screening consisted of reading the 

introduction and conclusion, if interest remained the article was selected. Before finalising the search, 

any duplicate studies were deleted by entering them into a computer-based referenced management 

system, in this case Mendeley. The subset of selected articles was then ready to be entered into the 

‘snowball’ method.  

The Snowball Method 

The ‘snowball’ method was used to search for more articles through their references. This was done 

through either backwards or forward snowballing. Firstly, backward snowballing was done through 

tracing references in relevant articles in top journals. Secondly, forward snowballing was enabled by the 

Web of Science database, this database enabled a functionality using a key publication on a topic to find 

later articles that refer to that key publication. After no new papers were found, the snowballing 

procedure was finished. The articles that were tracked down through the ‘snowball’ method were 

evaluated using the same inclusion and exclusion criteria and screening stages as described previously.  

 Stage 3 – Data Analysis 

The data collection resulted in an overview of the selected papers. From the selected papers data was 

extracted, analysed and summarised. The data was subdivided in the sub-questions accompanied by 

keywords and overarching themes of what information the data included. In addition, the name of the 

article, author and year of publication were included. During the data extraction, previously missed 

articles were encountered and put through the previous steps, making the process iterative. The data 

collected was synthesised to produce the main findings presented in the literature review. The different 
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perspective found in IPM literature were compared and contrasted, to answer the sub-questions. The 

synthesis aimed at generating new knowledge by combining and comparing the results of multiple 

studies in the IPM research domain (Randolph, 2009). In line with the design-science methodology, the 

literature review answered the sub-questions, and findings were summarised and integrated in theory-

based design principles through the CIMO-logic.  

 Empirical Analysis  

To answer the sub-questions and derive the empirical-based design principles, an empirical analysis in 

the form of a case-study was  performed. The model proposed by Yin (2018) was used for the design of 

the case-study research, it studies management practices in real-world contexts. This type of research 

was chosen to study the IPM system, because the case-study method provide tools for researchers to 

study complex phenomena within their contexts (Baxter & Jack, 2008). The empirical analysis was 

divided into three distinctive stages: familiarisation, data collection and analysis of the data. Therefore, 

the method allowed for an in-depth focus on the case-study organisation, while retaining a holistic and 

real-world perspective. 

 Stage 1 – Familiarisation 

The challenges and objectives encountered in the familiarisation step of the main concept IPM in the 

literature review, led to open questions on IPM, the R&D, NPD and StD perspectives and their relation 

in practice. Unstructured interviews were held to gain a practical understanding of the concept of IPM.  

These interviews included general questions on the function of interviewees, the current innovation 

processes at the case-study organisation as well as the problems encountered and opportunities for 

improvement present.  

The stakeholders that were informally interviewed consisted of portfolio board members and portfolio 

decision-makers in the R&D, NPD and StD portfolios. In addition personnel involved in the 

development of IPM processes in the case-study organisation were interviewed. The unstructured 

interviews are depicted in Table 6. This led to a better understanding of the relation between the R&D, 

NPD and StD portfolios in the IPM system. Moreover, it helped identify the portfolio hierarchy and 

corresponding processes that were used in practice. Lastly, the interviewees were also asked to provide 

names of other personnel who might be relevant and valuable for the semi-structured later in the 

empirical analysis. 

 Stage 2 – Data Collection 

The empirical analysis was conducted to develop empirical-based design principles through answering 

the sub-questions. The data used to develop the empirical-based design principles was collected from 

three sources: semi-structured interviews, internal documentation, and observations of meetings. The 

thesis planned to use multiple sources of information, to corroborate findings from the interviews and 

make triangulation possible. This would have provided a stronger substantiation of the findings (Yin, 

2018). However, in practice observations were difficult to obtain, because of the infrequent nature of 

the Development board and Standardisation board meetings and the cancellation of these due to 

organisational restructuring. Thus, the empirical-based design principles were formulated mainly based 

upon empirical data gathered through interviews and additional internal documentation.  

Due to the complexity of the topic of IPM, semi-structured interviews were chosen, to allow for 

contextual findings that might not be uncovered otherwise. The semi-structured interviews are depicted 

in Table 6. The interviewees are portfolio decision-makers, portfolio board members and stakeholders 

related to IPM, who represented the R&D, NPD and StD portfolios, as well as the overarching 

perspective through the Development and Standardisation board. The topic of interest was IPM and 

interview questions relating to this topic were denoted in an interview protocol in Appendix A. The 
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interview protocol was developed based on the guide from (Yin, 2018). The questions were revised and 

updated after the first few interviews. Some questions were left out, for example questions about specific 

metrics in relation to the IPM goals, were made more general. The interview questions were subdivided 

using the sub-questions. This means that after an initial background question, the questions first related 

to the current IPM practices and which are effective, followed by the way IPM performance could be 

measured and finally, what method, tools were in use. Depending on the language of choice of the 

interviewee the interviews were held in either Dutch or English and were transcribed. During the 

empirical analysis, existing documentation depicting the current IPM system was examined. This 

includes the documents used in previous development board and standardisation board meetings, the 

portfolio dashboard under development, and additional documentation.  

Table 6. Overview of Interviews conducted for Familiarisation and Empirical Analysis 
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1 R&D Manager 9-10-2019 Unstructured X X 
  

X 
 

2 Business Development Support 17-10-2019 Unstructured X 
   

X 
 

3 Sales Support/ Product Director 25-10-2019 Unstructured X 
 

X X 
  

4 Strategy and Business 

Transformation Director 

25-10-2019 Unstructured X X X X X X 

5 Project Management Officer 18-10-2019 Unstructured X X X X X 
 

6 Supply Chain Director 18-10-2019 Unstructured X 
 

X X 
 

X 

7 Technical Manager H 28-10-2019 Unstructured X 
  

X 
 

X 

8 Development Manager 9-12-2019 Semi-structured 
 

X X 
 

X 
 

9 R&D Manager 10-12-2019 Semi-structured 
 

X 
  

X 
 

10 Product Manager Y 16-12-2019 Semi-structured 
  

X X 
  

11 Technical Manager T 17-12-2019 Semi-structured 
   

X 
 

X 

12 Research Manager 17-12-2019 Semi-structured 
 

X 
  

X 
 

13 Product Director Y 20-12-2019 Semi-structured 
  

X 
   

14 Product Manager H 15-1-2020 Semi-structured 
  

X X 
  

15 Manager Design & Proposal T 14-1-2020 Semi-structured 
  

X X 
  

16 Technical Manager H 17-1-2020 Semi-structured 
   

X 
 

X 

17 Strategy and Business 

Transformation Director 

20-1-2020 Semi-structured 
 

X X X X X 

18 Product Director W 24-1-2020 Semi-structured 
  

X X X 
 

19 Supply Chain Director 4-2-2020 Semi-structured 
  

X X 
 

X 

 Stage 3 – Data Analysis 

The empirical-based principles were derived from the collected data by means of a careful coding and 

reduction process (van Burg et al., 2008). The coding protocol was set up following a guide from Saldaña 

(2009). The coding scheme was based on a framework that originated from the concepts and theories 

found in the literature review. Figure 4 visualises how the coding method by Saldaña (2009) was used 

in combination with the framework developed in the literature review to formulate the empirical-based 

design principles.  

First codes were attached to the quotes of the practices and experiences that the interviewees reported. 

The coding process was iterative, because coding is rarely performed perfectly in one cycle (Saldaña, 

2009). The first cycle generally coded on higher level categories that are assigned to quotes from 

interviewees, such as strategy formulation or portfolio-level processes. A second cycle of recoding 

resulted in more in-depth categories, themes and concepts, such as deliberate and emergent strategy or 

portfolio review meeting. Next, the coded practices are clustered and reduced to a small number of sub-

categories. For each category, crucial elements of the solutions and any common denominators were 
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identified. Lastly, these categories, elements and common denominators were used to formulate the 

empirical-based design principles through the CIMO-logic. 

 

Figure 4. Coding Method in Empirical Analysis 

 Case   

Within the organisation only the R&D, NPD, and StD portfolios are relevant for this thesis. The case-

study organisation has recognised the need for optimisation within and across the R&D, NPD and StD 

portfolios. The R&D portfolio consists of basic research to investigate new technologies or develop new 

knowledge. The NPD portfolio is embedded in different BUs, where each BU manager is responsible 

for the development projects within their respective BU. The portfolio goal is to develop these 

technologies that are of value for the customer, internally seen as concept to product process. The 

Development board is an overarching decision-making instrument that is responsible for the approval 

of medium sized new R&D and NPD projects that have been applied through the Project Approval Form 

and to check the separate R&D and NPD portfolios for discrepancies. Moreover, the Development board 

advises on large projects that are decide upon by the Executive Board. The StD portfolio is responsible 

for projects surrounding operational efficiency of the new and existing products. The responsibility of 

the projects lies within their respective divisions, while the StD board is responsible for the further 

alignment of these projects that have been applied through the Standardisation Approval Form.  

The organisation employs R&D, NPD and StD portfolios, where separate divisions (in the past BUs) 

and departments manage their internal portfolios and sub-portfolios. The R&D portfolio refers to the 

research portfolio and can be subdivided into sub-portfolios for each Research Domain (Figure 5). The 

complete R&D portfolio is the responsibility of the R&D manager, Research manager and the R&D 

MT. However, The responsibility of the sub-portfolios lies with the Principal Research Engineers 

(PREs), who check their domain’s resource capacity, and own the sub-portfolio and corresponding 

roadmap. Research projects are initiated by the PREs and research engineers of the Research Domains. 

In the business side of the case-study organisation, division W and Y are analysed. The following 

portfolios are recognised in division W: a Product Portfolio, a Technology Development and 

Standardisation Portfolio and an Improvement Portfolio (Figure 6). 

In Division W and Y, the purpose of Product Portfolio Management is dual. On one hand, it consists of 

the development of a product range in the portfolio to support market-driven product development. Here, 

the Product manager is responsible for the development of new products and the production of new and 

existing products. On the other hand, it consists of sales support through processing customer requests 

into a detailed offer that might be sold. Division Y is similarly structured, it consists of an division Y 

Product portfolio and four sub-portfolios: three Product portfolios with product development work and 

one Repair & Refit Portfolio. The latter is less relevant for NPD and thus out of scope for the thesis. The 

portfolios in the Product Groups (PGs) may be further divided into sub-portfolios. For example, PG H 
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is clustered in four sub-product portfolios that each have their own market segment. The product ranges 

are similar and thus, clustered in PG H to gain platforming advantages.  

 Synthesis 

The resulting design principles of the empirical analysis and literature review were synthesised into a 

final set of design principles. van Burg et al. (2008) suggested a form of synthesis that was followed in 

this research. The list of theory- and empirical-based principles were both derived using the CIMO-logic 

and therefore, could be clustered and compared to one another. In the formulation of the theory-based 

design principles, a framework, identified in the literature review, was used to structure them from 

strategy to portfolio management to project management. The same structure was applied in the 

formulation of the empirical-based design principles to be able to compare them along the same abstract 

classes. In this manner overlap was identified. Then, if there was overlap, the separate principles were 

synthesised into one design principle, grounded both in theory as well as practice. In line with Romme 

(2003) additional literature was used to integrate them more effectively. The final set of design principles 

was then ready to serve as the input for the design solution. 

 Design Solution  

The final set of design principles served as a guide to design and construct the detailed solution in the 

form of an IPM system that manages the R&D, NPD and StD portfolios. A general IPM system is 

created and recommendations for the case-study setting were developed. The solution is more 

contextualised than the final design principles, in that the solution tends to include elements specific to 

the local setting of the case-study organisation (van Burg et al., 2008). The implementation of the IPM 

system through a change plan and testing it in an empirical setting was infeasible in the time available 

for the thesis. Due to both the complexity of IPM, and the complexity of the implementation of a 

solution. Nevertheless, the eight step change plan by Kotter (1996) is outlined, to advise the case-study 

organisation on the implementation of the general IPM system and the corresponding recommendations.  

 
Figure 5. Portfolio Structure R&D department 
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 Theory-based Design Principles for Effective IPM  
In this chapter, first the concept of IPM as a system is explained. Subsequently, the first sub-question, 

“What are the antecedents to effective Innovation Portfolio Management for a Management System that 

manages the R&D, NPD and StD portfolios simultaneously?”, is answered by means of a literature 

review. Throughout the literature review the theory-based design principles are formulated with the use 

of the CIMO logic described in Chapter 2. This chapter is the first of three literature review chapters. 

 IPM System 

The IPM research domain has thus far addressed IPM from different theoretical perspectives (Meifort, 

2016). The four main perspectives identified in a systematic review of IPM literature are: optimisation, 

strategic, decision-making and organisation. These perspectives describe the extension of the IPM 

research domain over time from solely an optimisation function, to a more comprehensive view of IPM 

and its context.  

Originally, the portfolio selection models of the 1960s and 1970s used linear, dynamic and integer 

programming, to come up with an ‘optimal’ portfolio that maximises an objective function, such as 

expected profits (Cooper et al., 1999). These models can be classified as financial and mathematical 

optimisation models (Cooper et al., 2001; Dickinson et al., 2001). However, it is debatable whether the 

found solution is in fact optimal, because the amount of parameters that affect the success or failure of 

projects in a portfolio is so high (Chao & Kavadias, 2013). Even if all of this information is available, 

the reliability of the data and therefore, the outcome of these methods remain uncertain (Cooper et al., 

1999; Linton, Walsh, & Morabito, 2001; Poh, Ang, & Bai, 2001). The optimisation perspective tends to 

assume that the projects in a portfolio compete for the same resources, and that these resources are 

known and controlled by the organisation itself. While organisations have limited control of some 

resources, due to an increasing tendency to collaborate with external partners, interdependent projects, 

and the existence of matrix organisations (Martinsuo, 2013; Perks, 2007). In addition, purely 

optimisation solutions are unable to incorporate strategic objectives (Meifort, 2016). However, the 

chance that projects create value in a portfolio not aligned with the organisation’s strategy is greatly 

reduced (Menke, 2013). From a strategic perspective, IPM is seen as the central process that links the 

strategy formulation to implementation through the allocation of resources to projects based on the 

organisation’s strategy (Chao & Kavadias, 2013; Shenhar, Dvir, Levy, & Maltz, 2001). Subsequently, 

the organisation’s strategy manifests itself in the projects in the portfolio that a firm pursues 

(Meskendahl, 2010). Thus, the strategic perspective extended the mere optimisation function of IPM to 

a central process that operationalises the organisation’s strategy, increasing the potential value created. 

This, however, does not provide insight on the actual implementation of strategic aims into the decision-

making processes in IPM, nor does it indicate how effective IPM may be achieved.  

The decision-making perspective on IPM is concerned with how IPM decisions are made and what the 

antecedents of effective IPM decision-making are (Kester et al., 2011),  and what the impact on IPM 

performance is (Kester et al., 2014). Often, research regards IPM decision-making as a decision made 

at a single-hierarchical level or meeting (Meifort, 2016). However, the IPM decision-making processes 

occur at multiple organisational levels, for example Kester et al. (2011) and Perks (2007) stress the 

relationship between the project and portfolio levels. Whereas, the process of assessing the strategic 

impact of a portfolio, is usually restricted to top-management analysis (Loch & Pich, 2001). Cooper et 

al. (2000, 2002) distinguished the following decision-making processes in relation to IPM: organisation-

level corporate planning, Business Unit strategy development, portfolio level periodic review and stage-

gate© processes.  
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Moreover, Cooper & Edgett (2009) visualised the context 

of IPM in NPD, depicted in Figure 7. The product 

innovation and technology strategy flows from, or is part of, 

the business strategy for the organisation and in turn drives 

the processes in the portfolio and pipeline. The decisions in 

relation to IPM are made throughout the organisation. From 

an organisational perspective, the core topic of IPM is the 

identification of the decision-making processes, the flows 

of information across units and levels, and the roles 

managers have across organisational layers that are most 

supportive to IPM (Meifort, 2016). Therefore, the insights 

generated in the decision-making and organisational 

perspectives extended IPM from a central process, to a 

comprehensive IPM system. Here, the system refers to the 

complex network of processes in relation to IPM, ranging 

from strategy formulation to portfolio decision-making to 

project execution, in multiple hierarchical levels with many 

different stakeholders across a variety of functions.  

 Antecedents to Effective Innovation Portfolio Management  

The antecedents to effective IPM may affect the underlying IPM system, or the specific R&D, NPD or 

StD portfolios. Antecedents to effective IPM include factors both external and internal to the firm and 

have partly been examined empirically. Only the factors internal to the firm are relevant for this thesis, 

as IPM influenced from the outside has different characteristics (Meskendahl, 2010). The remainder of 

this chapter answers the first sub-question from a theoretical perspective and is structured along the idea 

that from strategy all else flows in the IPM system  (cf. Cooper & Edgett, 2009). Firstly, the relation 

between the strategy- and lower- level processes is outlined. Secondly, on the portfolio-level, the 

existing decision-making processes and their effect on IPM is discussed. Thirdly, the formalisation of 

processes on the project- and portfolio-level are outlined. Lastly, the stakeholders involved throughout 

the IPM system are discussed.  

 Strategy 

The commonality between the R&D, NPD and StD perspectives on IPM is that they describe a dynamic 

decision-making process, where the decision-makers try to evaluate, select, and prioritise the project 

proposals against active projects, and then allocate resources to the appropriate projects in line with 

corporate strategy (Cooper et al., 1999, 2000; de Vries & Slob, 2006; Sadowski & Roth, 1999). Resource 

allocation has to be aligned to corporate strategy to be effective for the future profitability of the 

organisation (Mikkola, 2001). Previous research stresses the importance of managing the 

implementation of strategic initiatives in a portfolio of projects through IPM decision-making (e.g. 

Cooper et al., 2004; Meskendahl, 2010; Morris & Jamieson, 2005).  

The investment in innovation projects to select, develop and commercialise new products aligned with 

corporate strategy is of importance for most firm’s long-term business growth and success (Kester et al., 

2014). The vision and mission set out by the executive board guide the formulation of corporate strategy 

(Archibald, 1992). In essence, corporate strategy deals with the question how to achieve and sustain a 

competitive advantage (Teece, Pisano, & Shuen, 1997). This corporate strategy is used to create a subset 

of strategies for the different departments and divisions, and is operationalised through their respective 

portfolios in programs and projects(Morris & Jamieson, 2005). For R&D, the organisation can guide 

their IPM decisions by developing an explicit technology strategy, which articulates an organisation’s 

 

Figure 7. IPM Framework in the context of NPD. 

Reprinted from Product Innovation and 

Technology Strategy (Cooper & Edgett, 2009) 
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vision for the technologies in its particular industry, what direction they are taking, at what rate (Cooper 

& Edgett, 2010) and the policies used to acquire them (Verbano & Nosella, 2010). Then, projects are 

chosen and resources are allocated in accordance to strategy, instead of novelty appeal or political 

support (Sadowski & Roth, 1999). For NPD, top performers are significantly more likely to have a 

product innovation strategy that guides the development efforts (Barczak et al., 2009; Cooper et al., 

2004; Killen et al., 2008). In addition, in high-performing portfolios the resources are allocated based 

on objective measures, including strategic objectives, and are balanced between the number of projects 

and resources available (Cooper et al., 2004). In StD best practice, a steering group develops the StD 

policy, a deduction of the corporate policy (de Vries & Slob, 2006). Without a clear StD policy to guide 

the standards development and an organisational structure to fulfil this policy, StD is not effective. Thus, 

the IPM decision-making processes are guided through corporate strategy by developing a subset 

portfolio strategy for their specific context. These are further cascaded down from their respective 

portfolios to programs and projects in a systematic and hierarchical manner to ensure alignment and 

continuity of strategy, increase transparency, and foster vertical and horizontal communication (Cooper 

et al., 1999, 2000; Morris & Jamieson, 2005).  

In literature, a positive effect of proficient IPM on firm performance was commonly suspected 

(Meskendahl, 2010) and later empirically proven (Killen et al., 2008; Urhahn & Spieth, 2014). 

Moreover, previous research has often posited that NPD portfolio success leads to increased market 

performance (Chao & Kavadias, 2008; Cooper et al., 2001). The effect of the IPM goals by Cooper et 

al. (1999, 2004) is interconnected, organisation specific and empirically proven to be positive for market 

performance in NPD (Kester et al., 2014). In an IPM system, which incorporates the R&D, NPD and 

StD portfolios, strategic alignment enhances the probability that the potential value created is realised, 

because the assets and capabilities created, are used downstream in the organisation to deliver value 

(Menke, 2013). Furthermore, the deliberate development and management of multiple thematically 

related projects and allocating resources to them, has been empirically proven to lead to more innovative 

portfolios and higher innovation success (Salomo, Talke, & Strecker, 2008). 

Conclusion Cascading Strategy & Theory-based design principle 1 

The translation of corporate strategy to subset R&D, NPD and StD strategy to guide decision-making 

for the different portfolios in the IPM system not only increases the alignment and value within the IPM 

system, but also provides opportunities to frame and allocate resources to thematically related projects, 

which increases innovation success. Hence, the first theory-based design principle: 

Deliberate versus Emergent  

As discussed in the previous section, a portfolio is composed of projects that are initiated through an 

organisation’s formal and cascaded strategy process. However, in addition to these formally cascaded 

projects, projects have evolved in an ‘emergent’ way, which may or may not be aligned to the existing 

strategy (Mintzberg & Waters, 1985; Mirabeau & Maguire, 2014). Innovation projects are frequently 

used to purposefully question an organisation’s strategy (Martinsuo, 2013). Then, an IPM system must 

not only implement top-down strategy, but also provide the project landscape that comprises the seeds 

for bottom-up strategy emergence. This is reflected in the conceptual model of multi-project governance 

In an overarching IPM system that incorporates the R&D, NPD and StD portfolios (C), define the 

criteria for project evaluation, selection and prioritisation, and subsequently allocate the resources, 

consistent with the corporate strategy and subset R&D, NPD and StD strategies (I), ensures 

transparency and alignment between the different portfolios and continuity of strategy (M), 

increasing IPM system performance and innovation success (O) 
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by Thiry & Deguire (2007), which proposed a bidirectional relationship between strategy and projects. 

Here, the Project Management Office (PMO) plays a central dual role: Top-down, it facilitates strategy 

communication and oversight, to clarify actions and optimise the project effort. Bottom-up, it collates 

and analyses data from projects to reformulate strategy. The study by Kopmann et al. (2017), a multi-

informant survey, explored the relation between top-down and bottom-up strategizing. Their study 

further corroborated the dual role of strategy in an IPM system. Where especially in turbulent contexts, 

the notion of emergent strategy and its need for IPM support is amplified. In these conditions IPM’s role 

in operationalising deliberately designed plans becomes less relevant, because emergent strategy 

redefines how the project mission is being accomplished (Kopmann et al., 2017).  

Conclusion Deliberate versus Emergent Strategy & Theory-based design principle 2 

The role of strategy in IPM is dual. It consists of a formal and top-down process, which initiate projects 

according to deliberate strategy, and a bottom-up process, where projects that evolve in a natural way 

may unveil emerging patterns that disclose strategic opportunities. This insight leads to the second 

theory-based design principle: 

 Decision-making 

The previous section discussed the role of strategy in the IPM system. It argued in favour of making 

IPM decisions in line with strategy. These decision-making processes encompass the selection, 

evaluation and prioritisation of new project proposals relative to ongoing projects (Archer & 

Ghasemzadeh, 1999; Mikkola, 2001) and result in the approval, acceleration, termination, or shelving 

of projects to achieve the organisation’s strategic business objectives (Meskendahl, 2010). The decision-

making processes are similar for R&D, NPD and StD in relation to IPM (Cooper et al., 1999; de Vries 

& Slob, 2006; Sadowski & Roth, 1999). The IPM decisions are made on projects in different stages of 

the innovation pipeline, and need to be able to adapt to changing opportunities in the environment as 

well as cope with the possibility of conflicting strategic goals (Cooper et al., 1999, 2002a).  

IPM aims to complete a combination of projects under the sponsorship of an organisation, the dilemma 

organisations face is to make decisions on projects that compete for scarce resources, such as people, 

money and time (Archer & Ghasemzadeh, 1999). The increasing number of projects in organisations 

call for more organisational layers to aid in managing these complex project landscapes (Gemünden et 

al., 2013). The following layers have been distinguished: firm-level corporate planning, strategy 

development, portfolio-level periodic reviews and project-level processes (Cooper et al., 2000, 2002a). 

These include stakeholders from senior management, middle management, portfolio management and 

project management (Beringer et al., 2013). In seeking to study and understand IPM decision-making, 

it is unwise to isolate it at the portfolio level from behaviours and decisions occurring at the project level 

(Perks, 2007). A comprehensive view of the portfolio decision-making process is necessary to 

harmonise the different organisational levels (Kavadias & Chao, 2008). Moreover to develop an 

effective IPM system, it has to permeate the organisation to achieve consensus towards a common goal 

(Teller, Unger, Kock, & Gemünden, 2012). Effective IPM decision-making processes impact the 

success of the portfolio through the IPM goals by Cooper et al. (1999, 2004) and subsequently increase 

market performance (Kester et al., 2014).  

In an overarching IPM system that incorporates the R&D, NPD and StD portfolios (C), the 

corporate strategy is formulated, implemented and reformulated (I), through cascading down 

deliberate strategy to formally initiate projects and propagating projects that follow an effective 

emergent strategy upwards (M), to create a portfolio that not only operationalises corporate 

strategy but also demonstrates new strategic opportunities (O)  
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Conclusion Decision-making processes & Theory-based design principle 3  

The IPM decision-making processes that affect the performance of the IPM system are made in multiple 

hierarchical levels in different departments and divisions in an organisation and involve various 

stakeholders. For that reason the third theory-based design principle is formulated:  

Periodic Portfolio Review 

Each portfolio needs to deal with the portfolio’s specific decision-making process characterised by 

uncertain and changing information, dynamic opportunities, multiple goals and strategic considerations, 

interdependence among projects and multiple decision-makers and locations to optimise the value 

obtained from the portfolio (Cooper et al., 1999; Menke, 2013). In R&D, NPD and StD, the IPM 

decisions are often made in periodic reviews of the total portfolio of innovation projects, which requires 

consensus among a distinct group of decision-makers from various functions in the organisation with 

distinct goals and strategic considerations (Cooper et al., 1999; de Vries & Slob, 2006; Mikkola, 2001). 

The incorporation of strategic management activities in IPM could formally occur in strategic planning 

and portfolio reviews (Archer & Ghasemzadeh, 1999; Hauser et al., 2006). In terms of projects, the 

results of the strategic planning process generally provides strategic direction for them in the longer-

term (Archer & Ghasemzadeh, 1999). Whereas the periodic portfolio review activities are related to 

strategic planning and analysis of projects in shorter periods of time (Archer & Ghasemzadeh, 1999; 

Kester et al., 2011).  

The periodic portfolio review typically consists of the following activities: reviewing the complete 

portfolio, identifying strategic imperatives, checking project priorities and checking portfolio balance 

(Cooper et al., 2000). In this periodic review one should try to avoid the dominance of a certain function 

in portfolio decision-making (Perks, 2007; Talke, Salomo, & Rost, 2010). This suggests the need for 

cross-functional representation in IPM decision-making, which appears to be particularly important in 

the earlier stages of NPD (Perks, 2007). It strengthens the sharing of knowledge and information among 

the different functional perspectives for evaluation of technical, managerial and market factors 

(Meskendahl, 2010). One of the determinants of effective IPM is the frequency of the periodic reviews 

(McDonough & Spital, 2003). Frequency may reduce uncertainty about the projects, reduce feedback 

cycles, and make better prioritisation, termination and shelving (Lerch & Spieth, 2013). However, new 

customer requests, added requirements, schedule and cost changes, and risk, impact portfolios more 

between these portfolio review meetings than during them (Martinsuo, 2013). Thus, portfolio 

stakeholders must pay attention to their context continuously and not just during portfolio review 

meetings. Another determinant of effective IPM decision-making is top-management support (de Vries 

& Slob, 2006; Fricke & Shenbar, 2000). Moreover, Unger et al. (2012) showed that firms where senior 

management is able to make tough decisions on project termination can achieve a higher strategic fit in 

their portfolio. However, too much senior management involvement may lead to over-steering with 

negative side effects (Beringer et al., 2013; Bonner, Ruekert, & Walker, 2002). The decisions in the 

separate R&D, NPD and StD portfolios require similar and different functions. To properly evaluate 

R&D projects often a more thorough understanding of each individual projects is needed, which is 

difficult for non-technical managers (Mikkola, 2001). Whereas, in NPD, the decision-makers require a 

In an overarching IPM system that incorporates the R&D, NPD and StD portfolios (C),  

the evaluation, selection, prioritisation, termination and resource allocation decisions of proposals 

versus active projects are made in a complex network of hierarchical levels with many different 

stakeholders (I), resulting in the approval, (de)acceleration, termination or shelving of projects (M) 

to achieve the IPM goals and increase market performance (O)  
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broader business understanding (Aalto et al., 2003). Moreover, on the project-level the involvement of 

customers in NPD has been empirically tested as a factor for project success (Ernst, 2002). Voss (2012) 

developed a framework where customer integration, represented by the organisation’s marketing 

function, positively impacts portfolio success. Similarly, a success factor for StD is user involvement, it 

makes standards more applicable and accepted (de Vries & Slob, 2006).  

Conclusion Periodic Portfolio Review & Theory-based design principle 4  

The periodic reviews are held to review the complete portfolio, identify strategic imperatives, check 

priorities and balance in the IPM system. These meetings include top management from various 

functions to ensure top management support, decisions are made in line with strategy and, users and 

customers are sufficiently represented. The frequency and composition of these meetings depends on 

the characteristics of the type of portfolio, e.g. in R&D more technical personnel is involved and the 

longer-term of projects require less frequent meetings; in NPD more marketing or sales involvement 

and more frequent meetings. This leads to the fourth theory-based design principle: 

Effective Decision-making processes  

Firms must continuously make decisions concerning the overall portfolio of NPD projects that are 

executed across time to maximise firm success (Kester et al., 2011). These decisions should not only be 

based on individual project characteristics, but also be placed in the context of having effective decision-

making processes concerning the whole portfolio and the achievement of an organisation’s strategic 

goals (Chao & Kavadias, 2008). To add to the complexity of the decision-making processes, the 

decisions are often made under incomplete, ambiguous and uncertain information, and the 

communication may suffer from equivocality (Kock & Gemünden, 2016). If not managed proficiently 

and in line with strategy, poor portfolio decisions can have a significant negative impact on performance 

(Cooper, Edgett, & Kleinschmidt, 1998b). In an effort to investigate effective IPM decision-making 

processes from a strategic perspective, Kester et al. (2011) proposed a general model (Figure 8).   

 

Figure 8. Model of IPM decision-making. Reprinted from exploring portfolio decision-making processes (Kester et al., 2011) 

In an overarching IPM system that incorporates the R&D, NPD and StD portfolios (C),  

the overarching portfolio is analysed and IPM decisions are made in a periodic review through 

consensus of a distinct group of decision-makers from various functions in the organisation (I), 

where the approval of project proposals, progress of active projects and the strategic imperatives 

for the following period are discussed (M), to provide strategic direction, (internal) customer 

involvement and top management support (O)  
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There are three decision-making styles that influence effective IPM decision-making through their 

interaction: (1) evidence-, (2) power-, and (3) opinion-based. These are defined and their respective 

advantages and disadvantages are given in Table 7. These are influenced by the following factors: The 

data necessary for evidence-based is generated through cross-functional collaboration, critical thinking 

and market immersion; Power-based decision-making is driven by organisational politics; Opinion-

based decision-making is associated with intuition and expertise of the decision makers.  

Table 7. Decision-making processes (Kester et al., 2011) 

Decision Style Definition Advantages Disadvantages 

Evidence “The process by which firms use objective 

information and empirical evidence, while 

understanding the underlying assumptions, to 

build an objective decision-making rationale” 

(p.649) 

Objective 

judgement, clear 

selection criteria 

Difficult to achieve strategic 

alignment, incremental 

projects selected because of 

availability and reliability of 

data, time consuming 

Power “Results when an unequal distribution of 

power allows more powerful groups or 

individuals to make decisions that reflect their 

personal interests” (p.649) 

Quick decision-

making, agile 

Goals of individuals or 

groups may dominate 

process, may not be in best 

interest of the firm 

Opinion “Based on overall feelings and personal 

experience to build a subjective decision-

making rationale” (p.649) 

Quick decision-

making, agile, more 

long-term and high-

risk projects 

May be inappropriate if made 

without necessary expertise, 

may not be in best interest of 

the firm 

In theory, an evidence-based decisions-making style may lead to more objective and thus, ‘better’ 

decisions. In practice, the data associated with predicting market, technological, and financial success 

represent forecasts and are thus to some extent inaccurate. The evidence is never complete or accurate, 

at some point power- or opinion-based decision-making styles will emerge. The decision-making styles 

affect the following three organisational dimensions of IPM decision-making effectiveness (Kester et 

al., 2011): Portfolio mindset, the firm has a complete overview of the portfolio and decisions are based 

“on a complete understanding of all of the projects in the NPD portfolio and how each is aligned to the 

firm’s strategy” (p.647); Focus, the effective IPM decision-making processes produce a focused effort 

on those projects that achieve the firm’s long-term goals. This means that everyone in the firm, across 

all functional layers, knows what the development priorities in the portfolio are at all times; Decision-

making agility, the firm can quickly shift development resources across the portfolio to changing 

customer needs, competitive conditions, resource needs, technological opportunities and threats, and 

changing strategic goals. In follow up research Kester et al. (2014) identified these as direct antecedents 

to the IPM goals. While a portfolio mindset and agility are related to all IPM goals, focus is related only 

to value maximisation and strategic alignment.  

Conclusion Effective Decision-making processes & Theory-based design principle 5 

The evidence-, power-, and opinion-based decision-making processes are balanced to minimise political 

interferences, enable cross-functional collaboration and foster an understanding of the organisation’s 

strategy. This increases IPM decision-making effectiveness and consequently IPM performance. Hence, 

the fifth theory-based design principle: 

In an overarching IPM system that incorporates the R&D, NPD and StD portfolios (C), 

organisations need to balance evidence-, power-, and opinion-based decision-making processes (I), 

to minimise political interferences, enable cross-functional collaboration and foster an 

understanding of the organisation’s strategy (M), to increase the portfolio mindset, produce a more 

focused effort in the portfolios and allow for more decision-making agility (O) 
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 Formalisation 

In the previous section, different decision-making factors that influence the IPM system were discussed. 

What IPM processes entail, how to make effective IPM decisions and the periodic review in which the 

decisions are often taken were outlined. In this section the formalisation of the project- and portfolio- 

level processes and the governance structure in place affecting IPM performance are discussed. 

The effectiveness of IPM is increased through both, formalisation on the project level (e.g. Martinsuo 

& Lehtonen, 2007; Teller et al., 2012) and on the IPM level (e.g. Cooper et al., 1999; Perks, 2007; Teller 

et al., 2012). Process formalisation, whether the IPM processes of selection, prioritisation, resource 

allocation and portfolio control are clearly specified (Teller et al., 2012), has a strong influence on 

decision-making quality (Kock & Gemünden, 2016). Decision-making quality is defined as the degree 

to which IPM decisions, such as the selection, (re)prioritisation, or termination of projects, are made in 

a transparent, stable, comprehensible, and rigorous manner (Behrens, Ernst, & Shepherd, 2014; Kester 

et al., 2014; Kester, Hultink, & Lauche, 2009; Unger et al., 2012). In line with other research, 

Meskendahl (2010) highlighted the following aspects of formality in IPM: suitable and accurate data, 

explicit and objective criteria, reasonable and clear rules, transparent and known procedures (Archer & 

Ghasemzadeh, 1999; Cooper et al., 1999; Martinsuo & Lehtonen, 2007). These ensure the availability 

of more complete and higher quality information on project proposals, project status, and resource 

demands, as well as, better comparability between projects (Kester et al., 2014; Kock & Gemünden, 

2016). The single-project factors of goal setting, decision-making and information availability explain 

over half the variance in IPM efficiency (Martinsuo & Lehtonen, 2007). Concerning decision-making, 

systematic monitoring and formal processes that utilise multi-functional input can mitigate subjective 

bias (Perks, 2007). If monitoring does not take place, actions are steered by unconscious or informal 

decision-making processes, based on emotional and gut feel judgments and influenced by personal 

relationships, such as politics, functional bias and rivalries (Kester et al., 2011; Perks, 2007). One should 

take into account that firms who manage to balance evidence-, power- and opinion-based decision-

making successfully are most effective in making innovation-related decisions (Kester et al., 2011). 

Thus, formalisation ensures IPM decisions are based on the organisation’s strategy in an objective and 

transparent manner, not the personal preferences of individual managers. 

However, formalised portfolio processes may also lead to bureaucracy and rigidness (Kock & 

Gemünden, 2016). The processes involved in R&D, NPD and StD have differing levels of formality on 

the project level. A comparison can be made between the stages and gates in NPD and the perspectives 

in the innovation pipeline. The front-end of NPD is flexible and processes are more informal, and 

gradually the stages and processes becomes more formal (Martinsuo & Poskela, 2011). Similarly, in 

R&D well-defined but flexible processes are used for the development of new technologies and the 

transfer of these new technologies into the NPD process (Sadowski & Roth, 1999). Too much project-

level formalisation may systematically create barriers to innovation and reduce opportunities for 

creativity (Teller et al., 2012). By having more flexible and informal processes in the beginning, 

organisations are able to, to some extent, integrate the R&D and front end-NPD process, without 

hampering creativity. Then, a systematic and tough project-level NPD process were identified as a 

determinant of effective IPM (Cooper et al., 2000). In addition, if both project- and portfolio-level 

processes are formalised, they systematically enforce cross-functional collaboration and thus, ensure 

more harmonised decision-making (Perks, 2007). Concerning portfolio-level processes, formality is 

identified in all perspectives. A formalised approach in R&D helps mitigate the strong pressures that 

various interest groups exert on R&D decision-makers (Jolly, 2012). In NPD, top performers use formal 

portfolio processes, such as an explicit, established evaluation method with clear rules and procedures 

supported by management (Barczak et al., 2009; Cooper et al., 1999; Menke, 2013). However, IPM 

decisions are made in periodic reviews, whereas project-level decisions are made in real time. Not only 
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do the project and portfolio-level processes consist of conflicting decision-making cycles, but also 

different stakeholders and evaluation criteria are involved, clearly formulated objectives may provide 

necessary guidance to ensure decision-making consistency (Kock & Gemünden, 2016). Teller et al. 

(2012) in an empirical study showed that the effects of project- and portfolio-level formalisation are 

complementary, and increase IPM quality which in turn increases portfolio success. Moreover, Cooper 

et al. (1999, 2004) found a positive influence of IPM formalisation on IPM efficiency (Martinsuo & 

Lehtonen, 2007).  

Conclusion Project- and Portfolio-level Formalisation & Theory-based design principle 6  

The level of project- and portfolio-level formalisation depends on the type of innovation activity. 

Formalisation of these processes affects the performance of the IPM system through goal setting, 

decision-making quality and information availability. Hence, the sixth theory-based design-principle: 

Portfolio Governance  

A general form of organising IPM in a structured and formal way is portfolio governance. Portfolio 

governance is conceptualised as the manner of steering, guiding, and directing the entire IPM process 

and its stakeholders (Urhahn & Spieth, 2014). Urhahn & Spieth (2014) analysed portfolio governance 

through four central elements: formality and explicitness, review frequency, decision transparency and 

information support. Firstly, formality and explicitness represents the extent to which IPM is designed 

in a structured way (Meskendahl, 2010). Highly formal IPM governance consistently applies established 

and explicit IPM methods that support IPM procedures to every project (Cooper et al., 1999; Müller, 

Martinsuo, & Blomquist, 2008). Secondly, frequency of portfolio review meetings. Thirdly, decision 

transparency. Through transparency of criteria and IPM approaches, the people affected by decisions 

are postulated to be more likely to accept the IPM decisions and it enhances a trustful relationship in the 

organisational hierarchy (Urhahn & Spieth, 2013, 2014). Lastly, information availability, the degree to 

which IPM managers are equipped with information that is accurate, relevant and timely to make 

portfolio decisions. Correct and truthful up-to-date information about individual projects can aid 

portfolio decision-makers base their decisions on more precise and reliable information (Urhahn & 

Spieth, 2013). The portfolio governance subdimensions of formality and information availability were 

found to have a positive effect on portfolio innovativeness, which in turn positively affects firm 

performance (Urhahn & Spieth, 2014).  

Conclusion Portfolio Governance & Theory-based design principle 7  

Portfolio governance through information availability and formal IPM processes positively affects 

portfolio innovativeness and subsequently firm performance. For this reason, the following theory-based 

design principle is formulated:  

In an overarching IPM system that incorporates the R&D, NPD and StD portfolios (C), portfolio 

governance; steering, guiding and directing the entire IPM process and its stakeholders (I), through 

formal and explicit IPM processes and information availability (M), positively impacts IPM 

innovativeness and firm performance (O) 

 

In an overarching IPM system that incorporates the R&D, NPD and StD portfolios (C),  

the portfolios are appropriately formalised on the project level and IPM level (I),  

which ensures the availability of more complete and higher quality information on project 

proposals, project status and resource demands, and a higher comparability of projects (M), 

increasing IPM decision-making quality and subsequently IPM efficiency and portfolio success (O) 
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 Stakeholders  

Previously the ‘what’ of effective IPM was outlined. This section discusses who are involved, i.e. the 

stakeholders that formulate strategy, make IPM decisions and execute the projects. As argued 

throughout this thesis, the management of the whole portfolio is a distributed process, which is often 

located in more than one organisational unit and includes numerous stakeholders.  

Build on Stakeholder theory, Beringer et al. (2013) identified four internal stakeholders involved in 

IPM: senior managers, line managers, portfolio managers and project managers. They identified the 

effect of the intensity of engagement of these stakeholders on portfolio success, where portfolio success 

consists of average project success and strategic fit. The effect of the intensity of engagement of portfolio 

stakeholders is phase-specific in line with the portfolio structuring, resource management and portfolio 

steering phases, and moderated by role clarity, used as a measure of IPM maturity (Beringer et al., 2013). 

The phases are as follows: Firstly, portfolio structuring, the activities involved in building the portfolio 

consistent with strategy, such as evaluation, selection and prioritisation of project proposals relative to 

ongoing projects (Archer & Ghasemzadeh, 1999). Secondly, resource management, resource allocation 

to and across projects (Killen et al., 2008). Thirdly, portfolio steering, covers all ongoing activities for 

the continuous coordination of a portfolio of projects (Müller et al., 2008), such as reprioritisation or 

termination of projects, reallocation of resources and exploitation of synergies (Blichfeldt & Eskerod, 

2008; Kock & Gemünden, 2016). These three phases are generic and recursive and may not be 

performed to the same extent and quality in different organisations (Beringer et al., 2013). However, the 

phases do give a comprehensive understanding of the different processes related to IPM and the extent 

to which these are executed in an organisation is argued to positively influence IPM success (Blomquist 

& Müller, 2006; Jonas, 2010). 

In the study by Beringer et al. (2013) only two stakeholders significantly influenced portfolio success 

over all phases: line managers and project managers. Firstly, line managers positively influence strategic 

fit through their role as brokers between strategy formulation and its implementation. Furthermore, they 

provide the resources for projects in portfolios, provide functional knowledge and have the political 

power to support or oppose projects. In the context of the overarching IPM system, line managers need 

to refrain from solely pursuing their departmental interests, but aim to balance them with the overarching 

IPM goals. Secondly, the positive influence of project managers on portfolio success is not surprising 

as they are responsible for running the projects and represent them in the IPM process. The increased 

engagement of project managers in the IPM process ensures that sufficient resources are allocated to 

their projects or may help them become aligned with other project managers.  

Conclusion Stakeholders & Theory-based design principle 8  

The intensity of engagement of mid-level line managers and project managers has a positive effect on 

portfolio success. Mid-level line managers function as the link between formulated strategy and 

choosing the right projects for its implementation. Whereas project managers execute the chosen 

projects. Ergo, theory-based design principle eight is formulated: 

 

In an overarching IPM system that incorporates the R&D, NPD and StD portfolios (C),  

clearly defined roles of mid-level line managers and project managers (I), through linking corporate 

strategy and executing the projects that implement said strategy (M), have a positive impact on 

portfolio success (O) 

 



24 

 

 Theory-based Design Principles for IPM Metrics 
This chapter continues the formulation of the theory-based design principles by means of a literature 

review that answers the second sub-question: “How can the performance of a Management system that 

manages the R&D, NPD and StD portfolio simultaneously be measured?” Here, the metrics used to 

evaluate projects and measure IPM performance, and processes that collect and analyse them are 

outlined. This chapter is the second of three literature review chapters.  

Performance measurement of innovation activities is gaining increased importance, because the 

effectiveness and efficiency of these activities not only determines a firm's competitive advantage, but 

its very survival (Godener & Soderquist, 2004). For an organisation, to be able to evaluate, select and 

prioritise projects through an equitable comparison, it is critical that common metrics (Archer & 

Ghasemzadeh, 1999) and evaluation criteria (Blichfeldt & Eskerod, 2008; Mikkola, 2001) are chosen 

and calculated separately for each project under consideration. To do this, organisations need to focus 

on the difficult but rewarding challenge of measuring and managing a broad set of innovation activities 

and employing corresponding metrics (Drake et al., 2006). To be able to measure and assess IPM 

performance, the measurement processes need to cover a wider perspective than the isolated project 

(Martinsuo & Lehtonen, 2007; Müller et al., 2008). Management needs to cope with the difficult 

challenge of choosing appropriate metrics for innovation success, because there are many different 

metrics to consider (Griffin & Page, 1996). In addition, the complexity of the environment and the 

unique set of challenges faced by different industries can make the measurement of innovation success 

more difficult (Killen et al., 2008). There are no standard performance measures to evaluate portfolio 

success for innovation projects (Dziallas & Blind, 2019).  

To gain a better understanding of metrics applicable to an IPM system, literature from a R&D, NPD, 

StD and project management perspective on metrics was collected and analysed. The key findings and 

measurement dimensions are described in Table 11 in Appendix C. This did not result in a list of metrics 

to use in IPM. It did however, result in recommendations for the development of metrics in an IPM 

system:  

Firstly, no single measurement technique is best at each phase and thus, various metrics need to be used 

throughout the innovation pipeline (Jolly, 2003, 2012). In addition the use of multiple metrics at the 

same time is advised (Linton et al., 2001), because being restricted to a single metric at a given point in 

time can lead to erroneous conclusions on the portfolio (Balachandra & Friar, 1997), as well as, gaming 

issues (Hauser & Zettelmeyer, 1997). Secondly, employ more qualitative and strategic metrics in the 

earlier stages of innovation (Carbonell-Foulquié, Munuera-Alemán, & Rodríguez-Escudero, 2004; 

Dziallas & Blind, 2019; Tritle, Scriven, & Fusfeld, 2000), and in projects with more radical and high-

tech types of innovation (Griffin & Page, 1993, 1996). Here, the uncertainty is higher and therefore the 

reliability of the available data lower. Researchers are often sceptical of the use of performance measures 

for R&D projects, due to the intangible nature and difficulty to quantify their output (Pappas & Remer, 

1985). In the latter stages and projects with more incremental and low-tech types of innovation, more 

quantitative and financial metrics are employed (Carbonell-Foulquié et al., 2004; Dziallas & Blind, 

2019; Killen et al., 2008; Verbano & Nosella, 2010). Therefore, many researchers take a contingency 

approach to measuring innovation performance. Thirdly, an IPM system should allow the right 

information, at the right time, to be collected in a way that is both reliable and economical (Jolly, 2012; 

Kerssens-van Drongelen & Cook, 1997). The right information, at the right time, depends on the context 

of the innovation project, where the context can be the type (e.g. high-tech versus low-tech, incremental 

versus radical), the stage (ideation to termination) and the phase (basic to improvement). This context 

in turn influences the metrics, measurement techniques and frequency of measurement (Hauser & 

Zettelmeyer, 1997; Pappas & Remer, 1985), as well as, the IPM methods and tools (Balachandra & 



25 

 

Friar, 1997; Blomquist & Müller, 2006; Verbano & Nosella, 2010). Fourthly, metrics need to be 

multidimensional, measuring project, portfolio- and firm-level success (Griffin & Page, 1993, 1996; 

Kerssens-van Drongelen & Cook, 1997; Müller et al., 2008). Especially, portfolio metrics need to take 

the interdependencies between projects into account as they could change the value of projects (Archer 

& Ghasemzadeh, 1999). Fifthly, the metrics need to reflect the organisation’s goals and the strategy 

(Griffin & Page, 1993, 1996; Martinsuo & Poskela, 2011; Tritle et al., 2000) and the way they are 

measured should become an integral part of the firm’s strategic thinking (Shenhar et al., 2001).  

An overview of the IPM system may be obtained by implementing a database with clearly defined, 

quantitative and qualitative, criteria for project evaluation and metrics for performance measurement 

(Cooper et al., 1998b; Godener & Soderquist, 2004). The use of clear performance measures and 

evaluation criteria can help organisations manage the ideas and innovation projects throughout the whole 

innovation process (Kerssens-van Drongelen & Cook, 1997). Müller et al. (2008) showed that portfolio 

reporting, where reports use similar templates and metrics, and work as a tool that collects and 

disseminates the status of project priorities throughout the organisation, is positively correlated with 

achieving purpose. In line with previous empirical research, uniform reporting processes have a positive 

effect on project success (Turner & Müller, 2004). Explicit evaluation criteria are important for efficient 

resource allocation and performance evaluation in each phase of the innovation pipeline (Dziallas & 

Blind, 2019). However, the transfer of metrics identified in theory to practice is problematic (Dziallas 

& Blind, 2019). One reason is the lack of data that is easily accessible and reliable. Research showed 

that managers act on the information available and adapted their behaviour accordingly (Blichfeldt & 

Eskerod, 2008; Loch, 2000). Despite its complexity, there are both external and internal demands for 

accurate performance measurement (Griffin & Page, 1996; Hauser & Zettelmeyer, 1997; Kerssens-van 

Drongelen & Cook, 1997). On one hand, external, top management and (internal) customers of the R&D, 

NPD and StD activities, who sponsor the innovation activities, require proof that the resources are spent 

on the ‘right’ projects. On the other hand, internal, to improve performance of innovation activities, it 

needs to be measured.  

Conclusion Metrics & Theory-based design principle 9 

There is no concrete set of metrics available to evaluate and measure the performance of an IPM system. 

Rather, organisations can tailor their metrics depending on whether they are evaluating R&D, NPD or 

StD projects, because each perspective has different requirements and characteristics. Without effective, 

efficient, appropriate and meaningful metrics, innovation activities may be isolated from the true 

business needs and its role in the organisation may be questioned. In the end, IPM encourages the 

systematic analysis of projects, which aids in the uncovering of the relative strengths and weaknesses of 

each project, as well as, revealing the dynamics of the projects. The use of a number of uniform metrics 

in an IPM system, emphasises consensus and helps identify gaps and future development opportunities. 

Therefore, the ninth theory-based design principles is formulated: 

  

In an overarching IPM system that incorporates the R&D, NPD and StD portfolios (C), projects are 

measured and compared along explicit, appropriate and comparable evaluation criteria, progress 

and performance metrics at the project-, portfolio- and organisational level (I), which provide 

information for overarching and portfolio specific decision-making at the appropriate hierarchical 

levels (M), to increase IPM system performance (O) 
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 Theory-based Design Principles for IPM Methods and Tools  
The previous chapter discussed the importance of having metrics. Consequently, the metrics used 

influence the IPM Methods and Tools that are used. This chapter formulates the theory-based design 

principles by means of a literature review in relation to the third sub-question: “What methods and tools 

can be applied to a Management System that manages the R&D, NPD and StD portfolios 

simultaneously?” First IPM methods are discussed and subsequently the appropriate tools used to 

achieve the IPM goals. This chapter is the final literature review chapter.  

 Methods  

IPM is applied through different approaches. Müller et al. (2008) suggest and support a more holistic 

and integrated framework of IPM that takes into account the organisational context and the different 

practices of portfolio control simultaneously. Archer & Ghasemzadeh (1999) and Loch (2000) proposed 

such holistic approaches to IPM. While, Cooper et al. (2000) observed two approaches to IPM in NPD 

practice: the Gate Dominant and the Portfolio Review Dominant Approach. Each organisation is unique 

and one solution might not be valid for every organisation (Levine, 1999). First the holistic approaches 

are outlined, then the more specific methods are discussed.  

Approach 1: Project Portfolio Selection Framework 

Archer & Ghasemzadeh (1999) proposed a generic framework for project portfolio selection consisting 

of multiple phases (Figure 22 in Appendix D). They suggest the use of a set of formal practices, for not 

only evaluating project proposals, but including organisational aspects in strategic planning and 

portfolio reviews. The framework is divided in three process stages: Pre-process, Portfolio selection 

process and Post-process. Each process stage consists of several selection stages and activities, tabulated 

in Table 8.  

Table 8. Stages and Activities in the Portfolio Selection Framework (Archer & Ghasemzadeh, 1999) 

Process Stages Selection Stages Activities 

Pre-process • Methodology selection 

• Strategy development 

o Resource allocation 

o Guidelines 

• Strategic mapping 

• Portfolio matrices 

• Cluster analysis 

• Et cetera. 

Portfolio selection 

process 

• Pre-screening • Rejection of projects that do not meet criteria 

• Individual project analysis • Calculation of common parameters for each 

project 

• Screening • Rejecting non-viable projects 

• Portfolio selection • Integrated consideration of: 

o project attributes 

o resource constraints 

o interactions 

• Portfolio adjustment • User-directed adjustments 

Post-process • Final portfolio • Project development 

The staging makes it possible to eliminate stages and fit the process to the organisational needs. The 

framework includes a connection between the development of strategy in an organisation and the project 

selection process. Many firms extensively plan and formulate their strategy. The strategy influences the 

project selection in the form of guidelines for the screening and individual project analysis stages. In the 

later stages, the portfolio composition is strategically connected by directives for the resource allocation. 

After the first iteration, the strategy development and methodology selection are reviewed and adapted, 

if necessary (Archer & Ghasemzadeh, 1999). The methodology selection refers to the tools, which are 

applied to the process stages. 
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Approach 2: Holistic NPD System 

Loch (2000) outlined an NPD system that encompasses strategy, funding, and execution, as well as the 

surrounding decisions. Three predominant NPD projects were outlined: formal, under-the-table and pet 

projects. The strategy is incorporated into an organisation’s NPD activities according to the portfolio’s 

specific needs as follows: First, assess the strategic position and challenges of a BU, to derive the 

innovation needs. Then, identify a portfolio of NPD activities that address these innovation needs. Next, 

the portfolio balances the portfolio according to the markets served, timing of new products and risk 

versus reward of NPD projects. Moreover, the portfolio must allow for prioritisation of projects in line 

with the resource capacity. Lastly, processes for execution of the desired portfolio need to be identified 

and established, different processes are distinguished for the type of NPD project (next generation to 

improvement). In this approach, NPD process expertise is often maintained in a central headquarters, so 

BUs that have not explored new technologies for some time can (re)acquire it. Here, technology 

monitoring and assessment, may help alert BU of challenges arising in their market, before it is too 

expensive or too late to react. To be able to appropriately serve the context of the organisation, the 

formulation of strategic innovation needs of the separate BUs and the translation of these into a 

collection of NPD efforts has to take into account linkages with other organisational processes and build 

in sufficient flexibility to enable these linkages (Loch, 2000). Linkage with other organisational 

processes occurs in two ways: under-the-table projects can be formalised, and new technologies that 

have been proven in an experimental project can flow into NPD projects. 

Approach 3: Gates Dominate  

The third approach is based on the quality of decision-making for individual projects at distinct gates.  

under the assumption that a well-functioning Stage-Gate® or gating process will lead to a high-quality 

portfolio. An in-depth review is held at the gates for individual projects, one at a time, which is much 

more in-depth than possible in a review of the complete portfolio. The decision process at the gates is 

real-time and twofold (Figure 23 in Appendix D). First, senior management or gatekeepers make go/kill 

decisions on individual projects based on absolute criteria. Then, the project is prioritised against all 

other projects in the portfolio and resources are allocated. This approach utilises portfolio reviews to 

periodically check on the portfolio. Both the Stage-Gate® process and the portfolio review are driven 

by the business strategy and NPD strategy. This approach is more appropriate for organisations with 

consistent portfolios operating in combination with solid gating processes.  

Approach 4: Portfolio Review Dominates  

The fourth approach is based on the integration of the two processes, the portfolio review and gating 

process (Figure 24 in Appendix D). Senior management makes go/kill and prioritisation decisions 

periodically, i.e. two to four times a year, on all projects. Compared to the gate dominant approach, the 

portfolio review approach is more comprehensive, looking at the complete portfolio, instead of in-depth 

into individual projects. However, the portfolio review meetings are much more time consuming and 

require more senior management involvement than in the gates dominate approach. The decision process 

consists of three steps. Firstly, portfolio managers identify ‘Must Do’ projects that are either sound 

projects or strategic necessities. Secondly, the ‘Won’t Do’ projects are identified and killed. Lastly, the 

remaining projects are force ranked, prioritised and resources are allocated. The gates following the 

second gate serve merely as checks that projects are financially viable and on schedule. The gate 2 and 

beyond projects are all on the table, making (re)prioritisation easier than discussing one at a time. This 

results in a more dynamic, constantly changing portfolio. This approach is more appropriate for fast-

paced organisations who operate in volatile markets.  
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Conclusion Method & Theory-based design principle 10 

IPM methods described in literature differentiate between holistic and more specific methods. The 

holistic framework by Archer & Ghasemzadeh (1999) is designed to simplify and organise the project 

portfolio selection process. It provides support for decision-makers, stresses the importance of tools, but 

leaves the specifics up to the decision-maker. Moreover, based on the empirical findings by Loch (2000), 

no best practice NPD process exists. Thus, an organisation should develop a customised IPM system 

should rather be adjusted to an organisation’s specific requirements and innovation needs. Furthermore, 

in relation to NPD, IPM can be realised by integrating tools for project evaluation, selection and 

prioritisation in a review process for ongoing projects using either approach by Cooper et al. (2000). 

Ideally, the IPM method and project-level process should be integrated into one system, as both are 

designed to make Go/Kill and Resource allocation decisions. The former deals with the IPM goals, while 

the latter makes in-depth decisions throughout the individual project’s lifecycle. Hence, the following 

theory-based design principle: 

 Tools 

Different IPM tools, such as quantitative and qualitative, emphasise different IPM goals (Cooper et al., 

2000). The use of formal IPM tools is useful for simultaneously evaluating strategic, market, 

technological and risk factors, as well as, the financial value of the portfolio (Verbano & Nosella, 2010) 

As previously established the IPM goals have a positive effect on market performance (Kester et al., 

2014). However, the effect of balance works through the other IPM goals and does not have a direct 

effect on market performance. This implies that firms need to critically analyse and improve the extent 

to which their portfolios are balanced and consist of the right number of projects before they may be 

able to increase market performance. If a firm’s portfolio is not appropriately balanced, it may be 

difficult to achieve strategic and financial portfolio objectives (Cooper et al., 2002a; Kester et al., 2014). 

It is important to emphasise that the tools should be easy to understand and apply (Archer & 

Ghasemzadeh, 1999; Cooper et al., 2000). Each has its strength and weaknesses. In practice, hybrid 

approaches are popular, where a variety of tools are used and combined (Cooper et al., 2001; Killen et 

al., 2008). In the following sections, the tools in relation to the IPM goals are outlined and corresponding 

theory-based design principles are developed. 

 Value Maximisation 

Portfolio tools allow projects to be analysed in a systematic manner, this provides an opportunity for the 

optimisation of the organisation’s long-term growth and profitability (Mikkola, 2001). This IPM goal 

strives to select those projects in the portfolio that lead to maximum financial or commercial value in 

terms of business objectives, because in NPD most businesses are judged on the value they create for 

their shareholders. They want to maximise the value of the portfolio, by selecting and allocating 

resources to projects that will become successful products in the market (Cooper et al., 1999, 2000). 

Maximising the portfolio value refers to the ratio between resource input and value output, in relation 

to an organisation’s business objective, this depends on the strategic objectives and the markets in which 

the firm operates (Kester et al., 2014).   

In the past mathematical models were used to optimise specific objectives functions for a portfolio, such 

as profitability or expected value, within its resources constraints (Verbano & Nosella, 2010). However, 

In an overarching IPM system that incorporates the R&D, NPD and StD portfolios (C), an 

organisation develops a portfolio tailored to the organisation (I), which integrates the project- and 

portfolio-level methods into one system with appropriate IPM tools, depending on the type of 

innovation and organisational context (M), to increase IPM effectiveness (O) 
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these models mainly relied on financial forecasts that have a high degree of uncertainty and therefore, 

reduced credibility (Cooper, Edgett, & Kleinschmidt, 1998a). Furthermore, managers perceived 

mathematical models as demanding and too difficult to use and understand (Cooper et al., 1999; Loch 

& Pich, 2001). Financial methods, such as Net Present Value (NPV) and Return on Investment (ROI), 

are some of the most common tools for IPM (Jolly, 2012; Killen et al., 2008). Although, the majority of 

financial methods is theoretically well-justified, there are significant practical shortcomings (Kester et 

al., 2011). Despite being clear and easy to use, they can disfavour high risk projects (Chao & Kavadias, 

2008; Kester et al., 2009). Financial methods are difficult to estimate in the earlier stages of NPD, due 

to the quality of information (Killen et al., 2008; Martinsuo & Poskela, 2011). Moreover, financial 

methods can be unreliable and inaccurate, since project data is often speculative until the product is 

launched in the market (Linton et al., 2001; Repenning, 2001). In response to criticism on financial 

methods, more sophisticated methods have been developed, such as options pricing and Expected 

Commercial Value (ECV). Despite containing more realistic risk and reward calculations, these methods 

are not user friendly and therefore, more relevant to academics than to practitioners (Kester et al., 2011). 

Research into the maximisation of the value in portfolios identified and confirmed through empirical 

results that organisations who move from solely financial to strategic tools are more successful at 

innovation (Cooper et al., 1999, 2004; Killen et al., 2008). Scoring models produce a strategically 

aligned portfolio that reflects the business’s spending priorities through rating project on financial and 

non-financial factors (Cooper et al., 1998a, 2001). They are identified as best practice non-financial 

approaches to a portfolio of high value projects (Cooper et al., 1998a, 2004; Poh et al., 2001) However, 

they are subjective in nature. Moreover, a pitfall in IPM methods where a threshold is chosen for the 

minimum acceptable value is that the input for the calculation can be manipulated to pass this value 

(Cooper et al., 2000).  

Conclusion Value Maximisation & Theory-based design principle 11 

To achieve value maximisation, financial methods and scoring models are most appropriate. However, 

financial methods are more effective in later phases of the innovation pipeline and later stages of the 

NPD process and in the StD process. In R&D and earlier NPD stages financial data is usually not very 

accurate and reliable. Organisations should move from solely financial to also strategic methods. 

Scoring models rate projects on financial and non-financial resulting in strategically aligned and high 

value portfolios. This leads to the following theory-based principle: 

 Strategic Alignment 

Strategic alignment of a portfolio represents the degree to which the projects reflect the organisation’s 

strategy and strategic priorities (Unger et al., 2012), which is represented in the breakdown of innovation 

spending (Cooper et al., 1999; Killen et al., 2008). The way IPM can achieve this goal is twofold (Kester 

et al., 2014). Firstly, each individual project in the portfolio should support the organisation’s strategy. 

This encompasses bottom-up strategic alignment through incorporating strategic criteria in project 

selection, evaluation and prioritisation tools. Secondly, the organisation should identify market 

opportunities and mirror breakdown in spending according the importance of each market or technology 

area in achieving the strategic goals. This includes top-down tools, such as strategic buckets and 

portfolio mapping.  

In an overarching IPM system that incorporates the R&D, NPD and StD portfolios (C), the value is 

maximised by assessing financial and non-financial factors in the portfolios and the overarching 

IPM portfolio (I), which helps compare whether what is good for the portfolios is also good for the 

overarching portfolio (M), to increase overall value of the IPM system (O)  
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Portfolio mapping is a graphical representation of the projects under consideration and exists in 

numerous forms. The adoption of methods, such as the Boston Consulting Group (BCG) matrix, can be 

a useful mechanism to simultaneously analyse alignment of the portfolio with strategy and balance 

(Cooper et al., 1999; Mikkola, 2001). Roadmapping, a form of portfolio mapping, relates technologies 

to the potential products and final markets (Albright & Kappel, 2003; Groenveld, 1997; McMillan, 

2003). The two main sorts are a product roadmap and its derivative, a technology roadmap. When 

employing roadmaps, senior management maps out the major new product initiatives and necessary 

technologies, often as far out as five to ten years, required to succeed in each strategic arena (Cooper et 

al., 2004), and can subsequently prioritise projects and earmark resources for them (Cooper & Edgett, 

2010). Roadmapping has a number of strengths: Firstly, create strategic alignment between the different 

projects (Dickinson et al., 2001). Secondly, ensure that capabilities are in place to achieve the strategic 

objectives when needed (Cooper et al., 2004; McMillan, 2003). Roadmaps of future technologies, based 

on expected needs of the business, aid in the identification of technology development projects that add 

value to the business, and synchronise timing of these projects with the needs from the business 

(Sadowski & Roth, 1999). Thirdly, make the evaluation process easier to be understood by non-technical 

managers (Mikkola, 2001). Lastly, communicate strategy throughout the organisation and create a 

common understanding (Phaal, Farrukh, & Probert, 2004). However, the overview can be too general 

and leave too much room for modifications (Phaal et al., 2004). Another top-down strategic method, 

strategic buckets, ensures that spending on projects in IPM truly reflects the strategy (Killen et al., 2008). 

Barczak et al. (2009) identified ‘best’ performers to use strategic buckets to evaluate projects more 

frequently than the ‘rest’. Top management pre-allocates resources to buckets, setting aside resources 

destined for certain project types, markets, or technology areas, or other high-level characteristics 

(Cooper et al., 1999). The main advantages are strategic alignment and incorporation of longer-term, 

higher-risk projects (Chao & Kavadias, 2008; Cooper et al., 1999). Through the use of strategic buckets, 

entirely different projects are not competing against one another for the same scarce resources. Lastly, 

scoring models and bubble diagrams, which incorporate strategic factors, can be used to achieve more 

strategic alignment from the bottom-up (Cooper et al., 1999).  

Conclusion Strategic Alignment & Theory-based design principle 12 

Strategic methods are more appropriate in R&D and front-end NPD. Through strategic methods, senior 

management is able to translate its view of the future and strategy into resource commitments and 

concrete actions. Here, roadmapping can be a useful tool in crossing organisational functions, to 

communicate strategic priorities and synchronise timing in the IPM system, create more strategic 

alignment within and between the R&D, NPD and StD portfolios. Whereas, strategic buckets are used 

to set top-down strategic priorities and are a reflection of spending on corporate strategy. Thus, the 

following theory-based design principle is formulated: 

 Balance 

A portfolio is balanced, when the projects inside are harmonious in respect to specific parameters. In 

IPM the set of projects in the portfolio can be balanced along numerous dimensions, such as project 

size, the ratio between short- and long-term projects and risks (Archer & Ghasemzadeh, 1999). 

Furthermore, project type, risk level, and resource adequacy should be balanced (Killen et al., 2008). In 

NPD, balance is crucial in terms of radical and incremental projects, spread across the markets they 

In an overarching IPM system that incorporates the R&D, NPD and StD portfolios (C), projects are 

allocated to similar strategic themes by using strategic buckets and roadmaps (I), allowing 

transparency, comparability and accountability in the portfolios (M), avoiding local optimisation 

rather than contributing to the overall strategic fit of the organisation (O)  
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intend to serve and spread across the various stages of development (Cooper et al., 2001). The ideal 

‘balance’ is unique to each organisation depending on the strategy (Cooper et al., 2001), and on external 

factors, such as environmental complexity and turbulence (Chao & Kavadias, 2008). Two tools can be 

used to determine balance in the portfolio. Firstly, bubble diagrams can display a rich amount of 

information on the current state of the portfolio and how the resources are allocated. These tend to be 

discussion tools only and do not result in a prioritised list of projects (Cooper et al., 2000). Secondly, 

histograms and pie charts were proposed by Cooper et al. (2002b). These can portray the total cash flow 

per year from all project to balance cash inflows with cash outflows. Lastly, markets, products and 

technologies can be visualised using pie charts, to check whether spending is appropriately split.  

Conclusion Balance & Theory-based design principle 13 

Thus, tools that display the current portfolio among specific parameters may be used as discussion tools 

during portfolio reviews. However, the type of parameters that are displayed depends on the type of 

innovation. Hence, the following theory-based design principle:  

 Right number of projects 

The portfolio consists of the right number of projects if there is a balance between resources demanded 

by projects and resources available from the different functional areas (Cooper et al., 2004). Issues 

related to resource allocation stem from having too many projects in the pipeline, due to an 

organisation’s inability to say no to new initiatives, the inability to timely terminate or put active projects 

on hold according to shifting priorities, or due to the projects having insufficient resources available for 

them in the first place (Cooper et al., 2004). Over the years the number of projects and relationships 

regarding resources, risks, and increased combined value have substantially increased (Kock & 

Gemünden, 2016). The right number of projects in a portfolio must be limited in such a way that it 

ensures that all projects can be resourced effectively, but is sufficient to enable an adequate flow of 

innovation projects (Killen et al., 2008). The purpose of IPM is twofold (Meifort, 2016). On one hand 

proactive, it turns NPD strategy into action. On the other hand, preventive, it avoids blockage to the 

prone to be overloaded NPD process. The resources in an organisation are rarely being used optimally 

and the demand for resources usually exceeds the supply available (Archer & Ghasemzadeh, 1999; 

Cooper et al., 2000). As a consequence managers are often occupied solving unanticipated problems, or 

firefighting, which distracts them from focusing on the projects that are vital for achieving the 

organisation’s strategy (Aaltonen & Ikävalko, 2002; Repenning, 2001). To avoid having too many 

projects, Cooper et al. (2002b) propose a resource capacity analysis, to quantify the projects’ demand 

for resources versus its availability. Hence, the following theory-based design principle: 

Conclusion Right number of projects & Theory-based design principle 14 

Achieving the right number of projects in a portfolio is important to make the most out of the scarce 

resources available in an organisation. Effectively allocating resources can result in more alignment in 

the portfolio. This led to the following theory-based design principle: 

In an overarching IPM system that incorporates the R&D, NPD and StD portfolios (C), projects are 

visualised and discussed using graphic tools (I), which depict the current state of the portfolio in 

terms of certain parameters, including a representation of how the resources are allocated (M), 

resulting in better balance in the separate and overarching portfolios (O) 

 

In an overarching IPM system that incorporates the R&D, NPD and StD portfolios (C), projects’ 

resource demand versus availability is quantified through resource capacity analysis (I), limiting 

the number of projects in the portfolios (M), to avoid firefighting and strategic misalignment (O) 
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  Empirical-based Design Principles for Effective IPM  
In the empirical part of the thesis, the development of an IPM system is studied from practice. In this 

section the first sub-question is answered by means of a case-study: “What are the antecedents to 

effective Innovation Portfolio Management for a Management System that manages the R&D, NPD and 

StD portfolios simultaneously? Throughout the case-study, empirical-based design principles are 

formulated with the use of the CIMO logic described in Chapter 2. This chapter is the first of three 

empirical chapters. 

 Stakeholders involved in the case-study 

The case-study method by Yin (2018) was followed to conduct an empirical analysis that combines 

observations, additional documentation and interviews. In total 12 semi-structured interviews were held. 

The involvement of the interviewees in the Development and Standardisation board is visualised in 

Appendix B. A rough overview of the position of the interviewees in the structure of the case-study 

organisation is exhibited in Figure 9. It shows the expertise centres, which function as support for the 

divisions. In reality there are more divisions that were left out in the scope of the thesis, due to time 

constraints, availability and portfolio maturity. Here, the roles of the interviewees in the case-study are 

briefly outlined.  

The R&D department is headed by the R&D manager and consists of two portfolios: the research 

portfolio and the development portfolio. The development portfolio has no projects, the development 

teams function as technological consultancy for projects in the business and aid in research projects. 

The research portfolio consists of sub-portfolios for the research domains. The R&D manager, Research 

manager and Development manager were interviewed. Furthermore, two expertise centre heads were 

interviewed. Firstly, the Strategy and Business Transformation Director in the Program Management 

Office, who supports the departments and divisions in the development of organisational processes and 

structures. In addition, he has a facilitating role in the Development board and was involved in the 

creation of both the Development and Standardisation board. Secondly, the Supply Chain director, who 

fulfils a supporting role for purchasing in NPD and StD in the divisions and is involved as a decision-

maker in the Standardisation board. In the business, division W and Y were chosen because of their 

relatively high portfolio maturity and strong focus on collaboration between the R&D, NPD and StD 

portfolio as an IPM system. Moreover, the type of products in these divisions may be produced in series 

and therefore have a stronger need for StD. The product director W and Y were interviewed, who are 

responsible for the portfolios in relation to product development and standardisation. The Product 

Managers H and Y, and the D&P Manager T are involved in NPD for their PG and serve a specific 

market segment with their product portfolios. The Technical Managers H and T are responsible for StD 

of technologies that have reached a certain level of technological maturity in their specific PG.  

 
Figure 9. Interviewees case-study and their relation to IPM 
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 Antecedents to Effective Innovation Portfolio Management in Practice  

To gain insight in the antecedents to effective IPM within the case-study organisation, stakeholders from 

multiple organisational levels in the departments and divisions for each of the R&D, NPD and StD 

portfolios were interviewed. To be able to compare, contrast and analyse the findings in theory and 

practice, a similar structure is applied to this chapter as in section 3.2.  Firstly, the relation between the 

strategic and the lower level processes is outlined. Secondly, the IPM decision-making processes and 

their effect on IPM are discussed. Thirdly, the level of formality in the portfolio- and project-level 

processes are outlined.  

 Strategy 

In the organisational structure that encompassed the R&D, NPD and StD portfolios, a beginning was 

made on formulating a broadly supported vision and strategy. A so called ‘strategy safari’ was held, 

which resulted in an internally distributed booklet including the vision and summaries of the policy 

plans for the BUs, PGs and departments in the organisational structure. The policy plans are written 

yearly and outline the structure of the internal organisational processes and serve as a guide for the 

implementation of strategy.  

In the R&D department, on a yearly basis the R&D policy plan is updated, including the strategy for 

R&D and how to achieve it. According to the R&D Manager the purpose of IPM is: “Mainly keeping 

an overview, being able to generate overviews, a dashboard function and rather the slow and long-term 

steering. Translating the portfolio into a roadmap, to visualise long-term planning. What is the goal and 

what are the steps we need to take and how long will that take with the current capacities and budgets 

and do we all agree on that? More like a discussion tool and to come to an agreement with the business 

about the longer term planning.” Researchers that initiate projects evaluate the fit of their ideas and 

project proposals against the corporate and subset R&D strategy. The strategy was recanted during the 

plenary R&D meeting in the beginning of the year and did not change much since the previous year.  

For NPD, the process in which the vision and strategy are cascaded down was described in the interviews 

with NPD stakeholders. Firstly, the Executive Board formulates a corporate policy plan. Secondly, based 

on the corporate policy plan, the division creates a policy plan in which the division strategy is outlined. 

This strategy guides the technology development projects for the coming year and steers NPD in the 

product portfolios in the division. The input the division policy plan is delivered by different 

stakeholders, e.g. the product portfolio managers for their specific product series. The yearly policy 

cycle includes reviewing the Product Portfolios to determine what products stay, need to be improved, 

need to be developed and are to be phased out. Despite being written down in the policy plan, the strategy 

needs to be made more explicit and known throughout the organisation for it to be effective. 

Nevertheless, the NPD portfolios are guided by strategy, which is heavily influenced by customers and 

the market. Every Product Portfolio serves a particular market segment and as long as the needs of that 

segment are met, the product is deemed good. In division Y, the management team decides top-down 

what products are going to be built in the coming five years. This is based on NPD strategy for the 

products and a long-term production planning. The NPD project plans include a segment of strategic 

justification, to increase strategic alignment.  

Concerning StD, in internal documentation the following drivers of effective StD are outlined: agenda 

driven by business policy; focus on most beneficial projects and projects with highest priority; and 

improve cooperation between disciplines and across BUs. Thus, next to steering NPD and technology 

development, the division policy document outlines the plans for standardisation. According to internal 

documentation StD has time and again proven to be one of the cornerstones of success and aligns fully 
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with the vision of offering ‘smart customisation’ based on a standards platform. Moreover: “Another 

part is that within separate PGs alignment is found.” (Technical Manager H)  

Conclusion Top-down Strategy & Empirical-based design principle 1 

The organisational structure in the case-study that encompasses the R&D, NPD and StD portfolios has 

outlined a high-level vision that is translated to strategy and lower level  R&D, NPD and StD strategies 

through policy plans. The IPM decisions in each portfolio are made in line with the cascaded strategy, 

to ensure that strategy is implemented and alignment is found in the IPM system. This leads to the first 

empirical-based design principle: 

Bottom-up Strategy 

As mentioned in the previous principle, the corporate strategy is formulated and translated to subset 

strategies through policy plans. However, the strategy is insufficiently translated to specific strategic 

goals to guide the innovation efforts for the R&D, NPD and StD portfolios. Strategic ambiguity exists:  

“Quite frankly, I do not think it is articulated enough. What is our ambition? and what does that 

ambition mean? What are the steps to get there. There are a lot of initiatives and what you need to do 

is make sure that you align them to achieve it in the long term.” For example: “ … regarding 

sustainability. There are a number of solution directions. There is natural gas, electrification, and 

perhaps eventually hydrogen. That is where you have to make efforts towards and I think that needs to 

be steered better.” (Technical Manager T) 

This strategic ambiguity may lead to scattershot efforts throughout the organisation, as the top-down 

enforced strategy leaves to much room for disparity. The organisation is in the process of identifying 

strategic themes, as well as, innovation themes that represent technological opportunities they deem 

most promising. For example, in absence of clear corporate strategic themes, the R&D department has 

formulated and proposed its own strategic themes: the four S’s. The evaluation process would be made 

easier if the strategic guidelines were described clearly, then project initiators can check whether their 

projects match these guidelines. Whereas, under vague strategic guidelines project initiators are able to 

tweak their project argumentation such that it fits the strategy.  

There are some ways to combat disparity of strategy in the IPM system. According to the R&D manager: 

“We would very much like to see strategic alignment and perhaps I am not doing it justice by saying 

that it is not there. However, it is not so much on a strategic level and more because the development 

teams, the technical consultants, are deeply involved in the business, participate in today's projects and 

therefore absorb a lot of what is coming.” The R&D department works with cross-functional teams in 

the business to increase collaboration and seek bottom-up alignment. Moreover, the development teams 

meet with their counterparts in the business to share their vision of the future. In doing so the 

development teams receive information on the needs and wishes of the business for research projects 

and communicate these to the researchers. The other way around the development teams provide 

information on the research projects to the PGs, to align their portfolios and communicate priorities. 

Nevertheless, alignment between research and the business depends on a number of factors. Firstly, the 

NPD and the product strategy within the business. For example, PG T and Y think about developing 

In an overarching IPM system that incorporates the R&D, NPD and StD portfolios (C),  

the corporate strategy is translated to subset division, R&D, NPD and StD strategies through policy 

plans (I), which are further translated to technology and product strategies to evaluate, select and 

prioritise projects and subsequently allocate resources (M), to create strategic alignment in the 

portfolios across and within R&D, NPD and StD (O) 
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technologies in advance and aim to build in flexibility to develop future-proof products. This is 

supported by stakeholders in the PGs, who advocated for increased collaboration and alignment with 

R&D in the interviews. However, not all PGs are able to do this. According to Product Manager H: “We 

have not done anything with synthetic fuels yet, we know that research is looking into it. But regarding 

collaboration. What we can do with it? We cannot get around to it.” Compared to PG T there is a 

standardisation backlog in PG H that takes away resources that could be used for more ambitious 

technology development and increased collaboration with R&D. Secondly, the connection between 

research and the business is increased by communication of priorities. However, in bottom-up alignment 

strategic choices guiding prioritisation and resource allocation need to be made, similar to top-down 

strategy implementation. If those choices are not made or communicated, or are made opportunistically, 

misalignment can occur. For example: “A few years ago we started projects in which we said: we want 

to investigate the electrification of ships and define standards for which components are best applied. 

… At that time, there was no actual interest in electric ships.” (Research Manager) Two years later a 

number of electric products are sold. Suddenly, the investments in knowledge and technology 

development that could have been made earlier are needed.  

Within and across NPD and StD in the divisions, there 

are many similar projects that have no knowledge of 

each other’s existence. Their relation was described 

during the interview with the product director W using 

a rudimentary scheme, depicted in Figure 10. Eventually 

the ambition is to have a scheme to visualise the 

integration of technology development and StD projects 

into the NPD projects, and distribute this throughout the 

relevant parts of the organisation. The scheme contains 

inter alia: ambitions for the future, upcoming 

regulations and the steps to achieve an ambition or 

comply to a new regulation. Thereby, ensuring more 

transparency, clarity of goals and communication of 

priorities throughout the division. There is a need for 

more alignment between NPD and StD, because the StD 

projects develop the standard systems and components, 

which are copied into new and existing products.  

To create overarching benefits for the whole product series, technology is standardised. Top-down the  

case-study organisation needs to: “Introduce systems thinking and ultimately also the proper anchoring 

of those systems”.. “but you have to be able to link that value to the higher goal, and we have not yet 

reached that point.” (Supply Chain director)  

For example, the same or a small variety of fuel systems, cooling water systems and electrical systems 

are developed. According to the Product Manager H: “the principle works, but the discipline to do it is 

sometimes difficult. That has to do with the fact … It means communicating with each other. Getting 

around the table, putting the cards on the table: What are we going to do? And what do we see?”   

The StD activities are executed by cross-functional teams that, in absence of clear top-down strategy,  

seek bottom-up alignment in their different agendas. The Standardisation board came about because 

there was ambition to collaborate:  

“Part of the goal behind it is to have clear on paper what we are working on, but another goal is 

certainly that within the different product groups, also within [division W], we can look for alignment 
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with each other.” And “I have to add that when investigating whether something is worth working on 

at all, at that point in time, we already seek interaction with the other product groups at a lower level.” 

(Tech Manager H)  

Conclusion Bottom-up Strategy & Empirical-based design principle 2 

In the context of strategic ambiguity, the case-study organisation relies on cross-functional collaboration 

in and across the R&D, NPD and StD portfolios, as well as, meetings between representatives of each 

to align their portfolios in a bottom-up manner. Through these methods visions of the future are shared, 

priorities are communicated and transparency is created within the IPM system. This leads to the 

following empirical-based design principle:   

Deliberate versus Emergent versus Continuous  

In the R&D Portfolio, not all projects can be put into strategic themes or boundaries. The research 

projects are often explorative in nature and identify projects that could demonstrate new strategic 

opportunities, but also include projects necessary for knowledge development. In R&D, a project’s 

strategic fit is evaluated in the business case and Project Approval Form. An issue with the Project 

Approval Form was that not all projects fit the criteria. Moreover, whether a projects fits in a roadmap: 

“Sometimes things come in between, that can be opportunity, that can be regulation that has changed, 

new technology, so that does not always make it easier that the world does not stand still as we develop.” 

(R&D Manager) If a project does not fit, either steps are taken to prevent changes to roadmaps; an 

explanation is given that important factors were overlooked and the project is a necessary intermediate 

step; or the project is identified as a separate opportunity that challenges the current strategy. In addition, 

substantial resources are invested in maintaining the minimal level of knowledge required to keep up 

with the market, because R&D is seen as the knowledge bank of the organisation. According to the R&D 

Manager: “… we have already done substantial part by putting projects in a toolbox for improvement, 

because those are often the things you do not provide in a roadmap. If you complete a project and 

tooling or technology has come out, the world around you goes on, so it might need an update that you 

did not foresee when you made the roadmap.”  

In NPD, projects are not always guided by predetermined strategy. The projects are influenced by the 

dynamic market environment and opportunistic decision-making. Moreover, the decision may be based 

on compromise, e.g. in the past Division Y has used the main body of another division’s product for one 

of their products, because the sales of the product they were meant for lagged behind. The product was 

not optimised for the performance division Y required. It did however, propel the market proposition of 

the product. In technology development and later StD, there are multiple ways to evaluate a project 

proposal: “So you have to come up with ideas now. You have to have a mechanism to evaluate them: 

What we are researching does that fit the high-level strategy. … . Got resources? Does it fit? You need 

to take that into account. Is it an idea we will have on our horizon in so many years. Well, then you 

should give that back to the idea. Or is it just something we are never going to do and cannot do? Then 

you just have to say no.” (Product Director W)  

In an overarching IPM system that incorporates the R&D, NPD and StD portfolios (C), in absence 

of a clear strategy and strategic guidelines, bottom-up alignment is sought through cross-functional 

collaboration and lower level meetings (I), to communicate priorities, clarify goals and create 

transparency within and across the separate R&D, NPD and StD portfolios (M), to increase 

alignment in IPM System (O) 
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Conclusion Deliberate, Emergent and Continuous Strategy & Empirical-based design principle 3 

In the case-study organisation, projects in the R&D, NPD and StD portfolios might lead to reformulation 

of strategy. Then, IPM not only translates the strategy in project roadmaps, but also identifies projects 

that might challenge the status quo. Moreover, sometimes projects do not fit strategy, nor challenge it, 

but are essential for the continuation of processes. Lastly, in the case-study organisation a need for more 

emergent strategy in the R&D portfolio and more deliberate later in the NPD and StD portfolio was 

present. Therefore, the following empirical-based design principle is formulated: 

 Decision-making 

The decisions in relation to the R&D, NPD and StD portfolios and portfolio reviews are made in 

meetings in multiple hierarchical levels in the organisation by various stakeholders. The function, 

composition and effects of these meetings are outlined in this section. First the overarching portfolios 

and related meetings are outlined, followed by the portfolio-specific meetings.  

The Development board was put into place to increase ROI in NPD by safeguarding that the project 

initiators consulted with the relevant personnel in the divisions and departments, to ensure strategic 

alignment as well as commercial and technological feasibility of the projects. The Development board 

meets between four to six times a year and its composition has changed over time. In general the 

following functions are present: Director Strategy and Business Transformation, Sales Directors, BU 

Directors, Finance manager, Research manager and other facilitating personnel. The main task of the 

Development Board is to serve as a monitoring device and check whether the Project Approval Form 

for medium sized R&D and NPD projects is filled in adequately. Moreover, advice on larger projects, 

before these are presented to the Executive board. The ambition was to additionally analyse the complete 

R&D and division portfolios and advice on its composition. According to the Development manager 

they went through the R&D portfolio once: “What the development board did, was look at the portfolio 

at some point. And looked whether there were any strange things in it and as it turned out the conclusion 

was that even though they did not visit the development board individually, the board could agree with 

the way the decision-making was done.”  

In addition to the Development board, a Sales Advisory board and a Technology Advisory board were 

proposed, which focused respectively on the commercial and product strategy for NPD, and the 

technology strategy for R&D. The Sales Advisory board has the following function: “… this is the 

direction, in fact, you do a bit of agenda setting there. This ultimately translates into projects that you 

will discuss in the Development board.” (Director Strategy and Business Transformation) Similar to: 

“Where at Technology board level, we talk about the joint course, the joint investments. The 

Development board was a valorisation body. …Well, we set up the structures for that, but again, that 

remained with agreements.” (Director Strategy and Business Transformation) While the Technology 

Advisory board was not initiated, the Sales Advisory board was initiated.  

In the case-study organisation decisions on project proposals for R&D and NPD are not only made in 

the Development board. In the R&D department, IPM decisions are made in three hierarchical levels. 

Depending on the size, type of project and risk involved, approval decisions are made by the R&D 

manager (or R&D MT), Development Board, or the Executive Board. This is in line with the governance 

In an overarching IPM system that incorporates the R&D, NPD and StD portfolios (C),  

through evaluation of project proposals that fit the current high-level strategy, challenge it and are 

Must Do’s (I), projects are identified that could demonstrate new strategic opportunities, are needed 

for continuous improvement, and operationalise the strategy (M), to implement the formulated 

strategy and if necessary reformulate it (O) 
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and funding of projects described in Appendix E. When a R&D project is approved, the PRE engineer 

is responsible for the resource capacity of their Research Domain. Weekly the PREs discuss the progress 

and obstacles of the active projects with the Research manager. For medium to large projects, after the 

project proposal is approved, the project manager has to elaborate in a project plan and mandate is given 

to a steering committee to approve the project plan on behalf of the Development board. The meeting 

with the EB is scheduled when it concerns a large project. Some issues arose within the Development 

board structure. Research compared to the business complied with a higher level of transparency. 

According to the Development Manager: “Since the Development board, there have been useful 

discussions about R&D projects but never a discussion about product development.”  

Despite the best intentions of the Development board, the divisions continued internally managing the 

product portfolios. Within these divisions different hierarchical levels exist with different stakeholders, 

who influence the NPD decision-making process. Initial decision-making in PG T consists of the 

Product Portfolio manager T, Technical Manager T, D&P Manager T and another D&P engineer: “we 

used to have meetings with the four of us and then we decided all the important decisions regarding our 

product portfolio” (D&P Manager T) The plans for the portfolio are discussed with the division 

management team: “In principle, that is with the product director and the commercial director, and our 

plans for the portfolio at ship type level are agreed upon. Based on this we continued to develop, then 

at some point we will have an action list.” The final decision lies with the division director, who signs 

off on the action list. In addition to the Sales Advisory board, which decides on strategic direction on a 

higher level, Sales Advisory meetings are organised for the different PGs. These meetings include 

representatives from all sales areas to discuss customer requirements for NPD and advise on project 

proposals. On the project level, the meetings were used to increase approval by validating the 

information in the project proposal and project plan, check market fit and commercial feasibility, and 

consult on the project goals and deliverables.  

IPM decision-making in relation to StD occurs in the following hierarchical levels: in the PG, in the 

division and in the Standardisation board . The Standardisation board, a derivative of the Development 

board, serves as a rubberstamp on the agenda. The meeting frequency is monthly and it consists of the 

following functions: Product Directors, Purchasing Director, Quality managers and Technical managers. 

It was setup to enable a more effective way of developing and maintaining standards. The 

Standardisation board meetings have three tasks: firstly, reviewing the portfolio and determining 

priorities. Secondly, monitoring and discussing progress of projects. Thirdly, evaluating project 

proposals. The Standardisation board serves to increase value and strategic alignment: “The 

Standardisation board decides, when it transgresses the product group, where does the budget come 

from? At the same time monitor, are we not diverging to much in a certain product group? and to have 

more control” (Technical Manager T) Moreover: “you have to be able to link that value to the higher 

goal and we have not reached that point yet” (Supply Chain Director)  

Furthermore, StD meetings are held weekly to discuss StD activities. During these PG internal meetings 

they discuss the validity of project proposals for parts and components to be standardised. The StD 

proposals are first evaluated in the PG and deemed applicable for the specific PG, for multiple PGs in 

the division, or across divisions.  

The processes involved in IPM decision-making for the overarching boards and the underlying R&D, 

NPD and StD portfolios differed. The Sales Advisory board was initiated to discuss strategic course for 

the NPD portfolios in the divisions. Whereas, the Technology Advisory board, which would function 

similarly for the R&D portfolio, did not come to fruition. The Development board was initiated to 

evaluate and monitor projects to increase value and alignment in the R&D and NPD portfolio, while in 

reality it only did so for the R&D portfolio. Comparatively, the Standardisation board further aligned 
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the internal StD projects, to effectively allocate resources and increase the return on investment. For the 

underlying portfolios the processes are as follows: Firstly, the R&D decisions for project approval are 

made in different hierarchical levels depending on the size, type and risk of the project: the R&D 

department, Development board and Executive board. Secondly, the NPD portfolio meetings, which 

decide upon the strategic direction of the product portfolio and its composition, are held in different 

hierarchical levels within the divisions in close collaboration with sales. Thirdly, the decision in relation 

to StD projects, and their approval, monitoring and aggregated portfolio review, are held in different 

hierarchical levels: the PG, division and Standardisation board.  

Conclusion Decision-making processes & Empirical-based design principle 4 

The decisions in relation to IPM are made in different hierarchical levels in the case-study organisation 

and the meetings in the different levels have different functions, ranging from strategy development to 

portfolio review to project evaluation and monitoring of progress. The stakeholders involved depend on 

the type of meeting and may include senior management, mid-level management, portfolio managers, 

sub-portfolio managers and project managers. The meetings aim to achieve the IPM goals of value 

maximisation and strategic alignment. Consequently, the following empirical-based design principle is 

formulated: 

Effective Decision-making 

The previous section outlined the structures and processes involved in IPM decision-making in the case-

study organisation, but did not shed light on what makes the decision-making processes for the R&D, 

NPD and StD portfolios effective.  

In the R&D portfolio, different decision-making processes affect the evaluation of project proposals: 

Firstly, a heap of information is collected to be used in project evaluation through the internal business 

case, the Project Approval Form and if necessary a project plan. This consists of objective information, 

such as financial estimates and other quantifiable value estimates. However, these should be used with 

caution, due to the inherent uncertainty in R&D projects. Secondly, there is a certain subjective decision-

making rationale present as a number of initial decisions are made through trusting the personal 

experience and expertise of PREs and project initiators in their specific Research Domain. The PREs 

are entrusted to initially pre-screen the project proposals for strategic alignment with the organisation. 

A combination of objective and subjective information is necessary for IPM decision-making in R&D.  

Similarly, a combination of both objective and subjective information is used in the NPD portfolio: 

“Most decisions you make are based on different things: financial considerations, an ambition 

assessment, a risk assessment and your intuition. Intuition when it comes to the market. So there are 

various aspects that play a role in this assessment. Not one of them is decisive.” (Product Director Y) 

Here, objective information, such as sales numbers and demand, is retrieved from sales. Notably, 

subjective information is used more in the earlier stages of NPD, where the idea and concept are 

developed. For example, the intuitive process of getting a feeling for the market is described: “… you 

had a certain customer, who asked for something, and then you tried to find out through other sales 

personnel whether that demand was widely supported in the market or whether it happened to be a 

specific demand of a customer.” (D&P Manager T)  

In an overarching IPM system that incorporates the R&D, NPD and StD Portfolios (C),  

decisions in relation to IPM are made in a network of various portfolio meetings consisting of 

different stakeholders in multiple hierarchical levels (I), to discuss strategy, evaluate project 

proposals, monitor progress and review the portfolios (M), to maximise value and strategic 

alignment of the IPM system (O) 
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The previous quote introduces the two ways a new product comes about. The decision to do a NPD 

project in relation with a single customer depends on the following: “At the moment people are not 

queuing up for a [Product], but if we now have the opportunity to develop a [Product] with a customer, 

we find that interesting. Because in the longer term we expect that there is a market for it, if we are able 

to make a commercially interesting product.” (D&P Manager T) This implies that strategic 

considerations are taken into account in IPM decision-making based on future market expectations, 

which in the end remain subjective in nature. Whereas, in relation to doing a NPD project for the market: 

“Next week I will talk to some customers and pitch a boat and get information: what should it cost? 

what should the delivery time be?... And if you have an idea, you sit down with the team. Guys, this is 

the market demand, price, are we going to do this? Is it possible? Is the market big enough? … You 

want to get a feel for it.”(Product Manager H)  

In the past StD was mainly financed through NPD projects or hidden in overhead. According to the 

Technical Manager T, one of the key achievements of implementing IPM was more transparency in 

decision-making. Most projects were dug up and put through the SAF procedure. Then, decisions were 

made based on quantifiable information and resulted in accepted and rejected project proposals. 

Quantifiable information is more readily available in StD, because the technologies applicable for StD 

have reached a certain level of technology maturity. This led to more focus on financial estimates: “… 

I want to be able to see it in the numbers I estimate. Okay, it takes me this amount of time, to invest, so 

it costs me this amount of money. But I get this much money in return and within this amount of time I 

have implemented it so, then it is going to pay off. …, do not do this because this is never going to be a 

success, way too long payback period, way too much money and it is hardly profitable ...” (Technical 

Manager T) 

In an IPM system, decisions made in one portfolio are influenced by results from other portfolios. These 

decision-making processes seem to be influenced more by organisational politics and power. For 

example on the relation of implementing StD projects in NPD: “On the basis of arguments, it should be 

implemented. It turns out that within an organisation more matters than just hard facts. Often it is 

intuition and egos or well, people.” (Technical Manager H) Similarly, decision-making for research 

projects destined for a specific PG, is sometimes driven by a more vocal PG: “Someone comes up with 

a new idea and he shouts a lot louder than the one with the previous idea and therefore gets more done.“ 

(Research Manager) This signifies the involvement of power and intuitive decision-making styles that 

interact with objective decision-making based on facts.  

Conclusion Effective Decision-making processes & Empirical-based design principle 5 

In the case-study organisation, a combination of objective and subjective decision-making rationales is 

used. Subjective decision-making is more precedent earlier in the innovation pipeline, because of a lack 

of quantifiable data and increased uncertainty about the outcome. Then, gradually more objective 

decision-making takes over through quantifiable data. The decision-making processes in NPD, with or 

without a customer, use the experience and expertise of decision-makers in their current market in 

combination with quantifiable financial information from sales. Lastly, in an IPM system, where 

decisions are made in relation with other functions in the organisation, sometimes politics and power 

takes over. This resulted in the fifth empirical-based design principle:  

In an overarching IPM system that incorporates the R&D, NPD and StD portfolios (C), objective 

and subjective decision-making rationales are used in combination (I), to analyse both quantitative 

and qualitative data (M) to avoid political interferences and precedence of power in IPM decision-

making (O) 
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 Formalisation 

In the previous section the IPM decision-making processes were discussed. Different levels of formality 

were identified in the project- and portfolio-level processes in the case-study organisation.  

For R&D projects, first an internal business case is filled in to increase validity of the project and get 

internal department approval of the project idea. In R&D documentation, ideation is connoted as chaotic 

and a result of serendipity. The initial idea is pitched informally to colleagues and feedback is used to 

enrich the idea and determine feasibility. Informal decisions are made during the pre-screening of 

proposals by the PRE and Research Manager. For medium to large projects, project initiators already 

gather support throughout the organisation to gain feedback and increase the proposal’s  acceptance rate: 

“the informal game is also important if we make project proposals, when it is not a toolbox project, then 

it is important that before the decision is made within the business, we talk to people, ask for their input 

and create their buy-in.” (R&D Manager)  

This downstream buy-in is critical, because it increases the odds that the project has commercial value. 

The informal game feeds into the formal decision-making processes. After a proposal is accepted by the 

Development board, a steering committee is appointed, the project initiator can continue writing the 

project plan:“... [if] the plan does not deviate too much in terms of budget from the business case, then 

you can start. In that case you do not have to go through the whole formal bureaucracy again.” (R&D 

Manager)  

Concerning the NPD projects, the earlier stages are less formal. For example, in PG H an informal 

ideation stage exists, where ideas for new products are discussed with the Product Manager, who has an 

informal idea backlog envisioned. Moreover, the product managers informally discusses the product 

portfolios: “I sit down with the product managers, with my colleagues, I regularly sit down together to 

discuss developments, how to do them.” (Product Manager Y) These feed into the formal processes. The 

case-study organisation has documented the NPD processes and responsibilities of stakeholders for IPM 

decision-making in a standard approach. This approach is similar to the gate dominant approach by 

(Cooper et al., 2000). Continuation decisions on NPD are made on individual projects in gating 

meetings.  

Regarding StD projects, again, in the earlier stages of a project less formality is present: “I have to add 

that by investigating whether something is worth working on at all, at that point in time, we already seek 

interaction with the other product groups at a lower level. … so it will be easier to determine which 

SAFs should be put on the agenda.” (Technical Manager H) Furthermore, there is a strong degree of 

informal collaboration between PGs, e.g. PG T and H have two weekly or monthly meetings, where 

representative of PG T visit the PG H meetings and vice versa. These are held to discuss standards, 

which helps avoid reinvention of the wheel and creates more alignment. The goal of the informal 

meetings is to determine the standards to be put on the agenda. 

Conclusion Project- and Portfolio-level Formalisation & Empirical-based design principle 6 

The case-study organisation combines formal and informal decision-making processes, where informal 

processes feed into formal processes. The level of formalisation increases dependent on project size and 

risk involved. While it decreases in the earlier project-level stages and towards the beginning of the 

innovation pipeline. In R&D projects, the informal processes increase buy-in and flexibility, and avoid 

unnecessary bureaucracy. Here, buy-in increases the value potential and alignment between R&D and 

the business. For NPD, informal processes avoids bureaucracy and increases creativity in the earlier 
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stages. In StD, the informal processes increase standards proposal acceptance, avoid reinvention of the 

wheel and create more alignment. Hence, the following empirical-based design principle is formulated: 

Portfolio Governance 

In the R&D, NPD and StD portfolios different governance structures were setup. Within the R&D 

department, the governance is structured around toolbox, PG research and DCR projects, where 

respectively R&D management, the Development board and the Executive Board are responsible for 

the budget. In NPD activities, the projects are decentral and the responsibility of one PG. However, there 

are two ways to go about technology development for NPD. If NPD and technology development are 

done in parallel, the result is often solely focused on the product that is being built for a particular 

customer. If done next to product development, it may focus on the development of platforms, because 

developing platform knowledge may have an impact on existing and new products. Concerning StD, 

there are single PG standardisation activities, multiple PG activities lead by one PG and overarching 

standardisation activities where the Standardisation board is the budget holder.  

In the past, different PGs and departments hid behind their differences instead of finding opportunities 

for collaboration. Formal governance structures were installed, such as portfolio meetings, to aid in the 

collaboration within and across the different portfolios. However, for these meetings to be effective the 

following should be made clear: “What is the purpose of such a meeting? And do people understand 

their responsibility in that meeting, that is very important.” (Product Director W) The increase in 

collaboration on innovation activities is partly true for the divisions in the headquarters, but to a much 

lesser extent outside this location. There are different processes in place in the divisions in the 

headquarters and the external divisions, for example the following process coincides with the process 

of PG Research, described in Appendix E: “… we [Research] see that there are those and those 

ambitions. We think we have to start a project on hybrid, do you want to sponsor and do you want to 

sponsor, and then you have a supported project with clear ownership.” (Product Director Y)  

Lastly, according to the Product Director W to be able to have effective IPM: “You have to make sure 

that the system is set up in such a way that the right people with the right knowledge and skills and with 

the right objective are together at the right time to make the right decision.” This can be achieved by 

having similar governance structures throughout the organisation. 

Conclusion Governance & Empirical-based design principle 7 

In the case-study organisation three types of projects were identified: projects of importance to the 

organisation as a whole, projects crucial for one PG and possibly interesting for other PGs, and projects 

solely of importance to one PG. To achieve effective IPM, an unambiguous governance structure is 

necessary, including clear responsibilities and roles. Clear governance may increase ownership, 

collaboration between R&D and the business, and make IPM decision-making more effective. Thus, the 

following empirical-based principle is formulated:  

In an overarching IPM system that incorporates the R&D, NPD and StD perspective (C), an 

organisation combines formal and informal project- and portfolio-level processes dependent on the 

type of innovation and stage (I), to increase buy-in, flexibility, to avoid unnecessary bureaucracy 

and hampering of creativity (M) to increase project acceptance and IPM performance (O) 

 

In an overarching IPM system that incorporates the R&D, NPD and StD portfolios (C), clear IPM 

governance is installed (I), to clarify roles and responsibilities of the different stakeholders (M), to 

increase ownership, collaboration and IPM effectiveness (O) 
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 Knowledge Transfer 

Some of the processes in the case-study organisation, which ensure that the knowledge created in one 

part of the organisation is received by another part and acted upon, are described here.  

When a research project is finished and its results are applicable further down the innovation pipeline, 

the knowledge needs to be transferred. Here, knowledge sharing presentations and reports are used: 

“…knowledge sharing presentations explain what has been developed and what guidelines or standards 

it has come up with and what knowledge we have or from whom you can obtain that knowledge. And 

there are also often reports that state, for example, what the feasibility of certain technology is.” 

(Research Manager)  

Furthermore cross-functional collaboration is used. In the plenary meeting in the beginning of the year, 

the R&D manager outlined the ambition to increase collaboration with the business through cross-

functional team work. Either through having someone from the business join the research project’s final 

stages or through having a researcher join the business in their technology development or NPD projects. 

This prevents the business from no longer knowing the origin and applying the results in the wrong way. 

However, when Researchers are pulled into NPD projects, the result can be positive and negative. On 

one hand, positive, it ensures immediate knowledge transfer to the business. On the other hand, it 

disrupts active research projects, because these are often less urgent and temporarily swept aside.  

From a business perspective, the research projects are meant to develop knowledge on specific subjects 

that is broadly applicable. R&D and the business, both have a strong ‘constituency’ that provides 

information. Design & Proposal engineers through market awareness and development through 

research. These work together in cross-functional teams in NPD to increase IPM performance. When a 

PG Research project is completed that the knowledge should be ready for transfer. This can be new 

technology ready for implementation in products or the continuation in more applied technology 

development projects for a specific product or as a standardisation project.  

The StD team readies a standard for implementation and the NPD team decides whether to apply it. 

Leading to a second decision-making moment for a previously accepted standard. According to internal 

documentation a well-developed standard is driven by cross functional project teams. Cross-functional 

teams, including user involvement, may mitigate the negative consequences of: “Not invented here. Yes, 

definitely. In order to prevent this, we try to involve people at an increasingly earlier stage. so that they 

also feel that they are partly responsible for the standard that was created, that it is also invented by 

them.” (Tech Manager H)  

Conclusion Knowledge Transfer & Empirical-based design principle 8  

To conclude, different processes are employed throughout the case-study organisation to increase the 

implementation of innovation results within the IPM system and thus increase realised value of 

innovation projects. The most prominent process to facilitate knowledge transfer is cross-functional 

collaboration, while other processes such as reporting of results and knowledge sharing presentations 

have more auxiliary functions. For that reason the following empirical-based design principle is formed: 

In an overarching IPM system that incorporates the R&D, NPD and StD portfolios (C), cross-

functional project teams, completed project reporting and knowledge sharing presentations are 

applied (I), to facilitate knowledge transfer and collaboration within and across portfolios (M), to 

increase IPM system performance (O) 
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  Empirical-based Design Principles for Metrics in an IPM system 
In this chapter, the second sub-question is answered from a practical perspective: “How can the 

performance of a Management system that manages the R&D, NPD and StD portfolio simultaneously 

be measured?” Firstly, the portfolio overviews in the case-study organisation are discussed. Secondly, 

the existing metrics for project evaluation, progress reporting and performance measurement are 

outlined for the R&D, NPD and StD portfolio. This is the second of three empirical chapters. 

 Portfolio Overview 

The accessibility of past results leaves something to be desired. According to the Development Manager: 

“There is an insufficient tendency to look for what is already there on what subject. It happens quite 

regularly that in four, five places people are doing the same thing.” This can partly be attributed to a 

lack of overview of projects in the organisation. The project approval documents were centrally 

collected and presented in a portfolio overview. However, not much was done with the results as the 

overview was neither complete nor kept up to date. For StD projects a similar effort was conducted. The 

Standardisation board implemented an effective portfolio overview. The overview increased 

transparency between the underlying PGs. More transparency includes information availability on StD 

projects, as well as, communication, both internally and across the organisation on the subject of 

Standardisation. Furthermore, portfolio overview resulted in increased awareness of issues on similar 

subjects and stimulated the sharing of budgets to increase investment efficiency which led to a bigger 

bang for your buck and more alignment between the PGs. Stakeholders in the organisation advocated 

for a multi-level portfolio overview structure: 

“that it is a ‘multistage rocket’. So, in the division you have something. We have been given budget and 

with that we are going to develop. … But I must manage that budget, that is also a portfolio. It might be 

useful to share on a portfolio that transcends the group. Which includes projects that are organised 

centrally for everyone.” (Product Director W) Furthermore, “As far as I am concerned, it is this simple: 

all projects have an obligation to report, because then the neighbour can observe: whether you do 

something that might also be interesting for me.” (Director Strategy and Business Transformation)  

The usefulness of having multi-level overviews was usually attributed to increased transparency on 

project proposals and active projects in the organisation, which has a positive effect on collaboration 

and alignment: “It is to make it transparent, if you are interested in it, here is the calendar and here is 

the status and we currently think for example on this subject..” (Product Director W)  Moreover, 

increased transparency in portfolio overviews has helped identify the resource constraints inherent to 

the organisation. Especially, it increases insight into overloaded individuals across the projects.  

Conclusion Portfolio Overview & Empirical-based design principle 9 

To conclude, the implementation of portfolio overviews increase information availability. Portfolio 

overviews that cross organisational boundaries are more difficult to implement. These are necessary to 

increase transparency on the projects in the organisation and spend resources more efficiently. A multi-

level overview may  increase communication and alignment of different innovation activities. Hence, 

the following empirical-based design principle is formulated: 

In an overarching IPM system that incorporates the R&D, NPD and StD portfolios (C),  

all projects surface in a combination of overarching and portfolio-specific overviews (I),  

to increase transparency, information availability and communication of projects within and across 

the portfolios (M), to achieve more alignment in the IPM system and allocate resources more 

efficiently (O) 
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 Metrics 

The case-study organisation encountered issues in collecting, analysing and reviewing metrics on the 

projects throughout the organisation. To be able to use an overarching IPM system, uniform reporting 

processes are required to feed the system. Here, the metrics and their effect on the IPM system are 

discussed. First, the evaluation criteria. Second, progress reporting. Thirdly, performance measurement.  

Evaluation Criteria 

Besides the instalment of a portfolio overview, the Development board introduced a Project Approval 

Form (PAF). Currently there are problems with filling in the PAF document. One issue is the complexity 

and time involved in filling in this ‘simple’ one-pager. The document was created to fit both R&D and 

NPD projects, which have different requirements. Often more information is better, but projects, such 

as knowledge development projects and technology exploration projects, do not fit with all required 

fields. For example, the financial consideration in IPM decision-making in relation to R&D is influenced 

by outside factors, such as subsidies and joint industry projects. The nature of many research projects is 

such that it consists of a collaborative effort where a number of partners invests in developing knowledge 

or technology. Furthermore, the PAF document has been met with resistance in the R&D department, 

the internal business case is often regarded as sufficient to initially analyse the Research project 

proposal. As discussed previously, R&D projects in relation to the overarching Development board 

complied with more transparency through the use of the PAF. Whereas in the interviews with NPD 

stakeholders the PAF was not mentioned once.  

The IPM decisions need to be made with adequate information on projects to be able to achieve the IPM 

goals: “… there is limited money, we also want to invest with a certain certainty of return on investment. 

Then you do not want to take too much risk in developing all kinds of things that cost a lot of time and 

energy and money.” (D&P Manager T) In NPD, the creation of products needs to be in line with the 

customer wishes. However, these are often conflicting and need to be balanced in a way that a product 

is developed that serves a large portion of the market without being suboptimal for each type of 

customer. For that reason the sales advisory meetings and commercial representation in the product 

portfolio meetings serve as (internal) customer involvement. Whereas the Standardisation Approval 

Form (SAF), a derivative of the PAF, is an effective alternative that fulfils the requirements of a 

standardisation project. In standardisation projects, the greatest uncertainty is the yield. Often the main 

cost reduction comes from ordering larger quantities at the supplier. The Return on Investment is 

calculated: “…, it will cost x amount to eventually implement the solution in all applicable ship types 

and then we will sell this many of those ships and it will take this long before it is returned” Here, the 

value used in the evaluation of a StD project is a prediction dependent on the amount of products it is 

actually used in. Thus, evaluation criteria depend on the purpose of the type of innovation. R&D and 

StD evaluate projects looking at their relation with NPD. Whereas NPD mainly considers the relation 

with the market.  

Progress Reporting 

After a project has been approved, the case-study organisation measures progress. Progress reporting in 

R&D is done on scope, time and budget. Monthly a portfolio overview is generated of all projects and 

their budget expenses. The characteristics of research projects, especially the length and inherent 

uncertainty make progress reporting more difficult: “Progress can be easily measured in time and 

budget, what in itself does not say much if you do not know the progress on the content and that is 

difficult to measure … That is very subjective, so you can say where do you stand from 1-100 percent. 

… But that is very subjective, so you could make that more objective by asking at the start: I am at ten 

percent what does that mean, which deliverables are finished which tasks have you completed.”(R&D 

Manager) In R&D projects one has to accept a certain level of subjectivity. It becomes more tangible if 
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you divide the project in tasks and attach a deliverable to each task. In NPD, progress and status of 

projects is measured on quality, costs and time metrics and reported to the appropriate stakeholders. To 

control the progress of the project, quality, time cost and risk are measured in division Y. NPD projects 

are more formalised in their project approach than R&D projects. A stage and gating process is used and 

there deliverables are evaluated that indicate progress and performance of the project. Concerning StD, 

the progress mainly consists of reporting milestones, an explanation of work completed, and a prognosis 

of future tasks. The standardisation teams try to substantiate the amount of hours made, hours set aside 

and milestones. Based on subjectivity, a percentage of completion is used. The Technical Manager T 

mainly monitors progress to serve as discussion tool for project management efficiency. Thus, progress 

reporting is a tool for discussion of project performance and increase project efficiency. 

Performance Measurement 

Performance of the portfolio is measured in the R&D department, to monitor progress, steer when 

necessary and initiate assistance from the business when needed. The R&D manager emphasised that 

when discussing the portfolios in the IPM system, you should not rely too much on overviews: “An 

automated and beautiful dashboard portfolio overview can help with that, but in the end you have to be 

aligned with the business and that is: people who know people and talk to people.” (R&D Manager) 

Thus, for R&D having overviews and measuring performance has more to do with finding alignment 

with the business and managing that relation. Whereas in NPD, portfolio performance is measured to 

identify potential gaps and opportunities. The purpose influences the type of metrics used: “We look at 

our portfolio, which we now have, of products, you can see that there are still gaps in it, where there is 

demand, where ships are being sold, possibly by competitors or and that you look at how I solve that.” 

(D&P Manager T) Essentially, looking at internal sales figures and benchmarking performance against 

existing products and the competition. In addition, regulatory changes affect the NPD portfolio 

performance: “Then came new stability regulations, which actually put all those boats in a bit of a jam. 

… which made them relatively too expensive.” (D&P Manager T) Thus, NPD portfolio performance is 

more market-driven. This process mainly combines qualitative metrics, such as intuition, and 

quantitative, such as financial. The Standardisation Portfolio Overview is only used by standardisation 

decision-makers and to a lesser extent the ones who execute the projects.  

Conclusion Metrics & Empirical-based design principle 10 

In conclusion, data on the projects is collected, analysed and presented in different overviews, to make 

IPM decision. There are three processes that use this data in relation to performance of the IPM system. 

Firstly, the evaluation criteria and corresponding project approval forms have had mixed results in the 

case-study organisation. It seems desirable to have separate forms that are created with the requirements 

of the specific type of innovation in mind, being R&D, NPD or StD. Secondly, progress reporting is 

primarily done on scope, time and budget which is quantifiable, and on content which is more subjective. 

The case-study organisation uses this information mainly as a discussion tool for efficiency. Thirdly, 

the performance of the portfolio is driven by the purpose of the type of innovation. In R&D and StD the 

value for and alignment with NPD, is important to consider. Whereas, for NPD the consideration is 

driven by data about the market. This led to the following empirical-based design principle:  

In an overarching IPM system that incorporates the R&D, NPD and StD portfolios (C)  

projects are evaluated, progress is reported and the portfolio is reviewed using qualitative and 

quantitative evaluation criteria, progress and performance metrics and face-to-face communication 

(I), where different information is collected, analysed and presented depending on the type of 

innovation (M), to increase IPM system performance (O)  
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 Empirical-based Design Principles for IPM Methods and Tools 
In this chapter, the third sub-question is answered from a practical perspective: “What methods and tools 

can be applied to a Management System that manages the R&D, NPD and StD portfolios 

simultaneously?” First the IPM methods used in the case-study organisation are discussed. Then, the 

tools used in the case-study organisation are discussed on the basis of the IPM goal, they aim to achieve. 

This is the final empirical chapter. 

 Method 

In the case-study organisation it is difficult to pinpoint the actual method used, the separate R&D, NPD 

and StD portfolios apply approaches to IPM similar to approaches existing in scientific literature. The 

Development board formalised an approach to IPM that was designed for NPD. The approach was not 

mentioned in interviews with the NPD stakeholders. Whereas the approach was used for the R&D 

portfolio, which worked partly. It was often mentioned to be suboptimal, because the underlying project-

level processes for R&D are more informal and flexible and the information necessary in the approach 

was not always readily available, nor did all projects fit this method. In practice, other approaches were 

observed in the R&D and NPD portfolio. If there is not enough information about a project in R&D, 

you can gradually commit to a project:  

“Ideally, you first do a small exploratory project, which we can approve ourselves. Is this interesting? 

and if so, then this should be a larger project. and if you come to the conclusion after this project we 

should not do it, then we will not” (Development Manager) Likewise in NPD: “it is true that in the 

preliminary process, the concept, the whole piece is important for the definition of whether or not we 

are going to develop a good product. And in the end a commercial, strong and interesting product will 

be defined there, but in principle it will take relatively few hours.” (D&P Manager T) 

In the case-study organisation, the NPD perspective on IPM employs a decision-making approach, 

similar to the gate dominant approach by (Cooper et al., 2000), that evaluates the NPD projects in depth 

at each gate. This approach is under the assumption that having a gating process will lead to a sound 

product. At each gate the project deliverables are evaluated and when approved, resources are allocated. 

The R&D and NPD processes behave similar in situations with uncertain information in the earlier 

stages. For example:  

“Then I get a hard, a point in time, Go or No-Go towards an action list towards operations. And then it 

might be best if you say: you know what, we first start with the basic engineering and after the basic 

engineering we stop again, because then we have more information. Knowing a lot more, we make a 

more accurate prediction and then determine whether or not we go ahead. Better, 3,000 hours lost than 

15,000 hours lost before we pull the plug. In order to reduce the risk that way.” (Product Manager H)  

Conclusion Method & Empirical-based design principle 11 

 The case-study organisation employs stages and gates in NPD and sequential projects in R&D to be 

able to gradually commit to a project. The earlier stages or exploratory project is relatively affordable 

and results in increased information available on the project. In this way you can lower the risk and the 

amount of money invested. Therefore, the following principle in relation to IPM methods in the case-

study organisation is formulated: 

In an overarching IPM system that incorporates the R&D, NPD and StD portfolios (C), IPM 

decisions are made gradually through either sequential projects or a stage-gate approach (I), to 

increase information availability and decrease risk (M), to increase IPM decision-making 

effectiveness (O) 
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 Tools 

In the previous section, the IPM method identified in the case-study organisation was discussed. In this 

section, the tools used in practice are discussed based on the IPM goals. This includes the tools that aim 

to: maximise the value in the portfolio, align the projects with strategy, achieve balance according to 

specific parameters, and have the right number of projects. 

 Value Maximisation 

In the case-study organisation the projects in the portfolios are evaluated individually. The R&D, NPD 

and StD evaluate the value of projects to a different extent.  

In the R&D portfolio evaluating the value of projects is difficult to determine. The R&D manager sees 

showing the value of the R&D portfolio as one of the most important goals of IPM, but notes: “I would 

like to be able to show the value of the portfolio, that could be one of the goals of a dashboard, show 

the current value. What the costs are is easy, but what the value is, is far more difficult.” The R&D 

department is under constant outside pressure to provide results and value, which are often not 

immediately clear after completion of a project. In the R&D department, the development of technology 

is often focused on technology platforms that may serve numerous products. In addition, R&D projects 

may be collaborative efforts, where numerous partners work together on a project: “Who all give the 

same contribution from which knowledge emerges, then you can ask yourself is the value of the 

knowledge the summation of all contributions or even more?” (Research Manager) In these projects, 

the knowledge that is developed might be so great that the organisation cannot miss out on the 

opportunity. Additionally, the relationships built in these collaborative projects can be advantageous for 

the future. Lastly, regarding traditional financial tools, such as Net Present Value and Return on 

Investment, the R&D manager mentioned the following: “… the upfront return on investment or 

determining the value is almost impossible and even when the project is delivered, it is always just a 

piece of technology in a ship and how one can know whether that piece of technology has been the 

deciding factor, how much value it has added, that is very difficult.” Furthermore, “the NPV also has 

very big disadvantages or limitations. And we as a company are not yet ready for it, nor are we as a 

department.” Thus, for R&D projects financial tools are difficult to use, let alone accurately determine 

the value. For that reason R&D needs to use financial and non-financial measures to evaluate the 

potential value of a project. Because the value is realised downstream, how to evaluate this should be 

determined in consultation with the downstream location. Then, the value can be fed back to R&D, who 

can use it to justify their investments.  

In the ideation stage in NPD a one-page scoring model document is used in PG H. The model results in 

either a green approved, orange requires attention, or red rejected. In that way the project the value of 

the project and its relation to strategy is screened in 5 to 10 minutes. Additionally, the scoring documents 

are collected to be able to retrieve and discuss them later for NPD decision-making. After the project is 

initially approved, the project is fed into the standard approach, which includes an extensive project plan 

in which the value of the project is outlined. This is usually in financial terms, but a NPD project might 

be justified for strategic reasons. Concerning StD, the SAF functions as the business case to evaluate 

why the project is undertaken, what the value is, how much time it will cost and what the returns will 

be. The relatively short length of standardisation projects leads to a relatively short planning period in 

which priorities are decided upon. According to the Technical Manager H: “I do not want to look more 

than one month, or two or three ahead, and the rest is listing of priorities and the highest priorities are 

planned in those first three months and I think we should look weekly, … weekly to see if we do not need 

to reprioritise.” This can depend on claims coming from Services that certain components or systems 

break down or function substandard. Depending on the frequency, immediate action may need to be 

taken and other projects are put on hold. There is a budget for standards development, but also a separate 
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budget for standardisation implementation in product development: “If that budget is low, it will lead 

to cherry picking standards to implement. Then some will never end up in the product” (Technical 

Manager H) This is undesirable because much of the value from standards comes from cost reductions 

that are linked to order quantities and agreements with suppliers. 

Conclusion Value Maximisation & Empirical-based design principle 12 

In the case-study organisation what value is depends on the type of innovation and the organisation is 

not always able to decide or steer upon maximising financial value. In R&D and StD much of the value 

depends on the implementation of their results in NPD. Whereas, for NPD the consideration is driven 

by maximising the portfolio in relation to sales figures or financial data about the market. This makes 

IPM tools important that are able to evaluate the realised value of projects throughout the IPM system. 

Hence, the following empirical-based design-principle is created:  

 Strategic Alignment 

In the interviews, observations and internal documentation various strategic tools were identified that 

were used in relation to IPM. As discussed previously, there are two ways to achieve strategic alignment: 

top-down and bottom-up. First top-down tools are outlined, then bottom-up. Especially, a need for more 

alignment in an IPM system was identified:  

“So that you can justify investments, and also that you can manage timelines. Because developing 

knowledge and technology has a different timeline than developing a product, and maintaining a 

product has a completely different timeline. So if you can manage that in parallel, knowing that they are 

different things, then I think you can make it more clear that you need something when you need it.” 

(Development Manager)  

Top-down Strategic Alignment 

On the overarching level, strategic alignment is measured for a number of projects through the Project 

Approval Form using strategic evaluation criteria. This is partly collected and visualised in the portfolio 

overview of the Development board. Different breakdowns in spending are possible, including stage of 

project, type of project, Business Unit or department involved, type of innovation and strategic theme. 

However, the overview is neither up to date, nor complete. Moreover, the strategic themes chosen are 

too vague and in the end do not give a clear overview of the breakdown of spending on the organisation’s 

strategy and the strategic priorities.  

On a lower-level within the R&D, NPD and StD portfolios some forms of strategic bucketing are used. 

In R&D, the budget consists of three funds with unique processes and governance structures depending 

on the size of the investment and risks involved. These are depicted in Appendix E. Especially, the 

toolbox projects help R&D to remain agile in initiating projects to follow opportunities, respond to 

changes in regulation and explore new technologies by setting aside funds under complete R&D control. 

In the NPD portfolio, the distribution identified in the production planning is similar to strategic buckets 

to ensure the NPD reflect the division’s and product strategy. For example in Division Y, it consists of 

a distribution between Standard, Refit and Custom products constrained by the operational capacity in 

production and the financial resources available. In PG H there is a similar structure: “I think we have 

a good balance now. In a sense that, so to speak, two thirds of the work consists of construction numbers 

or projects that could possibly become construction numbers and a third is development.” (Product 

In an overarching IPM system that incorporates the R&D, NPD and StD portfolios (C), the value is 

maximised by assessing financial and non-financial measures (I), that balance potential and 

realised value optimisation within and across the portfolios (M), to increase the overall value of the 

IPM system (O) 
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Manager H) When there is more demand for existing products, construction numbers take precedence. 

When there is less demand, more time is spent on NPD. Furthermore, in the divisions resources are set 

aside for innovation activities. For example there are separate StD budgets for PG T and H, as well as 

an standards implementation budget for NPD and construction numbers. In internal documentation the 

use of focus areas in the StD budgets is mentioned, but no buckets per focus area were decided upon.  

In NPD, portfolio mapping is used as a top-down method to visualise the portfolio and make IPM 

decisions. BCG matrices were created for each PG and these are used in division W and Y to visualise 

the products’ relative market share versus market growth rate and discuss the product portfolio. In 

addition, the matrix includes end of life and products under development. Thus, the BCG matrix is used 

to discuss the current products in the market and identify potential gaps and opportunities for the 

development of new products or replacement of existing products. Another top-down mapping method 

is roadmapping, setting a high-level vision and mapping out the products and technologies necessary to 

get there. The development of high-level strategic roadmaps for the overarching organisation and in the 

divisions was deemed the next step, but a reorganisation came in between: 

“Strategically we are somewhere here, at a low level, one might say. Because roadmapping, which, 

again we have worked 9 months in that structure, should have been the next step in this policy season: 

guys, let's start thinking about roadmapping, what does it look like, what does good look like? And how 

are we going to get there?” (Director Strategy and Business Transformation)  

Furthermore: “Eventually I want to have a large scheme on the board here. Which of course changes a 

little from time to time, but in 2025 these regulations will be in force. And then this and this technique 

must be available. .... That means I will arrange this next year, next year that. And when is it going to 

be integrated in what type. So the technology development portfolio and the product development 

portfolio. They really have to blend into each other, so to speak.” (Product Director W)  

Bottom-up Strategic Alignment 

In the meantime, in the R&D, NPD and StD portfolios roadmapping is used in a bottom-up manner. In 

the R&D portfolio, roadmapping is used as a tool to visualise the projects in the research domains. The 

research domain roadmaps are partly built up of the development agenda of a division or BU, and partly 

technology push. Currently, these roadmaps are mostly discussed internally in the R&D department, to 

gain approval on a number of projects instead of putting effort into discussing individual projects, while 

multiple projects with similar goals exists. This also prevents rejection of necessary intermediate 

projects. In the future, preferably a dialogue is held between R&D and the divisions using roadmaps to 

gain alignment. In some development teams the research domain roadmaps are converted to roadmaps 

for a PG, to cross organisational functions. For example, the Technical Manager T has created a roadmap 

for technology development and standardisation in close collaboration and alignment with the 

development team T in the R&D department. The resulting research domain and PG roadmaps are used 

as a discussion tool to communicate priorities for research, NPD and technology development projects. 

Moreover, synchronise the timing required for technologies and knowledge to be adopted in actual 

products. Then, research is able to develop the right knowledge and technologies necessary for the 

business in the medium- to long-term as well as create more alignment between them and identify 

projects that actually add value. However: “That is quite new. Just this year that it actually happens, it 

still has to show results, but it is generally received positively.” (Development Manager) 

The PREs and project initiators in the R&D department are entrusted to be able to match the projects 

they initiate to the appropriate strategic goals and do so with integrity. However, under the assumption 

that these strategic goals have been clearly communicated to them. The strategic goal is indicated in the 

Project Approval Form and, if necessary, is further justified in the lengthier project plan. Concerning 
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NPD, before handing in an idea for a new product, an internal business case and a scoring model may 

be filled in: “Whether a project fits with strategy and filling in the scoring model. I think that is the same 

action.” (Product Manager H)  

Conclusion Strategic Alignment & Empirical-based Design Principle 12 

To conclude, there are different tools used throughout the case-study organisation to ensure alignment 

of projects with strategy within and across the R&D, NPD and StD portfolios: bottom-up through 

strategic criteria in evaluation and the use of roadmaps; top-down through strategic buckets and portfolio 

mapping. This leads to the following empirical-based design principle:  

 Balance  

As argued throughout the thesis, the separate R&D, NPD and StD portfolios have different requirements 

and this is no different in the achievement of the balance IPM goal. 

In the R&D department, there are specialised research domains, whose personnel is not interchangeable, 

e.g. a hydromechanical engineer cannot start working on a noise-prediction project, because the noise-

prediction project has a higher priority. This makes the shifting of priorities on research projects a slower 

process. The R&D department is relatively young with a relatively high amount of mobility. Most 

decisions on the balance of the portfolio’s projects are long-term departmental planning decisions. For 

example, when a hydromechanical engineer leaves, the department can decide to hire a new 

hydromechanical engineer or a data scientist, depending on the future work the department foresees. 

The Research Manager started denoting balance in the portfolio in terms of certain parameters in the 

R&D portfolio overview, e.g. the research domains are depicted to highlight the amount of budget going 

to each. Then something can be said about its distribution and the resource availability in that research 

domain. Other parameters consisted inter alia: whether the organisation is in the lead or following, or 

the projects was license to operate or license to grow. These are used as internal discussion tools in the 

R&D MT meetings. Other balance decisions are made lower in the R&D department. The researchers 

are required to initiate projects that result in a portfolio that balances the needs of the business or market 

pull with opportunities found externally or technology push. Furthermore, the researchers need to 

balance the time spent on research projects and assisting development in projects for the business. 

Products need to be produced in a way that balances timing, lead time, stock and demand. The 

speculative stock building strategy requires a certain balance in production for division W: “the fast 

moving products of which we sell a lot, we call them standard designs, we start them on speculative 

basis and we finance them ourselves, so we try to sell them as soon as possible and depending on the 

market, we manage to sell them sooner or later. That is important for our financial position” (D&P 

Manager T) 

Moreover, the NPD projects need to be evaluated and prioritised by balancing the needs of sales and the 

PG. Where from a sale perspective often the tendency is to develop projects, because they see sales 

potential in it. According to the Product Manager H regarding resource allocation and balancing the 

portfolio: “We have plenty of ideas and opportunities to keep double the capacity of people at work. 

You have to find a balance between what is realistic and the cost side. It needs to pay itself back.” Thus, 

resources need to balance sales support work and product development work for the different portfolios. 

In the overarching IPM system that incorporates the R&D, NPD and StD portfolios (C), various 

top-down and bottom-up strategic tools are used (I), to synchronise timing, ensure communication 

of priorities and create more transparency (M) to achieve strategic alignment within and across the 

portfolios (O) 
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Lastly, the organisation balances new products developed and prototyped in relation with customers and 

dedicated new development projects. This, however, does not always work out: “So we had a very 

ambitious delivery time for the first of series. On the other hand, all those developments still had to be 

done on systems and components, so you ran into the fact that the product needed the new components 

and systems from the standardisation teams, but they were not ready.” (D&P Manager)  

Conclusion Balance & Empirical-based Design Principle 13 

In the case-study organisation, the achievement of balance was identified as a complex task. Especially, 

in an IPM system, the different portfolios have specific parameters that need to be balanced, such as 

projects in relation to research domains in R&D, and the project that develop new ships and those that 

support sales in NPD. In addition, the portfolios need to balance resources in the overarching system, 

e.g. in the cross-functional teams for NPD who sometimes require researchers or development engineers, 

who then cannot work on their research projects. Hence, the empirical-based design-principle:  

 Right number of projects 

Having too many projects in a portfolio is one of the main issues in IPM. This is no different in the case-

study organisation. Working with the standardisation portfolio increased transparency in who works on 

what and has helped reduce the amount of separate subjects engineers are working on: 

“When I look at two years ago, we were working on maybe 50 subjects per person, which is impossible 

to cover, ranging from very big to very small subjects. It makes one lose overview.” (Technical Manager 

T) “… and in the meantime we wrote hours on standardisation projects, which would make you shudder, 

millions a year. Without any degree of control that something was actually delivered, that is why we set 

up the standardisation board to get  more grip on things.” (Strategy and Transformation Director) 

The potential subjects for projects are now put on an action list which functions as a backlog until 

resources have freed up in the portfolio. Having the right number of projects in a portfolio ensures that 

the active projects can be resourced effectively and efficiently:  

“I think that primarily more value can be achieved through collaboration and also spending more time 

on the right projects. And thus, a number of projects that may seem very valid, but that there is a better 

use of the limited capacity and knowledge that you have to bet on other projects that are more 

profitable.” (Technical Manager T) Furthermore: “we are realising that we only have a limited budget, 

a limited number of hours in a lifetime. And that overloading someone six thousand times does not 

increase efficiency, the realisation that we have to do less, but better.” (Product Director W) 

Conclusion Right Number of Projects & Empirical-based design principle 14  

Having the right number of projects in a portfolio is important for resource efficiency, it ensures that the 

resources are spread sufficiently throughout the portfolio and that high-value projects get the required 

attention to achieve their full potential. IPM decision-making in the StD and NPD portfolios, especially  

through rejection of projects, is used as a tool to increase the value of the portfolio. This leads to the 

final empirical-based design principle: 

In an overarching IPM system that incorporates the R&D, NPD and StD portfolios (C), balance is 

considered among different parameters (I), to discuss and harmonise the requirements within the 

portfolio, as well as, for the portfolios (M) to increase balance within the IPM system (O) 

 

In an overarching IPM System that incorporates the R&D, NPD and StD portfolios (C), the amount 

of projects is reduced through project rejection (I), increasing focus, as well as, spending the limited 

amount of resources in a better way (M), to increase IPM efficiency (O) 
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 Final Design Principles 
Corresponding to van Burg et al. (2008), the empirical-based and theory-based design principles are 

confronted to synthesise a final set of design principles. This process is outlined in section 2.3. The final 

set of design principles is depicted in  

Table 9. A tabular overview of the synthesis, including the theory- and empirical-based design principles 

can be found in Appendix F. Unsurprisingly practice shared plentiful similarities with theory. The main 

differences were apparent in the specificity of interventions and the mechanisms. One reason for the 

more narrow nature of interventions in empirical-based design principles is that they are derived from 

the case-study’s specific context. In light of that, the empirical-based design principles might not be 

based on best practices, but rather on the current approach in the case-study organisation. Whereas, the 

theory-based principles are derived from a broader stream of literature that identified best practices and 

decontextualised these to be applicable to more than one firm. Therefore, conflicting results or insights 

from the empirical-based design principles are substantiated by additional literature.  

Table 9. Final Set of Design Principles 

Focus In an overarching IPM system that incorporates the R&D, NPD and StD portfolios (C), 

Strategic 

1 – Policy plans are used to translate the corporate strategy to subset division, R&D, NPD and StD strategies, 

including product and technology strategies (I), to define criteria for project evaluation, selection and 

prioritisation and subsequently allocate resources in line with strategy (M), to create transparency and achieve 

top-down strategic alignment and continuity in the IPM system (O) 

2 – Cross-functional collaboration and lower level meetings are used (I), to communicate priorities, clarify 

goals and create transparency within and across the separate R&D, NPD and StD portfolios (M), to achieve 

bottom-up strategic alignment in absence of a clear strategy and strategic guidelines in the IPM System (O)  

3 – The corporate strategy is formulated, implemented and reformulated (I), through cascading down 

deliberate strategy to formally initiate projects and propagating projects that follow an effective emergent 

strategy  upwards, while leaving room for projects that are necessary for continuous improvement (M), to 

create a portfolio that operationalises corporate strategy, identifies Must Do's and demonstrates new strategic 

opportunities (O)  

Decision-

making 

4 – The evaluation, selection, prioritisation, termination and resource allocation decisions of proposals vs. 

active projects are made in a complex network of various portfolio meetings in multiple hierarchical levels 

with many different stakeholders (I), resulting in the approval, (de)acceleration, termination or shelving of 

projects (M), to achieve the IPM goals and increase market performance (O)  

5 – The portfolio is analysed and IPM decisions are made in a periodic review through consensus of a distinct 

group of decision-makers from various functions in the organisation (I), where the approval of project 

proposals, progress of active projects and the strategic imperatives for the following period are discussed (M), 

to provide strategic direction, (internal) customer involvement and top management support (O)  

6 – The combination of evidence- and opinion-based decision-making needs to take precedence, and to a 

lesser extent power-based decision-making (I), to minimise political interferences, enable cross-functional 

collaboration and foster an understanding of the organisation’s strategy (M), to increase the portfolio mindset 

throughout the organisation, produce a more focused effort in the portfolios and allow for more decision-

making agility (O) 

Formalisation 

7 – More informal processes are used earlier in the innovation pipeline and earlier in the project management 

process that feed into formalised project- and portfolio-level processes (I), to increase buy-in, flexibility, and 

avoid unnecessary bureaucracy and hampering of creativity (M) to increase project acceptance and IPM 

efficiency 

8 – The portfolios are formalised on the project level and IPM level dependent on the type of innovation and 

stage (I), which ensures the availability of more complete and higher quality information on project proposals, 

project status and resource demands, and a higher comparability of projects  (M) increasing IPM decision-

making quality and subsequently IPM efficiency and portfolio success (O) 

9 – Develop clear portfolio governance; steering, guiding and directing the entire IPM process and its 

stakeholders (I), to increase formalisation of IPM processes, organisational learning, cross-functional 

collaboration, information availability and knowledge transfer across departments (M) which positively 

impacts IPM innovativeness and firm performance (O) 
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Stakeholders 

10 – The roles and responsibilities of mid-level line managers and project managers are clearly defined (I), 

to increase ownership and increase the link between corporate strategy and the execution of the projects that 

implement said strategy (M), to avoid optimisation of sub-strategy instead of IPM system strategy (O) 

Metrics 

11 – Use multi-level (project/portfolio/organisation) overviews to measure and compare projects along 

explicit, appropriate and comparable evaluation criteria, progress and performance metrics (I), which provide 

information for overarching and portfolio specific decision-making at the appropriate hierarchical levels (M), 

to increase IPM system performance (O) 

Method 

12 – An organisation develops a portfolio tailored to the organisation (I) which integrates the project- and 

portfolio-level method into one system with appropriate IPM tools, depending on the type of innovation and 

organisational context (M), to increase IPM effectiveness (O) 

Tools  

13 – The value is maximised by assessing financial and non-financial factors in the portfolios and the 

overarching IPM portfolio (I), balancing potential and realised value (M), to increase overall value of the 

IPM system (O)  

14 – The use of both top-down tools, such as strategic buckets and high-level strategic mapping, and bottom-

up tools, such as strategic evaluation criteria and roadmapping (I), allows for more transparency, 

comparability and accountability in the portfolios (M) increasing strategic alignment and avoiding local 

optimisation rather than contributing to the overall strategy (O)  

15 – Projects are visualised and discussed using graphic tools (I), which depict the current state of the portfolio 

in terms of certain parameters, including a representation of how the resources are allocated (M), resulting in 

better balance in the separate and overarching portfolios (O) 

16 – The resource capacity analysis, which quantifies projects’ demand for resources versus availability, is 

used to reject and terminate projects (I), limiting the number of projects in the portfolios to increase focus 

and resource efficiency (M), to avoid firefighting and strategic misalignment (O) 

 Strategy in the IPM System 

The first, second and third final design principle are part of the strategic antecedents to performance in 

an IPM system. The development of a design solution needs to take into account the processes that 

achieve top-down and bottom-up strategic alignment in the IPM system. Moreover, not all projects in 

the IPM system share the same relationship with strategy in the organisation, some implement it, others 

challenge it, while some are necessary for continuation.  

The strategic processes in an organisation comprise both strategy formulation and implementation. In 

strategic management literature the focus mainly lies on strategy formulation and to a lesser extent on 

implementation (Aaltonen & Ikävalko, 2002). As argued throughout this thesis, through the IPM system, 

management links the process of strategy formulation to its implementation by allocating resources to 

specific projects in line with strategy (Chao & Kavadias, 2013; Shenhar et al., 2001). To be able to do 

this the IPM system requires detailed coordination with the corporate strategy formulation process 

(Anderson & Joglekar, 2005; Cooper et al., 1999). An important aspect of implementing strategy is 

cascading the corporate strategy down and setting up specific strategic goals and objectives for the 

organisational groups. This is outlined in the first design principle.  

However, transforming the strategy into concrete strategic goals and objectives is generally perceived 

as challenging (Aaltonen & Ikävalko, 2002). This is no different in the case-study organisation, a vague 

understanding of the organisation’s strategy in relation to innovation was present. Multiple interviewees 

called for more clear goals and objectives to guide the portfolios in the IPM system. Here, the first design 

principle translates the strategy to sub-strategies and goals in a top-down way, while using IPM decision-

making as the process to implement strategy in the organisation. In absence of clear strategic goals and 

objectives, the second design principle outlines the way in which bottom-up alignment between the 

portfolios is achieved through cross-functional teams and lower-level meetings (cf. Kester et al., 2011). 

This is identified in past research, as consensus-based type of strategy, where through mutual 

adjustment, actors converge on patterns that become pervasive in absence of central or commonly 

known and communicated strategic intentions (Mintzberg & Waters, 1985). This is part of the emergent 

perspective on strategy and represented in the second design principle.  



55 

 

The combination of the first and second design principle further substantiate the third design principle, 

which combines the implementation of deliberate strategy with the emergence of new strategy used in 

reformulation (cf. Kopmann et al., 2017; Thiry & Deguire, 2007). Besides new strategic opportunities 

and the implementation of existing strategy, room for necessary continuous improvement projects is 

required.  

 Decision-making in the IPM System 

The fourth, fifth and sixth final design principle are part of the decision-making aspect on IPM. IPM 

decisions in the case-study organisation are made in multiple organisational levels in multiple 

departments (cf. Kester et al., 2011; Perks, 2007). Each innovation perspective employs a unique 

dynamic decision-making processes. However, all perspectives evaluate, select and (re)prioritise project 

proposals against active projects and allocate resources accordingly. 

In practice, projects are mostly evaluated based on individual project characteristics and to a lesser extent 

in the portfolio context. The IPM decisions are made continuously and in period reviews (Cooper et al., 

2000; Kester et al., 2011). Both decisions are made by reaching consensus among a distinct group of 

decision-makers from numerous functions in the organisation with distinct goals and perspectives (cf. 

Archer & Ghasemzadeh, 1999; Cooper et al., 1999; Meskendahl, 2010; Mikkola, 2001). This led to the 

fourth design principle. 

Periodic reviews were observed, such as the Development board and Standardisation board as well as 

division and Product Group portfolio meetings. The frequency of the meetings depends on the type of 

innovation (R&D, NPD and StD) and the hierarchical level of the meeting. Similarly Platje, Seidel, & 

Wadman (1994) found the frequency of the portfolio planning cycle to be lower than the frequency of 

project planning cycles, but emphasised the importance of linking these in a framework.  Moreover, the 

nature of the type of innovation is different: the nature of R&D activities is long-term, NPD medium- 

to short-term and StD is short-term (de Vries & Slob, 2006; Verbano & Nosella, 2010). In line with 

Kock & Gemünden, (2016), the quality of IPM decision-making is increased through controlling 

intensity, which encompasses the monitoring of the projects in the portfolio, but also the continuous 

evaluation of the portfolio’s composition, interdependency between projects and their alignment with 

strategy (Müller et al., 2008; Schultz, Salomo, De Brentani, & Kleinschmidt, 2013). This can increase 

the clarity of strategic goals (De Brentani, Kleinschmidt, & Salomo, 2010) and increase focus in the 

organisation (Kester et al., 2011). Moreover, periodic reviews involve top management and thereby 

increase top management support of IPM (Lerch & Spieth, 2013). Top management is involved during 

these periodic review but play different roles, this is further outlined in 9.4. Thus, organisations should 

employ fixed period review where they discuss strategic course, evaluate project approvals and progress, 

as well as review the portfolio. Here, the periodic reviews are held more frequently towards the end of 

the innovation pipeline. This is reflected in the fifth design principle on periodic reviews. 

In IPM decision-making different styles were observed and reported in the interviews in the case-study 

organisation. However, the empirical data gathered was insufficient to formulate a empirical-based 

design principle that was as conclusive as the research one. The findings in the case-study organisation 

corroborated the effective decision-making processes by Kester et al. (2011). Moreover the firm could 

be identified as an intuitive firm (Kester et al., 2009). Mostly evidence- and opinion-based decision-

making styles were used to make IPM decisions. This mitigated the potential negative effects of power-

based decision-making, spurred by organisational politics. Kester et al. (2011) identified the decision-

making styles to interact and be present simultaneously. Therefore, leaving one out is undesirable. 

However, a combination of evidence- and opinion-based is more desirable to come to a unified decision 

supported by all stakeholders. In practice this requires combining information from many functions, 
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both objective and subjective. This can be achieved partly through cross-functional collaboration (Kester 

et al., 2011). However, the interplay with power-based decision-making needs to be taken into account 

as some decisions under ambiguous information and conflicting experiences may lead to an impasse 

that can only be broken through power-based decision-making. This led to the sixth design principle. 

 Formalisation in the IPM System 

The seventh, eighth and ninth design principles outline the antecedents of an effective IPM system in 

relation to formalisation of the processes involved. In the case-study organisation, more informal 

processes were encountered earlier in the innovation pipeline (cf. Aalto et al., 2003) as well as in the 

earlier stages of project management in R&D, NPD and StD (cf. Martinsuo & Poskela, 2011).  

The seventh design principle outlined the effectiveness of having informal earlier processes that feed 

into more formal IPM decision-making processes to increase buy-in. In line with De Maio, Verganti, & 

Corso (1994), effective IPM calls for organisation-wide information sharing and buy-in to avoid strong 

political and psychological pressures. This could help alleviate some of the concerns of political pressure 

that were outlined in the previous section. Furthermore, clarity of goals in IPM is needed to achieve 

buy-in at all organisational levels and collect the necessary data for objective decisions about the 

portfolio (De Maio et al., 1994; Kester et al., 2011). IPM requires all stakeholders involved in innovation 

management to collaborate in order to agree on assumptions and data collection standards (De Maio et 

al., 1994; Kester et al., 2011). Then, organisations are able integrate the R&D, NPD and StD activities 

in an IPM system and increase top management buy-in (Barczak et al., 2009; Cooper et al., 1999, 2001; 

Menke, 2013). 

However, the informal processes needs to feed into a more formalised approach in IPM. This results in 

a well-defined but flexible process for R&D activities, which may transfer the results into the more 

formal NPD and StD processes. This is outlined in final design principle eight. The case-study 

organisation has increased the quality of IPM decision-making by employing a more formal manner of 

decision-making in the StD portfolio. This led to an increase in decision-making quality by making 

selection, prioritisation and termination decisions more transparent and objective conform with (Kock 

& Gemünden, 2016). However, the Development board in relation to the NPD portfolio experienced 

less success, in regard to transparency. This is mostly attributed to different levels of formalisation of 

IPM processes and governance throughout the R&D, NPD and StD portfolios in the case-study 

organisation.   

The ninth design principle was formulated by combining the empirical-based design principle and 

additional literature that had not been considered during the formulation of the theory-based design 

principles regarding formalisation. The development of the IPM system and its implementation in the 

case-study organisation are considered a learning process as organisational capabilities evolve over time. 

In line with Kester et al. (2011, 2014), who posited organisational learning to positively affect the future 

IPM processes. Here, formal and explicit portfolio governance may foster organisational learning and 

facilitate knowledge transfers across departments (Tatikonda & Montoya-Weiss, 2001; Urhahn & 

Spieth, 2013). Moreover, encourage successful collaboration among dispersed portfolios in an IPM 

system, similar to the findings of Persaud (2005) on collaboration in locally dispersed R&D units. This 

resulted in the addition of organisational learning and knowledge transfer to the ninth design principle.  
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 Stakeholders in the IPM System 

Levine (1999) emphasised the importance of having the right stakeholders in the right process. The ninth 

design principle incorporated stakeholders, whereas the tenth design principle is dedicated to the role of 

certain stakeholders.  

During the empirical analysis general information on stakeholders was collected, whereas no specific 

roles as interventions and mechanisms were identified. This can be attributed to the relatively low 

sample size of interviewees per portfolio. Moreover, the study by Beringer et al. (2013) showed that 

stakeholder engagement affects performance only in environments with sufficiently defined roles and 

responsibilities, i.e. firms with high IPM maturity. In the empirical analysis different levels of portfolio 

maturity were identified. This implicates that stakeholder engagement in the case-study organisation 

may be misguided. Therefore, the tenth design principles relies on the specific roles of mid-level line 

managers and project managers found in the literature review. Another reason for the inability to derive 

the roles of stakeholders the case-study organisation could be the different nature of the activities and 

responsibilities that stakeholders have in the IPM System. Aalto et al. (2003) found a clear difference 

between R&D and NPD management. In research, top management has more of an instructive role as 

the communicator of vision and strategy. Most ideas come from researchers in their specific research 

domain, who therefore play an active role in strategy creation. This could relate to the observation of 

more emergent strategy in the R&D department in the case-study. In NPD, top management are the 

decision-makers and require a broader business understanding. Due to the large project size and higher 

influence of individual projects on the company’s success, this necessitates more deliberate strategy.  

The case-study organisation is still developing an IPM system and has different levels of IPM maturity. 

An immature IPM system, i.e. low role clarity, provides line managers with opportunities to pursue their 

personal interests rather than contribute to the strategy of the IPM system (Beringer et al., 2013). This 

manifests itself in an attempt to optimise their sub-portfolio of projects that is predominantly relevant 

for their own department and its sub-strategy (Platje et al., 1994). During the transition from an immature 

IPM system to a more mature one, line managers play a crucial role. The line managers' superior 

knowledge of their business and familiarity with the specifics of the environment in which projects are 

executed, may positively influence strategic alignment (Beringer et al., 2013). In addition, this partly 

mitigates the insignificant role of portfolio managers in immature IPM systems, who due to limited 

empowerment and expertise may steer portfolios to generally.  Therefore, in the development of an IPM 

system that incorporates the R&D, NPD and StD portfolios, higher role clarity regulates opportunities 

for control and forces line managers to pursue their formally defined interests in the portfolio context. 

 Metrics in the IPM System 

Design principles eleven relates to the metrics in an IPM System. The empirical-based design principle 

stressed the use of face-to-face communication to discuss metrics and the use of a multi-level overviews 

that presented the right information at the right level. The communication tool used by decision makers 

has a further impact on communication quality (Müller et al., 2008). Face-to-face meetings are generally 

seen as the best media for information exchange (Turner & Müller, 2004). However, portfolio decisions-

making, which consists partly of face-to-face settings is not significantly correlated with IPM 

performance measures (Müller et al., 2008). Whereas, their findings did show that successful 

organisations have a shared reporting approach to channel information flow from projects to the 

portfolio level. Therefore, the final design principle incorporated only similar reporting processes of 

metrics in overviews. In practice the portfolio is reviewed using qualitative and quantitative evaluation 

criteria, progress and performance metrics depending on the type of innovation. This coincides with the 

findings in the theory-based design principle, which in more detail outlined that the type of metrics 

depend on the context of the type of innovation and organisational level. 
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 Method in the IPM System 

The twelfth design principle outlined the method in an IPM system, which is dependent on the type of 

innovation and organisational context. The findings in the case-study organisation in the NPD portfolio 

reflect the gate dominant approach by Cooper et al. (2000). Where decisions are made in two ways. 

Decisions regarding individual projects are made at gates continuously and decisions on the complete 

portfolio are made in portfolio meetings. If the gates are working well, the portfolio meetings are largely 

a rubber stamp and function to identify additional gaps and opportunities in the current portfolio. Here 

the project- and portfolio-level processes represent formal processes whose integration has a positive 

effect on IPM performance (Cooper et al., 2000; Teller et al., 2012). The project- and portfolio- 

processes observed in the empirical analysis were more formal towards NPD and StD perspectives and 

were less formal in the R&D perspective. However, the interviewees asked for more formal IPM 

processes throughout the organisation in all three perspectives (Cooper et al., 2000; de Vries & Slob, 

2006; Dickinson et al., 2001; Teller et al., 2012). Furthermore, the gradual nature of decision-making 

that was identified in the empirical-based design principle in relation to methods in the IPM system is 

not new. Brown & Eisenhardt (1997) argued that successful firms learn from possible futures. Small 

losses through explorative projects and termination decisions at gates, for projects that fail are probably 

the most effective learning devices. Neither planning for future endeavours nor reacting to the 

environment is as effective as including explorative projects and gradual decision-making at low costs 

in the sequenced steps of project management approach. Hence, the twelfth design principle. 

 Tools in the IPM System 

The last four design principles relate to the tools used in the IPM system. Best practice tools are 

identified in literature. Similar tools were found in the case-study, where the focus lied more on value 

maximisation and strategic alignment through tooling.    

Firstly, value maximisation tools were deemed difficult to use in the R&D portfolio and front-end NPD, 

and more easily later in the innovation pipeline (cf.Killen et al., 2008). This resulted in more non-

financial measures of value earlier. Practice did call for a potential feedback loop later in the pipeline to 

justify investment in their projects by measuring the value it achieves downstream (cf. Menke, 2013)  

However, this will prove to be difficult as the long-term impact of a technology on a product is difficult 

to measure (Chao & Kavadias, 2008). This is under the assumption that an organisation can clearly 

foresee and track in which products or processes innovation outcomes may be used. This led to the 

thirteenth design principle. Secondly, both in practice and in theory a combination of top-down and 

bottom-up strategic tools are used. In an IPM system strategic tools can be used to create alignment 

between the R&D, NPD and StD portfolios. Especially strategic buckets and roadmaps can help create 

a common understanding of strategy throughout the organisation (cf. Chao & Kavadias, 2008; Phaal et 

al., 2004). This led to the fourteenth design principle. Thirdly, balance was considered in the case-study 

organisation to make IPM decisions. However, there was no mention of tooling used to achieve balance. 

First strategy needs to be formulated as ‘balance’ is unique to each organisation and influenced by 

strategic considerations (cf. Cooper et al., 2001). Furthermore, the organisation may use bubble 

diagrams and pie charts to visualise balance and use it as a discussion tool in periodic reviews (Cooper 

et al., 2000, 2002b). This led to the fifteenth design principle. Lastly, the right number of projects 

increased resource allocation efficiency and focus in IPM. The empirical analysis added the insight that 

in cross-functional teams people are a member of multiple teams and may be overloaded in different 

portfolios. In an IPM system, the resource capacity analysis is proposed to avoid having too many 

projects (Cooper et al., 2002b). This helps avoid firefighting and ensures that managers can focus on 

strategic imperatives (cf Aaltonen & Ikävalko, 2002; Repenning, 2001). This led to the sixteenth design 

principle.  
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 Design Solution 
Based on the final set of design principles, a design solution for an IPM system is created. The design 

solution consists of a general IPM system and its components, including core tasks, stakeholders, 

metrics, tools and goals. This is visualised in Figure 12 on the next page. The solution is described on 

the basis of the components, ranging from strategy formulation to project management. The components 

are accompanied by recommendations to build a more effective IPM System.  

 Strategy Formulation 

Based on the first and third design principle, the strategy formulation component of the IPM System is 

presented in Figure 11. This can be considered a feedback loop. The process of cascading deliberate 

strategy links the vision and mission set out by the Executive board to the implementation of corporate 

strategy through IPM to the execution of projects. While, the process of propagating emerging strategy 

links strategic opportunities to the reformulation of corporate strategy through evaluating, selecting and 

prioritising these opportunities against existing projects.  

 

Figure 11. Strategy Formulation component of the IPM System 

The strategy formulation component increase strategic alignment throughout the IPM system by 

translating the corporate strategy to subset R&D, NPD and StD strategy. In addition it illustrates the 

deliberate and emergent nature of strategy within an organisation. Cooper & Edgett (2010)  developed 

a framework for the development of product innovation and technology strategies, visualised in 

Appendix G. The steps in this framework were used in the creation of recommendations for the 

development of the R&D, NPD and StD strategies as well as the implementation of strategy through 

IPM and project execution.  
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Figure 12. General IPM System 
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Recommendation 1. Strategy Formulation Boards  

The formulation and development of strategy is done throughout the hierarchical structure by different 

boards with different focuses visualised in Figure 14. In the case-study organisation, the vision and 

mission are translated by the Executive Board in collaboration with the Division Directors to corporate 

strategy in strategic planning meetings (cf. Archer & Ghasemzadeh, 1999; Hauser et al., 2006). 

Corporate strategy determines the organisation’s objectives, purpose and goals, and defines the plans to 

achieve them. As described in the empirical analysis, this process has occurred in the past in the form 

of a ‘strategy safari’. A similar endeavour could be undertaken in the future. Then the corporate strategy 

is used to develop subset strategies in R&D, NPD and StD strategic planning meetings (cf. Archer & 

Ghasemzadeh, 1999; Kester et al., 2011):  

1. An R&D strategy is developed, which articulates the organisation’s vision for the technologies 

and knowledge in its particular industry, what direction they are taking and at what rate (Cooper 

& Edgett, 2010). The organisation planned but did not realise a Technology Advisory Board. In 

a Technology Advisory board, the central technology strategy is developed that serves as a 

framework for technology development strategies for the R&D department and the divisions. 

Then, on the portfolio-level the projects are chosen and resources are allocated in accordance to 

the technology strategy.  

2. A NPD strategy is developed. Here, the Sales Advisory board can be used to develop an 

overarching NPD strategy that acts as a framework for more specific product development 

strategies in the divisions. Then, the divisions can allocate their resources based on strategic 

measures (Cooper et al., 2004). 

3. A StD strategy is developed. The case-study organisation could use a steering group or similar 

board as in R&D and NPD: the Standardisation Advisory board. The overarching 

Standardisation strategy acts as a framework for more specific standardisation strategies in the 

divisions. Then, the divisions can select and develop standards that are linked to the interests of 

the organisation as a whole (de Vries & Slob, 2006).  

Thus, the Executive board needs to develop a clear corporate strategy, including explicit strategic goals 

and how to achieve them. Then, the Technology/Sales/Standardisation Advisory boards need to develop 

a clear subset R&D/NPD/StD strategy including explicit goals and how to achieve them.  

Recommendation 2. Strategic and Innovation Themes 

The case-study organisation should determine overlapping strategic themes to further align their R&D, 

NPD and StD portfolios, because framing and allocating resources to thematically related projects, 

increases innovation success (Salomo et al., 2008):  

The R&D, NPD and StD strategies for the IPM system include the product innovation and technology 

strategies, these can be portfolio-specific or overarching. The case-study organisation can provide 

strategic direction by deciding on strategic or innovation themes. First, a theme needs to be decided 

upon, for example a theme may be sustainability, including alternative fuels as a means to achieve it. 

Second, the organisation specifies: what technology and product strategy to pursue, to be a leader or 

follower and what goals to achieve in relation to alternative fuels. Then, the role of R&D in the 

achievement of these goals can be discussed, for NPD the products and markets which are going to play 

a role can be identified and for StD the appropriate technologies can be standardised. This ensures that 

the whole organisation is working towards the same goals, to have the capabilities to incorporate the 

alternative fuel into their products and sell the products.  
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Recommendation 3. Policy Plans 

In an IPM system, which incorporates the R&D, NPD and StD innovation activities, strategic alignment 

enhances the probability that the potential value created is realised, because the assets and capabilities 

created, are used downstream in the organisation to deliver value (Menke, 2013). This means that 

organisations require a critical amount of transparency on strategic goals that they want to fulfil in a 

certain planning period and share these with the appropriate internal portfolio stakeholders throughout 

the organisation (Meskendahl, 2010).  

Corporate and subset strategy are disseminated throughout the organisation using policy plans. The 

policy plans are written yearly and outline the structure of the internal organisational processes and serve 

as a guide for the implementation of strategy, they include what the strategy entails and how to achieve 

it. The Executive board writes a corporate policy plan. Then the departments and divisions throughout 

the organisation develop policy plans for their function(s), which is a deduction of the corporate policy. 

This includes the R&D, NPD and StD strategies for the departments and divisions. These are shared in 

the organisation to increase alignment, transparency and continuity of strategy in the IPM system.  

Recommendation 4. Evaluation Criteria & Form 

An organisation needs to integrate evaluation criteria into their IPM decision-making processes. Then, 

the R&D, NPD and StD projects can be evaluated, selected and prioritised using appropriate evaluation 

criteria, including strategic criteria.  

To be able to use strategic criteria for evaluation of the R&D, NPD and StD projects. The project 

approval document needs to reflect the characteristics of the subset R&D, NPD and StD strategy. As 

outlined in the empirical analysis, there were issues with the evaluation documentation, because it was 

used for both R&D and NPD projects. This made the form suboptimal and burdensome to fill in. The 

Standardisation Approval Form was reported to have more success. This implies that the organisation 

should use separate documents that have been created for their specific innovation activity, i.e. the case-

study organisation should use a Research Approval Form, Product Approval Form and Standardisation 

Approval Form. However, the use of uniform reporting in IPM is positively associated with achieving 

results in the context of portfolios (Müller et al., 2008). Moreover, the use of similar metrics is necessary 

to be able to create a database containing multi-level overviews (Cooper et al., 1998b; Godener & 

Soderquist, 2004). Therefore, the organisation should divide the document in a general project 

evaluation part and an innovation-specific part. The form should consist of a scoring model which 

incorporates strategic factors, to achieve bottom-up strategic alignment (Cooper et al., 1999).  

Recommendation 5. Strategic Buckets 

The organisation should decide on Strategic Buckets in the strategy formulation component. This is a 

top-down strategic tool, where top management pre-allocates resources to buckets, setting aside 

resources destined for certain project types, markets, or technology areas, or other high-level 

characteristics (Cooper et al., 1999). Moreover, these can be targeted at strategic themes in 

Recommendation 2. Through the use of strategic buckets, entirely different projects are not competing 

against one another for the same scarce resources (Cooper et al., 2002b). The main advantage of the use 

strategic buckets is that it ensures the portfolio truly reflect the organisation’s strategy (Killen et al., 

2008). Other advantages are increased strategic alignment and incorporation of longer-term, higher-risk 

projects (Chao & Kavadias, 2008; Cooper et al., 1999).  

Recommendation 6. Strategic Roadmapping 

Another recommendation for the case-study organisation is the creation of strategic roadmaps. In an 

IPM System, high-over roadmaps can visualise the R&D, NPD and StD activities that are necessary to 

achieve desired objectives. The strategic roadmaps map out the major NPD initiatives and necessary 
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technologies as far out as five to ten years (Cooper et al., 2004). In this way, senior management is able 

to translate its view of the future and its strategy into resource commitments and concrete actions. Two 

types of roadmap are visualised in Figure 13. These are examples for a strategic and a long-term planning 

roadmap. The strategic planning roadmap focuses on the development of a vision of the future business, 

it supports the evaluation of different opportunities or threats at the firm level. Then, the roadmap is 

used to identify gaps by comparing the vision for the future with the current situation in terms of the 

markets, business, products, and technologies (Phaal et al., 2004). The long-range planning is used to 

extend the planning horizon for the organisation. It functions as a radar to identify potentially disruptive 

technologies and markets and the path to get there (Phaal et al., 2004). Both are overarching portfolio 

used to support strategic planning. 

  

Figure 13. Strategic planning Roadmap (Left) and Long-range Planning Roadmap (Right). Reprinted from Technology 

Roadmapping – a planning framework for evolution and revolution (Phaal et al., 2004) 

Phaal et al. (2004) stress that many of the advantages of roadmapping for strategic planning are derived 

from the creation of the roadmap, rather than the roadmap itself. The process brings together people 

from different parts of the organisation, providing an opportunity for sharing information and 

perspectives and functions as an instrument for broad consideration of problems, opportunities and new 

ideas. Similarly to what occurred in the ‘strategy safari’ in the case-study organisation, the main 

advantage of the first iteration is developed is often increased communication and a common framework 

for thinking about strategic planning in the organisation. It might take several iterations before the full 

extent of the advantages of the approach is achieved. The strategic roadmap has potential to support the 

strategic formulation component. It visualises the organisation’s strategy and can increase the portfolio 

mindset in the organisation (cf. Kester et al., 2011). 

Recommendation 7. Strategy Formulation, Implementation and Reformulation 

The thesis has argued that IPM is the bridge between strategy formulation and implementation through 

the allocation of resources to projects based on the organisation’s strategy (cf. Chao & Kavadias, 2013; 

Shenhar et al., 2001). However, not all projects in the organisation fit a top-down strategic pattern, 

therefore room should be created for projects that challenge this strategy. 

The project information should be collected and analysed and new strategic opportunities need to be 

discussed during periodic portfolio reviews and in the strategic advisory boards. When these projects 

are interesting enough need to be able to find their way up. This can mean doing an explorative project 

in a new technology area, and perhaps the results are significant enough to make the organisation 

reformulate its strategy. In the management system, IPM is integrated into the strategy formulation 

process, not only as an instrument for strategy implementation, but also as a valuable source for strategic 

renewal and change (Kopmann et al., 2017; Thiry & Deguire, 2007).  
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 Innovation Portfolio Management  

The IPM component is visualised in two figures. Figure 14 illustrates the organisation’s portfolio 

hierarchy and responsible stakeholders. It reflects a complex network in which IPM decisions are made. 

Organisations need to take a hybrid approach on tools for IPM decision-making, because there is no 

right tool or technique (Cooper et al., 2001).  

 
Figure 14. Innovation Portfolio Management component:  Hierarchy in the IPM System 

IPM decision-making occurs in two ways (Figure 15): Continuous, where decisions are made when 

necessary on an individual project basis; and in Periodic Portfolio Reviews, where the complete portfolio 

is reviewed and strategic imperatives, priorities and projects are discussed (cf. Cooper et al., 2000). 

 
Figure 15. Innovation Portfolio Management component: Decision-making in the IPM system 
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Recommendation 8. Periodic Portfolio Meetings  

The IPM decisions are made in periodic portfolio reviews, which are held in multiple hierarchical levels 

with different objectives. The IPM system and underlying R&D, NPD and StD portfolios need to deal 

with portfolio-specific decision-making processes characterised by uncertain and changing information, 

dynamic opportunities, multiple goals and strategic considerations, interdependence among projects and 

multiple decision-makers and locations (Cooper et al., 1999; de Vries & Slob, 2006; Menke, 2013). To 

deal with uncertainties, the meetings use a combination of evidence- and opinion-based decision-

making. To ensure this a cross-functional composition is recommended (Meskendahl, 2010; Perks, 

2007). Then, IPM decision-making is based on a broader understanding of the needs of the organisation 

and avoids political interferences (Kester et al., 2011; Perks, 2007; Talke et al., 2010). The different 

periodic portfolio meetings described in portfolio hierarchy, e.g. the advisory boards, monitoring boards 

and lower level portfolio meetings, have different compositions depending on the objective of the 

meeting: Firstly, for the R&D meetings, more technical personnel; Secondly, for the NPD meetings, 

strong (internal) customer representation; Thirdly, for the StD meetings, standards user involvement.   

Recommendation 9. Portfolio Overviews 

The case-study organisation experiences a drain on the available resources, because some projects are 

not represented in the portfolio overview. There is no overarching portfolio overview and the 

development portfolio overview is neither up to date nor complete.  

To be able to make IPM decisions throughout the organisation, R&D, NPD and StD general and specific 

information is collected. An overview of the IPM system is obtained by clearly defining quantitative 

and qualitative metrics for the project-, portfolio- and organisational-level and collecting these in a 

database (cf Cooper et al., 1998b; Godener & Soderquist, 2004). This requires formalised project 

evaluation, progress reporting and performance measurement processes that use similar templates and 

metrics (Müller et al., 2008; Turner & Müller, 2004). The process of data collation is visualised in Figure 

16. The tooling to provide this overview needs to be easy to use and adaptable, users should not be 

overloaded with data (Archer & Ghasemzadeh, 1999). Moreover, use a practical set of metrics as too 

many is both costly and time consuming (Jolly, 2003, 2012).  Instead of trying to create the perfect tool 

for project information collection, overview creation and graphical representation of the portfolio, a tool 

should be released where more functionality can be added later.  

 

Figure 16. Portfolio Overviews and Metrics in relation to IPM decision-making 

Metrics 

Project Metrics

Organisation 
Metrics

Portfolio 
Metrics

Design Principle 8 –  Project- and 
portfolio-level formalisation depends 
on the type of innovation and stage. 
Formalisation ensures the availability 
of more complete and higher quality 
information on project proposals, 
project status and resource demands, 
and a higher comparability of 
projects,  increasing IPM decision-
making quality

Evaluation 
Criteria

Progress 
Measurements

Performance 
Measurements

Design Principle 11: Multi-level 
overviews are used where explicit, 
appropriate and comparable 
evaluation criteria, progress and 
performance metrics are collected 
and analysed to provide the input for 
overarching and portfolio specific 
decision-making at the appropriate 
hierarchical levels 

Multi-level 
Overviews

Decisions & Adjustments

IPM Hierarchy (10.2)

IPM Decision-
making (10.2)

Project Status and Information

C
ol

le
ct

 &
 A

na
ly

se
 D

at
a

Project Management 
Processes (10.4)

Execution

Execution



66 

 

Recommendation 10. Product, Technology and Standardisation Roadmapping 

The metrics can be used in the tooling for IPM decision-making. To be able to align the R&D, NPD and 

StD portfolios, bottom-up roadmapping is used. This type of roadmapping relates technologies to the 

potential products and final markets (Albright & Kappel, 2003; Groenveld, 1997; McMillan, 2003). The 

two main sorts are a product roadmap and a technology roadmap. When employing roadmaps, senior 

management maps out the major new product initiatives and necessary technologies, often as far out as 

five to ten years. Then the organisation can subsequently prioritise projects and earmark resources for 

them (Cooper & Edgett, 2010). This improves communication of strategy throughout the organisation 

and creates a common understanding (Phaal et al., 2004). Two examples are visualised in Figure 17.  

   

Figure 17. Roadmaps illustrating the relationship between technologies, products and markets. Reprinted from Technology 

Roadmapping – a planning framework for evolution and revolution (Phaal et al., 2004) 

In the current situation no clearly formulated strategic guidelines exist yet to guide the R&D, NPD and 

StD activities. In line with the second design principle lower level portfolio meetings are held to align 

the research domain portfolios in R&D with Product Portfolios in NPD. Similarly, NPD and StD 

portfolios align themselves. In these meetings, roadmaps are useful tools to identify projects that are 

valuable, communicate priorities, synchronise timing of projects and discuss strategic directions in the 

IPM system (Dickinson et al., 2001; McMillan, 2003; Sadowski & Roth, 1999). Furthermore, the 

separate roadmaps for knowledge domains may be aggregated to strategically themed roadmaps, which 

were described in the strategy formulation component. Then, the Executive Board and the division 

directors approve on high-level roadmaps. This may include projects from the separate R&D, NPD and 

StD portfolios to achieve the strategic goals of the organisation. Roadmaps more easily visualise the 

need for collaboration and the role portfolios throughout the organisation have in achieving strategy.  

Recommendation 11. Portfolio Mapping 

Portfolio mapping is a graphical representation of the projects under consideration and exists in 

numerous forms. The case-study organisation has already adopted the BCG matrix in NPD. Other forms 

of technology mapping can be considered in R&D and StD (cf. Jolly, 2003; Mikkola, 2001). These 

mapping tools can be a useful mechanisms to analyse the IPM goals of strategic alignment and balance 

(Cooper et al., 1999; Mikkola, 2001).  

Recommendation 12. Governance 

The case-study organisation should create a clear governance structure to accompany the IPM system.  

Urhahn & Spieth (2014) emphasise formality and explicitness of processes as well as information 

availability in governance. This means clear procedures, processes and structure in place for the steering, 

guiding and directing of the IPM processes. Furthermore having explicit IPM methods and tools that 

support them (Cooper et al., 1999; Müller et al., 2008).  

The case-study organisation can do the following: Firstly, clarify the roles of the stakeholders in the 

IPM system increases the maturity of the portfolio. Especially, defining the roles of the mid-level line 

managers and project managers has a significant effect on portfolio performance (Beringer et al., 2013). 
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Secondly, to foster the positive effects of organisational learning and knowledge transfer (cf. Kester et 

al., 2011; Tatikonda & Montoya-Weiss, 2001), the IPM system should allow for know-how transfer 

across individual projects and learning from past project experience (cf. Urhahn & Spieth, 2013, 2014). 

Lastly, top management should be included in project and portfolio decision-making. Then, governance 

increases top management support of R&D, NPD and StD in the organisation (de Vries & Slob, 2006; 

Lerch & Spieth, 2013).  

 Innovation Pipeline 

Based on the findings in the literature review and empirical analysis the figure describing the differences 

between research, technology development and product development projects in the innovation pipeline 

by Aalto et al. (2003) was adapted. Moreover, the StD perspective was added. The changing nature of 

the activities in the innovation pipeline is depicted in Figure 18.  

 

Figure 18. Innovation Pipeline component: Characteristics of innovation activities in the IPM system. Adapted from Project 

Portfolio Management in Telecommunications (Aalto et al., 2003) 

Recommendation 13. Portfolio meetings 
Lower level portfolio meetings are held between R&D, NPD and StD representatives to communicate 

priorities and visions for the future as well as align their portfolios. These meetings may be accompanied 

by roadmaps as described in Recommendation 10. This is already used in a number of research domains 

and PGs. It strengthens the sharing of knowledge and information among the different functional 

perspectives for evaluation of technical, managerial and market factors (Meskendahl, 2010). These 

meetings are more frequent than the periodic portfolio reviews, because new customer requests, added 

requirements, schedule and cost changes, and risk, impact portfolios more between the periodic portfolio 

reviews than during them (Martinsuo, 2013). 
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 Project Management  

The project management processes need to be tailored to the specific needs of the type of innovation 

and integrated into the portfolio method (cf. Archer & Ghasemzadeh, 1999; Cooper et al., 2000; Loch, 

2000). The project management component is visualised in Figure 19. 

 

Figure 19. Project Management component in the IPM system 

Recommendation 14. Project Management method 

Ideally, the IPM method and project management processes should all be integrated into one system, as 

both are designed to make Go/Kill and Resource allocation decisions. The former deals with the IPM 

goals, while the latter makes in-depth decisions throughout the individual project’s lifecycle. 

In NPD, the gates dominant approach by Cooper et al. (2000) is most applicable. An in-depth review is 

held at the gates for individual projects, one at a time, which is much more in-depth than possible in a 

review of the complete portfolio. The decision process at the gates is real-time and twofold (Figure 23 

in Appendix D). First, senior management or gatekeepers make go/kill decisions on individual projects 

based on absolute criteria. Then, the project is prioritised against all other projects in the portfolio and 

resources are allocated. This approach utilises portfolio reviews to periodically check on the portfolio 

and strategy, for example in Recommendation 1, 8 and 13. Similar project management processes are 

necessary for R&D and StD. All processes use a form of stages and gates to increase project efficiency. 

However, more flexibility needs to be built in the R&D projects (Sadowski & Roth, 1999). This has a 

multitude of reasons which are depicted in Figure 18, e.g. the deliverables for each gate in R&D follows 

less of a standardised pattern compared to NPD. Moreover, the R&D and StD project management 

processes need to be able to feed into the NPD process to formalise knowledge transfer (Sadowski & 

Roth, 1999; Tatikonda & Montoya-Weiss, 2001). This is done through having clear governance as 

outlined in Recommendation 12. 

Recommendation 15. Cross-functional teams complete and partly 

The organisation should use cross-functional teams on the project-level (cf. Kester et al., 2011). Two 

ways are recommend: fully cross-functional teams and partly cross-functional teams. The difference lies 

in working together in a project over the full project lifecycle or only in specific parts. This can help 

ensure that R&D projects have value for the business. When employees from the business join the R&D 

projects in the end phase, this ensures better knowledge transfer. Moreover, when R&D employees join 

projects in the business, they become aware of the priorities for current research projects, as well as, 

identify new opportunities for future research. This creates more end-to-end project management 

processes in the IPM system.  
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 Implementation of Design Solution  

Successfully implementing the recommendations requires a change plan that explains not only how to 

execute the recommendations, but also how it will lead to actual change. The change method is derived 

from the eight-step model by Kotter (1996). This model focuses on the long-term anchoring of change 

in an organisation. It allows the case-study organisation to maintain and expand their capabilities to 

successfully deal with the difficulty of managing an innovation pipeline and producing high-quality 

products. Kotter (1996) indicates that it is important to go through all steps of the process. The first four 

steps are about decoupling the current culture. In steps five to seven, new culture is developed and 

recommendations are introduced. The final step embeds the change in the organisation. The model and 

the proposed change plan for the case-study organisation is presented in Table 10 on the next page. 

For the purpose of implementing an IPM system, a long-term commitment is necessary, because 

formulating strategy, translating strategy and creating roadmaps are all iterative processes and subject 

to organisational learning (Kester et al., 2011; Phaal et al., 2004). For example, the initial 

implementation of strategic roadmaps is complex and time consuming as managements seeks to 

establish a common template with agreed upon attributes and metrics. The third and fourth step in 

Kotter's (1996) model is synonymous to the strategy formulation component in the IPM system. A vision 

and corporate strategy need to be formulated and translated to subset R&D, NPD and StD strategies. At 

the same time, a vision and strategy are formulated to develop a change plan for IPM system 

implementation. It is crucial that this process is started before the other recommendations.  

Especially, the development and implementation of the corporate and subset strategies takes 

considerable time and effort. Senior management and support staff must be prepared to make the time 

available and commit to the hard work involved (cf. Cooper & Edgett, 2010). New thinking must be 

established in the coalition and sub-coalition teams who drive the implementation of a new management 

system as well as in all other involved or affected stakeholders. This new thinking must be lived by these 

key players to enable the new management approach to be successfully implemented and to contribute 

to the organisation’s success (cf. Beringer, Jonas, & Gemünden, 2012). Moreover, to survive the 

organisation and not remain a mandated exercise, divisions and departments need to endorse and own 

the processes in the IPM system (McMillan, 2003). The templates for recommendations and 

implementation of the IPM system cannot be too rigid or mandated, most divisions are still inwardly 

focused on their own processes. To reach a common format acceptable for all divisions and departments 

more work is required, including the continued development of common terminology.  

Recommendations that incur short-term ‘wins’ need to be implemented, as described in step six. The 

implementation of bottom-up roadmapping, project evaluation forms for R&D, NPD and StD, portfolio 

meetings between R&D and NPD as well as NPD and StD are examples of recommendations that can 

be implemented with direct results. For the most part, because these already exist in some form in the 

firm. To implement and sustain the change the IPM system brings, recommendations serve as continuous 

improvement processes that require change in the norms and value present within the organisation. For 

example, the strategic advisory board and periodic review recommendations necessitate an holistic view 

of the organisation as opposed to the current project to project view.  
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Table 10. Eight Step model of Change Management (Kotter, 1996) 

Steps Model of Kotter What Whom 

1.  Establishing a sense 

of urgency 

➢ Distribute thesis report 

➢ Internal Presentation of thesis 

➢ All stakeholders involved 

2.  Creating a guiding 

coalition 

➢ Form an IPM system coalition for change  

➢ Form a steering group for top management 

support 

➢ Form sub-coalitions for the 

recommendations in the R&D, NPD and 

StD portfolios 

➢ High-level Senior Managers/ 

Executive Board  

➢ Key stakeholders throughout 

R&D, NPD and StD portfolios 

in organisation 

3.  Developing a vision 

and strategy 

➢ Create high-over vision 

▪ Portray what an IPM system would 

resemble 

▪ Explain why the organisation needs an 

IPM system as opposed to the status quo 

➢ Create strategy 

▪ Steps to achieve the vision 

➢ High-level Senior Managers/ 

Executive Board 

 

 

➢ Guiding coalition and sub-

coalitions  

4.  Communicating the 

change vision 

➢ Disseminate vision throughout the 

organisation, particularly where R&D, 

NPD and StD activities are involved, in a 

clear and simple way 

▪ Emails 

▪ Presentations 

▪ Shared intranet site 

➢ Allow for input from employees 

➢ High-level Senior Managers/ 

Executive Board 

➢ Guiding coalition and sub-

coalitions 

 

5.  Empowering 

employees for broad 

based action 

➢ Identify and eliminate barriers to change 

➢ Identify competences necessary for 

working with IPM System  

➢ Introduce employee and managerial 

training in IPM system way of working 

➢ Inclusion of managers and employees to 

avoid unnecessary resistance  

➢ Continued sponsoring of change 

➢ Guiding coalition and sub-

coalitions 

 

➢ Stakeholders in R&D, NPD 

and StD who thoroughly 

understand current way of 

working 

➢ High-level Senior Managers/ 

Executive Board 

6.  Generating short-term 

wins 

➢ Identify feasible organisational 

improvements that can be implemented in 

the short-term 

➢ Implement recommendations and celebrate 

them to prevent loss of momentum 

➢ Guiding coalition and sub-

coalitions 

➢ Stakeholders in R&D, NPD 

and StD who implement and 

work with recommendations 

7.  Consolidating gains 

and producing more 

change 

➢ Implement large changes  

▪ Avoid complacency 

▪ Remove unnecessary workarounds 

▪ Implement IPM system way of working  

➢ Keep top management focus on 

implementing IPM system 

➢ Guiding coalition and sub-

coalitions 

 

 

➢ High-level Senior Managers/ 

Executive Board 

8.  Anchoring new 

approaches in the 

culture 

➢ Identify norms and values that support an 

IPM system 

➢ Change employee evaluation and incentive 

systems to fit the IPM system 

➢ Further train employees and management 

in IPM system skills and competences 

➢ Hire employees and management in line 

with IPM system norms and values  

➢ High-level Senior Managers/ 

Executive Board  

➢ Guiding coalition and sub-

coalitions 

➢ All stakeholders involved 
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 Discussion 
The purpose of this chapter is to reflect on the findings and quality of the research conducted. Firstly, 

the research question and sub-questions are answered. Secondly, the theoretical implications of the 

findings are presented. Thirdly, the practical implications of the findings are presented. Lastly, the 

limitations and future research directions are discussed.  

The set of design principles that resulted from this thesis provides a benchmark for future IPM research 

that links IPM practitioners to scholarly research in this area. The principles described in Table 9 provide 

insight into the interventions and mechanisms that need to be taken into account when developing an 

IPM System. To reiterate, the research question: “How can a Management System that manages the 

R&D, NPD and StD portfolios simultaneously be developed that achieves the IPM goals of value 

maximisation, strategic alignment, balance and having the right number of projects?”  

The research question is answered through the sub-questions. Firstly, the antecedents to effectively 

managing an IPM system lead to design principles that form a coherent set of strategic, decision-making, 

formalisation and stakeholder design principles (cf. Romme, 2003). The decisions in relation to the 

R&D, NPD and StD portfolios range from strategy formulation, to IPM decisions on approval, 

acceleration and termination, to project execution. These decisions are made by numerous stakeholders 

in different hierarchical levels, as well as, departments and divisions. 

Secondly, to be able to make decisions in an IPM system, explicit and appropriate metrics are required 

on the project- portfolio- and organisation-level that are chosen in line with strategy. Throughout the 

innovation processes, no absolute list of metrics is available to be used in practice (Dziallas & Blind, 

2019). The metrics used to measure project, portfolio and organisation goals in the IPM system need to 

reflect the case-study organisation’s goals and strategy (Griffin & Page, 1993, 1996; Martinsuo & 

Poskela, 2011; Tritle et al., 2000). To be able to measure performance in an IPM system organisations 

need to concentrate on the operative short-term perspective and the strategic long-term perspective. 

Firstly, for the short-term perspective, project success is defined along the three dimensions of the 

project management triangle (cost, schedule and quality) (Beringer et al., 2013; Gardiner & Stewart, 

2000). Secondly, the IPM goals by Cooper et al. (1999, 2004) can be used to measure IPM performance 

in the management system. The goals have been found to correlate with NPD success measures (Killen 

et al., 2008) and market performance (Kester et al., 2014). Thirdly, market performance is identified as 

the organisational level goal to achieve. Here market performance consists of customer satisfaction, 

market effectiveness and profit.  

Thirdly, the methods and tools that exist for IPM are influenced by the metrics used (Verbano & Nosella, 

2010) and can be tailored to the innovation needs, organisational context and the IPM goal they aim to 

achieve (Loch, 2000). Organisations need to take a hybrid approach on tools for IPM decision-making, 

because there is no right tool or technique for all innovation activities. More qualitative and strategic 

tools are used earlier in the innovation pipeline, while more quantitative and financial tools take over as 

uncertainty and risk decreases. 

To answer the research question, the thesis argued that effective IPM is vital for successful innovation 

management in an organisation, and is a result of achieving the IPM goals by Cooper et al. (1999, 2004). 

In line with previous research, the portfolio should not be considered in isolation of the portfolio level 

(Kester et al., 2011; Perks, 2007), but rather as an intricate system which combines the R&D, NPD and 

StD portfolios throughout the organisation to achieve the IPM goals (Drake et al., 2006). Because, the 

value created by innovation activities in the pipeline is dependent on the downstream implementation 

of these activities and resulting realisation of value (Menke, 2013).  
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 Theoretical Implications 

The thesis provided several theoretical implications. Firstly, the findings provide interventions and 

mechanisms that aid in the development of an IPM system that includes the R&D, NPD and StD 

portfolios, and their corresponding requirements. In sum, the R&D, NPD and StD perspectives on IPM 

are fundamentally the same. The interventions and mechanisms were encountered in literature, but never 

combined in a general IPM system. The works of previous researchers (e.g. Archer & Ghasemzadeh, 

1999; Cooper et al., 2000; Loch, 2000) focused on methods for IPM in a general portfolio or in isolation 

of the NPD portfolio, with only minor linkages to the R&D portfolio. While, problems occurred in 

managing projects overlapping both within and across portfolios throughout organisational levels and 

units (Elonen & Artto, 2003). Moreover, opportunities presented themselves for knowledge transfer 

between the sperate portfolios (Chiesa et al., 1999; Iansiti & West, 1997). Thus, the IPM system 

contributes to theory in the IPM research domain by integrating the R&D, NPD and StD portfolios into 

one system. This provides researchers and practitioners with the opportunity to implement strategy 

throughout the organisation with the complete innovation portfolio in mind. In line with Roussel et al. 

(1991), who emphasised the importance of using IPM methods and tools to select the optimal set of 

innovation projects throughout an organisation, while taking a holistic perspective.  

Secondly, the Standardisation Management and Innovation Management research fields were integrated 

through the IPM research domain. Findings both in scientific literature and in the case-study 

organisation, imply that while there is no explicit mention of IPM in Standardisation Management 

literature, similar processes are followed. StD previously seemed non-existent in the IPM research 

domain. While it has potentially significant benefits to Innovation Management (Blind, 2013). The thesis 

contributed to theory by developing a general IPM system, in which the StD portfolio was integrated 

with the R&D and NPD portfolios. This resulted in findings in the role and characteristics of standards 

development in the innovation pipeline. For example, a connection was identified between the use of 

qualitative and more strategic metrics earlier in the innovation pipeline, and more quantitative and 

financial metrics used later. This resembles the known pattern in front-end NPD and later NPD stages 

(Martinsuo & Poskela, 2011) and extends it to the whole innovation pipeline. However, the integration 

between standardisation management and innovation management in IPM research is only the first step, 

more research should be done to further integrate these research fields. 

Thirdly, the organisation was able to align the R&D, NPD and StD portfolios in absence of clear 

strategy. Concerning strategic management, studies in strategy implementation have demonstrated that 

strategies are seldom implemented as planned (Kopmann et al., 2017; Thiry & Deguire, 2007). The 

thesis argued that in order to foster the dynamic decision-making processes inherent to the IPM system 

and its project environment, the strategic link, which consists of implementing the strategy and the 

ability to reformulate it, is crucial. However, it is generally recognised that organisations that take a 

more individual ad-hoc approach have more issues with integrating their knowledge and structures, 

because individually projects often do not reflect the organisation’s strategy. Nevertheless, the case-

study organisation was able to find bottom-up alignment in absence of a clear innovation strategy and 

corresponding guidelines. This was contributed to cross-functional collaboration (cf. Kester et al., 2011) 

and frequent interactions in the R&D, NPD and StD portfolios, where the projects were discussed using 

roadmaps (Phaal et al., 2004).  

Fourthly, the findings implicate a consensus-based type of strategy in an IPM system that includes R&D, 

NPD and StD portfolios. This was especially found between portfolios, where through interactions, 

actors converge on patterns that become prevalent in absence of central or well-known and 

communicated strategic guidelines (cf. Mintzberg & Waters, 1985). This is part of the emergent 

perspective on strategy. Paradoxically, findings from this study emphasise the importance of decision-
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making in line with deliberate strategy, while simultaneously advocating for emergent strategy or even 

implying the possibility of what some call ‘planned emergence’ (Kopmann et al., 2017). The concept of 

‘planned emergence’ is compelling due to the tension that exists between rigid strategic formulation, 

which may lead to an insignificant strategy, especially in dynamic or turbulent environments, and too 

little control, which could lead to the realisation of a fragmented and uncoordinated strategy. This further 

strengthens the notion that strategy formulation, implementation and reformulation are not a linear 

process, but processes that are going on concurrently all the time, where realised strategy is a result of 

both emergent and deliberate strategy (cf. Kopmann et al., 2017; Mintzberg & Waters, 1985; Thiry & 

Deguire, 2007). 

 Practical Implications 

Besides theoretical implications, the thesis also provides practical implications. Firstly, any organisation 

that wishes to improve their portfolio-related activities needs to start by looking at their portfolio as a 

management system. Through this holistic perspective, the design solution in combination with the 

design principles grounded both in practice and in literature can serve as a basis for other organisations 

wishing to engage in implementation of an IPM system. There are significant differences in IPM 

performance across practitioners (Barczak et al., 2009; Cooper et al., 2004; Menke, 2013), so each 

organisation that wants to increase its IPM performance must assess its own situation against the design 

principles as well as the proposed design solution and recommendations. 

Secondly, strategy was identified as crucial to connect the efforts in the separate R&D, NPD and StD 

portfolios (cf. Kester et al., 2011). The in-depth insights into the case-study organisation’s approach to 

the IPM system in combination with literature, yield beyond the local context of the organisation. 

Nevertheless high-quality strategy practices, having a clearly articulated corporate strategy, translating 

this strategy to specific subset strategies, and then aligning the portfolios with that strategy, needs 

improvement in many organisation (cf. Menke, 2013). The design solution resulted in recommendations 

derived from this thesis that illustrate the importance of including IPM in the strategic formulation of 

an organisation. In this way, the organisation explicitly links the strategic objectives to the purpose of 

IPM, choosing the ‘right’ projects in line with strategy. Moreover, it provides the opportunity to 

reformulate the strategy in light of new strategic opportunities and changing priorities. Thereby, further 

linking the IPM system to the strategic development cycle. 

Thirdly, the developed IPM system illustrates the importance of knowledge transfer and organisational 

learning in the IPM system. Both contribute to the continuous improvement of the IPM system. New 

processes and tools are used throughout the portfolios and lessons can be derived from the different 

perspectives on IPM. Thus, organisations trying to implement an IPM system need to consider the 

development of the IPM system and its implementation as a continuous learning process where 

organisational capabilities evolve over time.  

Fourthly, the thesis argued that if the complex network of decision-makers in the IPM system is 

coordinated successfully, its impact on firm performance is positive (cf. Anderson & Joglekar, 2005). 

In the execution of the IPM system and its related processes, a whole group of managers and functions 

is responsible for R&D, NPD and StD efforts and empowered to organise resources, processes, and 

technology tools. Where one takes a more broad and proactive stance on IPM and the importance of 

incorporating strategy compared to the other (cf. Aaltonen & Ikävalko, 2002; Repenning, 2001). The 

lack of time was mentioned as preventing the organisational members from thinking and acting 

strategically. Therefore, varying degrees of portfolio maturity may be present, even within an 

overarching portfolio, a sub-portfolio may sometimes spend its resources mostly on elimination of the 
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backlog of projects. The lessons learned in the case-study can help organisation gain insights in the 

relation of stakeholders in IPM.  

 Limitations and directions for future research  

The thesis has several limitations that should be addressed in future research. Firstly, the single-case 

study method provided the thesis with the opportunity to develop an in-depth IPM system for a specific 

organisation, but at the same time the generalisability of the findings is a shortcoming (van Burg et al., 

2008; Yin. 2018). This is in line with previous research, which states that no single best way of 

organising IPM exists (Levine, 1999). The design solution for the case-study organisation may not 

equally apply to other organisations. The case-study was conducted in an organisation in the maritime 

industry where the nature of the R&D, NPD and StD projects may be prone to industry specific effects. 

The products are mostly configure-to-order and the product quantities are relatively low. However, the 

IPM system design is grounded in both theory and practice. The theory was retrieved from various 

streams of literature and the use multiple sources reduced the dependency on insights from the empirical 

analysis. Furthermore, when coming across new or contrasting insights in the case-study, additional 

literature was sought. Overall, the thesis produced new insights into the design principles for an IPM 

system, which carry relevance beyond the context of the case studied. The examination of more cases 

from a science-based design perspective can increase the understanding and validity of the findings of 

the thesis.  

Secondly, the developed IPM system was not implemented in the organisation and tested empirically. 

Implementing an IPM system is a complex endeavour. It is not strange that many organisation lack a 

well-implemented IPM system (Blichfeldt & Eskerod, 2008; Meifort, 2016). This was infeasible in the 

time available for the thesis. Future studies can implement the IPM system and recommendations. This 

can further investigate the linkages between the IPM system performance and the processes, methods 

and tools involved in the IPM system solution and the corresponding recommendations.  

Thirdly, in qualitative research, the data that is derived through interviews cannot be categorised and 

analysed with the highest precision and discretion (Saldaña, 2009). The coding processes were 

conducted by a single researcher and are therefore prone to personal bias, for example the tendency of 

researchers to look to validate certain themes and recognise these throughout the empirical analysis. To 

reduce this limitation an interview guide and a coding scheme have been developed. Moreover, Saldaña 

(2009) proposed to evaluate the findings and check interpretations with fellow researchers or the 

interviewees. This was done throughout the thesis by means of feedback sessions with thesis supervisors 

and company stakeholders. By doing so, the transparency and replicability of the thesis is increased and 

this limitation is reduced. Future research in the development of an IPM system, which preferably relies 

on more than one coder, can further substantiate the findings of the thesis.  

Fourthly, The thesis successfully described how an IPM system can be developed for different types of 

innovation. However, several sub-topics remain untouched. In the R&D portfolio value of projects is 

often not quantifiable due to the inherent uncertainty of research projects. The thesis briefly mentioned 

project subsidies and joint industry projects as an influence on the value of a project in the R&D 

portfolio. However, it did not further explore the differences between internally and externally 

influenced projects. This could be an interesting avenue as these have different characteristics and 

limitations (Meskendahl, 2010). Especially, the relation of innovation activities with external sources: 

the relation of R&D with universities, NPD with customers and StD with suppliers. For example, the 

relation between the purchasing portfolio and IPM might be an interesting direction for future research 

as they both share a strong link with strategy (Gelderman & van Weele, 2002). Along the same line, the 

thesis did not consider the different types of strategy on the product and technology level, such as 
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platform development strategies. This could be an interesting subject to study within the setting of IPM 

and has been called for by several scholars (Martinsuo & Lehtonen, 2007; Meskendahl, 2010).  

Fifthly, other limitations apply to the distribution of interviews in the sample. Due to the exploratory 

nature of the thesis in identifying how an IPM system can be developed, a relatively small sample size 

per R&D, NPD and StD portfolio was chosen. Moreover, the IPM system includes stakeholders both 

vertically in the hierarchy and horizontally throughout the divisions and departments in the organisation. 

In some cases this led to a single interviewee as informant, which means that the findings might be 

subject to single-informant bias. Furthermore, different levels of portfolio maturity were identified 

throughout the R&D, NPD and StD portfolios in the organisation. Since, no conclusive insights in the 

roles of the R&D, NPD and StD stakeholders could be identified. Future research could further 

investigate the roles of the R&D, NPD and StD stakeholders in an IPM system, for example the potential 

imbalance in capabilities when having a R&D research specialist talk about priorities to stakeholders in 

the business. This could build on the existing research of Perks (2007) and Talke et al. (2010) on the 

competences of different management levels in decision-making in IPM.  

Lastly, the findings of the StD perspective on IPM were derived for the most part from a single source 

(e.g. de Vries & Slob, 2006). However, the findings were corroborated by investigating the StD 

perspective in the case-study. It does highlight the lack of Standardisation Management studies, 

especially the attention given to company standardisation in relation to knowledge, technology and 

product development. Future studies that integrate the fields of Innovation Management and 

Standardisation Management can positively contribute to IPM literature and enhance the understanding 

of the interactions between R&D, NPD and StD activities in the IPM system. 
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Appendices 

Appendix A. Interview Protocol 

A semi-structured interview was most applicable. This ensures all topics are covered, leaving enough 

space for interviewees to provide meaningful data. Therefore, open-ended questions are included. This 

could help uncover topics that were previously unknown, without wandering off too much. No 

predetermined list of metrics or methods/tools/techniques was included, to avoid steering the interview 

too much, and tempting interviewees to list things they do not use in practice. The goal of the interview 

is to  retrieve the empirical-based design principles to develop an effective overarching IPM system. 

[Introduction before Interview] (5 min) 

- About myself 

- Thesis TU/e 

- Interview is recorded: ask for consent  

- The interview focuses on the expertise and experiences of practitioners   

- The time limit of the interview is around 60 min, if we stray off topic, I might interrupt 

[Portfolio Management] (60 min): Experiences with IPM 

[Warm-up] (5 min) 

• What is your function? And what is your role in relation to Portfolio Management?  

• What type of projects do you conduct?  

• What portfolio(s) do you know (R&D, NPD and StD)? and use?  

o How do the R&D, NPD and StD portfolios relate to one another?  

• What is the purpose of Portfolio Management? (Deliverables) 

• Is there a complete overview of all projects in the portfolio? 

[Strategic] 

• Is there an articulated R&D/NPD/StD strategy? 

• How is the strategic direction of the projects (in the portfolio) determined? 

[Evaluation & Selection] (5 min) 

• Who decides whether a project is approved? (Function-Dependent on size/budget/risk) 

o When one person? When consensus of a group? 

• How do you assess the potential of a project? (PAF)  

o What information do you use to decide whether to approve a project? (Type of project) 

o Where do you obtain this information or data? (source)  

o How does strategy affect the way project decisions are made? 

o How do you assess how or whether the project fits in the portfolio?  

• How do you evaluate projects in the portfolio? 

o What kind of uncertainties do you have to deal with?  

 [Prioritisation] (5 min) 

• How are projects prioritised? How are these priorities determined? 

o When are projects accelerated, deprioritised or even killed?  

o How do you communicate project priorities? (Deprioritised as well)   

[Monitoring of Progress] (5min) 

• How is progress reported on the active projects? (reporting templates and metrics?) 
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• How are progress reports used to revaluate project priorities or reallocate resources?  

[Resource Allocation] (5 min) 

• Are sufficient resources available for the active innovation projects? If not, how come?  

o Are all projects that require resources represented in the portfolio? 

 [Decision-making] (10 min) 

• What information do you need to make portfolio decisions?  

o Is this information readily available? Where or from whom do you get this information? 

• How are portfolio decisions made?   

• How does the strategy affect the way portfolio decisions are being made? 

• How would you describe the portfolio decision style within the organisation?  

o How can this ‘can do’ culture be avoided?  

[IPM Performance] – Explicit metrics and method questions 

• How do you ensure value maximisation in the portfolio of existing and new projects? 

o Metrics – What measurements or information reflects value? 

o Methods/tools/techniques – How is value maximisation measured? (project/aggregate) 

• How do you check for strategic alignment of the new and active projects with the organisation’s 

strategy? (or subset R&D/NPD/StD strategy) 

o Metrics – What measurements or information reflects strategy? 

o Methods/tools/techniques – How is strategic alignment measured? (project/aggregate) 

• How do you ensure that the portfolio is balanced? (short- versus long-term, risk versus reward, 

incremental versus radical) 

o Metrics – What measurements or information reflects balance? 

o Methods/tools/techniques – How is balance measured? (project/aggregate) 

• How do you check whether the portfolio consists of the right number of projects?  

o Metrics – What measurements or information reflects having the right number of projects? 

o Methods/tools/techniques – How are the right number of projects measured? 

(project/aggregate) 

After the first few interviews the interview guide was changed to exclude the explicit metrics and 

methods questions. The interviewees were unable to outline the exact metrics measured and tools used. 

This resulted in more general questions in relation to IPM Performance: 

[IPM Performance] – General metrics (10 min) 

• How do you ensure value maximisation in the portfolio of existing and new projects? 

• How do you check for strategic alignment of the new and active projects with the organisation’s 

strategy? (or subset R&D/NPD/StD strategy) 

• How do you ensure that the portfolio is balanced? (short- versus long-term, risk versus reward, 

incremental versus radical) 

• How do you check whether the portfolio consists of the right number of projects?  

[Portfolio Review] (5 min) 

How is the complete portfolio reviewed?  

o How is performance of the complete portfolio measured? 

▪ What metrics are used? (Quantitative/Qualitative) 

▪ What methods/techniques/tools are used? How? When?  
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 [If meeting]  (5 min) 

o What are the deliverables of a portfolio review meeting?  

o Who is present? And who do you miss in the portfolio review meeting?  

o How frequent would you like to discuss the course of the portfolio? At what level? 

[Closure] (5min) 

• How can more (strategic) alignment between the R&D, NPD and StD portfolios be created? 

• What are the strengths of Portfolio Management’s current processes? 

• What are the weaknesses of Portfolio Management’s current processes?  

• How can the current Portfolio Management process be improved?  

• How can more benefits in the overarching portfolio be achieved?  
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Appendix B. Interviewees relation to IPM and Portfolio Boards 

Figure 20 and Figure 21 below visualise the relation between the interviewees and IPM as well as 

highlighting the interviewees involved in respectively the Development Board and the Standardisation 

Board.  

 

Figure 20. The interviewees involved in the Development Board 

 

Figure 21. The interviewees involved in the Standardisation Board 
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Appendix C. Metrics in different Innovation Contexts 
Table 11. Metrics in different innovation contexts: key findings and measurement dimensions 

Author Type Method Findings Dimensions 

(Balachandra 

& Friar, 

1997) 

R&D Literature 

review 

Identified an extensive list of factors in R&D and NPD success, but 

did not match these with metrics. Factor importance depends on goal 

and type of innovation (high-tech vs. low-tech). Methods that do not 

take contextual issues into account may lead to erroneous 

conclusions 

Nature of 

innovation; nature 

of market; nature 

of technology. 

(Dickinson et 

al., 2001) 

R&D Qualitative 

case study 

There is a wide range of TPM tools with varying metrics and 

selection methods. Metrics range from quantitative to qualitative and 

different portfolio management tools maximise different metrics 

Financial; 

resource; process; 

strategic  

(Hauser & 

Zettelmeyer, 

1997) 

R&D 

and E 

Literature 

review and 

interviews  

Metrics affect research decisions, research efforts and the behaviour 

of the researchers themselves. Firms document value of R&D and 

Engineering activities to subsequently justify their portfolio 

investments. The type of metrics depend on the goal and type of 

innovation activity. Combination of metrics necessary to avoid 

‘gaming’ issues. 

Strategic; market; 

effort; costs 

(Jolly, 2003, 

2012) 

R&D                      Literature 

review, 

qualitative 

analysis and 

empirical 

analysis 

The actual criteria used in TPM, shed light on the underlying 

components of technological attractiveness and technological 

competitiveness. The assessment of a portfolio cannot be restricted 

to a single indicator, multiple criteria are necessary. However, in 

practice a limited set is used to assess technologies, too many is 

costly and time consuming. 

Technological 

attractiveness and 

technological 

competitiveness 

(Linton et al., 

2001) 

R&D Literature 

review 

The performance or potential of R&D is difficult to measure. Raise 

the question of how to optimise among incomparable measures. 

Good assessment of technology uses multiple measures that are both 

qualitative and quantitative, as well as multidimensional. 

Financial, 

strategic, quality, 

environment, 

market, 

technological 

(Pappas & 

Remer, 1985) 

R&D/ 

NPD/ 

StD 

Literature 

review and 

interviews 

Various metrics used in different phases of R&D and no single 

measurement technique is best at each phase (basic to product 

improvement). Three categories used quantitative, semi-quantitative 

and qualitative. Researchers often sceptical of measures, believed to 

be counter-productive and the output of R&D often intangible and 

difficult to quantify. In practice crude, qualitative measures used, but 

quantitative desired. 

Financial, 

technical,  market 

(Tritle et al., 

2000) 

R&D/ 

NPD 

Literature 

review 

Identified two reasons for the limited success of R&D portfolio 

analysis: failure to address qualitative information and reliance on 

single-point values for estimates rather than focusing on the key 

drivers of uncertainty. Metrics and weightings: vary over different 

stages of a project (idea to termination), need to be balanced with 

corporate goals and strategies. Earlier phases more qualitative while 

later more quantitative. 

Financial, 

strategic, 

technology, 

market 

opportunity 

(Verbano & 

Nosella, 

2010) 

R&D Literature 

review 

Analysed the strengths, weaknesses, limitations and practicality of 

different project selection methods, allows managers to choose the 

method appropriate to their specific problems. Innovation unfolds in 

three phases: basic, applied and development, each has different 

requirements and characteristics that influence the choice of 

selection technique. Earlier phases require qualitative, while later 

more quantitative techniques. 

Financial, 

strategic, 

technological, 

market, risk and 

uncertainty, 

project 

interdependency 

(Carbonell-

Foulquié et 

al., 2004) 

NPD  Empirical 

analysis  

Over the project lifecycle, different dimensions for Go/No-Go 

decisions are applicable. Strategic fit is mainly applied in approving 

the concept. Technical feasibility is crucial in approving the concept 

and prototype. Customer acceptance is high throughout the entire 

NPD process. Market opportunity is mostly employed to approve the 

concept and the maintenance of the product in the market. Financial 

performance crucial at end of NPD process. 

Financial, 

strategic, 

technical, 

customer and 

market 

(Cooper et al., 

1999) 

NPD Benchmarking 

study 

Various performance metrics are used in practice. Top performers 

consistently have: high-value projects, aligned with strategy, right 

balance and the right number of projects. Financial measures 

perform worse than strategic. Metrics depend on IPM method, tools 

used. 

Financial, 

strategic, market, 

timing, balance, 

resources 

(Dziallas & 

Blind, 2019) 

R&D/ 

NPD/ 

StD 

Literature 

review and 

Analysed the characteristics of innovation indicators throughout the 

various stages in the innovation process. Differentiated between ex-

ante and ex-post indicators. For certain indicators the motive to use 

Company-specific 

and contextual. 

Product and 
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qualitative 

analysis 

them needs to be taken into account (e.g. motive to patent). Current 

publications emphasise qualitative and indirect indicators for the 

earlier stages of innovation. More indicators are used as the 

innovation process progresses. This could be due to the increasing 

data available. Moreover, accessible data is used more often that 

data that is difficult to obtain. 

process. Further 

divided into soft, 

hard, direct and 

indirect, and Ex-

ante and ex-post 

(Godener & 

Soderquist, 

2004) 

R&D/ 

NPD/ 

StD 

Literature 

review and 

interviews  

Studied the key areas of use and impact of innovation metrics. 

Metrics improve coherence and relevance of the portfolio, translate 

strategy and allocate resources. They are used to communicate 

objectives, agreements and rules; increase learning and continuous 

improvement; reorient before failure, decide on corrective actions, 

support the launch decision, enhance staff motivation, and decision-

making. Balance qualitative and quantitative. 

Financial, 

customer, process, 

and innovation. 

Strategic, project 

and function level 

(Griffin & 

Page, 1993, 

1996) 

NPD Empirical 

analysis  

NPD success is multifaceted and difficult to measure, firms need to 

measure it on project-, program- and firm-level. No single metric 

suffices to assess the success of different innovation projects. The 

metrics used depend on a firm’s project and business strategy, as 

well as the type of development project. Success can be 

benchmarked against comparable products, competitors and 

plan/objectives. 

Financial, timing, 

technical, 

customer market, 

strategic and 

benchmark 

 (Kerssens- 

van 

Drongelen & 

Cook, 1997) 

R&D/ 

NPD/ 

StD 

Literature 

Review and 

empirical 

analysis 

Identified design principles for development of measurement 

systems for innovation processes. Use contingency theory and 

performance control theory. Various metrics used in different phases 

of innovation (fundamental to improvement). Furthermore, metrics 

must reflect objectives and responsibilities of the activities or 

person(s) that are being measured. Metrics are multidimensional 

(project/portfolio/firm) 

Financial, 

customer, process, 

innovation and 

learning, and 

benchmarking 

(Killen et al., 

2008) 

NPD Benchmarking 

study 

Use the IPM goals by Cooper to measure portfolio performance and 

found that these correlate with NPD success measures. Financial 

metrics are not very accurate in earlier development stages. 

Value, strategic, 

market, resource, 

balance 

(Martinsuo & 

Poskela, 

2011) 

Front-

end 

NPD 

Cross-

sectional 

questionnaire 

survey 

In the front-end of NPD (idea/concept), different evaluation criteria 

are associated with different strategic opportunity measures. Their 

findings confirmed the need to develop a holistic but informal 

assessment systems and adapt the evaluation criteria in line with the 

development objectives of the firm. Furthermore, formality of 

assessment of metrics depends on type of project (radical vs. 

incremental and early vs. later stages NPD). 

Market, strategic, 

technical, future 

business potential 

(de Vries & 

Slob, 2006) 

StD Benchmarking 

study 

Identified an apparent difficulty in measuring standards success. The 

real usage and impact on business performance is often difficult to 

measure. 

X 

(Beringer et 

al., 2013) 

Project Empirical 

analysis and 

literature 

review 

Project portfolio success can encompass multiple dimensions and 

perspectives. In their research measure project portfolio success 

through operative short-term and strategic long-term measures. 

Short-term as average success of products along the iron triangle, 

aggregated to the portfolio-level, long-term as internal strategic fit. 

Operative short-

term and strategic 

long-term 

(Kopmann et 

al., 2017) 

Project Conceptual 

framework 

and empirical 

analysis 

Project portfolio success deemed a second-order construct and is 

positively influenced by deliberate and emergent strategy 

implementation. The effect of emergent and deliberate strategy is 

complementary. 

Strategic, future 

preparedness, 

balance, synergy, 

average product 

success. 

(Müller et al., 

2008) 

Project Quantitative 

analysis  

Identified that portfolio performance measures in practice are 

multidimensional and include the project-, portfolio- and 

organisational-level. Measure and compare projects along similar 

metrics and review them periodically. They further identified and 

found support for two dimensions of portfolio performance: 

achievement of desired portfolio results; achievement of project and 

program purpose. The findings support a contingency perspective to 

IPM. 

Achieving results 

and achieving 

purpose  

(Shenhar et 

al., 2001) 

Project Qualitative 

case study and 

quantitative 

analysis 

The way in which project success is measured for different types of 

projects in different stages, should become an integral part of the 

firm's strategic thinking. The importance and weightings of 

dimensions varies across time and depends on technological 

uncertainty or project type. Furthermore, project selection should use 

project success measures in line with strategy .  

Project efficiency, 

customer, business 

success and 

preparing for the 

future 
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Appendix D. Innovation Portfolio Management Methods  

Below three different methods applied in IPM are outlined. 

 

Figure 22. Framework for Project Portfolio Selection. Reprinted from: An integrated framework for project portfolio 

selection (Archer & Ghasemzadeh, 1999) 

 
Figure 23. Gate Dominant Approach. Reprinted from New Problems New Solutions (Cooper et al., 2000)   

 
Figure 24. Portfolio Review Dominant Approach Reprinted from New Problems New Solutions (Cooper et al., 2000) 
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Appendix E. R&D Structure 

In the new structure the R&D department is positioned in a centralised way and supports the  

decentralised divisions.  The R&D Manager is responsible for its Portfolio Management. The nature of 

the research is long-term and uncertain. The R&D activities occur in-house or through close 

collaboration with external partners, such as research institutions, universities, suppliers, joint ventures, 

and clients.  

The Research side is responsible for initiating and leading research activities in the different Research 

Domains. Each Research Domain can be seen as a sub-portfolio of the R&D portfolio and is led by a 

Principal Research Engineer. Each has its own roadmap or is constructing its own roadmap. The projects 

are funded through three different budgets in line with the size of the investment and risks involved: 

1. Toolbox – (x amount of money per R&D working hour) – Approved by head R&D 

Toolbox projects are mainly explorative research and improvement projects. Explorative research 

projects are short-term, for example exploring a new technology and possibly using the initial results as 

a stepping stone to writing a project proposal to investigate further. Improvement projects consist of the 

development of new knowledge or tooling; embedding knowledge in tools to make it more broadly 

accessible. These projects are fully under the control and responsibility of the R&D department, where 

the R&D manager has the last word. 

2. PG Research – (x percent of product sales) – Approved by steering committee/Development 

Board  

The PG Research budget stems from a percentage of ship sales for CNBD. The projects in PG Research 

are technology development projects that have to fit the needs of the product groups, or the business. In 

the past product directors where the decision-makers. Then, after a few reshufflings and reorganisations, 

product groups became business units and now divisions. Now the Development Board decides on these 

projects, a group of people from various functions in the organisation. Here, the R&D manager’s role is 

to advise on R&D projects. 

3. D Corporate Research (DCR) – (X Calculation) – Approved by Executive Board (EB) 

The DCR budget consists of strategic long-term projects and partnerships that are approved directly by 

the EB. Here the R&D manager has an advising role. The idea of the DCR budget is that twice a year, 

a large meeting is held to update the EB and audience on active projects and then several groups pitch 

new projects. The project proposals are pre-screened and already consist of quite a solid project plan. 

The projects that do not meet the first cut, go to the second round. This second meeting requires a more 

elaborate project proposal and plan and afterwards the EB gives the final decision. However, not every 

project that is funded through this budget, goes through this process. Sometimes opportunities, such as 

subsidies, are also funded through DCR. 
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Appendix F. Synthesis Design Principles 
Table 12. Synthesis Theory- and Empirical-based Design Principles into Final Design Principles 

Theory-based Design Principles Final Design Principles Empirical-based Design Principles 
In an overarching IPM system that incorporates the R&D, NPD 

and StD portfolios (C), 
In an overarching IPM system that incorporates the R&D, NPD 

and StD portfolios (C), 
In an overarching IPM system that incorporates the R&D, NPD 

and StD portfolios (C), 

1 – Defining the criteria for project evaluation, selection and 

prioritisation, and subsequently allocating the resources, consistent 
with the corporate strategy and subset R&D, NPD and StD strategies 

(I), ensures transparency and alignment between the different 

portfolios and continuity of strategy (M), increasing IPM performance 

and innovation success (O)  

1 – Policy plans are used to translate the corporate strategy to subset 

division, R&D, NPD and StD strategies, including product and 

technology strategies (I), to define criteria for project evaluation, 

selection and prioritisation and subsequently allocate resources in 

line with strategy (M), to create transparency and achieve top-down 

strategic alignment and continuity in the IPM system (O) 

1 – The corporate strategy is translated to subset division, R&D, NPD 

and StD strategies through policy plans (I), which are further 

translated to technology and product strategies to evaluate, select and 

prioritise projects and subsequently allocate resources (M), to create 

strategic alignment in the portfolios across and within R&D, NPD and 

StD (O) 

2 – Cross-functional collaboration and lower level meetings are used 

(I), to communicate priorities, clarify goals and create transparency 

within and across the separate R&D, NPD and StD portfolios (M), to 
achieve bottom-up strategic alignment in absence of a clear strategy 

and strategic guidelines in the IPM System (O)  

2 – In absence of a clear strategy and strategic guidelines, bottom-up 

alignment is sought through cross-functional collaboration and lower 

level meetings (I), to communicate priorities, clarify goals and create 
transparency within and across the separate R&D, NPD and StD 

portfolios (M), to increase alignment in IPM System (O) 

2 – The corporate strategy is formulated, implemented and 

reformulated (I), through cascading down deliberate strategy to 
formally initiate projects and propagating projects that follow an 

effective emergent strategy  upwards (M), to create a portfolio that not 

only operationalises corporate strategy but also demonstrates new 

strategic opportunities (O)  

3 – The corporate strategy is formulated, implemented and 
reformulated (I), through cascading down deliberate strategy to 

formally initiate projects and propagating projects that follow an 

effective emergent strategy  upwards, while leaving room for projects 
that are necessary for continuous improvement (M), to create a 

portfolio that operationalises corporate strategy, identifies Must Do's 

and demonstrates new strategic opportunities (O)  

3 – Through evaluation of project proposals that fit the current high-

level strategy, challenge it and are Must Do’s (I), projects are 
identified that could demonstrate new strategic opportunities, are 

needed for continuous improvement, and operationalise the strategy 

(M), to implement the formulated strategy and if necessary reformulate 

it (O) 

3 – The evaluation, selection, prioritisation, termination and resource 
allocation decisions of proposals versus active projects are made in a 

complex network of hierarchical levels with many different 

stakeholders (I), resulting in the approval, (de)acceleration, 
termination or shelving of projects (M) to achieve the IPM goals and 

increase market performance (O)  

4 – The evaluation, selection, prioritisation, termination and resource 
allocation decisions of proposals versus active projects are made in a 

complex network of various portfolio meetings in multiple 

hierarchical levels with many different stakeholders (I), resulting in 
the approval, (de)acceleration, termination or shelving of projects 

(M) to achieve the IPM goals and increase market performance (O)  4 – Decisions in relation to IPM are made in a network of various 

portfolio meetings consisting of different stakeholders in multiple 
hierarchical levels (I), to discuss strategy, evaluate project proposals, 

monitor progress and review the portfolios (M), to maximise value and 

strategic alignment of the IPM system (O) 

4 – The overarching  portfolio is analysed and IPM decisions are made 

in a periodic review through consensus of a distinct group of decision-

makers from various functions in the organisation (I), where the 
approval of project proposals, progress of active projects and the 

strategic imperatives for the following period are discussed (M), to 

provide strategic direction, (internal) customer involvement and top 

management support (O)  

5 – The overarching portfolio is analysed and IPM decisions are made 

in a periodic review through consensus of a distinct group of decision-

makers from various functions in the organisation (I), where the 
approval of project proposals, progress of active projects and the 

strategic imperatives for the following period are discussed (M), to 

provide strategic direction, (internal) customer involvement and top 

management support (O)  

5 – Organisations need to balance evidence-, power-, and opinion-

based decision-making processes (I), to minimise political 

interferences, enable cross-functional collaboration and foster an 
understanding of the organisation’s strategy (M), to increase the 

The combination of evidence- and opinion-based decision-making 

needs to take precedence, and to a lesser extent power-based decision-
making (I), to minimise political interferences, enable cross-functional 

collaboration and foster an understanding of the organisation’s 

strategy (M), to increase the portfolio mindset throughout the 

5 –Objective and subjective decision-making rationales are used in 

combination (I), to analyse both quantitative and qualitative data (M) 

to avoid political interferences and precedence of power in IPM 

decision-making (O) 
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portfolio mindset, produce a more focused effort in the portfolios and 

allow for more decision-making agility (O) 

organisation, produce a more focused effort in the portfolios and allow 

for more decision-making agility (O) 

6 – The portfolios are appropriately formalised on the project level and 

IPM level (I), which ensures the availability of more complete and 

higher quality information on project proposals, project status and 
resource demands, and a higher comparability of projects (M) 

increasing IPM decision-making quality and subsequently IPM 

efficiency and portfolio success (O) 

7 – More informal processes are used earlier in the innovation pipeline 
and earlier in the project management process that feed into formalised 

project- and portfolio-level processes (I), to increase buy-in, 

flexibility, and avoid unnecessary bureaucracy and hampering of 

creativity (M) to increase project acceptance and IPM efficiency 
6 – An organisation combines formal and informal project- and 
portfolio-level processes dependent on the type of innovation and stage 

(I), to increase buy-in, flexibility, to avoid unnecessary bureaucracy 

and hampering of creativity (M) to increase project acceptance and 

IPM performance (O) 

8 – The portfolios are  formalised on the project level and IPM level 

dependent on the type of innovation and stage (I), which ensures the 

availability of more complete and higher quality information on 
project proposals, project status and resource demands, and a higher 

comparability of projects  (M) increasing IPM decision-making quality 

and subsequently IPM efficiency and portfolio success (O) 

7 – Portfolio governance; steering, guiding and directing the entire 

IPM process and its stakeholders (I), through formal and explicit IPM 
processes and information availability (M), positively impacts IPM 

innovativeness and firm performance (O) 

9 – Develop clear portfolio governance; steering, guiding and directing 

the entire IPM process and its stakeholders (I), to increase IPM 

formalisation, organisational learning, cross-functional collaboration, 
information availability and knowledge transfer across departments 

(M) which positively impacts IPM innovativeness and firm 

performance (O) 

7 – Cross-functional project teams, completed project reporting and 

knowledge sharing presentations are applied (I), to facilitate 
knowledge transfer and collaboration within and across portfolios (M), 

to increase IPM system performance (O) 

8 – Clearly defined roles of mid-level line managers and project 
managers (I), through linking corporate strategy and executing the 

projects that implement said strategy (M), have a positive impact on 

portfolio success (O) 

10 – The roles and responsibilities of mid-level line managers and 

project managers are clearly defined (I), to increase ownership and 

increase the link between corporate strategy and the execution of the 
projects that implement said strategy (M), to avoid optimisation of 

sub-strategy instead of IPM system strategy (O) 

8 – Clear IPM governance is installed (I), to clarify roles and 

responsibilities of the different stakeholders (M), to increase 

ownership, collaboration and IPM effectiveness (O) 

9 – Projects are measured and compared along explicit, appropriate 
and comparable evaluation criteria, progress and performance metrics 

at the project-, portfolio- and organisational level (I), which provide 

information for overarching and portfolio specific decision-making at 
the appropriate hierarchical levels (M), to increase IPM system 

performance (O) 

11 – Use multi-level (project/portfolio/organisation) overviews to 
measure and compare projects along explicit, appropriate and 

comparable evaluation criteria, progress and performance metrics (I), 

which provide information for overarching and portfolio specific 
decision-making at the appropriate hierarchical levels (M), to increase 

IPM system performance (O) 

9 – All projects surface in a combination of overarching and portfolio-

specific overviews (I), to increase transparency, information 
availability and communication of projects within and across the 

portfolios (M), to achieve more alignment in the IPM system and 

allocate resources more efficiently (O) 

10 – Projects are evaluated, progress is reported and the portfolio is 

reviewed using qualitative and quantitative evaluation criteria, 

progress and performance metrics and face-to-face communication (I), 
where different information is collected, analysed and presented 

depending on the type of innovation (M), to increase IPM system 

performance (O)  

10 – An organisation develops a portfolio tailored to the organisation 

(I) which integrates the project- and portfolio-level method into one 
system with appropriate IPM tools, depending on the type of innovation 

and organisational context (M), to increase IPM effectiveness (O) 

12 – An organisation develops a portfolio tailored to the organisation 
(I) that allows for gradual decision-making and integrates the project- 

and portfolio-level method into one system with appropriate IPM 
tools, depending on the type of innovation and organisational context 

(M), to increase IPM effectiveness (O) 

11 – IPM decisions are made gradually through either sequential 

projects or a stage-gate approach (I), to increase information 
availability and decrease risk (M), to increase IPM decision-making 

effectiveness (O) 
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11 – The value is maximised by assessing financial and non-financial 

factors in the portfolios and the overarching IPM portfolio (I), which 

helps compare whether what is good for the portfolios is also good 
for the overarching portfolio (M), to increase overall value of the 

IPM system (O)  

13 – The value is maximised by assessing financial and non-financial 
factors in the portfolios and the overarching IPM portfolio (I), 

balancing potential and realised value (M), to increase overall value 

of the IPM system (O)  

12 – The value is maximised by assessing financial and non-financial 
measures (I), that balance potential and realised value optimisation 

within and across the portfolios (M), to increase the overall value of 

the IPM system (O) 

12 – Projects are allocated to similar strategic themes by using 

strategic buckets and roadmaps (I), allowing transparency, 
comparability and accountability in the portfolios (M), avoiding local 

optimisation rather than contributing to the overall strategic fit of the 

organisation (O)  

14 – The use of both top-down tools, such as strategic buckets and 
high-level strategic mapping and bottom-up tools, such as strategic 

evaluation criteria and roadmapping (I), allows for more 

transparency, comparability and accountability in the portfolios (M) 
increasing strategic alignment and avoiding local optimisation rather 

than contributing to the overall strategy (O)  

13 – Various top-down and bottom-up strategic tools are used (I), to 

synchronise timing, ensure communication of priorities and create 

more transparency (M) to achieve strategic alignment within and 

across the portfolios (O) 

13 – Projects are visualised and discussed using graphic tools (I), 
which depict the current state of the portfolio in terms of certain 

parameters, including a representation of how the resources are 

allocated (M), resulting in better balance in the separate and 

overarching portfolios (O) 

15 – Projects are visualised and discussed using graphic tools (I), 
which depict the current state of the portfolio in terms of certain 

parameters, including a representation of how the resources are 

allocated (M), resulting in better balance in the separate and 

overarching portfolios (O) 

14 – Balance is considered among different parameters (I), to discuss 

and harmonise the requirements within the portfolio, as well as, for 
the portfolios (M) to increase balance within and across the IPM 

system (O) 
 

14 – Projects’ demand for resources versus availability is quantified 
through resource capacity analysis (I), limiting the number of projects 

in the portfolios (M), to avoid firefighting and strategic misalignment 

(O) 

16 – The resource capacity analysis, which quantifies projects’ 

demand for resources versus availability is used to reject and terminate 

projects (I), limiting the number of projects in the portfolios to increase 
focus and resource efficiency (M), to avoid firefighting and strategic 

misalignment (O) 

15 – The amount of projects is reduced through project rejection (I), 

increasing focus, as well as, spending the limited amount of resources 

in a better way (M), to increase IPM efficiency (O) 
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Appendix G. Strategy Formulation and the IPM System 

 

 

Figure 25. Framework for Developing a Product Innovation and Technology Strategy. Reprinted from Developing a Product 

Innovation and Technology Strategy for your Business (Cooper & Edgett, 2010) 

 


