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Abstract 
Open innovation has become increasingly popular among companies and in academic literature. 

Though, few studies have taken into account that open innovation can appear at several forms in-

between extremely closed and open modes of innovation. This multi-method research focuses on an 

exploration of (open) innovation dynamics in the Dutch High Tech systems and materials sector. In 

contrast with previous studies, open innovation was not praised a priori, nor treated as a binary 

concept in this study. 

Using literature, determinants of openness of innovation and innovative output were identified and 

aggregated in an conceptual model. This conceptual model was pre-tested in four case studies. Data 

was gathered by means of interviews with CEO’s of four companies. These companies differ in size, 

type, and absorptive capacity. During the case studies it was found that open innovation is felt to be a 

must in dealing with shorter product cycles and increasingly complex products. 

The case study findings were further explored in an internet-based survey involving questions on 

innovative productivity of the company and on open innovation activities. This survey was filled out 

by 40 respondents, employed at a heterogeneous group of knowledge intensive companies.  

 

This research explores the “grey” area between open and closed innovation. It was proposed that 

openness in innovation can differ on two main dimensions; its external search strategy and its 

collaboration strategy. Using  principle component analysis, three main collaboration strategies could 

be extracted from the survey data; an extensive, deliberate, and sporadic collaboration strategy. 

Linear regression results of the survey data show that determinants of openness in innovation solitary 

contribute to innovation turnover related to product innovation. On top of that, search in external 

knowledge sources was found to predict lower product innovation. Furthermore, collaboration in 

innovation was found to predict higher product innovation scores solitary in combination with 

substantives R&D expenditures.  

It can be concluded that numerous different open innovation strategies exist, and that companies 

constantly need to balance their open and closed innovation activities in order to capture innovative 

success. And even in that case, success is not guaranteed! 
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1. Introduction 

“OPEN INNOVATION IS AN INEVITABLE TREND” (ROBERT KIRSCHBAUM VICE PRESIDENT 

INNOVATION AT DSM VENTURING & BUSINESS) (Kirschbaum, 2011). 

“[…] COMPANIES CAN NO LONGER SURVIVE ON THEIR OWN R&D EFFORTS BUT LOOK FOR 

NEW, MORE OPEN, MODES OF INNOVATION.” (OECD, 2009, P. 1). 

“PHILIPS HEALTHCARE SEES ITS OPEN INNOVATION STRATEGY RECOGNIZED WITH A LOAN OF A 

WHOPPING 200 MILLION EURO OF THE EUROPEAN INVESTMENT BANK" (Edelman, 2009). 

pen innovation is hot and happening. Where once huge investments in internal research and 

development (R&D) used to be the base of competitive advantage, companies are now increaslingly 

spending resources on innovation projects that cross company borders.  

 

It seems to be the case that the traditional, closed, innovation model has eroded. Yesterday’s practices 

no longer apply in today’s “complex and highly competitive global market in which companies have 

to innovate and develop commercially viable products and services faster than ever” (OECD, 2008, p. 

1). Simply stated, sources of innovation increasingly go beyond the resources available to individual 

companies (Hagendoorn & Duysters, 2002; in: Borgh, Cloodt, & Romme, 2012) so they have to find 

their resources elsewhere. 

All of this is better known under the heading of ‘open innovation’(OI); a concept introduced by 

Chesbrough in 2003. According to Chesbrough, open innovation means that “[...] valuable ideas can 

come from inside or outside the company and can go to market from inside or outside the company as 

well” (Chesbrough, 2003a). Open innovation implies that parties are in a large extent jointly 

responsible for success – or failure (Zeegers, 2013).  

From 2003 on, OI has become increasingly popular among small, medium, and particularly large 

companies all over the globe (see for instance OECD, 2008, p. 5). Besides being increasingly applied 

in practice, OI recieves more and more attention in academic research (see van de Vrande, 

Vanhaverbeke, & Gassmann 2010, p. 224). 

OI is believed to give rise to a myriad of benefits, such as speeding up innovation cycles (van de 

Vrande et al. , 2009; Lindegaard, 2011) and enhancing innovative output in general (Parida, , 2012, p. 

288). It is thus no wonder that companies like to call themselves ‘open innovators’. Not much studies 

however, provide empirically generalizable results about the relationship between open innovation 

and innovative outcome (Parida et al. , 2012, p. 288). On top of that, studies on open innovation tend 
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to operationalize openness as a company-level decision, rather than one for a specific project, or even 

component in a project (West & Bogers, 2013, p. 31). However, several authors have argued that OI 

can take different forms, and can appear at several degrees between extremely closed and extremely 

open modes (Barge-Gil, 2010; Mortara & Minshall, 2011;; Lazzarotti & Manzini, 2011).  

Since companies spend considerable time and resources on internal R&D, it is important to them to 

find a right balance between internal and external sources of innovation (Dahlander & Gann, 2010, p. 

701). To assist companies in this decision making process, it should be explored in what manner 

openness contributes to the production of innovative outcome.  

The aim of this research is to get more insight in open innovation activities in High Tech industries. 

Specifically, it is strived to enhance understanding of the ‘grey’ area between open and closed 

innovation practices and to gain insight in the role of openness in the production of innovative output. 

More precisely, the forementioned aims will be researched within the scope of the High Tech Systems 

and Materials (HTSM) sector. By focussing on one industry (the HTSM sector) unnecessary “noise” 

due to industry differentiating factors can be limited (Westerberg, Singh, & Häckner 1997. In: Parida 

et al. , 2012, p. 295).  

The research question of this thesis sounds; 

 

 

 

This question can be split up into three sub questions, that are answered by means of a literature 

study, a case study, and a survey study. First, it is important to explore which constructs drive 

openness of innovation. Additionally is necessary to know which elements constitute innovative 

output. Finally, an analysis should be performed to explore dimensions of openness in innovation and 

their qualitative and quantiative contribution to innovative output. 

 

 

 

This thesis concentrates on two types of companies; Original Equipment Manufacturers (OEMs) and 

their suppliers. This focus is chosen for two reasons. First, most academic and professional literature 

is biased towards the assumption that open innovation between OEMs and their suppliers fosters 

innovation. Van Assen and Hezewijk (n.d.) for instance argue open innovation to be “the innovation 

principle of the decennium” (p. 8), and that; “open innovation dynamics between OEMs and suppliers 

are believed to be particularly important in the growth phase of OEMs” (p. 11). However, it is 

1) Which degrees of openness in innovation can be found in theory and in practice? 

2) What types of innovative output can be found in theory and in practice? 

3) How may openness in innovation influence innovative output? 

4) What influences of openness in innovation on innovative output can be found in practice? 

 

In what manner does openness in innovation contribute towards  innovative output? 
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overlooked that there can be clear drawbacks on extensive openness as well (Laursen & Salter, 2006). 

This research in this thesis contributes to existing literature by not praising open innovation a priori. 

Secondly, the research is focused on OI-practices including both small and large companies. In this 

way the gap in OI-research on small and medium entreprises (SMEs) acknowledged by van de Vrande 

et al. (2010, p. 231), is accounted for. 

1.1 Research Method 
This research follows a ‘mixed-methods’ research approach; “a class of research where the researcher 

mixes or combines quantitative and qualitative research techniques, methods, approaches, concepts or 

languages in to a single study” (Johnson & Onwuegbuzie, 2004, p. 17. In:Yin, 2009, p. 62-63).  

The research consists of three steps (see Figure 1.1).  

 

Figure 1.1: Research Design. 

The research starts with a qualitative approach, aimed to identify and describe determinants of 

openness of innovation and innovative output. As there is not much known about openness of 

innovation, a “widening investigation is certainly necessary to include more contextual factors, i.e. 

external/environmental ones, or more variables that can help to define the openness degree” of 

innovation (Lazzarotti & Manzini, 2011, p. 430).  

Sub-question three can be typed as a “how” question, focussing on contemporary events, which 

cannot be controlled by the researcher. This type of question bests fits a case study approach (see Yin, 

2009, p. 8). A multiple-case study was used to explore and pre-test this conceptual model in the 

research-specific context. Using focused interviews, opinions and experiences of experts active in the 

setting of interest are explored.  

The data resulting from analysis of academic literature (step 1 in Figure 1.1) and of the case studies 

(step 2 in Figure 1.1) then is used to develop a conceptual model of openness in innovation and 

innovative output.  

As sub-question four can be typed as a “what” question, focussing on present-day events, which 

cannot be controlled by the researcher (see Yin, 2009, p. 8), this step of research is best conducted 

using a survey as research method. This survey is designed using the conceptual model as a base. The 

data gathered in this survey is used to explore further the pre-tested conceptual model to see how 

openness may predict innovation.  

1.2 Research Justification 

This section gives a justification for the research approach that is chosen in order to achieve the 

research aim explained in the previous section. First, is described in what manner the chosen research 
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methodology should provide a relevant contribution to academic literature. Secondly, attention is paid 

to the relevance of the research outcome to the industry sector of interest.  

1.2.1 Scientific Relevance  

Using a mixed-method allows answering of more complicated research questions and permits the 

collection of a richer and stronger array of evidence than can be accomplished by any single method 

alone (Yin, 2009, p. 63). A qualitative method of data analysis allows insight in underlying decisions 

and motivations of organizational open innovation behaviour. The survey can complement empirical 

evidence gathered in the case studies, as the case studies evaluation could fall in a trap mentioned by 

Dahlander and Gann (2010, p. 706); the provision of “rich process-oriented descriptions of openness 

that in isolation might risk becoming anecdotal.”  

Though some authors performed quantitative analyses on openness of innnovation and innovative 

output, most attempts are based on binary indicators of secondary data, such as the Community 

Innovation Surveys (CIS) (Schroll & Mild, 2012). By taking into account multiple continuous 

indicators of openness of innovation, this research adresses the gap in literature identified by 

Dahlander and Gann (2010, p. 699 & 707); the lack of an usable analytical frame of openness of OI-

practices based on substansive evidence on how companies combine different ways of managing 

openness.  

1.2.2 Relevance to Industry 

The High Tech industry provides an appealing research area among innovation scientists. This may be 

due to its characteristics, including rapid technological development, high rates of innovation, and 

high levels of activity in open innovation practices. According to literature, OI-practices within the 

High Tech sector can be assumed to be mature (Borg et al., 2012, p. 155). However, empirical 

research involving a more continuous indicator of openness of innovation might reveal different 

stages of practical openness among High Tech companies in the Dutch HTSM sector.  

In this analysis, attention will be paid to differences in openness of innovation practices among 

companies with different sizes and active in different subsectors of HTSM. The answers on the 

subquestions will shed light on the actual openness of OI-practices among OEMs and their suppliers. 

By providing insight on different degrees of openness, it is emphasized that the decision to engage in 

open innovation activities goes beyond a simple dichotomous choice process. This notion is important 

to companies because an open search strategy has proved to be costly. According to Dufour and Son 

(2011, 21) openness can have diminishing returns on innovation performance; “relying too much on 

external sources and search channels is time consuming, laborious, and too expensive compared to 

resulting benefits”. This is especially relevant for the innovation practices between OEMs and their 

first tier suppliers, since OI-practices between small and large companies are known to suffer from 

high transaction costs and opportunistic behaviour on the part of large companies (Christensen, 

Olesen, & Kjær, 2005). 
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1.3 Reading Guide 
The research starts with a literature study. Chapter Two outlines its results; a description of three 

components from academic literature; (1) the elements that constitute openness of innovation, (2) 

determinants of innovative performance, and (3) external influences on innovative performance.  

The next step of research contains case studies. A concise report on these studies is given in Chapter 

Three. The purpose of these studies is to provide insight in dynamics in (open) innovation practices of 

OEMs and their suppliers. 

In Chapter Four the findings in academic literature are translated towards the specific context of 

OEMs and their suppliers active in the HTSM sector. From this translation a conceptual model of 

openness of open innovation and innovative output is developed. This model serves as a base for the 

design of a survey. Lastly, chapter four contains a description of the survey sample and of the survey 

design. 

Chapter Five lists the main findings of this survey. This Chapter outlines descriptive results and 

results derived by means of statistical inference methods. 

In Chapter Six implications of these partial results are aggregated in order to answer the research 

question. Furthermore, the implications and limitations of this research are discussed and possible 

directions for further research are highlighted. 

 

  



6 
 

  



 

7 
 
 

2. Literature Study 

he main bulk of empirical literature is biased towards an open versus closed dichotomy of 

innovation (Barge-Gil, 2010, pp. 578-579). This can be valuable when it is aimed to draw distinctions 

between both paradigms. Nevertheless, using this dichotomous classification is an oversimplification 

of reality, since it is based on the assumption that degrees of openness do not occur in practice. 

Therefore, this section aims to give an overview on openness of innovation that includes these 

degrees.  

First some background information on closed and open innovation is provided to enhance familiarity 

with the terminology used in the rest of this thesis. Secondly, a more realistic view on open innovation 

is given by describing which degrees of innovation occur in practice and why they occur. Thereafter, 

an overview is given of the theoretical debate on elements that constitute openness. Fourth, a section 

on the relationship between openness of innovation and innovative output follows. Fifth, an overview 

of external influences on innovative output is given.  

Finally, attention is paid towards innovation practices of companies active in the High Tech sector. In 

particular empirical evidence on combinations of types of openness that can be found in the HTSM 

sector is listed.  

2.1 Introduction 
Innovative companies distinguish themselves from their competition by implementing new or 

significantly improved processes; products; new marketing methods; or new organizational methods 

in business practices, workplace organizations, or external relations (OECD & Eurostat, 2005, p. 46). 

 

These innovations can differ in terms of impact (radical and incremental innovations) and in terms of 

scope (product and process innovations).  

The first flavour, the radical innovation, has a “significant impact on a market and on the economic 

activities of firms in that market” (OECD & Eurostat, 2005, p. 58). In the implementation of this type 

of innovations companies typically moved away from existing capabilities (Ritala & Hurmelinna-

Laukkanen, 2012, p. 158) and from the state of knowledge at that time (Song & Thieme, 2009, p. 49). 

Due to this, a revolutionary new product or process can be created that embodies new knowledge and 

technology. Radical innovations are risky and rare. Usually, companies do not deviate drastically 

from their paths of development. In most of the cases innovation falls in the second category, the 

incremental innovations. These innovations involve “minor changes and modifications to products 

and technologies” (Ritala & Hurmelinna-Laukkanen, 2012, p. 158).  
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Furthermore, a generally accepted definition of a product innovation is “the development of new or 

strongly improved products”. A process innovation then, involves the implementation of a “new or 

strongly improved production process” (Centrum voor Beleidsstatistiek, 2012, p. 3). 

2.1.1 Closed and Open Innovation 

Open innovation then, involves two distinguishing elements: the utilization of internal and external 

ideas as well as the use of internal and external paths to market (Chesbrough, 2003a). Consequently, 

companies aim to gain access to ownership and skills, instead of striving towards unique ownership 

and possession of skills. Furthermore, in open innovation it is strived to minimize the share of projects 

that might prove succes by gaining value from third parties.  

In order to achieve this goal, companies can pursue an inbound strategy; an outbound strategy; or a 

strategy in which both approaches are combined. The inbound option, also known as the ‘technology 

exploration’ option, relates to “innovation activities to capture and benefit from external sources of 

knowledge to enhance current technological developments” (van de Vrande et al., 2009, p. 424). 

Innovation activities that aim for technology exploration are for instance customer involvement, 

external networking, external participation, outsourcing of research and development (R&D) activities 

and the inward licensing of intellectual property (IP) (van de Vrande et al. , 2009, p. 425).  

The outbound option, on the other hand, relates to “innovation activities to leverage existing 

technological capabilities outside the boundaries of the organization” (van de Vrande et al., 2009, p. 

424). The latter is also referred to as ‘technology exploitation’, which involves activities as venturing, 

outward licensing of IP, and the involvement of non-R&D workers in innovation activities (van de 

Vrande et al., 2009, p. 424).  

The overview above gives a short introduction towards open innovation literature. For a more 

elaborate overview of the open innovation paradigm, you are referred to Appendix 1: Guide into Open 

Innovation Literature. This Appendix includes a rich explanation of the term open innovation, an 

elaboration about the open versus closed dichotomy of innovation, and a short overview of barriers 

and enablers of open innovation from a company perspective. 

2.1.2 Openness in Innovation 

Though Chesbrough coined the concept ‘Open Innovation’ in 2003, innovation has to some extent 

always been open. According to Dahlander and Gann (2010, p. 705) “practices to rely upon external 

actors in the innovation process have been around for decades.” Within these decades, companies 

have learned to use OI-practices involving various degrees of openness. Authors acknowledged that 

open innovation is found to be applied only in certain functions; in certain parts of the company; for 

particular product or innovation processes (Mortara & Minshall, 2011, p. 591); or for some phases of 

the innovation funnel, involving few or many partners (Lazzarotti & Manzini, 2011, p. 414). 

Thus, innovation processes are not fully closed nor completely open and companies tend to 

collaborate when they believe that connecting to the external environment is beneficial (Mortara & 
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Minshall, 2011, p. 591). Barge-Gil (2010, p. 583) called this the ‘need effect’. This effect simply 

entails that the more external knowledge is needed, the more open a company will be. However, a 

company should have suffient absorptive capacity in order to be able to exploit the benefits of an open 

innovation strategy (Golightly, 2012). This implies that companies should have enough 

“organizational routines and strategic processes by means of which it can acquire, assimilate, 

transform, and exploit knowledge” (Wagner & Philler, nd, p. 26).  

Golightly (2012) assumed that a company with a high absorptive capacity can choose to open up or to 

stay a closed innovator. Yet, Barge-Gil (2010, p. 598) found that companies with a high absorptive 

capacity often follow a semi-open strategy (Barge-Gil, 2010, p. 598). This strategy involves that 

companies exploit external knowledge but that this knowledge is not crucial for their innovation 

process (they are not open-based innovators) (Barge-Gil, 2010, p. 583). In summary, innovation 

processes might be somewhere on the continuum between open and closed innovation, even when 

companies are fully equipped to become open innovators.  

 

2.2 Theories on Openness of Innovation  

Barge-Gil (2010) took a first step in translating different forms of openness into company strategies. 

However, open, semi-open, and closed strategies are still large simplifications of reality as these 

strategies lack continuous determinants of openness in innovation. Therefore, this section tries to 

identify and describe continuous determinants of openness in innovation. 

 

Figure 2.1: Decision Space Open Innovation Activities. 

To fill in the gap in literature on these continuous indicators I propose openness in innovation to differ 

on two main dimensions. These two dimensions are based on the direction of knowledge exchange in 
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open innovation activities. The first dimension entails the external search strategy that is pursuid by 

the company. This strategy has to do with decisions on utilizing external knowledge in innovation 

activities (also referred to as ‘inbound’ open innovation activities). The second dimension I propose, 

involves the collaboration strategy of a company. This strategy involves decisions on exchanging 

information with external parties. Thus this strategy can entail combinations of both ingoing and 

outgoing knowledge flows (also referred to as ‘inbound’ and ‘outbound’ open innovation activities). 

In short, companies face two important decisions concerning open innovation activities; which 

external search strategy to pursue, and what collaboration strategy to follow (see Figure 2.1).  

To begin with, they have to decide on breadth, depth, and diversity of external search activities. 

Laursen and Salter (2006) defined ‘search breadth’ as the number of external information sources that 

are used by a company. In this way it is assumed that the higher the number of sources that are used, 

the more open companies are with respect to search breadth (see Appendix 4 for an overview of these 

external information sources). ‘Search depth’ is a characteristic describing whether knowledge 

sources are used to a low, medium or large extent. The higher the number of intensively used 

knowledge sources, the more open the companies are with respect to search depth (Laursen & Salter, 

2006, p. 140). 

Secondly, they should decide if they open up to collaboration with external parties in their innovation 

projects. If companies do collaborate in innovation, they face a lot of other decisions. They have to 

decide to what extent they should be involved in this open innovation projects. However, they also 

need to choose with whom to collaborate, in what phase, and how they should organize these 

collaborations.  

Lazzarotti and Manzini (2011) argued that openness has to do with the existence of openness per 

phase of the innovation funnel as well as the number of partners. In this way, they revealed different 

degrees of openness since some companies conduct open innovation practices in many phases of their 

innovation funnel while others focus on a very few of them. It is relevant to know in which phase 

open innovation is applied because this could help companies to benchmark their own activities.  

Secondly, Ridell, Röndel and Sörhammar (2013) showed in their research on collaboration with end-

users that openness of an OI- project also contains a subjective element. In more detail, if players have 

unequal decision power within a OI-project, the actual openness of the project is relative. This 

subjective element of openness of OI-projects is underrepresented in the academic literature. Ridell et 

al. (2013) suggested that future studies should aim to include more internal and external participants 

such as suppliers in their discussions about the openness of innovation. 

Third, I believe that it makes sense to pay attention the diversity in partners as indicator of openness. 

The closed innovation principles might bias the search of new partners towards exploring the potential 

of existing relationships such as current suppliers (Chesbrough, Vanhaverbeke, & West, 2006, p. 76). 
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However, partnering with companies outside their comfort zone, enables a company to fully exploit 

the open innovation paradigm. Partner diversity can be based on the typology of Lee et al. (2010, p. 

296), distinguishing; companies in same group, competitors in the same industry, non-competitors in 

industry, customer and user companies, business service providers, suppliers, university and research 

centre, private research centre, university, government agencies, non-profit organization, and other 

companies and markets. 

Fourth, some governing mechanism suit an open approach better because of their very nature. ‘Soft’ 

mechanism such as trust are inherently more open then ‘hard’ mechanism, such as formal contracts. If 

actions of innovators are highly constraint by use of contractual clauses, the operational openness of 

an OI-project might be limited. But only relying on trust might be costly since mutual trust demands a 

lot of time to develop. 

2.3 Openness and Innovative Output 
The “need effect” (see section 2.1.2) does not eleborate on how companies can decide how much 

external knowledge is needed. There is a trade-off between the benefits of open innovation and the 

benefits of closed innovation. However, there is no clarity on at what point the mix of open and closed 

innovation is optimal (Reed & Storrud-Barnes, 2012, p. 69). This section describes the influences of 

opennes in innovation on the quantity and impact of innovative output produced by a company.  

The quantity of innovative output can be considered in terms of innovative productivity and the 

contribution of innovation towards annual turnover. To capture the former, Inauen and Schencker-

Wicki (2012) used two variables that indicate the number of product and process innovation, using an 

11-points scale. The latter was operationalized by Inauen and Schencker-Wicki (2012) using the 

fraction of turnover related to new products or processes.  

The impact of an innovation is often measured by using the level of newness as proxy. The level of 

newness can be relatively low, in case that an innovation entails just a signficant improvement to the 

state of the art. When an innovation entails an element of newness that is unknown to the company, 

then the competitive advantage that may be obtained from the innovation is likely to be larger. 

Though, this innovation is still characterized as an incremental innovation. A company can even be 

the first worldwide to implement an innovation. In that case, the degree of newness is likely to be 

particularly high, and the innovation is typed to be radically new.  

Laursen and Salter (2006, p. 140) use the newness proxy, and operationalized this measure in three 

variables. The first variable is a proxy for radical innovation and includes the fraction of a company’s 

turnover relating to products new to the world market. They use two variables to capture incremental 

innovation performance; one that includes the fraction of the company’s turnover relating to products 

new to the company and another variable expressing the fraction of the company's turnover applying 

to significantly improved products.  
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2.3.1 External Search and Quantity of Innovative Output 

There is no consensus on what would be the optimal level of external search. Open innovation is 

likely to contribute to the development of a broader knowledge base which allows companies to 

merge diverse experiences and skills. This practice stimulates the development of competences to 

deploy knowledge in unexpected ways (Kogut & Zander, 1992. In: Wijk, Jansen, Bosch, & Volberda, 

2012). 

Laursen and Salter (2006) confirmed this reasoning, as they found a positive influence of search 

breadth and depth on innovative performance. However, they also found this positive influence to 

occur only up to a certain level. Reed and Storrud-Barnes (2012, p. 69) explained that too much 

searching leads to diseconomies and performance deterioration.  

2.3.2 External Search and Impact of Innovative Output 

Diversity in external knowledge sources can influence the impact of innovative output. Outsourcing 

of technology, in combination with internal R&D activities can enable companies to broaden their 

existing technology bases and to access new technology areas (Kogut & Zander, 1992. In: Berchicci, 

2013, p. 118).  

If companies utilize a diverse range of specialized knowledge bases in their innovation process, it is 

more likely that radical innovations occur. This is due to the fact that radically new product and 

services emerge at the interface of different specialized activities (Grant, 1996. In: Wijk et al. , 2012, 

p. 935).  

On the other hand, when external sources are based on the pre-existing knowledge base of the 

company, knowledge development is likely to be incremental. Consequently, innovative output will 

be incremental as well. If companies overinvest in external activities, they can actually hinder 

incremental innovation. This is due to the fact that relying heavily on external technology sourcing 

could hamper the path-dependent knowledge base within the company (Berchicci, 2013, p. 119). 

Nevertheless, this approach might still stimulate radical innovation. This phenomenon arises because 

diversification is a manner to lock-out from existing paths of technology development (Li & Tang, 

2010, p. 402), thereby fostering radical innovations.  

2.3.3 Collaboration and Quantity of Innovative Output 

There is no clarity about what would be the optimal level of involvement in open innovation projects. 

Companies active in a highly dynamic environment are simply not able to possess all relevant 

capacities to develop their innovations (Narula & Hagedoorn, 1999; Gassmann, 2006. In: Barge-Gil, 

2010, p. 581). Therefore, OI-projects are a manner to enable innovative output. However, some 

internal R&D projects are still needed to claim some portion of the external value (Chesbrough, 

2003b). Furthermore, relying too much on external technology sourcing might hinder innovation. So 

it is important for companies to find the right balance between closed and open projects. 
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Secondly, there is no agreement on what would be the optimal share of employees involved in open 

innovation projects. On one hand it is believed that the larger a share of employees is involved, the 

broader the internal knowledge pool where the company can draw on in order to achieve innovative 

success is. Involvement of too large a share of employees will be inefficient since not every employee 

is likely to possess the skills necessary to engage in OI-activities. To elaborate on this, “while all 

employees have the ability to acquire ideas from beyond the company’s boundaries, there tends to be 

only a handful of people who possess the technical expertise and personal interest to perform this task 

regularly and at an effective level” (Whelan, Parise, deValk, & Aalbers, 2011, p. 41).  

 Lazzarotti and Manzini (2011, p. 429) found a positive influence of the number of partners with 

whom is collaborated and innovative performance. Analogously, the number of phases in which 

collaborated is found to have a positive influence on innovative performance as well (Lazzarotti & 

Manzini, 2011).  

Next, companies need to figure out which regulating mechanism to adopt in collaborative innovation 

projects. I propose to take into account both a ‘soft’ and ‘hard’ regulating mechanism; the use of trust 

and formal contracts.  

 In an open innovation situation, there is a need for a higher degree of trust than in an ordinary sales 

situation (Westergen, 2011). This includes a certain degree of transparency, being clear about one’s 

motives and having a clear-cut degree of transparency. Trust relationships are an essential element for 

the production of innovative output, since they facilitate the transfer of tacit knowledge and limit the 

risk of opportunistic behaviour of OI-project partners (Boschma, 2005). Too much trust however, 

could lead towards a lock-in, in which knowledge transfer is restricted by a rigid network of trust 

relations (Boschma, 2005). In this case, innovation is less likely to occur.  

Besides, there are situations in which parties have high incentives to behave opportunistically; in 

casepioneering knowledge is created or in case parties have a natural interest to oppose each other. 

Even when an OI-project is expected to enable the production of disruptive new knowledge, that does 

not build on existing knowledge, it is relevant to protect existing competitive knowledge (Ritala & 

Hurmelinna-Laukkanen, 2012, p. 160). This is usually done by setting up contracts. Again, if too 

much is pre-set in a contract, there is no room for flexibility, which might act as a barrier towards 

innovation. In summary, companies need to consider both trust and contracts as a mechanism to 

regulate their OI-projects, however, none of these mechanisms should be overused. 

Lastly, attention is directed towards the influence of the participation of a company in a collaborative 

innovation project on innovation performance. It can be stated that players should have some 

influence on which knowledge is considered and adapted throughout the OI-project. If players have 

not enough influence, they might lose grip on the OI-project. Due to this, the project is likely to fail, 

because all partners should feel that they gain from an OI-project (Westergen, 2011). On the contrary, 
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if every player can influence which knowledge is considered and adapted throughout a project, it 

might be difficult to achieve a consensus. Especially when a large number of players is involved, 

debate and negotiations might become too time-consuming. And timing can be critical factor for 

success in markets where technological development is fast paced. OI-partners should thus find a 

balance between low participation and overparticipation 

2.3.4 Collaboration and Impact of Innovative Output 

In a multiple-case study it was discovered that companies perceived the involvement of multiple 

departments (such as R&D, top management, procurement, IP, marketing, and finance) in 

implementation of open innovation to be essential (Mortara, Minshall, Napp, & Slacik, 2009). This 

might be due to the fact that cross-functional connections between departments give people access to 

the contacts and networks of their colleagues. According to Granovetter (1973) innovativeness would 

be increased by these brokerage advantages. Furthermore, based on the same arguments as outlined 

above, it can be argued that diversity in knowledge that occurs on different departments may produce 

synergies that enable radical innovation.  

Considering project partners, one can expect for several reasons that it pays off to involve a diverse 

mix of external partners within the innovation process. For instance, Li and Tang (2010, p. 402) 

argued that a high technology diversification level can trigger cross-fertilization between different 

areas of technology expertise. This can induce the rate of radical innovation. However, there is a gap 

in research on the role of partner diversity on innovative performance (Berchicci, 2013, p. 126). Still, 

one might argue that companies that choose innovation partners close to them produce particularly 

incremental innovation.  

2.4 External Influences on Innovative Output 
This section concentrates on external influences on the quantity, impact, and typology of innovative 

output. These are elements that differ among companies (respectively company type, product market, 

company size, R&D-intensity, and the share of employees with high education certificates) and 

among innovation projects (such as the mutual dependency between parties and the role of the 

government as intervener).  

2.4.1 Company Variables 

The main activity of a company differs with respect to its position in the value network (Johnson, 

Whittington, & Scholes, 2011). This position is used as the starting point to determine the typology of 

a company, since provides insight in value-adding activities  of a company and consequently the core 

capabilities of a company. For example; OEMs tend to produce more product innovations, since their 

core capabilities shift more and more towards the area of R&D and sales and service (Brainport 

Industries, 2011). Suppliers tend to produce more process innovations, since their core capabilities are 

more processs-based. Some first tier suppliers however fullfill the function of chain integrators, or 

‘system suppliers’. These system suppliers are often involved early-on in the engineering phase 
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(Haffmans & Weele, 2004). Due to this, they might be able to influence product specifications. 

Consequently, theses suppliers have room to implement product innovations.  

 

A second external influence involves the product market in which a company of interest is active. An 

external influence on both openness and innovative output is very probable, since product markets can 

have different linkages, organizational structures, institutional factors, rate of technological dynamics, 

or differences in accesss to knowledge (OECD & Eurostat, 2005, p. 37). Due to this, the number of 

process and product innovations can differ between (sub)sectors. Also, the impact of innovation can 

differ between sectors, since some sectors can be characterised by rapid change and radical 

innovations and others by smaller, incremental changes (OECD & Eurostat, 2005, p. 37). 

Furthermore, companies active in a highly dynamic environment are simply not able to possess all 

relevant capacities to develop their innovations (Narula & Hagedoorn, 1999; Gassmann, 2006. In: 

Barge-Gil, 2010, p. 581), so they have to search capacities elsewhere. Consequently, one can expect a 

higher degree of openness of innovation in turbulent sectors.  

 

A third external influence that is considered is company size. Literature acknowledges the influence 

of company size on openness of innovation, however, there is no agreement between scholars on the 

direction of this influence. Lichtenthaler (2008, p. 152) observed a strong positive impact of company 

size (in terms of revenues) on openness of innovation. Keupp and Gassmann (2009. In: Lazzorotti & 

Manzini, 2011, p. 414) confirmed the positive effect of larger company size on the intensity of 

collaboration and on the number of knowledge sources used for OI-activities. In contrast, Barge-Gil 

(2010) found that semi-open innovators tend to be larger then either closed or open innovators.  

Despite these contradictionary results, one can expect openness of OI-practices of SMEs and large 

companies to differ, since SMEs and large companies differ in their focus of OI-activities. 

Considering the focus of OI-efforts, large companies tend to concentrate on R&D practices, whilst 

SMEs lean towards commercialization (Narula, 2004. In; Lee, Park, Yoon, & Park, 2010, p. 291). 

This difference in focus results from the difference in advantages and disadvantages in innovation that 

large companies and SMEs encounter (Rothwell & Zegveld, 1981, p. 16). Large companies have 

more financial means to set-up R&D projects, and due to this, one can expect large companies to 

produce more innovations. 

Another difference can be found in the choice of innovation partners. SMEs frequently collaborate 

within their value network (Gassmann, 2006; van de Vrande et al, 2009. In: Dufour & Son, 2011, p. 

20). This value network can be defined as “ the set of inter-organizational links and relationships that 

are necessary to create a product or service” (Johnson et al. , 2011). Although large companies tend to 

collaborate with value chain partners too, they have a larger customer and supplier base to draw on. 
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On top of that, large companies tend to collaborate much more with public research organizations 

than SMEs (OECD, 2009). 

Fourth, one should pay attention to external influences that result from differences in size of OI-

partners. Simply put, large companies have always used their size and power to get things their way, 

and OI-practices will be no exception (Lindegaard, 2011). Due to this, one can expect the large 

company to take over the innovative output that results from the OI-project. Luckily, there are some 

mechanisms that reduce the larger one’s mark on the OI-project. The most important one is 

reputation. Reputation particularly brings oppertunistic behavior to a halt when there is strong 

competition for high-quality partners. This is mainly the case in highly networked industries such as 

pharmaceuticals and electronics (Slowinski & Sagal, 2010, p. 41). Another mechanism is joining 

forces; small and medium suppliers can choose to team up with others. Clusters in which 

interconnnected businesses, suppliers and associated institutions active in a particular field are 

concentrated provide companies with an opportunity to decrease power differences (Lindegaard, 

2011, p. 81). But even then, collaboration can still be subjected to invincible size differences. For 

instance, licensing to small companies might imply significant work to large companies in return for 

licensing revenues that are negligible from their point of view (Vanhaverbeke, Vermeersch, & Zutter, 

2012, p. 88). Without these licences, a small partner might not be able to market products based on 

knowledge that builds on the knowledge generated in the OI-project.  

Fifth, one should account for influences due to differences in R&D intensity; the ratio between R&D 

expenditure and turnover (OECD & Eurostat, 2005, p. 73). Companies that spent more resources on 

R&D are more likely to yield innovations. Furthermore, R&D intensity is believed to foster openness. 

Barge-Gil (2010, p. 580) explained that R&D is generally used as a proxy for absorptive capacity and 

the higher the absorptive capacity of a company, the lower the costs of openness will be. 

Consequently, the higher the R&D intensity, the more likely openness of innovation will be.  

 

In accordance with the Oslo Manual (OECD & Eurostat, 2005, p. 100), a sixth external influence is 

included; the share of employees with a higher education certificate or degree. The higher the level of 

education of employees, the larger the knowledge base of the company and the more capable a 

company is to produce innovative output. It is thus important for companies to attract a sufficient 

share of highly educated employees in order to keep up with technical pace.  

2.4.2 Dependency in Innovation Process 

In their research on the software industry, Popp and Meyer (2010, p. 104) indicated an important 

downside of supplier relationships; dependency of a focal company on a supplier. In the worst case, 

mutual dependencies within the innovation process are so strong that companies find themselves 

locked-in in a situation in which knowledge can be applied only incrementally. A related concept is 
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path dependency; due to a high mutual dependency, companies can find themselves stuck to a 

dominant path; and a radical deviation of this path might involve too high switching costs.  

Popp and Meyer (2010) distinguished several types of dependencies that may occur, such as physical 

dependency, timing dependency and scope and quality dependency. These dependencies can be non-

symmetric from the perspective of the focal company and of the supplier. The next section explains 

how these differences occur.  

Physical dependency means that a solution that a focal company provides depends on module(s) of its 

supplier. The focal company is particularly dependent on its supplier when the production of the 

module(s) requires a specialized asset that only this supplier possesses (Lindegaard, 2011, p. VII). 

Having specific resources and/or competences thus strengthens the relative position of the supplier 

and consequently, lowers its dependency of the focal company. On the contrary, when the profitabilty 

of the supplier depends largely on the strategic actions of the focal company, the supplier is by 

definition highly dependent on the focal company.  

Timing dependency is a phenomenon that occurs when a focal company can only assembly after the 

supplier has finished its product. Especially in industries in which competitive advantage is largely 

based on first mover advantages; timing can make or break success. According to Adner and Kapoor 

(2010, p. 327), first mover advantages increase with component challenges (challenges of suppliers) 

and decreases with complement challenges (challenges that producers of complementary products 

face). In other words, in case that a product requires (1) highly complex components encompassing 

pioneering technology and (2) relatively simple complementary products, it is appealing to become a 

technology leader. When technology leadership is tempting, suppliers have reasons to behave 

opportunistically. Thus the focal company will face a higher level of behavioural uncertainty 

regarding whether and when suppliers might renegotiate agreements and reset terms in their own 

favour (Adner & Kapoor, 2010, p. 327). This enhances the dependency on the focal company.  

The third type, scope and quality dependency, occurs when functionality and quality of the solution is 

restricted by the quality of its modules and components. This makes the focal company highly 

dependent on its supplier.To overcome this dependency, companies often burden their suppliers with 

a long list of specifications that the requested module or component should fulfil. And the lower the 

level of involvement of the suppliers in the definition of these specifications, the less likely the 

supplier is to innovate, since they are constraint by pre-set specifications.  

2.4.3 Governmental Interventions in Innovation Process 

The market failure argument entails that there is a gap between the social optimal level of R&D 

spending and the individual company level of R&D spending (Arrow, 1962), since companies do not 

take into account the benefits of knowledge spillovers that accrue to other companies in their decision 

whether to invest in R&D. In order to close this gap, public organisations (such as public research 
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intsitutes and universities) can contribute to R&D expenditures by providing contributions, orders and 

subsidies (Centrum voor Beleidsstatistiek, 2012, p. 15). These financial contributions of public 

organizations are believed to induce R&D spending and consequently to stimulate innovative activity. 

However, as Clausen (2009) argued, there is an on-going debate whether subsidies stimulate or 

substitute R&D expenditures.  

In order to encourage innovation, governments can engage in public procurement activities. Public 

procurement is believed to stimulate innovation in several ways. First, it increases local demand 

which makes a region more attractive. Secondly, there is a range of market and system failures 

affecting the translation of needs into functioning markets and products (Edler & Georghiou, 2007, p. 

954). To stimulate the market, governments can increase the demand for certain technologies, 

products or services using public procurement strategies. In order to evaluate the external influence of 

government procurement on the production of innovative output, it is suggested to find out whether or 

not a company participates in government procurement (OECD & Eurostat, 2005, p. 103).  

2.5 Open Innovation in High Tech 
Formally, High Tech is a term that relates to high technology industries. The most universal definition 

to distinguish high, medium, and low tech industries is the ISIC Technology Intensity Definition, in 

which R&D-intensity is used as distinguishing factor. If the average spending of turnover of a sector 

to R&D exceeds 4% of its turnover, the sector is being classified as High Tech (Smith, K., 2000, p. 

10). Though this definition is the most popular definition, it has two disadvantages; R&D intensity 

may not act as a proxy for technology intensity and governments sometimes use other methods to 

classify their industries. 

 

Numerous activities fall under the heading of ‘High Tech’ activities. ‘Appendix 2: Guide into High 

Tech’ gives more details on the term High Tech. Furthermore, it outlines international, national, and 

regional activities in High Tech. In this way one can get an impression of the level of High Tech 

activity in the Netherlands, compared to those of other countries and regions. Lastly, this appendix 

provides background information about the political context in which the Dutch HTSM sector is 

embedded.  

The HTSM sector mainly includes technological activities in the metal industry and in the 

manufacturing of machines, devices, and means of transport. In addition, HTSM-activities also 

include the development, production, and publishing of software; the examination and reviewing of 

machines and devices; and the R&D activities on High Tech systems (CBS, 2012a, p. 22). These 

activities then can be classified into five subsectors; Aerospace, High Tech Systems, Nanotechnology, 

Embedded Systems, High Tech Materials, and Automotive (Brainport Development NV, 2012, p. 12)  
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The Dutch HTSM sector counted 64 120 companies
1
 in 2010 (CBS, 2012a, p. 35). If one considers 

data of the Community Innovation Statistics survey of 2008, it becomes evident that companies in the 

HTSM sector spent 2533 million euro on own R&D and 1191 million euro on outsourced R&D (CBS, 

2012b, table 12). The R&D spending is thus considerable and those expenditures seem to pay off 

since almost half of the companies that were active in the HTSM sector in 2008 (47%) can be typed as 

‘technological innovators’ (CBS, 2012b, table 16). 

 In general, most companies active in the Dutch HTSM sector are either an OEM or a supplier of 

these OEMs. An OEM then, is a company that has a relationship with the original manufacturer to 

resell that manufacturer’s products with added value (Beal, 2010). The name OEM is somewhat 

misleading; an OEM is not a manufacturer. On the contrary, OEM’s key activities include: the 

shipment, pricing and branding of products; booking of revenues; customer ownership and account 

control; go-to-market; quality assurance; and support (Popp & Meyer, 2010, pp. 190-191).  

The HTSM sector is of high significance to the Dutch economy. For example, it employed almost 7% 

of the Dutch working population in 2010. Besides, the sector accounted for 8% of the production and 

6% of the added value of the Netherlands in 2010 (CBS, 2012a, p. 35). As a final point, applications 

of this sector can be found in numerous areas, such as; robotics, elektromechanical materials and 

controlsystems, motion controllers with mechanical driving, linear motors, motor management, 

remote monitoring and diagnosing, guided transport systems, and embedded systems (CBS, 2012a).  

2.5.1 General Thoughts on Open Innovation in the HTSM Sector 

Open innovation activities are generally believed to be an crucial enabler of competitive advantage of 

the HTSM sector. First, in academic literature has been suggested that companies residing within an 

ecosystem have more access to knowledge, technologies, and other kinds of support (Phan et al. 2005. 

In: Borgh, et al., 2012, p. 164). This enhanced level of access might reduce time–to–market, which is 

considered to be a main competitive advantage in the market of high mix, low volume, high 

complexity machinery. Secondly, in professional literature some players even claimed open 

innovation to be a necessity to keep up with technological pace: “in order to remain leader in the 

global manufacturing industry collaboration within the supply chain is inevitable” says Gevers, 

engineer at Neways (Cortenraad, 2013, p. 32).  

It will be no surprise that public policy actively tries to foster open innovation activities to safeguard 

the Dutch international competitive position. The spearhead sector policy for instance is directed 

towards establishing a well-functioning network of specialized companies and knowledge institutions 

(Top-Sectoren, nd). Besides, committees are active in stimulating open innovation in High Tech as 

                                                           
 

1
 Note that the trade in HTSM-products is not considered to be part of the HTSM-sector.  
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well. Several committees aim to contribute to this Dutch competitive position by joining forces of the 

entire Dutch HTSM sector (Holland High Tech), actors located in the Province of North-Brabant 

(Brabantse Ontwikkelings Maatschappij), suppliers active in the several Dutch sectors (NEVAT), or 

suppliers active in the HTSM sector in the Brainport Region (Brainport Industries).  

These committees emerged because of the occurrence of trends that threaten the strong position of the 

Brainport region. Appendix 3 gives an overview of these trends, and a more detailed description of 

these committees and their main activities. 

2.5.2 Open Innovation Activities in the HTSM Sector 

Collaboration with others in the area of innovation activities is quite popular among companies in the 

Dutch HTSM-sector, as one fifth of these collaborated actively in 2010 (CBS, 2012b, table 16). 

Collaboration between OEMs and specialized suppliers and knowledge institutions is believed to be a 

way to remain internationally distinctive (Top-Sectoren, nd). In technology collaboration, companies 

seem to favour innovation partners that are geographically close, according to the OECD (2008). This 

is a characteristic that is also reflected in the Dutch HTSM sector, as companies are eager to locate 

closely to each other in open innovation ecosystems, such as The High Tech Campus in Eindhoven 

and the Automotive Campus in Helmond.  

 

Before describing generalities in the innovation process a closer look is taken at the innovation 

process itself. In a business plan of High Tech suppliers in the HTSM sector a six-phase model is used 

to conceptualize the innovation process. This model includes the following phases; Research and 

development, Design and Engineering, Prototyping and Industrialization, Component Production, 

System Integration, Sales and Service (Brainport Industries, 2011, p. 7).  

In practice, open innovation in the Dutch HTSM sector can be characterized by some generalities. 

OEMs in the HTSM sector increasingly tend to focus on two key activities; research and development 

and marketing and sales. All activities in between are considered to be non-core and are increasingly 

outsourced to their supply chain. This implies that some OEMs delegate full responsibility of the 

production as well as the development and engineering of components, sub-assemblies, and non-core 

sub modules to their strategic suppliers (Brainport Industries, nd). In this outsourcing process, most of 

the OEMs do not relinquish control on IP. As a consequence, most of the IP concerning product 

innovations are in hands of the OEMs.  

The core capabilities of most suppliers lie in the field of manufacturing. These suppliers mainly 

produce components or perform operations on materials (Haffmans & Weele, 2004). As these 

suppliers only engage in tasks that are specified by their clients in a very detailed manner, they are not 

likely to yield product innovations. Consequently, the majority of suppliers are more likely to bring 

forward process innovations. However, this does not hold true for all suppliers, since a small share of 
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the suppliers play highly distinctive roles. As Figure 2.2 shows, these suppliers tend to be large, first 

tier suppliers.  

 

Figure 2.2:  An hypothetical Example of an OEM and its Supply Chain. 

A select group first or second tier suppliers tends to be involved earlier and earlier on in innovation 

projects. These suppliers are also known as ‘system developers’ or ‘Original Design Manufacturers’ 

(ODMs); suppliers who specialize in engineering activities (Haffmans & Weele, 2004, p. 9). This 

does not imply that suppliers can produce product innovations – most product specifications are pre-

set by the OEM. “Simply said, the OEM puts an idea forward, and directly involves the designer, the 

manufacturer, and the most important suppliers” (Naus, in Cortenraad, 2013, p. 32). Some system 

developers even go a step further and co-finance the developments of the OEM. For example, Norma 

and PBF, the suppliers of electron microscopes manufacturer FEI Company, co-finance in the 

development phase. These initial investments are earned back by the suppliers via each module that 

they deliver to FEI Company for a given period (Holl, 2005). 

Since Norma and PBF also engage in assembling activities, they are not only ODMs but they can also 

be referred to as ‘Original Module Manufacturers’ (OMMs); suppliers who assemble several 

components into complete modules. OMMs are specialist in a specific area. The supplier PBF for 

instance specializes in switched mode power supplies and higher level power solutions.  

Systems engineering often remains the domain of OEMs. These OEMs often perform finishing and 

assembling systems themselves or leave it to their primary suppliers. These primary suppliers are 

better known as ‘chain integrators’ or ‘system suppliers’. These companies assemble modules into 

(in)complete products (Haffmans & Weele, 2004).  

Beside producing goods, suppliers can also generate services. Electronics manufacturing service 

companies (EMSs) design, test, manufacture, distribute, and provide return/repair services for 

electronic components and assemblies for OEMs (Campman, 2013).  

http://en.wikipedia.org/wiki/Electronic_component
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2.6 Conclusion 
This section gives a short overview of the findings in the literature study. Thereafter, implications of 

this literature study in scope of the research are outlined.  

In the first section was showed that innovation can differ in terms of impact (radical and incremental 

innovations) and in terms of scope (product and process innovations). Futhermore, it was stated that 

companies can pursue closed or open innovation strategies. The latter may involve inbound and/or 

outbound open innovation strategies.  

In the second section were discussed practical differences in openness of innovation. These degrees in 

openness occur as the perceived necessity of collaboration varies in place and time.  

The next section was concentrated on distinguishing driving elements of openness in innovation. It 

was shown that OI-practices can differ on two dimensions; on the external search strategy and the 

collaboration strategy. The former includes determinants such as external search breadth, search 

depth, and diversity in the external knowledge sources, whist the latter includes the involvement in 

OI-projects, the extent of openness in the different phases of the innovation process, the number of 

external partners, the equality of decision power of project partners, and the extent to which hard and 

soft mechanisms regulate the projects.  

Thereafter, in the fourth section, was given a description of the influences of openness in innovation 

on the quantity and impact of innovative output produced by a company. 

With regard to quantity of innovative output, it was found that there should be be substansive search 

depth and breadth and that oversearch should be avoided. Concerning collaboration strategy, there is 

no agreement on what would be the optimal level of involvement in open innovation projects. With 

regard to these open innovation projects, both the number of external partners and the number of open 

phases are proposed to have a positive influence on innovative output. Furthermore, it was argued that 

companies need to consider both trust and contracts as a mechanism to regulate their OI-projects, 

however, none of these mechanisms should be overused. As a final point, it was stated that OI-

partners should find a balance between low participation and over participation.  

Concerning impact of innovative output, diversity in external knowledge sources was found to foster 

radical innovation. Concerning incremental innovation, diversity should be balanced, however, there 

is no clarity on what would be an optimal balance. Regarding collaboration strategy, it was found to 

be beneficial to radical innovation to involve multiple company departments in open innovation 

project. Furthermore, diversity in partner typology was argued to favour radical innovation as well. 

Nevertheless, it was stated that partner diversity should not be too broad so that incremental 

innovation can be safeguarded. 

Fifth, an overview of external influences on innovative output was given. Concerning company 

variables the influence of; company type, product market, size, relative size, R&D intensity, and share 

of highly educated employees were discussed. Furthermore, the mutual dependency in collaborative 
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innovation projects, respectively physical dependency, timing dependency, and scope and quality 

dependency were found to matter. Lastly, it was put forward that public organizations can intervene in 

the innovation process by means of financial support and by procurement activities of innovative 

goods.  

Sixth, attention was shifted towards innovation practices of companies active in the High Tech sector. 

A typical characteristic of the High Tech sector is the average spending of turnover to R&D of more 

than 4%. More specifically, the Dutch HTSM sector was characterized as an innovative, R&D 

intensive sector that is of high importance to the Dutch economy in terms of employment, production, 

and its applications. 

In the Dutch HTSM sector, open innovation is believed to be beneficial or as some even argue, 

necessary. It is no surprise that technology collaboration between companies in this sector is found to 

be quite popular and companies are eager to co-locate in open innovation systems. Generally spoken, 

it was stated that suppliers increasingly face responsibility of all activities in between R&D and 

marketing and sales of OEMs, whilst OEMS tend to focus on R&D-activities and marketing and sales. 

Consequently, suppliers who used to be concerned only with producing components or performing 

operations on materials, can get involved in other activities as well, such as engineering, co-financing, 

assembling of subsystems or even systems, and generating services. However, product innovation 

remains largely in hands of OEMs, whilst suppliers tend to implement process innovation. 

 

As a first step in exploring openness of innovation the literature study findings are bundled. Table 2.1 

displays the elements that are believed to constitute openness. The elements are divided in the two 

main dimensions of openness in innovation I proposed in Section 2.2. Taking into account the 

directions of knowledge flow, I proposed two types of strategies; openness in external search and 

openness in collaboration. These strategies can differ on the continuous indicators based on the 

literature displayed in Table 2.1.  
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Main Dimension of 

Openness in Innovation 

Determinant of Openness in 

Innovation 

Literature 

External Search Strategy External Search Breadth Laursen & Salter (2006) 

Exsternal Search Depth Laursen & Salter (2006) 

Diversity in external Knowledge sources Berchicci (2013); Li & Tang 

(2010) 

Collaboration Strategy Involvement in Open Innovation 

Projects: Percentage of Open 

Innovation Projects 

Chesbrough (2003b) 

Involvement in Open Innovation 

Projects: Percentage of Employees 

Involved 

Whelan, Parise, de Valk, and 

Aalbers (2011) 

Openness of Phases in Innovation 

Process 

Lazzarotti & Manzini (2011) 

Number of External Partners Lazzarotti & Manzini (2011) 

Equality in Participation Ridell, Röndel, and 

Sörhammar (2013); 

Westergen (2011) 

Regulating Mechanism Boschma (2011) 

Diversity in Company Departments 

Involved 

Mortara, Minshall, Napp, and 

Slacik (2009) 

Diversity in Partners Li & Tang (2010), Lee et al. 

(2010) 

 Table 2.1: Determinants of Openness in Innovation by Source. 

Secondly, Table 2.2 bundles the determinants of innovative output that emerged in the literature 

study. These determinants are split-up in measurements in terms of quantitative output and 

considering impact of innovative output.  

Innovative Output Determinant of Innovative Output Literature 

Quantity of Innovative 

Output 

Number of Product Innovations 

Number of Process Innovations 

Percentage of Turnover related to Innovation 

Inauen & Schenker-

Wicki (2012) 

Impact of Innovative 

Output 

Percentage of Turnover related to products new 

to the world market 

Percentage of Turnover related to products new 

to the company 

Percentage of Turnover related to significantly 

improved products 

Laursen & Salter (2006) 

Table 2.2: Determinants of Innovative Output by Source.  

The various determinants of openness in innovation and innovative output are used as an theoretical 

lense in the remainder of the research. These determinants will be pre-tested in the research specific 



 

25 
 
 

context in the case studies. In this way a conceptual model of openness in innovation and innovative 

output can be constructed. This conceptual model is further explored by means of a survey study in 

the final step of research. 
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3. Case Studies 

he second step of this research consists of a multiple-case holistic design. This design is 

advantageous as the relevant theory underlying the case studies itself is of a holistic nature (see Yin 

2009, p. 50). Furthermore, the coverage of multiple cases is often considered to bring more 

compelling evidence (Herriot & Firestone, 1983. In: Yin, 2009, p. 53).  

This chapter starts with an overview of the research design of these case studies. Secondly, a short 

description of the cases studied is given. Thereafter, the main findings that came forward from 

studying innovation practices in the HTSM sector are described. Finally, the case study findings are 

summarized and the cross-case findings are discussed. 

3.1  Case Study Design 
A first motivation for pursuing a case study method is that “it allows investigators to retain the holistic 

and meaningful characteristics of real-life events” (Yin, 2009, p. 4). In other words, it can be used to 

explore whether the constructs in the conceptual model contain all elements that matter. Secondly, a 

case study can “illustrate certain topics with an evaluation in a descriptive mode” (Yin, 2009, p. 19). 

In this way, the reader and researcher can become more familiar with the context in which the 

research problem is embedded. A third argument for performing a case study is the possibility to pre-

test survey questions, i.e. the case studies can be used to check the validity of answer scales and to 

explore the practical measurability of elements.  

The questions used in the case studies can be found in Appendix 5. These questions are directed 

towards personal experiences and motivation’s in the area of (open) innovation. Therefore, it makes 

sense to collect the data using interviews as data collection method, as interviews have the strength of 

being targeted and insightful, thus Yin (2009, p. 102).  

To collect this data, units of analysis are carefully selected so that they predict different results. To 

enable analytic generalization it is important to select a diverse set of cases. Therefore companies of 

various types, size, and active in different subsectors of the HTSM-sector are selected.  

Four experts working at four different companies are approached for participation in a face-to-face, 

focused interview. On one hand, this type of interview provides enough structure to pre-test the 

elements of the conceptual model put forward in the previous step of this research. On the other hand, 

this method provides enough flexibility to gain insight in underlying decisions and motivations of 

respondents by means of probing.  
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3.2 Description of Cases 
Data is collected by interviewing one top-level manager and three CEO’s active at four different 

companies, referred to as company A, B, C, and D. Table 3.1 gives an overview of the main 

characteristics of these companies.  

 Company A Company B Company C Company D 

Company Type Engineering 

company 

OEM 

(start-up) 

System 

supplier 

OEM 

Company Size Medium Small Medium Large 

R&D intensity 10% 25 – 30% 5 – 10% 10% 

Share highly educated 

employees 

Very high High Low High 

Table 3.1:  Main Characteristics Case Studies. 

3.3 Results 

In this section a short overview of the most important findings in the interviews is given. For a full 

transcription of these interviews, the reader is referred to the Confidential Appendix. Appendix 6 

provides a full overview of the interview findings by determinant of openness in innovation and 

innovative output.  

3.3.1 Case Study A 

Company A is multidisciplinary developer concerned with R&D activities commissioned by OEMs, 

start-ups, and spin-offs. As A’s purpose is to extent the R&D capacity of its clients, the company 

typically does not generate ideas itself. In order to remain on the edge of technology, A invests about 

10% of its turnoveron its internal R&D. On top of that, it invests in R&D activities on behalf of their 

clients. 

In considering the share of highly educated employees, it becomes clear that this company is highly 

knowledge-intensive; it employs practically only employees with a bachelors, masters or masters-plus 

degree. Though A is a medium sized company, it is doing well in attracting highly educated 

personnel. Possible problems in finding the ideal candidate are largely due to scarcity on the labour 

market, a statement from the commercial director. 

A’s focus lies on innovating in processes, for instance, they focus on enhancing reliability. Two types 

of process development are distinguished; one about improving the product creation process and one 

concerning “how to do something technical”. The latter occurs far ahead of engineering, at the 

beginning of the innovation process. 

In open innovation projects company A is typically focused on collaboration with clients. This 

openness towards clients does not come naturally, it requires that the company is not active in one 

specific market segment. As the commercial director of company A argued; “We are specialized in 

technology applicable to several market segments”. In this way, we can utilize the knowledge 
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acquired in one open innovation project in another project outside the market segment of their open 

innovation partner. 

3.3.2 Case Study B 

The second case studied, company B, is a spin-off, active in the manufacturing of production 

machinery applied in the sustainable energy sector. The OEM can be characterized as a knowledge 

intensive company; about 25 to 30% of its turnover is spent on R&D. B employs about 40 people, of 

which most are highly educated in the field of engineering. Since it is currently not yet making 

money, it is difficult to get good mechanical engineers, as they are simply expensive to employ. 

Luckily, the idea of working in a start-up company in the area of sustainable energy is appealing 

enough to fulfil B’s need of highly educated employees..  

It can be stated that governmental interventions have played a significant role in the development of 

this company, as B’s launching customers are largely financed by the government. On top of that, 

about 5% of the costs of B’s main innovation project have been subsidized.  

All of B’s turnover is related to innovation, as they only did one big innovation project. This project 

resulted in a product innovation (a production machine) and yielded several process innovations as 

well. Interestingly, the open innovation strategy of company B tends to involve solitary outside-in 

elements. For instance, it is actively collaborating with its suppliers. Some of these suppliers even 

took a role on co-financing the development of machinery. This financial support is paid back during 

the sales of products.  

The CEO of company B acknowledges that an inside-out open innovation strategy, may be possible in 

the future – but only when IP is protected. In general, it is believed that you should be somewhere 

between fully open and full closed; “If you fully open you are nowhere”. On the other hand; “ if you 

are fully closed, you have to do everything yourself.” So company B tends to be open in innovation 

until it comes to the point that it generates applications.  

3.3.3 Case Study C 

The third company studied, company C, is a medium sized first tier supplier of high quality precision 

parts, complex sub modules and modules, and complete systems for OEMs. As the demand of OEMs 

became broader, the service package of C expanded as well. In this way they grew in their role as 

system supplier. This is also a role that they increasingly want to play.  

C spends about 5 to 10% of its turnover on engineering and development activities. In these activities 

they attempt to draw on subsidies where possible. For instance the company obtained a subsidy on 

exploration and development –which refunds a share of wage costs – and they it was granted an 

innovation voucher. The company draws on subsidy in collaborative innovation projects as well. In 

one project, Company C and its partners received 40 000 euro, and in another project it is currently 

applying for a subsidy of about 1,5 million euro.  



30 
 

About 10% of C’s employees are highly educated (higher vocational education). C is deficient of 

highly educated employees in engineering and in sales. Since it is increasingly involved in 

engineering C needs more engineers, however, these are difficult to find. This can put a cap on growth 

if engineers are not found in time “you might as well need to sell a ‘no’”.  

Company C is mainly a process innovator; it brings novelties in the way of production, use of 

modules or machines, and in the improvement of processes. Consequently, it is not involved in 

fundamental research but in developing new applications for the market.  

External partners are believed to enhance innovation speed and flexibility. “Do not do everything 

yourself, but use qualities which are available,” the CEO of C states. This also has a downside, as 

mutual dependency is likely to involve higher investment in relational aspects. Furthermore, by 

thinking along with their clients, the client becomes more dependent on C. To explain further; it might 

take an OEM as much as two years to find another partner that can make the same specialist modules 

as company C. Being a system supplier also involves that company C should be able to draw on a 

specialist network themselves. Though, these downsides are perceived to be smaller than the main 

benefit of open innovation; a shorter time-to-market. 

3.3.4 Case Study D 

Company D can be typed as an medium large OEM which develops, manufactures, and sells research 

instruments that are applied worldwide in scientific research and business.  

D has an R&D-intensity of 10%, which is largely financed from own funds. They use subsidies; 

which vary from several hundred thousand euro’s to much smaller amounts. D employs a significantly 

high share of employee’s with bachelor’s or master’s degrees . This department employs a small share 

of masters-plus degrees as well. D is currently not facing problems in filling in vacancies. However, 

the company expects a shortage in technically skilled employees due to lack of inflow in the Dutch 

labour market.  

D predominantly produces product innovations; they have produced many dozens of them in the 

period 2011-2012. They also have a large installed base which they improve incrementally. These 

innovations can be cost-lowering or directed to improving the performance of (a part of) a product. 

They also develop new products (families). Despite being a product innovator, D also yields process 

innovations. They significantly improve processes like assembling, monitoring performance and 

delivery. However, these innovations are not pioneering, according to the Innovation and 

Development manager of company D. 

Even though D is a knowledge-intensive company, it needs to join forces with external partners as the 

number of competences and technical domains that company D needs to manage is expanding 

enormously. This is due to an increasing activity at the front-end, before its main products can be 

used, and in the back-end to analyse and progress the data that is generated by these research devices.  
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Company D consciously evaluates with parties they partner up with. Having partners implies that they 

are to a certain extent dependent on external parties. To reduce this dependence they make sure that 

they have two to three strategic partners per knowledge domain so that they can easily switch in case 

that a partner fails (e.g. goes bankrupt). Collaboration with ‘preferred partners’ is easier when 

knowledge is patented. To prevent leakage of strategic knowledge, D is rather closed in the R&D 

process; “you cannot just share sensitive information.” In summary, D is open on area’s outside their 

core business but this is rather outside-in openness than inside-out openness.  

3.4 Conclusion 
To complement and pre-test findings of the literature study, four case studies were performed at four 

different companies. By means of selective sampling, four companies were selected at which data was 

collected using semi-structured interviews. These companies differ in terms of company type, size, 

R&D intensity, and share of highly educated employees . In the interviews it came clear that the cases 

studied companies that differ enormously in terms of (open) innovative focus as well. 

Company A reported to focus on process innovation and to collaborate mostly with clients. Company 

B, on the other hand, is highly product innovative. It works with technology which is applied in a 

radical new manner. This company mainly follows an outside-in strategy involving suppliers. 

Company C on the contrary was found to be a more process-based innovator which is increasingly 

involved in open innovation projects with clients. Company D then, was found to be an established 

product innovator, which produces new product families and incremental improvements on their 

installed base. This company is increasingly involved in open innovation activities with suppliers and 

research institutions. 

Whilst studying the innovation practices of the four cases of interest, some similarities emerged. To 

begin with, all interviewees reported to be spending a substantial amount on R&D and to employ a 

significant share of highly educated employees, particularly in the area of R&D.  

Secondly, it can be stated that all companies are engaged in open innovation activities to a certain 

extent. They perceive openness in innovation to be a must since companies active in an increasingly 

complex world lack the financial means and time to find out everything themselves. This openness 

particularly manifests itself in inbound open innovation activities on area’s outside the core activity of 

the company. These activities then mostly involve existing business relations such as suppliers and 

clients. This implies that suppliers and their clients experience to become increasingly dependent on 

each other. Though, the interviewees reported to be able to draw on a diversified network. For 

instance, all four were found to collaborate with and/or to consult institutional parties as well.  

Third, all interviewees profoundly believe trust to be a prerequisite in engaging in open innovation 

activities. Furthermore, they argued IP to be the key. It was stated unanimously that IP ownership is 

bound to the financial investor in an innovation project. Also, they all consciously consider their open 
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innovation partner choice carefully in order to safeguard mutual interest of partners (company A), to 

make sure every partner adds value (company B), to keep things clear and manageable (company D), 

and because building up and maintaining a trust-relationship demands energy (company C).  

Despite similarities, the companies showed differences on several aspects. This is no surprise, as they 

are active in different positions in the value chain, conflicting product markets, and on different stages 

in their life cycle. Consequently, the interviewees employed at the OEMs reported to focus on product 

innovation whilst the engineering company and supplier stated to concentrate on process innovation. 

The latter two emphasised their intention to increase their voice in open innovation projects, whilst 

the interviewees employed at the OEMs reported to be tentative on sharing information in order to 

protect their future or current IP ownership. 
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3. Methodology 

his chapter describes the research methodology used. In the first section, literature and case study 

findings are translated in a conceptual model. This conceptual model serves as a base for the design of 

the survey. The second section elaborates on the design of this internet-based survey.  

4.1 Towards a Conceptual Model  

The case studies were also performed to check whether the determinants of openness in innovation 

and innovative output could be operationalized as according to the literature. This was shown to be 

possible for most of the elements. For some other indicators however, practical problems were 

identified. This section lists these problems and their solutions.  

4.1.1 Determinants of Openness in Innovation 

A general problem worth mentioning, is that all four interviewees had some difficulties with open 

innovation as a concept. They argued Chesbrough’s definition (2003a)
2
 to be very broad. The main 

issue put forward by company D is that “open innovation is often interpreted as something open to 

everyone, like a project from which the results are published worldwide.” As a consequence, the 

openness of innovation activities can easily be misinterpreted.  

Considering external search strategy, no practical problems were identified. However, with regard to 

external search strategy, three issues emerged.  

In general, it was recognized that most
3
 of the determinants of openness in innovation are highly 

subject to change. Interviewees had serious difficulties in providing an (exact) score for these 

elements, as this score differs a great deal among projects, project partners, and over time. 

Consequently the scope of questions involving items of the collaboration strategy is narrowed down. 

During the final two case studies it was confirmed that indeed more grip on indicating scores is 

offered if the questions are focused from one up to five of the most important (open) innovation 

projects in the two preceding years. 

                                                           
 

2
 “Open innovation implies that firms can and should use external ideas as well as internal ideas, and internal 

and external paths to market, as the firms look to advance their technology” (Chesbrough, 2003a). 

 
3
 Elements which were reported to have a high level of variation are: level of subsidy (company A, B, and D), 

number of partners (company A, B), number of company departments involved (company A, C), extent to 

which formal contracts are used as regulating mechanism (company A), relative size of collaboration partners 

(company D), participation of partners (company D), level of openness per phase in the innovation process 

(company A and D). 
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Secondly, the innovation process phasing used by Lazzerrotti and Manzini (2011)
4
 showed to fall 

short since it does not reflect the phasing used in practice by players in the HTSM sector. On top of 

that, this phasing ignores the different paths and cycles that are generally token in an innovation 

project (see Kline & Rosenberg, 1986). A phasing based on a conceptualization of phases by 

Brainport Industries (2011), extended with important feedback loops, was found to fit practice better. 

As can be seen in Figure 4.1, this phasing involves a six-phase model extended with important 

iterations that may occur along the innovation process. The following feedback loops are 

distinguished: 1-phase back, all possible feedback loops from sales and service, and all possible 

feedback loops towards research and development. 

 

Figure 4.1: Six-phase Model of Innovation including Feedback Loops. 

Lastly, it became apparent that companies could not indicate which and how many departments where 

involved in open innovation. This occurs because these companies have an matrix organizational 

structure, that lacks fixed departments in innovation projects. Therefore, the variable ‘diversity in 

company departments’ should be excluded from analysis. 

4.1.2 Determinants of Innovative Output 

First, it should be noted that innovative output was found to be highly subject to change. Therefore, 

determinants should focus on one up to five of the most significant innovations in the two preceding 

years. Furthermore, not all interviewees had insight in the percentage of their turnover related to 

product and process innovation. On top of that, companies were found to lack insight in the number of 

product/process innovation yielded by their company in the preceding years. Therefore, both the 

number of innovation and contribution of innovation towards turnover should be considered in 

researching innovative output in the HTSM sector.  

Secondly, HTSM products were found to be highly complex; involving multiple modules and 

numerous components. Consequently, the perception of what entails a product innovation can differ 

from case to case. Another finding on this area is that the scale
5
 used by Inauen and Schencker-Wicki 

                                                           
 

4
 Lazzerotti and Manzini (2011, p. 423) took a linear, five-phase model of innovation as a basis. This model 

includes the following phases; (1) idea generation, (2) experimentation, (3) engineering, (4) manufacturing set 

up, and (5) commercialization. 
5 Scale: 0, 1, 2, 3, 4, 5-10, 11-20, 21-30, 31-40, 41-50, more than 50 ( Inauen & Schencker-Wicki, 2012). 
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(2012) to measure the number of product innovations does not capture innovation performance in the 

High Tech industry because it is too narrow and too detailed. In one of the interviews it was suggested 

to distinguish innovation in end products and innovation in partial products. Therefore the definition 

of incremental innovation is extended further. Consequently, products significantly improved refer to 

new or improved partial products or improved end products, whilst new products refer to new end 

products.  

Third, the indicators of Laursen and Salter (2006) consider solitary product innovation. However, 

using simply the percentage of turnover related to product innovation might result in a biased view of 

the level of innovative activity of a company. As innovations can be characterized by the 

implementation of an element of newness and/or a significant improvement of the state of the art, they 

might go beyond new and/or improved products. For instance, an innovation can involve a new 

processes or new business model. In order to measure radical innovation the share of innovation sales 

(€) related to products [or processes] new to the world market is taken as quantitative indicator. The 

share of innovation sales related to products or process new to the company, or related to products [or 

processes] that are significantly improved are is taken as quantitative indicator of the incremental 

innovation performance of a company (Laursen & Salter, 2006).  

4.1.3 External influences 

Frist it was found that R&D intensity might not be an accurate proxy for absorptive capacity of 

company, since not all R&D budget is actually spent on innovation and not all expenditures on 

innovation are covered by the R&D budget. For example, company D spends some of its R&D budget 

on maintenance and support of existing products, and company A also invests in R&D on behalf of its 

clients. Nevertheless, companies reported to have insight in their own R&D intensity, whilst the exact 

magnitude of these deviations are less clear to them.  

Secondly, some companies are operating in such a small niche market that they innovate on 

international level by definition. These innovations are not necessarily radical, however, when using 

the operationalization of Laursen and Salter (2006) (in which a radical innovation is defined as an 

innovation that is new to the world market) they all appear to be. Therefore, the size of a company’s 

the product market should be taken into account.  

4.2 Conceptual Model 
A conceptual model is outlined using input from both the literature study and the case studies. This 

model displays the coherence of several determinants of openness of innovation and innovative 

output. The model consists of roughly three parts. The first part (top left in Figure 4.2), displays the 

elements that are believed to constitute openness. The elements are divided in the two main 

dimensions of openness in innovation I proposed in the literature study. These strategies can differ on 

the various continuous indicators that are lined out in the top left of the conceptual model. Both open 

innovation strategies are proposed to influence the second part of this model; the level of innovative 
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output (top right part of Figure 4.2). The third part of this model (at the bottom of Figure 4.2) displays 

the external influences on the model. In short, a variety among companies and interventions from 

public organizations may conceptualized relations in case of external search strategy. In case of 

collaboration strategy an additional influence is proposed; that of mutual dependency among 

innovation project partners. 

External Search Strategy

 External Search Breadth 

Dependency in innovation process

Physical dependency

Timing dependency

Scope and quality dependency

Company variables

Company size

Relative size

Company type

Product market

Product market size

R&D intensity

Share of employees with higher education

External interventions in innovation process

Financial support by  public organizations

Public procurement activities

Innovative output
In 1 till 5 of the most important 

innovation projects in 2011-2012

Quantity

 External Search Depth 

Diversity in external 

Knowledge Sources
Impact

Collaboration Strategy
In 1 till 5 of the most important (open*) 

innovation projects in 2011-2012

Involvement in open innovation 

projects

Opennes of Phases in 

Innovation Process*

Number of external Partners*

Equality in Participation

Regulating Mechanism*

Diversity in Partners*

Innovative output
In 1 till 5 of the most important 

innovation projects in 2011-2012

Quantity

Impact

  

Figure 4.2:  Conceptual Model of Openness in Innovation and Innovative Output. 
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4.3 Survey Design 
This section discusses the content of the conducted survey. First, are short description of the survey 

sample is outlined. Thereafter a more elaborate explanation on the design of survey questions is given. 

The conceptual model as displayed in Figure 4.2 can be used to explore the grey area of openness in 

innovation and innovative output, as it displays the different continuous elements of openness in 

innovation –instead of using a binary classification of open and closed innovators. Furthermore, in 

this model innovative output is considered both in terms of quantities (what is important to the 

company) but also in terms of impact (what benefits spill over to society). As a final element, this 

model includes an extensive list of external influences. In this way is accounted for the complex, 

contextual embedded nature of innovation. 

Using the conceptual model as framework a structured internet-based survey was designed. The full 

contents of this survey (in Dutch) can be found in Appendix 7. Appendix 8 contains an overview of 

the variables measured in this survey. This overview includes variable name, type, description, 

whether variables are conditional, and if it are forced questions. 

4.3.1 Sample 

The target population consists of OEMs and their suppliers active in the HTSM sector. The member 

list of High Tech NL (High Tech NL, nd) is used as sampling frame. The survey was sent out to 106 

individuals. In the period from August 15 till August 29, data was gathered from 40 respondents. 

Half of these respondents are employed in an OEM, 42,5% in a first tier supplier, 5% in a second tier 

supplier, and 2,5% in the category ‘other company type’. As can be seen in Table 4.1, the majority of 

first tier suppliers reported to be involved in engineering and assembling activities, all second tier 

suppliers are involved in production activities, and the other type of company is solitary involved in 

engineering activities. 

Company Activity 

Performing 
Operations 

Production of 
Parts 

Assembling of 
Modules 

Engineering Other 
Activities 

Company 
Type 

First tier 
supplier 

24% 47% 71% 88% 29% 

Second 
tier 
supplier 

0% 100% 0% 50% 0% 

Other 0% 0% 0% 100% 0% 

Table 4.1:  Company Activity by Company Type.  
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4.3.2 Survey Design 

Basically, the focus of the survey narrows down from broad to specific questions. In total, four 

different topics are touched upon in the survey, that are;  

1. General questions regarding the company, 

2. General questions regarding innovative productivity of the company and the contribution of 

innovation to turnover, 

3. Questions regarding the consultation of external information sources in the innovation process, 

4. Questions regarding activity in open innovation projects involving external parties. 

To assist respondents in the answering of the questions and to make sure that respondents delineate 

concepts in the same manner, respondents are provided definitions of concepts used in the survey.  

General Questions 

The first set of questions is intended to collect data about external influences on the production of 

innovation. As discussed in Chapter 2.5.2 suppliers highly differentiate in their main activities. 

Therefore is not enough to ask whether the respondent is active in a first, second, or more than second 

tier supplier, but also in which activity or activities a supplying company is involved. Based on 

(Haffmans & Weele, 2004, p. 9) company’s four main activities are distinguished; performing 

operations, production of parts, assembling of modules, and engineering.  

As companies may be active on multiple product markets, it is asked to indicate their largest product 

market. In order to be able to cater for the fact that some companies always put innovations on the 

market that are new to the world by definition, it is also asked to indicate the size of their largest 

product market. Lastly, companies are requested to estimate their dependency to third parties, 

utilizing Popp and Meyer’s (2010) physical, timing, and scope and quality dependency. 

Questions on Innovative Output 

As stated before, questions about innovation are narrowed down to one up to five of the most 

important innovation projects. In accordance with OECD and Eurostat (2005, p. 61) a reference 

period of more than two years is used (2011-2012). It should be noted that not all of the variety in 

innovation behaviour can be captured in this quantitative indicator. Nevertheless, by asking to report 

the most important part of the picture there still can be given a fairly proper overview on the 

innovation activities of respondents.  

As companies have problems in scoring their innovative productivity and the contribution of 

innovation towards their turnover, it has been decided to include both indicators in the survey (see 

Table 4.2. In this way, it becomes more likely that companies can score at least one of these 

indicators. Measuring innovative output in two different ways also has the advantage that robustness 

of the dependent variable can be checked. 
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Variable Name Variable 
Type 

Variable Description 

Number of 
product 
innovation(s) 

Dependent 
variable 

An estimation of the order of magnitude of the quantitative 
production of product innovations distinguishing new products 
for the company, improved products for the company, or new 
products for the world market. 

Number of 
process 
innovation(s) 

Dependent 
variable 

An estimation of the order of magnitude of the quantitative 
production of process innovations, distinguishing involves new 
processes for the company, improved processes for the 
company, or new processes for the world market. 

Turnover by 
innovation 

Dependent 
variable 

An estimation of the ratio of turnover related to 1-5 most 
important innovation(s) in 2011-2012 

Turnover by 
innovation type 

Dependent 
variable 

An estimation of the ratio of variable turnover by innovation 
related to product innovations 

An estimation of the ratio of variable turnover by innovation 
related to process innovations 

Turnover by 
innovation 
impact 

Dependent 
variable 

An estimation of the ratio of variable turnover by innovation 
related to significantly improved products or processes 

An estimation of the ratio of variable turnover by innovation 
related to new products or processes 

An estimation of the ratio of variable turnover by innovation 
related to products or processes new for the world market 

Table 4.2:  Survey Questions on Innovative Output by Name, Type, and Description. 

Questions on External Search Strategy 

External information sources listed in the survey are based on sources of Laursen and Salter (2006). 

(see Appendix 4). This list is extended with a differentiation of first, second, and more than second 

tier suppliers. The focus of this question is narrowed down to one up to five of the most important 

innovation projects (see Table 4.3).  

Variable Name Variable 
Type 

Variable Description 

Non-codified 
external sources 

Independent 
variable 

En indication of the extent in which several types of non-
codified external information sources are consulted in the 
innovation process (7-points-Likert scale) 

Codified external 
sources 

Independent 
variable 

En indication of the extent in which several types of codified 
external information sources are consulted in the innovation 
process (7-points-Likert scale) 

Table 4.3: Survey Questions on External Search Strategy by Name, Type, and Description. 
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Questions on Collaboration Strategy 

In this part of the survey, the focused is narrowed down from one up to five of the most important 

open innovation projects (see Table 4.4). 

Variable Name Variable 
Type 

Variable Description 

Share open 
innovation projects 

Independent 
variable 

An estimation of the share of open innovation projects in 
2011-2012 (%). 

Employee 
involvement 

Independent 
variable 

An estimation of the share of employees involved in 1-5 of the 
most important open innovation projects in 2011-2012 (%). 

Collaboration Selection 
variable 

Whether the company has collaborated with external parties 
in an innovation project in 2011-2012 

Number of external 
partners 

Independent 
variable 

An indication of the average number of external partners in 1-
5 of the most important open innovation projects in 2011-
2012. 

External partner 
type 

Independent 
variable 

Whether the company has collaborated with different types of 
partners in 1-5 of the most important open innovation 
projects in 2011-2012 

Relative size 
external partner 

Independent 
variable 

An indication of the average size of external partners in 
relation to the size of the company of interest in 1-5 of the 
most important open innovation projects in 2011-2012(7-
points-Likert scale). 

Relative equality of 
voice in projects 

Independent 
variable 

An indication of the average equality in voice in 1-5 of the 
most important open innovation projects in 2011-2012 on 
several area’s such as project scope, IP, project duration, 
project budget, and adding partners(7-points-Likert scale). 

Regulating 
mechanism 

Independent 
variable 

The extent to which trust and formal contracts are averagely 
used as regulating mechanism in 1 -5 of the most important 
open innovation projects in 2011-2012 (7-points-Likert scale). 

Knowledge sharing 
by phase 

Independent 
variable 

An indication of the extent in which knowledge is shared with 
external partners in different phases of the innovation process 
averagely in 1 -5 of the most important open innovation 
projects in 2011-2012 (7-points-Likert scale). 

Knowledge sharing 
by feedback loop 

Independent 
variable 

An indication of the extent in which knowledge is shared with 
external partners in different feedback loops of the innovation 
process averagely in 1 -5 of the most important open 
innovation projects in 2011-2012 (7-points-Likert scale). 

Table 4.4:  Survey Questions on Collaboration Strategy by Name, Type, and Description. 

To assist respondents in indicating their share of open innovation projects, a more elaborate 

explanation of the meaning of open innovation is given. In addition to Chesbrough’s (2003a) 

definition, respondents are offered some information on inside-out and outside-in open innovation 

strategies as well. In order to give companies the opportunity to make a well-founded judgment of the 

share of employees involved in open innovation projects, the focus is narrowed down to one up to five 

of the most important open innovation projects. 
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In order to measure the extent in which respondents feel that partners have equal voice in formal open 

innovation projects, a few key decision areas are identified. These are project scope, existing and 

future IP, project duration, budget, and the addition of new partners. 
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5. Survey Results 

This chapter contains the descriptive and inferential results of the survey. First, some descriptive 

results concerning general tendencies in the data are described. Secondly, inferential results are 

outlined.  

5.1 Descriptive Results 

First, described are the results with reference to external influences. Secondly, an overview is given 

on results with regard to innovative output. Thereafter, interesting results concerning different 

dimensions of openness of innovation are highlighted. A complete overview of dependent, 

independent, and control variables in terms of number of observations, mean value, standard 

deviation, potential and actual range, skewness, and kurtosis can be found in Statistical Appendix 1. 

Some interesting results are highlighted in the text below.  

5.1.1 External Influences 

The majority of the companies (respectively 52,5%) can be typed as a medium large company
6
. The 

remain share involves small companies
7
 (22,5%), large companies

8
 (12,5%) and very large 

companies
9 

(12,5%). Though the majority of the respondents are no giants, 70% of them are players 

on international markets (compared to 22,5% national, 5% regional, and 2,5% local players). Most of 

them are active on multiple product markets, such as mechatronics/manufacturing, ICT, and 

nanotechnology (see Table 5.1).  

Product Market Share of companies active in market 

Mechatronics/Manufacturing 50% 

ICT 45% 

Nanotechnology 37,5% 

Embedded Systems 30% 

Healthcare 15% 

Security 10% 

Automotive 7,5% 

Solar 5% 

Semiconductor Equipment 2,8% 

Printing 2,8% 

Table 5.1:  Companies and Product Market. 

                                                           
 

6
 Companies employing up to 250 FTE’s /generating till €50 million annual turnover (High Tech NL, nd). 

7
 Companies employing up to 25 FTE’s /generating till €5 million annual turnover (High Tech NL, nd). 

8
 Companies generating €50 till €500 million annual turnover (High Tech NL, nd). 

9
 Companies generating more than €500 million annual turnover (High Tech NL, nd). 
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Figure 5.1: R&D Intensity and Corrected R&D Intensity by Company Type. 

Respondents perceive their companies to be highly knowledge intensive. As can be seen in Figure 5.1, 

the reported R&D intensity ranges from 2 up to 100%. These R&D numbers are quite excessive, as 

compared to figures of the Dutch Central Office of Statistics Netherlands (CBS, 2012b). According to 

this source, companies spent about 6% of their added value to internal R&D in 2010, far less than 

respondents of the survey indicated. Interestingly enough, first tier suppliers have an R&D intensity of 

almost the same order of magnitude as OEMs. Moreover, when corrected for the share of R&D 

intensity resulting from financial support of public organizations, OEMs and first tier suppliers show 

almost the same range in R&D intensity. Second tier suppliers, on the other hand, score significantly 

lower than OEMs on R&D intensity (mean difference 18%, t(3,142) p =0,028). 

Public organizations play a significant role by financially supporting R&D, however, their role in 

launching new products is marginal. 60% of the respondents report this role is very low (they score a 

1 on the 7-points Likert scale of the variable ‘Public Procurement activities’). Only 2% of the 

respondents indicate a contribution of public organizations in the launch of new products (they score 

higher or equal to 5 on the 7-points Likert scale of the variable ‘Public Procurement activities’). 

Respondent’s companies are quite knowledge intensive, as they employ a large share of highly 

educated employees. From Figure 5.2 becomes clear that, although first tier suppliers lag behind 

OEMs in terms of average R&D expenditure, some actually outperform OEMs in terms of share of 

highly educated employees. Second tier suppliers, on the contrary, score significantly lower than 

OEMs on their share of highly educated employees (mean difference 41%, t(2,510) p=0,021). 



 

45 
 

 

Figure 5.2: Share high educated Employees by Company Type. 

Since the HTSM-sector accounted for 10,8% of the unfilled vacancies in 2010 (CBS, 2012a), one 

would expect a significant shortage of highly educated employees. However, the opposite is reported: 

up to 83% of the respondents indicate their need for highly educated employees is met (they score a 5 

or higher on the 7-points Likert scale of the variable ‘sufficient highly educated employees’). 

 

Figure 5.3: Mean Dependency to third Parties by Company Type 
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Figure 5.3 shows, companies are particularly dependent on third parties in physical production and in 

their timing. Small companies (A) are on average more dependent in their physical production than 

large ones (mean difference 1,6; t(1,909) p=0,080). 

Regarding collaboration with external partners in open innovation projects, 29% respondents were 

found to be working with partners of with the same size ( score 4 on the 7-points Likert scale of the 

variable ‘Relative size external partner’) and 63% with a roughly comparable size ( score 3 till 5 on 

the 7-points Likert scale of the variable ‘Relative size external partner’). 

5.1.2 Innovative Output 

Unfortunately, the variables ‘Number of product innovations’ and ‘Number of process innovations’ 

did not show enough variance (it shows significant skewness and kurtosis). Therefore, are these 

variables are left out from analysis. The percentage of turnover related to innovation did show 

variance, and was indicated by almost all respondents. Still, one should bear in mind that not all 

companies have insight in the exact percentage of turnover related to innovation. Instead of a precise 

estimation, one should view this variable as rather an indication of the perceived innovativeness of a 

company. As can be seen in Figure 5.4, particularly OEMs score high on the production of innovation 

in general; on average, 48% of their turnover is related to the production of innovation, compared to 

an average 8% of second tier suppliers (t(3,616) p= 0,003). Against expectation, OEMs scored about 

the same as suppliers on product innovation, and suppliers scored lower on process innovations.  

 

Figure 5.4:  Average Turnover related to Innovation by Company Type. 
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5.1.2 External Search Strategy 

With reference to external search one might state that the knowledge source ‘Universities and other 

higher education institutes’ is on average the most popular external knowledge source (see Table 5.2). 

Particularly first tier suppliers score high on this variable. Commercial laboratories, on the other hand, 

are being less intensively used. By comparing the average inbound search strategies of OEMs and 

first tier suppliers, it becomes clear that OEMs make significantly more intensive use of their clients 

(t(2,466) p=0,020) and of environmental standards and regulations (t(1,840) p=0,074).  

The data of Table 5.2 is used to compute the variables ‘search breadth’, ‘search depth’, and ‘diversity 

in knowledge sources’. Statistical Appendix 2 provides an overview of the calculations that are 

performed to compute these, and other variables. On average, respondents use sources to medium 

extensive extent (mean score of search depth equals 3,7). Also, they have a wide scope in terms of 

external search. On average, they consult 12 out of 15 sources, from two out of four categories.  

Type External Information source Mean score 
 Whole sample 

Mean score  
OEMs 

Mean score  
First tier suppliers 

Category: Market Sources    

First tier suppliers 3,65 4,25 2,94 

Second tier suppliers 4,35 4,3 4,35 

More than second tier suppliers 4,15 4,05 4,24 

Clients or customers 4,43 4,3 4,47 

Competitors 4,72 4,4 5,13 

Consultants 2,84 2,84 2,56 

Commercial laboratories… 2,11 2,11 1,69 

Category: Institutional Sources    

Universities or other higher education 
institutes 

6,38 6,15 6,76 

Government research organizations 3,45 3,35 3,65 

Category: Specialized sources    

Technical standards 2,56 2,37 2,59 

Health and safety standards and 
regulations 

3,05 2,84 3,13 

Environmental standards and 
regulations 

3,79 3,5 4,06 

Category: Other sources    

Professional conferences, meetings 1,87 2,21 1,44 

Technical/trade press… 4,50 4,4 4,47 

Fairs, exhibitions 4,08 4,55 3,65 

Table 5.2:  Use of external Information Sources by Company Type (1= very low, 7= very high). 
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5.1.3 Collaboration Strategy 

55% of the respondents reports to have been part of an open innovation partnership in 2011-2012. 

This roughly reflects the trend in the Dutch HTSM sector, as about 41% of the companies reported to 

be involved in partnerships in 2010 (CBS, 2012b).  

These partnerships involve on average 3 partners
10

. These partners are often OEMs (45%) , first tier 

suppliers (43%), or universities (45%) (see Figure 5.5). Collaboration with universities is thus a 

widespread practice among respondents. This reflects figures of the Dutch Central Office of Statistics, 

which show that 31% of the companies in the HTSM sector collaborated with universities in 2010 

(CBS, 2012b). This figure also shows that particularly first tiers suppliers are active collaborators 

involving various types of partners. 

 

Figure 5.5: Share of Respondents that Collaborate in Open Innovation Projects, by Type of Collaboration  

  partner. 

The involvement in open innovation projects is quite high; respondents score 40% of their innovation 

projects as ‘open innovation projects’ involving 24% of their employees. In this projects, respondents 

exchange knowledge with external parties in four out six of the phases of the innovation process. The 

extent to which knowledge is exchanged is on average higher in the ‘Research and Development’ and 

‘Component production’ phases than in the ‘Sales and Service’ phase. Knowledge exchange occurs 

on average in six out of thirteen feedback loops in the innovation process. The extent to which 

knowledge is exchanged differs not greatly among different types of feedback loops. Nevertheless, the 

                                                           
 

10
 Excluding 1 significant outlier, see Statistical Appendix 3. 
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feedback loop between ‘Design and Engineering’ and ‘Research and Development’ scores on average 

the highest, whilst the feedback loop between ‘Sales and Services’ and ‘Component Production’ 

scores on average the lowest on the extent to which knowledge is exchanged with third parties. 

Next, is considered participation of project partners during the course of these projects. One important 

aspect is the extent to which partners have equal participation in these projects Particularly medium 

large companies (B) experience inequality in participation of project partners. Compared to small 

sized companies, they experience significant less equality in issues concerning current and future IP 

(t(2,317) p=0,033) and project duration (t(2,178) p=0,045). Thus, although one would assume small 

companies to be the underdog in open innovation projects, they seem to be doing well in choosing 

project partners (see Figure 5.6).  

 

Figure 5.6: Relative Equality of Voice of Partners in Open Innovation Projects, by Company  

  Size. 

Another relevant matter is the extent to which trust and formal contracts govern these projects. As 

Figure 5.7 shows, both mechanism are used, although trust tends to prevail, particularly in the case of 

OEMs.  
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Figure 5.7: Extent to which Governing Mechanism are used in Open Innovation Projects, by Company  
  Type. 

5.2 Inferential results 
As a start, an exploratory factor analysis (EFA) method was used for delving into the covariation 

among collaboration strategies. In this way was aimed to gain insight in patterns that underlie the 

involvement in OI-projects, the extent of openness in the different phases of the innovation process, 

the number of external partners, the equality of decision power of project partners, and the extent to 

which hard and soft mechanisms regulate the projects.  

Secondly, regression analysis were performed to explore relations between openness in innovation 

and innovative output.  

5.2.1 Exploratory Factor Analysis 

EFA is a technique that falls under the heading of factor analysis. The latter refers to a variety of 

statistical techniques that are used to represent a set of items in terms of a smaller number of 

hypothetical variables (Kim & Mueller, Introduction to factor analysis. What it is and how to do it., 

1994, p. 3). In factor analysis is assumed that observed items are linear combinations of some 

underlying hypothetical variables; the so-called factors (Kim & Mueller, Factor analysis. Statistical 

Methods and Practical Issues, 1994). Factor analysis is being applied in an exploratory fashion in case 

that theory does not provide specifications about the underlying factor structure (the number and 

loadings of factors).  

A principle component analysis (PCA) method was used to extract these factors from the data. This 

method transforms an original set of inter-correlated variables into a new set of ‘principle 

components’. These components have some special properties; they are orthogonal to each other, and 

they are ordered from representing the largest (first component) up to the smallest (last component) 
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portion of variance in the data (Kim & Mueller, Introduction to factor analysis. What it is and how to 

do it., 1994, p. 72). These components are usually transformed using a rotational algorithm. This 

ensures easier interpretation of influences of each original item in the principle components. 

Using the PCA method on nine collaboration strategy items, three components could be extracted 

from the data of 22 collaborators. The sample size limits reliability of the extracted factors and fit of 

the model (Kaiser-Meyer-Olkin measure indicates an inadequate sample size, KMO = 0,372; 48% of 

the non-redundant residuals are smaller than 0,05).  

Still, the correlation between items showed to be sufficiently large to perform PCA (Barlett’s test of 

sphericity χ2 (36) = 65,379, p< 0,005). An initial analysis was run to obtain eigenvalues for each 

component in the data. As can be viewed in Table 5.3, three components had eigenvalues over 

Kaiser’s criterion of 1.  

 Eigenvalue % of variance 

Component 1 4,69 52,08 

Component 2 1,952 21,69 

Component 3 1,269 14,105 

Table 5.3: Eigenvalues and explained Variance of extracted Components.  

In principle, one might expect negative correlation between the components extracted. This occurs 

since the underlying dimensions represent collaboration strategies, and if one chooses to follow a 

particular collaboration strategy, one might simultaneously exclude alternative collaboration 

strategies. Therefore it has been chosen to rotate the extracted factors using an algorithm that allows 

components to correlate (oblique rotation direct oblimin, δ = 0). 

Table 5.4 and 5.5 display main results of the PCA. These tables includes factor loadings of items that 

reflect how much a variable contributes to the components. The higher the loading of an item, the 

more it contributes to the variation accounted for by this component.  

 Components 

Pattern Matrix
a
 

 1 2 3 

Involvement in open innovation projects; share of open 

innovation projects 
0,960 0,138 0,204 

Involvement in open innovation projects; share of employees  0,943 - 0,030 0,117 

Diversity in partners 0,905 - 0,131 - 0,079 

Openness of Phases in Innovation Process 0,855  0,100 - 0,180 

Number of external partners 0,714 - 0,388 - 0,268 

Relative openness projects: equality of voice in project scope. - 0,046 0,928 - 0,252 

Relative size of projects partners compared to company - 0,085 0,726 0,568 

Trust as regulating mechanism 0,418 0,554 - 0,513 

Formal contracts as regulating mechanism - 0,033 0,116 - 0,951 

Table 5.4:  Pattern Matrix with Factor Loadings of Components.  
a 

Rotation converged in 37 iterations. 
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 Components  

Structure Matrix 

 1 2 3 

Involvement in open innovation projects; share of open 

innovation projects 
0,935 - 0,156 - 0,372 

Involvement in open innovation projects; share of employees  0,912 0,079 - 0,463 

Diversity in partners 0,906 - 0,060 - 0,192 

Openness of Phases in Innovation Process 0,889  0,105 - 0,113 

Number of external partners 0,813 - 0,402 - 0,492 

Relative openness projects: equality of voice in project scope. 0,009 0,936 - 0,259 

Relative size of projects partners compared to company - 0,292 0,715 0,579 

Trust as regulating mechanism 0,275 0,139 - 0,942 

Formal contracts as regulating mechanism 0,570 0,553 - 0,663 

Table 5.5: Structure Matrix with Factor Loadings of Components.  

The pattern matrix of Table 5.4 contains factor loadings assuming zero correlation between 

components, whilst the structure matrix of Table 5.5 allows correlation between components. Factor 

loadings of components in Table 5.4 differ substantively from factor loadings in Table 5.5. For 

instance, the role of formal contracts and number of partners in explaining variance is much more 

prominent when is allowed for correlation between items. Comparing the pattern and structure matrix 

gives an indication that component 3 is correlated with one of the other components. From Table 5.6 

becomes clear that component 1 and 3 are indeed negatively correlated. 

 Component 1 Component 2 Component 3 

Component 1 1,000   

Component 2 - 0,029 1,000  

Component 3 - 0,327 - 0,023 1,000 

Table 5.6:  Correlations between Components. 

Due to this correlation, items in the structure matrix should serve as a base for interpreting the 

meaning of factor loadings. As can be seen in Table 5.5, factor loadings of all three components are 

larger than | 0,4 | in case of the variable ‘number of external partners’ and the variable ‘formal 

contracts as regulating mechanism’. Both the number of partners and the use of formal contracts thus 

explain a substantive share of variance in all three components. The first component represents a high 

number of external partners and an intensive use of formal contracts. The second component on the 

contrary, represents a much lower number of external partners. Lastly, the third component represent 

a very low number of external partners and a marginal use of formal contracts.  

The items in the structure matrix suggest that component 1 represents an ‘extensive collaboration 

strategy’, component 2 a ‘deliberate collaboration strategy’, and component 3 a ‘sporadic 

collaboration’ strategy. In pursuing an extensive collaboration strategy, companies are eager to 
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engage in open innovation projects. In these projects, information is exchanged along the innovation 

funnel with large and diverse group of external partners. Formal contracts are used to regulate these 

projects. Secondly, in following an deliberate collaboration strategy, companies collaborate with a 

selective set of larger partners. It seems to be the case that these companies strive to collaborate when 

they can assure equality in voices of projects partners by means of formal contracts. Finally, in the 

sporadic collaboration strategy companies collaborate in an unregulated manner. This only occurs 

with a small number of larger partners, involving a small set of the company its employees. 

5.2.2 Exploratory Regression Analyses 

Secondly, regression analyses were performed on the gathered data to explore relationships between 

openness in innovation and innovative output. Before running the analyses were performed some 

operations. Some variables needed to be computed (Statistical Appendix 2), and the data itself should 

be checked on outliers, influential cases and missing values (Statistical Appendix 3). Also is required 

a transformation of the dependent variable. This is necessary as the percentage of innovation turnover 

is by bounded to a number between zero and 100. Following the approach proposed by Bottai, Cai, 

and McKeown (2010, p. 310), a logistic transformation was used to facilitate linear regression 

modelling. This transformation (see Equation 1) ensures imputed values are within feasible region [-5; 

5].  

 ( )        ( )     (
       

      
)      (

 

     
)       (1) 

 

 ( )  (        )  (     )   (                  ) (                              )      

y:  the percentage of turnover related to innovation; the percentage of innovation 

turnover related to product innovation; the percentage of innovation turnover 

related to process innovation; the percentage of innovation turnover related to 

improved products and processes; the percentage of innovation turnover related 

to products and processes that are new to the company; the percentage of 

innovation turnover related to products and processes that are new to the world 

market.  

x: external search breadth; external search depth; knowledge diversity; 

collaboration; involvement in open innovation projects; openness of phases in 

innovation process; equality in participation; regulating mechanism trust; 

regulating mechanism formal contracts; diversity in partners.  

(2) 

Secondly, not all control influences could be included in the regression analyses, as this might bias the 

regression results. Including too much variables in an analysis on a limited number of data point may 
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lead towards a blueprint which predicts the data perfectly, including the error in the data. Therefore, 

the relationship tested in the analyses includes only variables that showed a significant influence on 

innovative output in preparative analyses. These are the variables ‘R&D intensity’ and ‘the percentage 

of highly educated employees’ employed at a company. 

 Facing limitations of a small sample, regression models could be very instable. Therefore, several 

regression models are run to check stability of relationships, involving no, one, or two control 

variables by testing equation 2. Different forms of equation 2 are tested, including numerous possible 

combinations of the dependent and independent variables listed. In a 2-,3- and 4-means cluster 

analysis some interaction effects of independent variables and control variables appeared. To capture 

this interaction effects, are tested variants of equation 2 including relevant interaction variables.  

First, exploratory regression analyses on the influence of various determinants of external search 

strategy are performed. These analyses are performed on the entire sample, as all respondents indicate 

to consult external knowledge sources to some extent. Secondly, the effect of any collaboration 

strategy is explored. Thirdly, regressions analyses on the influence of various determinants of 

collaboration strategy are performed. These analyses are performed on a sub sample including the 

55% of the respondents that indicated to collaborate with external partners.  

External Search Strategy and Innovative Output 

Interestingly, only product innovation, operationalized as the percentage of innovation turnover 

related to product innovation, was found to be influenced by determinants of external search strategy. 

Concerning external search strategy was found search depth to have a negative influence on the 

percentage of innovation sales related to product innovation. The linear regression models in Table 

5.7 suggest that higher search depth could predict a lower product innovation performance.  

 (1)
a 

(2)
b 

(3)
c 

(4)
d 

Standardized coefficient search depth - 0,405
**

 -0,471
***

 -0,355
**

 -0,414
**

 

R
2 
(adj) 0,486 0,392 0,422 0,140 

F 9,186
****

 9,689
****

 10,486
****

 5,390
**

 

Standard error 1,962 2,115 2,080 2,514 

df 26 27 26 27 

Table 5.7 Influence of Search Depth on the percentage Innovation Turnover related to Product 
Innovation. 

a 
Linear regression model includes control variables R&D intensity and highly educated employees. 

b 
Linear regression model includes control variable R&D intensity. 

c
  Linear regression model includes control variable highly educated employees. 

d
  Linear regression model includes no control variables. 

*  p <0,10 

**  p <0,05 

***  p <0,01 
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Collaboration Strategy and Innovative Output 

 Strikingly, collaboration on itself was found to have no significant influence on turnover related to 

innovation in general, nor on innovation turnover related to different types of innovation. Table 5.8 

indicates that collaboration in combination with a higher R&D expenditure predicts a higher 

percentage of innovation turnover related to product innovation.  

 (1)
a 

(2)
b 

(3)
c 

(4)
d 

(5)
e
 (6)

f
 

Standardized coefficient 

collaboration 

0,191 0,171 - 0,291    

Standardized coefficient 

interaction effect collaboration 

R&D intensity 

0,528
*
 0,387

**
 0,317 0,526

*
 0,074 0,152 

Standardized coefficient R&D 

intensity 

- 0,171  0,010 - 0,161 0,178  

R
2 
(adj) 0,320 0,333 0,281 0,337 0,261 0,265 

F 4,108
***

 5,110
****

 4,224
***

 5,195
****

 4,891
***

 6,961
****

 

Standard error 2,230 2,209 2,293 2,201 2,324 2,318 

df 33 33 33 33 33 33 

Table 5.8: Collaboration and the Percentage of Innovation Turnover related to Product Innovation.  

a
  Linear regression model includes collaboration, collaboration*R&D intensity, collaboration* highly 

educated employees as independent variables, and R&D intensity, and highly educated employees as 

control variables. 
b 

 Linear regression model includes collaboration, collaboration*R&D intensity, collaboration* highly 

educated employees as independent variables, and highly educated employees as control variable. 
c
  Linear regression model includes collaboration, collaboration*R&D intensity, R&D intensity as 

independent variables and highly educated employees as control variable. 
d 

 Linear regression model includes collaboration*R&D intensity, collaboration* highly educated 

employees, R&D intensity as independent variables, and highly educated employees as control variable. 
e 

 Linear regression model includes collaboration*R&D intensity, R&D intensity as independent variables, 

and highly educated employees as control variable.  
f 

 Linear regression model includes collaboration*R&D intensity as independent variables, and highly 

educated employees as control variable. 

*  p <0,10 

**  p <0,05 

***  p <0,01 

**** p <0,005 

Again, only product innovation was found to be influenced by determinants of collaboration 

strategies. Among collaboration strategies, several collaboration practices were found to have to 

predict a higher percentage of turnover related to innovation. First, it was found that a higher 

involvement in open innovation projects predicts a higher percentage of innovation related to product 

innovation. As both measurements are highly correlated (Pearson correlation = 0,782
****

), they were 

merged in the factor ‘involvement in open innovation projects’. This factor explains 89% of the 

variance in both variables.  
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As can be seen in Table 5.9, this factor shows a positive effect on the percentage of innovation 

turnover related to product innovation.  

 (1)
a 

(2)
b 

(3)
c 

(4)
d 

Standardized coefficient involvement in open 

innovation projects 

0,648
***

 0,677
****

 0,736
****

 0,785
****

 

R
2 
(adj) 0,576 0,586 0,588 0,591 

F 8,704
****

 13,044
****

 13,127
****

 26,606
****

 

Standard error 1,521 1,503 1,500 1,493 

df 17 17 17 17 

Table 5.9: Involvement in Open Innovation Projects and the Percentage of Innovation Turnover related to
  Product Innovation. 

 

a 
 Linear regression model includes R&D intensity and highly educated employees as control variables. 

b 
 Linear regression model includes R&D intensity as control variable. 

c
  Linear regression model includes highly educated employees as control variable. 

d
  Linear regression model includes no control variables.  

*  p <0,10 

**  p <0,05 

***  p <0,01 

**** p <0,005 

 

Secondly, regression analyses indicate a higher number of external partners to predict a higher 

percentage of turnover related to product innovation (see Table 5.10) 

 (1)
a 

(2)
b 

(3)
c 

(4)
d 

Standardized coefficient log (number of external 

partners + 1) 

0,609
****

 0,628
****

 0,679
****

 0,728
****

 

R
2 
(adj) 0,672 0,673 0,535 0,503 

F 13,265
****

 19,539
****

 11,359
****

 19,199
****

 

Standard error 1,308 1,305 1,556 1,609 

df 18 18 18   18 

Table 5.10: Number of external Partners and the Percentage of Innovation Turnover related to Product  
  Innovation. 

a 
 Linear regression model includes R&D intensity and highly educated employees as control variables. 

b 
 Linear regression model includes R&D intensity as control variable. 

c
  Linear regression model includes highly educated employees as control variable. 

d
  Linear regression model includes no control variables.  

*  p <0,10 

**  p <0,05 

***  p <0,01 

**** p <0,005 
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6. Discussion 

ithin the scope of the HTSM sector, it was explored (1) which degrees of openness in innovation 

can be found (2) which types of innovative output can be found, and (3) and in which manner these 

openness degrees may contribute towards innovative output. 

Using a mixed-methods research approach, data was gathered in an literature study, in case studies, 

and in a survey study. Using literature, determinants of openness of innovation and innovative output 

were identified. Secondly these findings were pre-tested and complemented with case study findings. 

Interviewees were employed at four different companies in terms of company type, size, and 

absorptive capacity. Third, these findings were further explored in an internet-based survey involving 

questions on innovative productivity of the company and about its open innovation activities. The 

respondents of these survey can be characterized as a heterogeneous group of knowledge intensive 

companies, that differ in their typology, size, and product market. 

This chapter summarizes and concludes on the main findings of the research. Thereafter are discussed 

the main findings in terms of implications, limitations, and directions for further research.  

6.1 Summary 
First, literature, case study, and survey findings on openness of innovation are outlined. Secondly, the 

findings regarding innovative output are listed. Lastly, suggestions on contributions of openness in 

innovation towards innovative output are summarized. 

 

In the literature study it was found that open innovation practices can differ on two dimensions; on the 

external search strategy and the collaboration strategy. The former includes determinants as external 

search breadth, search depth, and diversity in the external knowledge sources, whist the latter includes 

the involvement in OI-projects, the extent of openness in the different phases of the innovation 

process, the number of external partners, the equality of decision power of project partners, and the 

extent to which hard and soft mechanisms regulate the projects.  

This implies that in theory, different combinations of external search and collaboration strategies can 

be made, varying from extremely open towards entirely closed. According to the literature, these 

degrees occur since the perceived necessity of collaboration varies in place and time.  

 In the interviews it emerged that the cases studied differ enormously in terms of (open) innovative 

focus. This openness particularly manifests itself in utilizing external knowledge on area’s outside the 

core activity of the company. These activities then mostly involve existing business relations such as 

suppliers and clients but also institutional partiers as well. These collaboration partners are chosen 

1) Which degrees of openness in innovation can be found in theory and in practice? 
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carefully as these projects require trust and clarity on agreements regarding intellectual property 

rights.  

Involving external search strategy, it was found in the survey that on average respondents use a wide, 

diverse set of external knowledge sources to a medium extensive extent. More than half of the 

respondents indicate to follow a collaboration strategy in innovation. These open innovation projects 

involve on average three partners. OEMs, first tier suppliers, and universities showed to be most 

popular external partners. Companies are highly involved in these type of innovation projects. On 

average, 40% of their innovation projects are open innovation projects. In these open innovation 

projects one out of every five employees participates. In these projects is exchanged knowledge in 

most of the phases and feedback loops along the innovation funnel.  

These projects are rarely spontaneous phenomena, instead, they are arranged by trust mechanism and 

by means of formal contracts. Despite these arrangements, medium large companies perceive 

inequality in voices of project partners in these projects. Therefore, the relative openness of open 

innovation projects may be limited from the perspective of some project partners.  

From the observed activities in collaboration three underlying components could be extracted. These 

components were extracted in an exploratory factor analysis, using principle component analysis. The 

loadings of items on these factor suggest that component 1 represents an ‘extensive collaboration 

strategy’, component 2 a ‘deliberate collaboration strategy’, and component 3 a ‘sporadic 

collaboration’ strategy. The first and third component are negatively correlated, which implies that 

they are exclusive strategies.  

 

 

In the literature study it was found that innovation can differ in terms of impact (radical and 

incremental innovations) and in terms of scope (product and process innovations). These different 

flavours of innovative output are difficult to measure objectively, due to several reasons. First of all, 

impact of innovation cannot directly measured. Therefore is the proxy ‘newness’ often used. Newness 

of incremental innovations is restricted to the company whilst newmess of radical innovations applies 

to a world market level. Secondly, these innovations should be quantified. This can be achieved by 

scoring abolute numbers of innovations or by indicating relative contribution of innovation towards 

annual turnover. However, in the case studies it was found that companies may not have insight in 

these figures. From the survey results it became clear that these variables rather provide an indication 

of the perceived innovativeness of a company, than that it provides exact estimations.  

In professional literature was stated that suppliers increasingly face responsibility of all activities in 

between R&D and marketing and sales of OEMs, whilst OEMs tend to focus on R&D-activities and 

2) What types of innovative output can be found in theory and in practice? 
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marketing and sales. The interviewees employed at the OEMs reported to focus on product innovation 

whilst the engineering company and supplier stated to concentrate on process innovation. The latter 

two emphasised their intention to increase their voice in open innovation projects, whilst the 

interviewees employed at the OEMs reported to be tentative on sharing information in order to protect 

their future or current IP ownership. 

In analysing the survey data it was found that particularly OEMs score high on the production of 

innovation in general, and also significantly better than second tier suppliers. Furthermore, OEMs 

scored on average about the same as suppliers on product innovation, and suppliers scored on average 

lower than OEMs on process innovations.  

 

 

It is rather difficult to identify how open innovation strategies may influence open innovative output, 

as numerous external influences might impact the innovative performance of a company. First, there 

are various characteristics of companies such as their type, size, knowledge intensity, relative size, 

and dependency to third parties that may influence their innovative output. On top of that, public 

organizations may intervene in the innovation process by means of financial support or by acting as 

launching customer.  

As a first step in exploring the contribution of openness of innovation towards innovative output was 

outlined a conceptual model. Instead of using a dichotomous classification of open and closed 

innovation, in this model different determinants of openness in innovation are displayed. Furthermore, 

in this model is innovative output considered both in terms of quantities (what is important to the 

company) but also in terms of impact (what benefits spill over to society). 

In the Dutch HTSM sector, open innovation is believed to be beneficial or as some even argue, 

necessary. In all cases studied, openness was found to be a must to speed up the innovation process 

and to deal with increasing complexity. However, in analysing the survey results, only the percentage 

of innovation related to product innovation was found to be influenced by determinants of openness in 

innovation. 

The survey result indicate that a higher search depth predicts a lower product innovation performance. 

Furthermore, collaboration in combination with R&D expenditure was found to predict a higher 

percentage of turnover related to product innovation. Interestingly enough, collaboration on itself was 

found to have no significant influence on turnover related to innovation in general, nor on innovation 

turnover related to different types of innovation. 

3) How may openness in innovation influence innovative output? 

4) What influences of openness in innovation on innovative output can be found in practice? 
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Among companies that pursue a collaboration strategy, several collaboration practices were found to 

predict a higher percentage of innovation. There are a higher involvement in open innovation projects 

(in terms of percentage of innovation projects and share of employees that participate in these 

projects) and a higher number of external partners. 

6.2 Conclusion 
This research is aimed to enhance understanding of the ‘grey’ area between open and closed 

innovation and its role in producing innovative output. This research is focused on OEMs and their 

suppliers active in the Dutch HTSM sector. Innovation was found to be a phenomenon with a 

complex, contextual embedded nature, that can differ in its scope and impact. Consequently, 

companies may have difficulties in estimating the contribution of open innovation on innovative 

output. Openness in innovative is often felt to be a must to speed up the innovation process and to 

deal with increasing complexity. However, it was found to contribute solitary towards product 

innovation, and not on other types of innovation. Even then, this contribution was found to be 

conditional. This might be due to the fact that openness is a tricky strategy – you cannot be open on 

everything. Companies continuously need to balance, to ensure that they have something of their own 

to remain in competition. 

 To safeguard their competitive advantage, openness is mainly applied on area’s outside the core 

activity of the company. These open innovation practices differ on two main dimensions; on the 

external search strategy and the collaboration strategy. The results indicate that companies should not 

search too intensively in external knowledge sources. Furthermore, the survey showed that innovative 

collaborators need to invest substantively in R&D to capture benefits in product innovation. On of top 

of that, collaboration requires an investment in a trust relationship, and agreements regarding 

intellectual property rights.  

Among companies that pursue a collaboration strategy, several collaboration practices were found to 

predict a higher percentage of innovation. These are a higher involvement in open innovation projects 

(in terms of percentage of innovation projects and share of employees that participate in these 

projects) and a higher number of external partners. However, on most continuous indicators of 

openness in collaborative innovation projects, no significant effect could be found. This might be due 

to the fact that several type of open innovation strategies underlie these different combinations of 

openness indicators. Within these collaboration strategy different groups of open innovation strategies 

can be found; extensive collaboration strategies, deliberate collaboration strategies and sporadic 

collaboration strategies.  

6.3 Implications 

Using a multi-method approach has the benefit of methodological triangulation. In this research both 

targeted and insightful information could be retrieved using qualitative research, and quantifiable 

information that allows comparison could be retrieved using quantitative research. The latter can be 
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beneficial to companies in the HTSM sector, as they can benchmark themselves against average score 

in openness in innovation and innovative output, whilst the former provides insight in the underlying 

motives and decisions in engaging in an open innovation activities.  

6.3.1 Managerial Implications 

Open innovation is more than a simple dichotomous choice of engaging in open innovation. Instead, 

engaging in open innovation requires clear external search and collaboration strategies. Companies 

constantly need to balance their internal and external innovation activities. So, the choice of engaging 

in open innovation may rather be typed as an continuous decision process. In this decision strategy, 

two central decision process were found. The first one involves ‘to what extent to engage in external 

search strategy’. The second one involves ‘whether to engage in collaboration’ and if so, ‘which 

collaboration strategy to pursue’. It has to be kept in mind that open innovation should not be praised 

a priori. For instance, too extensive search in external knowledge sources was found to predict lower 

product innovation performance. Companies thus need to make sure their external search strategy is 

efficient, and that over search is being avoided. Furthermore, if they engage in collaboration, they 

should perform sufficient internal R&D. Among innovative collaborators, it was found that a higher 

number of external partners and a higher involvement in open innovation predicts a higher innovative 

output in terms of product innovation.  

Still, it should be kept in mind that even an optimal open innovation strategy does not guarantee open 

innovation success. It is way in which this open innovation strategy is implemented that matters. For 

instance, a higher number of partners goes hand in hand with higher coordination and monitoring 

costs (Berchicci, 2013, p. 125). Therefore, companies need to make sure that they keep things 

manageable. Furthermore, partners should match in terms of strategy and resources (Koen, 2011). 

Committees may support companies in this aspect by providing information about competences and 

specialism of potential open innovation partners. Other company specific aspects might influence 

open innovation success as well, for instance, their innovation culture might act as a barrier towards 

embracing open innovation. Or employees may lack open innovation skills (Mortara J. , Minshall, 

Napp, & Slacik, 2009).  

6.3.2 Suggestion to Dutch Government 

The Spearhead policy of the Dutch government concentrates on enhancing science-business links, as a 

well-functioning network of specialized companies and knowledge institutions is believed to be an 

crucial enabler of competitive advantage of the High Tech Sector (Top-Sectoren, nd). Still, in order to 

capture innovation benefits for companies it was found that substantive internal R&D expenditures 

should be made in combination with collaboration with external partners. There lies an opportunity 

for the Dutch government to promote collaboration in combination with growth in internal R&D 

expenditures.  
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6.4 Limitations 
It must be noted that these findings are part of an exploratory study, in which was attempted to get a 

feeling for the openness in innovation activities of OEMs and their suppliers. Due to this exploratory 

nature, findings might be limited in generalizability for several reasons. 

First of all, not all companies had insight in exact numbers of turnover related to innovation. Due to 

this, it has been stated that the score of companies on innovative output variables should rather be 

seen as an indication of the perceived innovativeness of a company, instead of an objective measure. 

Furthermore, in indicating their R&D intensity, companies indicated excessive results. It might be the 

case that this occurs because respondents do not know exact numbers and therefore used heuristics to 

answer this question (I am very innovative, so my R&D intensity should be 100%). As a structured 

survey lacks probing options, it is not quite clear whether data gathered in the data is based on 

objective statistics or on gut feeling.  

Secondly, the survey sample may not be representative for the Dutch HTSM sector, due to two 

reasons. First of all, there is a selection bias, as all elements in the sampling frame are members of 

High Tech NL. These members might differ from the rest of the population of companies. 

Furthermore, there is a possibility that there is a response bias. This can occur because companies 

who are closed in their innovation activities might not feel the need of filling in a survey on their 

innovation and open innovation behaviour.  

A third limitation occurs due to the PCA method of extracting underlying component in collaboration 

strategies. Using this method always involve selection of which items to include in this analysis. Also, 

coherence in data does not imply correlation in population variables (Kim & Mueller, Introduction to 

factor analysis. What it is and how to do it., 1994, p. 59-61). Field (2009, p. 637) argued that 

generalization of results of PCA can only achieved if analysis using different samples reveals the 

same factor structure.  

Fourth, this study is a static study. So, although some openness in innovation determinants were found 

to predict innovative output in product innovation, it is not clear whether this is a causal relationship, 

or that this is just correlation. 

6.5 Possible Directions for Future Research  

Future research could complement findings of this exploratory study by performing a large scale, 

longitudinal study on a random selected sample of companies active in the HTSM sector. In this way, 

aforementioned limitations on generalizability may be reduced. Furthermore, this research may shed 

light on whether the extracted collaboration strategies (extensive collaboration strategies, deliberate 

collaboration strategies, and sporadic collaboration strategies) occur on a large scale, and if so, in 

whether they predict innovative output of companies.  

On top of that, it would be valuable to know to what extent this openness in innovation in the Dutch 

HTSM sectors differs from openness in HTSM sectors of other countries. Future research could focus 
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on a cross-country comparison of openness in innovation activities. Using the continuous indicators of 

openness in innovation in the conceptual model would give a more complete picture of openness in 

innovation than previous studies that used binary indicators. These findings are not only relevant to 

literature, but also to the industry because this gives insight which countries are leaders and followers 

in open innovation. Being a leader in open innovation could act as an unique selling point in attracting 

foreign investors.  
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List of Definitions 
Absorptive capacity: organizational routines and strategic processes by means of which it can acquire, 

assimilate, transform, and exploit knowledge (Wagner & Philler, nd, p. 26). 

Brainport region: the hub of a network that stretches across South-East Netherlands and its borders, 

with the city region Eindhoven as centre (Brainport Development NV, 2012). 

Chain integrator or system supplier: primary supplier who assembles modules into (in)complete 

products (Haffmans & Weele, 2004). 

EMS (electronics manufacturing service company): company which designs, tests, manufactures, 

distributes, and provides return/repair services for electronic components and assemblies for OEMs 

(Campman, 2013).  

Formal open innovation project: A project in which a company combines ideas from inside or 

outside the company for the development as well as the market of new technology and products 

(based on Chesbrough, 2003a). 

Highly educated: completed higher vocational or university degree(OECD & Eurostat, 2005, 100). 

High Tech sector: a sector in which the average turnover spent on R&D exceeds 4% (Smith, 2000, p. 

10). 

HTSM (High Tech Systems and Materials)sector: sector involving technological activities in the 

metal industry and in the manufacturing of machines, devices, and means of transport; the 

development, production and publishing of software; the examination and reviewing of machines and 

devices; and the R&D activities on High Tech systems (CBS, 2012a, p. 22).  

Inbound open innovation activities: innovation activities to capture and benefit from external sources 

of knowledge to enhance current technological developments (van de Vrande, de Jong, 

Vanhaverbeke, & de Rochemont 2009, p. 424). 

Incremental innovation: innovation involving minor changes and modifications to products and 

technologies (Ritala & Hurmelinna-Laukkanen, 2012, p. 158). 

Innovation: The implementation of new or significantly improved processes; products; new 

marketing methods; or new organizational methods in business practices, workplace organizations, or 

external relations (OECD & Eurostat, 2005, p. 46).  

Intellectual Property (IP): property such as patents, copyrights and trademarks. The holder of an IP-

item is allowed to exercise a monopoly on the use of the item for a specified period (based on 

Khemani & Shapiro, 1993). 

Need effect: the effect that the more external knowledge is needed, the more open the company will 

be (Barge-Gil, 2010, p. 583). 

ODM (Original Design Manufacturer) or system developer: supplier who specializes in engineering 

activities (Haffmans & Weele, 2004, p. 9). 

OEM (Original Equipment Manufacturer): a company that has a relationship with the original 

manufacturer to resell that manufacturer’s products with added value (Beal, 2010). 
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OMM (Original Module Manufacturer): supplier who assembles several components into complete 

modules (Haffmans & Weele, 2004, p. 9). 

OI (Open innovation): the idea that companies can combine ideas from inside or outside the company 

for the development as well as the market of new technology and products (based on Chesbrough, 

2003a). 

Open innovation partner: partner with which is actively collaborated in the area of innovation 

activities, which not necessarily involve commercial benefits (CBS, 2012b). 

Outbound open innovation activities: innovation activities to leverage existing technological 

capabilities outside the boundaries of the organization (van de Vrande et al., 2009, p. 424). 

Physical dependency: a solution of a focal company depends on module(s) of its supplier (Popp & 

Meyer, 2010).  

Process innovation: the putting into use of a new or significantly improved method of production or 

delivery method (OECD & Eurostat, 2005, 49). 

Product innovation: the development of new or strongly improved products (Centrum voor 

Beleidsstatistiek, 2012, p. 3). 

Radical innovation: an innovation which has significant impact on a market and on the economic 

activities of companies in that market (OECD and Eurostat, 2005, p. 58) 

R&D (Research and development): engaging in basic and applied research to acquire new knowledge 

and direct research towards specific inventions or modifications of existing techniques and/or 

developing new product or process concepts or other new methods to assess whether they are feasible 

and viable, a stage which may involve: a) development and testing; and b) further research to modify 

designs or technical functions (OECD, 2002. In: OECD & Eurostat, 2005, p. 36).  

R&D (Research and Development) intensity: the ratio between R&D expenses and turnover (OECD 

and Eurostat, 2005, 73). 

Scope and quality dependency: a solutions’ functionality and quality is restricted by the quality of its 

modules and components produced elsewhere (Popp & Meyer, 2010). 

Search breadth: the number of external information sources that are used by a company (Laursen & 

Salter, 2006).  

Search depth: the intensity in which external knowledge sources are used (Laursen & Salter, 2006).  

System developer: see ODM (Original Design Manufacturer) 

System supplier: see chain integrator 

Timing dependency: a focal company can only assembly when the supplier has finished its product 

(Popp & Meyer, 2010).  
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Appendix 1: Guide into Open Innovation Literature 
This Appendix contains a general introduction towards open innovation. This overview includes; an 

explanation of the term open innovation, an elaboration about the open versus closed dichotomy of 

innovation, and a short overview of barriers and enablers of open innovation from a company 

perspective. 

 

Researchers often use Chesbrough’s (2003a) definition of Open Innovation to clarify the concept (see 

page 1). This definition is twofold; (1) companies can utilize both external and internal ideas and (2) 

they can take both internal and external paths to market. Although this definition the most shared one, 

it is a very broad definition. Due to this, terms as Open Innovation, Crowdsourcing, User-driven 

Innovation, Co-creation and Open Source are often confused with each other. Lindegaard (2011, p. 3-

4) provided an explanation; in general, Crowdsourcing, User-driven innovation and Co-creation are 

tools and techniques that can be used within the OI-paradigm. Open Source then, is a philosophy as 

much as a methodology. Open source practices fall under the heading “Open Innovation” in case that 

the open source activities are profit seeking (Gobble, 2012, p. 58).  

Independent of what tool, technique or method is used, when an OI-strategy is pursued by a company, 

its boundaries will become permeable. Due to this, knowledge can flow and/or out the company more 

easily (see Figure A). 

 

Figure A: The Closed Innovation Model (left) and the Open Innovation Model (right) 
(Chesbrough, 2003b, p. 36-37) 

Open versus Closed Innovation 

As said before, much is known about the contrasting principles of open versus closed innovation. As 

can be viewed in Table A (on the next page), the Closed Innovation perspective emphasizes the 

importance of gaining and maintaining exclusive ownership of knowledge and skills. Open 

innovators, on the contrary, pursue access to knowledge and skills. 

Another dimension on which Open Innovation differs inherently from Closed Innovation is the 

approach toward innovation projects. From a Closed Innovation perspective, a developed project 

should be terminated when it turns out to have a low fit with the company’s business model. This 
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approach is also known as minimizing false positives (Chesbrough, 2004); minimizing the number of 

projects that turn out to be failures (Bingham & Spradlin, 2011, pp. 8-10). In contrast, this particular 

project might still seem promising from an OI-point of view. Value might be gained from an 

alternative perspective of third parties on the potential of the project, from out-licensing the problem, 

or even from creating an external spin-off venture. So although the company should quit investing in 

this project, exposing it to external parties might pay off (Chesbrough, 2004, pp. 24-25). This 

approach is also known as minimizing false negatives (Chesbrough, 2004); minimizing the number of 

projects that were assumed to be failures but prove to be successful (Bingham & Spradlin, 2011, pp. 

8-10).  

Closed Innovation Principles Open Innovation Principles 

The smart people in our field work for us. Not all of the smart people work for us so we must find 
and tap into the knowledge of bright individuals outside 
our company. 

To profit from R&D, we must discover, 
develop and ship it ourselves.  

External R&D can create significant value; internal R&D 
is needed to claim some portion of that value. 

If we discover it ourselves, we will get it 
to the market first. 

We don’t have to originate the research in order to 
profit from it. 

If we are the first to commercialize an 
innovation, we will win. 

Building a better business model is better than getting 
to the market first.  

If we create the most and best ideas in 
the industry, we will win. 

If we make the best use of internal and external ideas, 
we will win. 

We should control our IP(intellectual 
property) so that our competitors don’t 
profit from our ideas. 

We should profit from others’ use of our IP(intellectual 
property), and we should buy others’ IP whenever it 
advances our own business model.  

Table A:  Contrasting Principles of Closed and Open Innovation (Chesbrough, 2003b, p. 38) 

Drivers and Barriers towards Open Innovation 
OI-activities of SMEs are mostly driven by market-related considerations, such as; meeting customer 

demands, keeping up with competition, mainting growth, or reducing time-to-market (van de Vrande 

et al. , p. 435). In these companies, OI-activities are believed to be a necissity to stay alive (Intuit, 

2009). Large companies are mostly driven by the same forces. Lindegaard (2011, p. 13) listed; “a 

faster development and market launch of new products and services which will build revenues, market 

share and profits; an increase in diversity brought to innovation which will result in uncovering more 

oppertunities; improved success rate of new products and services by making the innovation process 

strong and diversified; and the sharing of both market and technological uncertainties of innovation”.  

 

If you see the list of benefits above it is not a surprise that companies are eager to start with open 

innovation practices. However, in practice companies face a number of barriers in implementing open 

innovation (Pullen, deWeerd-Nederhof, Groen, & Fisscher, 2012). Especially large companies have 

trouble in managing innovation, due to the inertia of past actions, the stifling effects of bureaucracy, 



 

77 
 

and the inflexibility of collective mindsets (Sharma, 1999, p. 146). OI is less risky for small 

companies, as they can experiment new approaches faster, easier, and cheaper – unobstructed by 

bureaucracy (Intuit, 2009).  

Taken into account these barriers, one would expect SMEs to open up their innovation practices more 

often than large companies. However – though SMEs recognize the importance of information 

acquired from affiliates, competitors in the industry, and customer and suppliers – few SMEs use 

external information in their innovation process (Lee, Nystén-Haarala, & Huhtilainen, 2010, p. 294). 

This might be due to what van de Vrande et al. (2009, p. 435) found to be the largest challenge in 

dealing with interacting and collaborating with external partners; the organizational and cultural 

issues that are likely to appear. Especially collaboration involving companies of different sizes can be 

a complex operation, due to dissimilarities in; the speed of decision-making, attitudes towards risks, 

willingness to develop new rules, allocation of resources, definitions of innovation, and the extent to 

which process are used (Lindegaard, 2011, pp. 43-44). These differences can cause irriation at both 

parties. For example small companies can become tired of the long planning periods that are common 

in large companies (Lindegaard, 2011, p. 79).  
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Appendix 2: Guide into High Tech 
The first section of this Appendix gives a delineation of the concept ‘High Tech’. In this section is 

explained which sectorial activities are classified to be High Tech and more specifically, which 

activities are part of the Dutch HTSM sector. In this section is sketched the order of magnitude of this 

sector by describing its activities and general statistics.  

Thereafter, the focus shifts from theory towards empirics. In the second section of this Appendix, 

attention is paid to the context of Dutch activities in High Tech. To start off with, R&D-activities in 

the Netherlands are compared to those of other countries and regions. Lastly, an overview is given on 

the political context in which the Dutch HTSM sector is embedded.  

Defining High Tech 
Officially, High Tech is a term that relates to high technology industries. The most universal 

definition to distinguish high, medium, and low tech industries is the ISIC Technology Intensity 

Definition, in which R&D-intensity is used as distinguishing factor. If the average spending of 

turnover of a sector to R&D exceeds 4% of its turnover, the sector is being classified as High Tech 

(Smith, K., 2000, p. 10). The most up to date version of this definition is the third revision which 

includes the following sectors: Aircraft and Spacecraft; Pharmaceuticals; Office, Accounting and 

Computing Machinery; Radio, TV and Communications Equipment; and Medical, Precision and 

Optical Instruments (OECD Directory for Science, Technology and Industry, 2011). A drawback of 

using R&D-intensities as distinguishing factor is that R&D-intensive companies can occur in low tech 

sectors and non-R&D-intensive companies can occur in High Tech sectors as well (Kiner et al. 2009; 

Santamaría et al. 2009. In: Barge-Gil, 2010, p. 589). There is no definition of High Tech that 

encompasses these exceptions. 

To make things even more complicated, governments often use other definitions to indicate their High 

Tech industries. These differences among definitions exist because different methods are used to 

classify economic activities into sectors, like the NACE-code of the European Union, the ISIC-code 

of the United Nations, and several country specific codes such as the SBI-code (the Netherlands) and 

the SIC-code (the United States of America).  

Nevertheless, literature does agree several characteristics of High Tech companies. First, there is 

agreement among scientist that high R&D-intensity and high R&D-expenditures are being the most 

important traits of High Tech companies (Bruton & Wan, 1994; Lee & Shim, 1995. In: Harbia, 

Amamoub, & Andersonc, 2009, p. 467). Secondly, High Tech companies are commonly believed to 

develop and/or apply new technologies in their products (Grinstein & Goldman, 2006. In: von Hippel 

& de Jong, 2009, p. 10). Lastly, these products have been argued to have short life cycles which show 

a bell shaped curve (Wu et al., 2005. In: Levelt, 2010, p. 193).  
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International, national, and regional activities in High Tech  
This section is aimed to give an overview of the context in which the Dutch HTSM sector is 

embedded. This overview starts with a description of the international context. 

Concerning international trade, High Tech products are the fastest growing segment. Developed 

countries depend on High Tech to a large extent; about a quarter of their export is in High Tech 

products (Srholec, 2007. In: Harbia et al. , 2009, p. 466). In order to keep up with the technical pace, 

developed countries invest heavily in R&D. Table B shows the share of R&D expenditures on High 

Tech of some countries in the Euro area, the United States, and Japan. From this table can be 

concluded that Finland, the United States, and Japan have a relative high share in High Tech 

compared to the Netherlands. Within the Euro zone however, the Netherlands appear to be a High 

Tech spender, whilst Germany and Spain seem to lag behind (ECB, 2005, p. 48).  

Country   Share R&D Expenditure on High Tech (2000-2002) 

Belgium 26,1% 

Germany 22,5% 

Spain 22,3% 

France 30,4% 

Italy 33,5% 

Netherlands 42,5% 

Finland 66,5% 

UK 22,2% 

US 46,0% 

Japan 46,8% 

Euro area 28,4% 

Table B:  Relative R&D Expenditure on High Tech by Country ( based on ECB, 2005, p. 48) 

However, focusing on aggregate numbers of R&D spending in the whole country does not provide 

insight in regional differences among parts of a country. Therefore, it might make sense to put aside 

constraints arising from using frameworks as ‘The European Union’, or ‘The Euro Countries’ aside, 

and focus only on geographical regions in which High Tech is found to play a prominent role. 

If we zoom in on region level (NUTS 1 level), it turns out that there are domestic regions that score 

particularly high on the level of employment in High Tech sectors (see Figure B and C).  
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Figure B:  Top 15 regions (NUTS 1 level) in terms of Employment in High Tech Sectors, in Thousands – 

2006 (based on Meri, 2008) 

 

 

Figure C: Top 15 regions (NUTS 1 level) in terms of Employment in High Tech Sectors, as a share of 

Total Employment – 2006 (based on Meri, 2008) 
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Within the European Union, Iceland, Norway, Switzerland, and Turkey, there seem to be 15 ‘Top 

regions’ in which High Tech activities are clustered. If we compare Table B to Figure B and C, it is 

revealed that the Netherlands does not score high at all on High Tech activity compared to countries’ 

as Germany and Spain. Though West-Nederland (West-Netherlands) scores well on R&D-

employment, there are 13 other regions that perform better.  

 Still, by focusing on NUTS 1 level, differences between smaller regions might be overseen. To get a 

decent impression of the geographical scope of High Tech activities in the Netherlands, one should 

look beyond the ‘Top Regions’ level and focus on High Tech activities at NUTS 3 level.  

If we look beyond Top Region “West-Nederland” (West-Netherlands), it turns out that there is only a 

small part in West-Netherlands with a high level of High Tech activity; respectively Delft and 

Westland (code NUTS 3: NL333) (Holland High Tech, 2012). The main part of activities in the 

HTSM sector occur outside West-Nederland and are located mainly in the South- East part of the 

Province North Brabant (code NUTS 3: NL414) (Brainport Development NV, 2012). To clarify even 

more, this latter region accounted for 8 of the 11% of the total export of the HTSM sector in the 

Netherlands in 2010 (Brainport Development NV, 2012, p. 5; CBS, 2012b). It is no surprise that this 

region accounted for the highest level of private R&D expenditure of the Netherlands in 2008 

(Lemkes-Straver, 2008, p. 19). 

High Tech Policy on an International and National Level 
It can be said that innovation is being high on the agenda of the European Union (EU), since 

promoting innovation is part of the Europe 2020 goals. The fulfilment of Europe 2020 goals is 

believed to contribute to sustainable growth of the Union. Member States of the EU should set-up 

national policy in order to achieve these 2020 goals.  

The Netherlands is subjected to supranational legislation of the Union. In order to meet these Europe 

2020 goals, the Dutch government started a spearhead sector policy. This policy is mainly based on 

the recommendation of the Union to provide suitable incentives in the context of enterprise policy in 

order to enhance private R&D expenditures and other innovation enablers (European Commission, 

2012). In the spearhead sector, focus lies on enhancing the Dutch competitive position by getting rid 

of bureaucratic burden and giving companies the opportunity to do business and to invest, innovate, 

and export (Topsectoren, nd). Furthermore, this policy concentrates on enhancing science-business 

links, as a well-functioning network of specialized companies and knowledge institutions is believed 

to be an crucial enabler of competitive advantage of the High Tech Sector (Top-Sectoren, nd).  

The Dutch government makes use of several economic instruments in order to meet the afore 

mentioned ambitions. These instruments include; attractive fiscal arrangements, public procurement, 

and provision of loans and subsidies. For example, companies can draw on a R&D tax deduction 

(Secretariaat topteam HTSM, 2011). Furthermore, the Dutch government has set up an Innovation 

Platform in 2003. This platform should fulfil the aim to create a structured, centralized approach 
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towards procurement. In an action plan that resulted from this platform it was stated that the Dutch 

public procurers should use at least 2,5% of their total procurement budget for properties or services 

not yet available to the market from 2006 on (Fraunhofer Institute, 2005, p. 104). In other words, the 

Dutch government can enable the creation of niches and may thus act as ‘launching customer’ of 

innovations. In addition, Agentschap NL (a Dutch governmental institution that is concerned with 

granting of subsidies) has made available four million euro to High Tech SMEs in the so-called MIT-

regulation (SME Innovation stimulation Spearhead Sectors). In 2013 1,9 million euro’s was made 

available to stimulate innovation by means of innovation vouchers, another 1,9 million euro to 

stimulate collaboration among SMEs, and 200 000 euro to stimulate network activities (Eindhovens 

Dagblad, 2013).  
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Appendix 3: Committees of the HTSM Sector 
An important actor group that is actively involved in stimulating High Tech in the Netherlands are 

committees. These committees can be active on national or region level, representing the interest of 

the High Tech sector or a particular group of companies.  

To begin with, the open association ‘High Tech NL’ is active on a national level. This committee 

represents the interests of its members, which are companies and research institutes active in the High 

Tech sector. High Tech NL assists its members in facing challenges involving issues concerning 

innovation, human capital, supply chain, and international affairs (High Tech NL, nd). An important 

partner of High Tech NL is the foundation ‘Holland High Tech’. This foundation aims to join forces 

of the HTSM sector in order to enhance company performance on the four issues mentioned above. In 

order to do so, Holland High Tech is branding the Dutch HTSM sector internationally “to make sure 

that all technology-oriented channels, meaning companies, industry organizations and embassies 

know that the Netherlands is the place to be for everything High Tech” (Holland High Tech, 2012).  

Second, the public enterprise ‘Brabantse Ontwikkelings Maatschappij’ (Brabant Development 

Company) is active on a regional level and strives to optimize the economic performance of the 

province North-Brabant. Major activities of the Brabantse Ontwikkelings Maatschappij involve; the 

initiation and direction of knowledge intensive projects and activities, the forging of coalitions, the 

investment in promising companies, and the generation and management of capital in projects (BOM, 

nd).  

As said before, committees can also represent the interests of a particular group of companies. 

Suppliers, for instance, can join forces in industry associations. On a national scale, companies can 

join ‘NEVAT’. This association has three focal points in supporting supplier performance across 

industries. These are; new business, professionalizing of members, and lobbying (NEVAT, nd). 

On a regional scale exists the association ‘Brainport Industries’. As said before, the main bulk of 

activities in the HTSM-sector occur in the region of the south-east part of North-Brabant. This area is 

better known as the ‘Brainport Region’; the hub of a network that stretches across South-East 

Netherlands and its borders, with the city region Eindhoven as centre (Brainport Development NV, 

2012). The members of Brainport Industries solitary include high tech suppliers of OEMs active in the 

High Tech sector in the Brainport region. One main activity of this association involves the setup of 

demand-driven, pre-competitive open innovation projects aimed to develop and share new knowledge 

(Brainport Industries, 2011).  

Committees support players in the industry in their efforts to avoid threats. These committees 

emerged because some trends are occurring that threaten the strong position of the Brainport region.  

The first trend is a demographic one. For several years, the Dutch working population is shrinking due 

to trends as an aging population (Brainport Development NV, 2012, p. 4). Furthermore, there is an 

increasing shortage of technological schooled employees in the Netherlands. In the period between 
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2011 and 2016, the Research Centre For Education and Labour Market expects a shortage of 35 500 

highly educated employees (Researchcentrum voor Onderwijs en Arbeidsmarkt, 2011). This 

expectation seems to be met in practice, as the HTSM sector had on average 14 300 unfilled vacancies 

each quarter of 2011 (CBS, 2012b, table 4). Consequently, companies are currently forced to recruit 

employees from abroad. When companies are not successful recruiting employees, they face a cap on 

their productivity. And since the average added value per employee in the Brainport region in 2008 

equalled 83 400 euro (Brainport Development NV, 2012, p. 4), it is of considerable importance that 

the supply of technological knowledge workers becomes sufficient.  

Another important trend is globalisation (Brainport Development NV, 2012, p. 4). Emerging 

economies in countries as India and China put pressure on the competitive position of the Brainport 

region. India and China have a fast developing High Tech sector, in which quality and complexity 

levels rapidly increase. On top of that, India and China have opportunities to produce more cost-

efficient, due to aspects as relative low wages and a high level of public investment in the High Tech 

sector (Brainport Industries, 2011, p. 6).  

Amongst others, the two trends described above challenge the performance of companies active in the 

Dutch HTSM-sector. And from this performance level should not be given in, since the Brainport 

region is of major importance to the Dutch economy. The region accounted for 7% of Dutch industry 

jobs and 42% of Dutch patents in 2010 (Brainport Development NV, 2012, p. 5).  



 

87 
 

Appendix 4: External Sources 

Type Knowledge source 

Market Suppliers of equipment, materials, components or software 

 Clients or customers 

 Competitors 

 Consultants 

 Commercial laboratories/R&D enterprises 

Institutional Universities or other higher education institutes 

 Government research organizations 

 Other public sector, e.g. business links, government offices 

 Private research institutes 

Other Professional conferences, meetings 

 Technical/trade press, computer databases 

 Fairs, exhibitions 

Specialized Technical standards 

 Health and safety standards and regulations 

 Environmental standards and regulations 

Table C:  External Sources of Information and Knowledge for innovation Activities 

 (Laursen & Salter, 2006, p. 139) 
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Appendix 5: Interview Questions 

A) Introduction 

o Introduction question about the company X 

B) Position in value network 

o How would you type company X, considering the position of company X 

inside its value network? 

o In which manner is company X dependent of other players in this value 

network? Why is this the case? 

C) Production of innovation 

o To what extent is turnover of your company determined by the 

implementation of innovation? 

 What is the share product innovation in this number? 

 What is the share process innovation in this number? 

 To what extent is this related on product and process which are new to 

the world market? 

 To what extent is this related on product and process which new to the 

company? 

 To what extent is this related on product and process which are 

significantly improved? 

D) Role of government 

o To what extent was your company supported in the finance of its R&D by 

public institutions home and abroad?  

 Subsidy 

 Procurement 

E) External knowledge sources 

o Which type external knowledge sources are consulted in the innovation 

process?  

 Which are important and why? 

 Are sources consciously not used? 

F) Innovation projects 

o Do you innovate on a project base? 

o Can you give an indication of the time span of an innovation project? 

 Do the plan this themselves, or are the planned by others? 

 Sequential? 

G) Open Innovation projects 

o Can you give an estimation of the average share open innovation projects in 

your company? 

o I was wondering how company X’s organizational structure looks like.  

 Number of employees 

 Departments 

o Such an open innovation projects, does that involve a lot of your colleagues or 

is it focused on solitary one department? 

 Why are precisely these colleagues involved? 
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H) External partners 

o To what extent do you collaborate with external parties in open innovation 

projects? 

o How do you choose these partners? 

 Why do you choose for a particular number of external partners during 

a project? 

 In what way does the size of a potential partner play a role in choosing 

a partner? 

 In what way does the diversity in partner mix play a role in choosing a 

partner? 

o To what extent does company X have an influence on the course of such 

collaborative projects? 

 Can you explain whether each partner has the same voice in a project? 

o In your opinion, which decisions should be taken with voice of all partners? 

o Can you explain from your experience which mechanism regulate 

collaboration? 

I) Innovation process 

o How would you conceptualize the innovation process?  

 Phases? 

 How do you move through this process? 

o In which phase(s) do you collaborate with external partners?  

 Why precisely these phases? 

J) Knowledge 

o How knowledge intensive is company X? 

 R&D intensity 

 % Highly educated employees 

o To what extent does this fulfil the need of company X for highly educated 

employees? 

 Which problems do you experience in the filling of a vacancy? 

K) Closing 

o Do you have something you would like to add? 

o Do you think that openness in the innovation process contributes to your 

innovative output? In what way? 
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Appendix 6: Case Study Results 
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Search breadth and search depth  

To enable process innovation, input is 

searched among various sources. A is active 

in industry associations, calls on consultancy, 

and consults ISO norms. Considering search 

depth (intensity of sources used), A is active in 

industry organizations and highly involved in 

training of its employees. 

Share of open innovation projects 

The company is actively collaborates with 

external partners in innovation projects. The 

CEO perceives some difficulties in estimating 

the percentage of innovation projects that can 

be typed as ‘formal open innovation projects’. 

Share of employees involved 

In these collaborative projects, the majority of 

A’s employees is involved from the early 

phase on. This is due to the fact that A in a 

multidisciplinary manner to problems of their 

clients. 

Number of partners 

Although A is not a large company, it is not 

influenced by size of potential partners in their 

choice of partners in collaborative innovation. 

In these collaboration projects, the number of 

partners is highly variable. Though it is 

believed that there is a cap on the maximum 

number of partners, which lies around 3-4 

open innovation partners. “When the number 

of project partners increases, it becomes less 

likely that mutual interests among partners still 

exists”; thus the commercial director.  

Number of open phases 

Projects are planned according to the ‘V-

model’. Within these projects, collaboration 

can occur everywhere along the innovation 

funnel. For instance, if A lacks knowledge in a 

certain area, colleague companies can be 

consulted. However, this only occurs when 

knowledge is inessential to the company. 

When knowledge is part of their strategy, they 

want to make sure that they have the 

knowledge themselves.  

Participation 

The company works on commission for clients. 

Consequently, the control on projects (e.g. in  

terms of time and money) remains largely in 

the hand of these clients. For instance, IP 

resulting from the project becomes property of 

the client – since they pay for it. Nevertheless, 

company A is allowed to utilize this IP outside 

the market of this client. A actively attempts to 

enhance openness towards their clients in 

order to increase their decision space; they 

want to ‘think along’ with clients and develop 

on base of functionality instead of 

specifications.  

Diversity in external knowledge sources 

The companies uses external knowledge 

obtained from market sources. In order to 

obtain knowledge indirectly from institutional 

sources it approaches spin-offs from R&D 

institutions and universities. In this way they try 

to broaden their knowledge with “innovative 

ideas of which just the proof of principle is 

demonstrated”.  

Number of company departments involved 

From an organizational perspective, 

employees can be classified based on their 

area of expertise in several groups. However, 

within (open) innovation projects, the project 

group can be any composition of members of 

these groups. Dependent on the competences 

needed, people are involved with a particular 

(open) innovation project.  

Diversity in partners 

Partner typology differs project-wise. A is 

active in a development program involving a 

university and several other companies, 

collaborates with clients and consults 

colleague companies.  

Trust and contracts 

Regulating mechanisms in projects are largely 

based on gut feeling. When there is chemistry 

between persons, trust may work. However, 

dependent of the relation with the client, 

contracts and confidentiality agreements may 

be used as 

well. 
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Search breadth and search depth  

The main external source of knowledge 

involved licencing-in their shareholder’s IP. 

Still, to apply the protected technology in a 

machine, knowledge of external sources such 

as suppliers, norms ( industry organization and 

CE norms), scientific publications, was utilized 

as much as possible. 

In the innovation process is particular is made 

use of external knowledge that is commonly 

available, developed a while ago, and from 

which is proven that it works.  

Share of open innovation projects 

The main innovation project can be divided up 

in several sub projects that ran simultaneously. 

“We built the critical modules in advance, and 

tested them parallel”, thus the CEO. To reduce 

time-to-market, external knowledge was 

utilized as much as possible on non-core 

areas. In case that B lacked the expertise on 

core areas external experts were hired,. These 

experts were subjected to confidentiality 

agreements.  

Share of employees involved 

Particularly the technical staff (about three 

quarter of B’s employees) is involved in open 

innovation.  

Number of partners 

During the main innovation project it was 

important that a sufficient number of partners 

should be involved in the innovation project to 

enhance the probability of granting subsidy.  

Number of open phases 

The CEO conceptualizes the innovation 

process in an 8-phase stage-gate process. In 

the early phases, the project tends to be open 

to research organizations and (potential) 

clients. . Suppliers then, can be involved in 

most phases throughout the innovation 

process (from concept towards final testing). 

Once the product is put on the market, 

incremental changes occur. As the CEO of 

company B argues; “Service is the re-

improving of products […].” 

Relative voicePartcipation 

B takes the lead in collaboration projects. For 

instance, it develops product specifications in 

collaboration with suppliers. This does not 

mean that suppliers do not have a voice, but in 

the end it is company B that does the interface 

with clients, so it is company B who has the 

final word. The duration of projects is 

subjected to changes in the market.  

Diversity in external knowledge sources 

B is rooted in a network of shareholders. 

Collaboration with shareholders is directed 

towards application and process improvement, 

access to technology, and financial support. 

Secondly, they collaborate closely with a small 

group of suppliers. Third, they co-publish with 

some of their clients (research institutions) 

about the potential of their machinery. 

Number of company departments involved 

Besides involving its technical staff, open 

innovation requires action of project 

procurement in the first place. They need to 

select the external partner and deal with 

operational matters. Thereafter, engineers get 

actively involved with these partners. The 

engineers make specifications, discuss with 

partners, and make choices. At the end, sales 

gets involved to get the end-result into the 

brochure. 

Diversity in partners 

The final choice of partners varies project 

wise.. As a small start-up it is important that a 

partner is flexible and entrepreneurial, and not 

too large so that B’s interest is perceived to be 

significant. “Your search towards external 

partners should not be too wide, since chosen 

partners should add value”. 

Trust and contracts 

Collaborative innovation starts with trust. 

However, everything is setup in contracts. 

These contracts are “fairly simple”; who pays, 

receives IP-

ownership. Who 

does not pay, may 

use the knowledge 

outside the market 

of the IP owner. 
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Search breadth and search depth  

Company C is very broadly oriented; they 

consult suppliers, competitors, clients, 

consultancy, commercial laboratories, 

universities, public research institutes, and 

advisors. Furthermore, they read publications 

of other companies, they go to conferences to 

get to know clients and competitors in a 

market. Their use of technical, health and 

safety, and environmental standards is quite 

extensive as well. This is due to the fact that 

they also need to meet norms requested by 

the customers of their clients. 

Share of open innovation projects 

In at least half of C’s projects is called on 

external parties. The time frame of open 

innovation projects varies with product scope. 

If only knowledge transfer is considered in an 

project, the time frame can be planned. 

However, when knowledge is developed in 

collaboration with others, a time frame is not 

easily planned.  

Share of employees involved 

External partners most often connect with 

engineering (about 10% of the company).  

Number of partners 

The number of partners is not consciously 

chosen by company C. They feel that it is most 

important to take into account competences of 

potential partners.  

Number of open phases 

C collaborates in design and engineering with 

OEMs. This innovation process is certainly not 

linear, in the prototyping phase is feedback 

from suppliers to OEMs. Other feedback 

occurs in the service phase from OEMs to C, 

as it performs second tier maintenance. 

Sometimes C even serve clients of OEMs 

directly.  

Relative voiceParticipation 

 C is involved in a pre-competitive research 

project with other market parties, and there 

“you have to arrange everything together, 

everybody should agree”, thus the CEO. In  

Growing in their role of system supplier, C is 

increasingly expected to think along with 

technical specifications. This gives them more 

responsibility and opportunity to add value. 

Diversity in external knowledge sources 

In talking about products and problems with 

products looked for assistance inside the 

market (e.g. among suppliers and customers). 

Nevertheless, company C actively makes us of 

knowledge of institutional sources. For 

example, they work together with universities 

and public research institutions to increase 

their speed of knowledge development.  

Number of company departments involved 

If a projects involves knowledge applicable to 

all industries, all divisions of the organization 

are involved. A lot of collaborative projects go 

via engineering, though some involve sales as 

well. Involving sales has the benefit that clients 

can see that C is connected to “reliable and 

sound institutions.”  

Diversity in partners 

Company C can account on a very diversified 

network of external partners. They collaborate 

with suppliers, universities, public research 

organizations and competitors. The latter 

might seem counterintuitive, but being part of 

for instance industry organizations enables 

competitors to increase their international 

market size. 

These public institutions can have other 

interests. Companies want results, in time. 

However, institutions are currently evolving, 

since they increasingly need to live from 

raising projects instead of public financial 

support.  

Trust and contracts 

According to the CEO of company C, relations 

are in principle based on trust. “Of course you 

make contracts, but you should not need them 

because then the damage is already done.” In 

these contracts is agreed on risk-reward 

sharing mechanism and IP. The OEM gets the 

IP; “Since it is their product and their 

knowledge towards the market”. The IP in the 

area of manufacturing, remains in hands of C.  
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Search breadth and search depth  

There is a whole ecosystem around the end-

product of company D. D wants to cover this 

ecosystem itself, increasingly with the help of 

others. This implies that D uses domain 

knowledge of (strategic) suppliers, public and 

private research institutes, other companies 

and markets, and particularly universities. D 

for instance has doctoral students in its 

research group. 

Share of open innovation projects 

The duration of innovation projects of D vary 

enormously; they have lengthy integration 

projects to short module projects. They try to 

have a certain share of projects open. On one 

hand, they do not want to become too open, 

on the other hand, there are a lot of interesting 

technologies which they cannot afford to 

develop on their own.  

Share of employees involved 

About 80% of D’s employees are involved in 

open innovation projects. However, the 

conscious experience of being part of an open 

innovation project is merely felt on top level. 

Number of partners 

Working together with partners costs 

bandwidth and energy. They cannot have too 

many partners, but they also need more than 

one per technical domain to reduce 

dependency. Partners are averagely about the 

same size as D. Though, they are sometimes 

forced to partner with a sole trader but this is 

not highly preferred since these small 

companies can be rather vulnerable.  

Number of open phases 

In order to reduce innovation project length, D 

is making product versions in which they can 

benefit from early market entrance.  

These projects are particularly in the 

production of components. In system 

integration and sales and service they mostly 

keep knowledge to themselves. In R&D on the 

contrary they share knowledge, but in a well 

dosed manner.  

The most significant feedback loop occurs 

from sales and service to the production of 

components and its earlier phases. From the 

field is learnt input that can be utilized in 

current and next generations.  

Participation 

Though there is some interaction it is 

particularly company D that has a voice in 

project scope, IP, and adding partners to 

projects. In collaboration with suppliers they 

give insight in the context of the component 

that is required so that they can use their ideas 

and creativity. There can be negotiated about 

project budget and duration, nevertheless, D 

puts pressure on the aforementioned.  

Diversity in external knowledge sources 

D prefers to work with partners active in 

adjacent industries. In this way is prevented 

that partners interrupt each other’s market. 

Utilizing related knowledge outside their 

market allows collaboration that is truly open 

and innovative.  

Number of company departments involved 

D’s organizational structure can be displayed 

as a matrix in which departments with different 

disciplines stand perpendicular to project 

organization. Involved disciplines, and thus 

company departments differ project wise and 

in time, as engineers are appointed to projects 

on a quarterly basis.  

Diversity in partners 

It depends on the phase in the innovation 

cycle and on the technical domain which type 

of partner is chosen. They have partnerships 

with customers, universities, public research 

organizations, and work together with first tier 

and more than first tier suppliers. That might 

imply risk because you lose track on what is 

going on back in the chain. Finding out what is 

going on back in the chain involves a lot of 

burden.  

Trust and contracts 

Open innovation requires a strong trust base. 

In addition, D uses formal contracts to a large 

extent. “Things as budget, duration, partners, 

project scope and IP we really want to have 

sealed in a contract” . 
IP can act as a 

boundary towards 

openness.
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Appendix 7: Internet-based Survey 
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Appendix 8: Survey Variables 

 Variable Name Variable 
Type 

Variable Description Conditional Forced 
Answer 

1 Company Type Control 
variable 
 

Distinguishes OEMs, first, 
second, more than second tier 
suppliers, or other type. 

No Yes 

2 Company 
Activity 

Control 
variable 

Distinguishes performing 
operations, production of parts, 
assembling of modules, 
engineering, and other 
activities. 

Yes, if variable 
1≠ ‘OEM’) 

Yes 

3 Product 
Market 

Control 
variable 

A self-assessment of the 
respondent of the largest 
product market of his/her 
company. 

No Yes 

4 Product 
Market size 

Control 
variable 

Distinguishes local, regional, 
national and international as 
indication of size of the largest 
product market of the company 
of interest. 

No No 

5 R&D intensity Control 
variable 

An assessment of the ratio of 
expenditure on R&D and 
turnover of the company (%). 

No No 

6 R&D from 
public finance 

Control 
variable 

An estimation of the share of 
public financial support in the 
total R&D expenditures (%). 

No No 

7 Highly 
educated 
employees 

Control 
variable 

An estimation of the share 
employees with a higher 
vocational or university degree 
(%). 

No No 

8 Sufficient 
highly 
educated 
employees 

Control 
variable 

An estimation of the extent in 
which the current share of 
highly educated employees is 
sufficient (7-points-Likert scale). 

No No 
 

9 Dependency Control 
variable 

An estimation of the extent in 
which the company depends on 
third parties in terms of 
physical, timing, functionality 
and quality dependency; and 
finance. 

No No 

10 Number of 
product 
innovation(s) 

Dependent 
variable 

An estimation of the order of 
magnitude of the quantitative 
production of product 
innovations distinguishing new 
products for the company, 
improved products for the 
company, or new products for 
the world market. 

No No 
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 Variable Name Variable 
Type 

Variable Description Conditional Forced 
Answer 

11 Number of 
process 
innovation(s) 

Dependent 
variable 

An estimation of the order of 
magnitude of the quantitative 
production of process 
innovations, distinguishing 
involves new processes for the 
company, improved processes 
for the company, or new 
processes for the world market. 

No No 

12 Turnover by 
innovation 

Dependent 
variable 

An estimation of the ratio of 
turnover related to 1-5 most 
important innovation(s) in 2011-
2012 

No No 

13 Turnover by 
innovation 
type 

Dependent 
variable 

An estimation of the ratio of 
variable 12 related to product 
innovations 

Yes if variable 
12 > 0 % 

No 

14 An estimation of the ratio of 
variable 12 related to process 
innovations 

15 Turnover by 
innovation 
impact 

Dependent 
variable 

An estimation of the ratio of 
variable 12 related to 
significantly improved products 
or processes 

Yes if variable 
3.1 > 0 

No 

16 An estimation of the ratio of 
variable 12 related to new 
products or processes 

17 An estimation of the ratio of 
variable 12 related to products 
or processes new for the world 
market 

18 Non-codified 
external 
sources 

Independent 
variable 

En indication of the extent in 
which several types of non-
codified external information 
sources are consulted in the 
innovation process (7-points-
Likert scale) 

No No 

19 Codified 
external 
sources 

Independent 
variable 

En indication of the extent in 
which several types of codified 
external information sources are 
consulted in the innovation 
process (7-points-Likert scale) 

No No 

20 Share open 
innovation 
projects 

Independent 
variable 

An estimation of the share of 
open innovation projects in 
2011-2012 (%). 

No No 

21 Employee 
involvement 

Independent 
variable 

An estimation of the share of 
employees involved in 1-5 of the 
most important open innovation 
projects in 2011-2012 (%). 

Yes, if variable 
20 > 0% 

No 
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 Variable Name Variable 
Type 

Variable Description Conditional Forced 
Answer 

22 Collaboration Selection 
variable 

Whether the company has 
collaborated with external 
parties in an innovation project 
in 2011-2012 

Yes, if variable 
20 > 0 

Yes 

23 Number of 
external 
partners 

Independent 
variable 

An indication of the average 
number of external partners in 
1-5 of the most important open 
innovation projects in 2011-
2012. 

Yes, if 
(variable 22 = 
‘yes’) & 
(variable 20 > 
0) 

No 

24 External 
partner type 

Independent 
variable 

Whether the company has 
collaborated with different 
types of partners in 1-5 of the 
most important open innovation 
projects in 2011-2012 

Yes, if 
(variable 22 = 
‘yes’) & 
(variable 20 > 
0) 

No 

25 Relative size 
external 
partner 

Independent 
variable 

An indication of the average size 
of external partners in relation 
to the size of the company of 
interest in 1-5 of the most 
important open innovation 
projects in 2011-2012(7-points-
Likert scale). 

Yes, if 
(variable 22 = 
‘yes’) & 
(variable 20 > 
0) 

No 

26 Relative 
equality of 
voice in 
projects 

Independent 
variable 

An indication of the average 
equality in voice in 1-5 of the 
most important open innovation 
projects in 2011-2012 on several 
area’s such as project scope, IP, 
project duration, project 
budget, and adding partners(7-
points-Likert scale). 

Yes, if 
(variable 22 = 
‘yes’) & 
(variable 20 > 
0) 

No 

27 Regulating 
mechanism 

Independent 
variable 

The extent to which trust and 
formal contracts are averagely 
used as regulating mechanism in 
1 -5 of the most important open 
innovation projects in 2011-
2012 (7-points-Likert scale). 

Yes, if 
(variable 22 = 
‘yes’) & 
(variable 20 > 
0) 

No 

28 Knowledge 
sharing by 
phase 

Independent 
variable 

An indication of the extent in 
which knowledge is shared with 
external partners in different 
phases of the innovation 
process averagely in 1 -5 of the 
most important open innovation 
projects in 2011-2012 (7-points-
Likert scale). 

Yes, if 
(variable 22 = 
‘yes’) & 
(variable 20 > 
0) 

No 



112 
 

 Variable Name Variable 
Type 

Variable Description Conditional Forced 
Answer 

29-
31 

Knowledge 
sharing by 
feedback loop 

Independent 
variable 

An indication of the extent in 
which knowledge is shared with 
external partners in different 
feedback loops of the 
innovation process averagely in 
1 -5 of the most important open 
innovation projects in 2011-
2012 (7-points-Likert scale). 

Yes, if 
(variable 22 = 
‘yes’) & 
(variable 20 > 
0) 

No 

 
Table D:  Overview of Survey Variables by Name, Type, Description, Conditionality, and whether  
  they are obligatory. 
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Statistical Appendix 1: Descriptive Data 
Variable n M SD Range Skewness Kurtosis 

Potential Actual Value Standard 
Error 

Value Standard 
Error 

R&D Intensity 39 
 

27,82% 26,29% 0;100% 2;100% 1,494* 
 

0,378 
 

1,414 0,741 

Highly 
Educated 
employees 

39 65,97% 28,18% 0;100% 10;100% -0,698 0,378 -0,670 0,741 

Sufficient 
highly 
educated 
employees 

39 5,51 1,34 1;7 2;7 -0,973* 0,378 0,779 0,741 

R&D from 
public finance 

36 
 
 

13,53% 13,67% 0;100% 0;50% 1,366* 0,393 1,163 0,768 

Public 
procurement 
activities 

38 1,92 1,36 1;7 1;6 1,366* 0,393 1,018 0,750 

Relative size 
external 
partner 

24 4,13 1,73 1;7 1;7 0,011 0,472 -
0,454 

0,918 

Physical 
Dependency 
(production) 

40 5,48 1,43 1;7 2;7 -0,747* 0,374 -0,507 0,733 

Physical 
Dependency 
(development) 

39 3,92 1,68 1;7 1;7 0,198 0,378 -1,216 0,741 

Timing 
Dependency 

40 5,45 1,65 1;7 1;7 -0,957* 0,374 0,232 0,733 

Functionality 
and quality 
dependency 
(production) 

38 4,55 1,62 1;7 2;7 -0,380 0,383 -1,091 0,750 

Functionality 
and quality 
dependency 
(development) 

40 4,25 1,75 1;7 1;7 -0,434 0,374 -1,005 0,733 

Table E:  Descriptive Data Control Variables.   
* 
significant skewness/kurtosis (p < 0,05) 
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Variable n M SD Range Skewness Kurtosis 

Potential Actual Value Standard 
Error 

Value Standard 
Error 

Turnover by 
innovation 

36 39,31 31,44 0;100% 5;100% 0,804* 0,393 -0,719 0,768 

Turnover by 
product innovation 

35 54,14 32,52 0;100% 0;100% 0,133 0,398 -1,215 0,778 

Turnover by 
process innovation 

34 29,06 29,54 0;100% 0;100% 1,094* 0,403 0,747 0,778 

Turnover by 
incremental 
innovation 
(improved) 

32 40,44 32,00 0;100% 0;100% 0,833* 0,414 -0,463 0,809 

Turnover by 
incremental 
innovation (new) 

32 42,56 36,08 0;100% 0;100% 0,417 0,414 -1,295 0,809 

Turnover by 
radical innovation 

33 38,60 38,60 0;100% 0;100% 0,525 0,409 -1,305 0,798 

Table F:  Descriptive Data Dependent Variables   
* 
significant skewness/kurtosis (p < 0,05) 

Variable n M SD Range Skewness Kurtosis 

Potential Actual Value Standard 
Error 

Value Standard 
Error 

h(turnover by 
innovation)  

36 -0,31 
 

2,24 -5;5 - 2,94; 5 1,406* 
 

0,393 
 

1,310 
 

0,768 
 

 h(turnover by 
product 
innovation) 

35 0,68 
 

2,69 -5;5 -5;5 0,485 
 

0,398 
 

-0,420 
 

0,778 
 

h(turnover by 
process 
innovation) 

34 -1,50 
 

2,82 -5;5 -5;5 0,666 
 

0,403 
 

0,607 
 

0,788 
 

h(turnover by 
incremental 
innovation 
(improved)) 

32 -0,54 
 

2,58 -5;5 -5;5 0,833* 
 

0,414 
 

1,040 
 

0,809 
 

h(turnover by 
incremental 
innovation (new)) 

32 -0,34 
 

2,97 -5;5 -5;5 0,470 
 

0,414 
 

-0,343 
 

0,809 
 

h(turnover by 
radical innovation) 

33 -1,12 3,26 -5;5 -5;5 0,678 0,409 -0,393 0,798 

Table G:  Descriptive Data transformed dependent Variables  significant skewness/kurtosis (p < 0,05) 
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Variable n M SD Range Skewness Kurtosis 

 Potential Actual Value Standar
d 

Error 

Value Standard 
Error 

Whole sample          

Search Depth 32 3,70 0,79 1;7 1,73; 4,93 -0,213 0,414 -0,183 0,809 

Search Breadth 40 12,35 2,22 0; 16 5; 15 -1,202* 0,374 2,198* 0,733 

Collaborators          

Share open 
innovation projects 

19 39,79 32,18 0; 100% 3; 100 0,837 0,524 -0,703 1,014 

Employee 
involvement 

19 23,53 21,30 0; 100% 2; 90 1,794* 0,524 4,336* 1,014 

Number of external 
partners 

20 21,10 65,92 0; ∞ 1;300 4,413* 0,512 19,618* 0,992 

Openness in phases 19 4,45 1,45 1; 7 2;6,67 -0,097 0,524 -1,141 1,014 

Openness in 
feedback loops 

15 4,12 1,55 1; 7 2,08;7 0,535 0,580 -0,777 1,121 

Regulating 
mechanism trust 

17 5,71 1,40 1; 7 2;7 -1,248* 0,550 1,576* 1,063 

Regulating 
mechanism contracts 

20 5,00 1,34 1; 7 1;7 -1,466* 0,512 3,183* 0,992 

Relative equality in 
voice in project scope 

21 3,95 1,72 1; 7 1;7 -0,181 0,501 -0,842 0,972 

Relative equality in 
voice in IP 

21 3,81 1,83 1; 7 1;7 0,149 0,501 -1,178 0,972 

Relative equality in 
voice in project 
duration 

20 3,85 1,73 1; 7 1;7 -0,017 0,512 -0,795 0,992 

Relative equality in 
voice in project 
budget 

21 3,86 1,77 1; 7 1;6 -0,121 0,501 -1,353 0,972 

Relative equality in 
voice in adding 
partners 

21 3,52 1,57 1; 7 1;7 0,638 0,501 -0,178 0,972 

Diversity in 
knowledge sources 

22 
2,77 0,97 1;4 1;4 -0,524 0,491 -0,475 0,953 

Diversity in partners 22 
5,50 2,52 1;13 1;11 0,392 0,491 0,336 0,953 

Table H:  Descriptive Data Independent Variables  
*
significant skewness/kurtosis (p < 0,05) 
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Statistical Appendix 2: Performed Operations on Variables 
 Search depth: This variable was computed using the variables ‘Non-codified external sources’ 

and ‘Codified external sources’. Search depth equals the average score on these variables.  

 Search breadth: This variable was computed using the variables ‘Non-codified external sources’ 

and ‘Codified external sources’. Search breadth equals the number of external sources that are 

indicated to be used to at least some extent (value >1).  

 Openness in phases: This variable was computed using the variables ‘Knowledge sharing by 

phase’. The number of open phases equals the average of the extent in which knowledge was 

reported to be shared in all phases.  

 Openness in feedback loops: This variable was computed using the variables ‘Knowledge sharing 

by feedback loop’. The number of open feedback loops equals the average of the extent in which 

knowledge was reported to be shared in all feedback loops.  

 Diversity in knowledge sources: This variable was computed using the variables ‘Non-codified 

external sources’ and ‘Codified external sources’. The knowledge diversity variable can vary 

between 0 and 4, depending on how many categories of knowledge were utilized to a significant 

extent (scored ≥5) during the innovation process. The more categories of knowledge included, the 

higher the diversity. The categories ‘Market sources’, ‘Institutional sources’, ‘Specialized 

sources’, and ‘other sources’ are distinguished.  

 Diversity in partners: this variable equals the number of partner types that are ticked in the 

question ‘External partner type’ 

 Relative equality of voice in projects: to overcome multicolinearity problems, a factor was 

created from the 5 equality of voice measurements. One component was extracted from data of 22 

cases that indicated to be innovative collaborators. This component explains 84% of the variance 

in this data.  

Variable Component 

Relative equality in voice in project scope 0,904 

Relative equality in voice in IP 0,912 

Relative equality in voice in project duration 0,961 

Relative equality in voice in project budget 0,930 

Relative equality in voice in adding partners 0,864 

 

 Involvement in open innovation projects: to overcome multicolinearity problems a factor was 

created from the variables ‘share of open innovation projects’ and ‘employee involvement’. One 

component was extracted from 22 cases that indicated to be innovative collaborators. This 

component explains 89% of the variance in the data.  

Variable Component 

Share of open innovation projects 0,944 

Employee involvement 0,944 
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Statistical Appendix 3: Influential Cases Analysis. 
Before regression analyses are run, an outlier analysis is performed. Two variables, ‘employee 

involvement’ and ‘the number of partners in open innovation projects’ were found to contain 

significant outliers (z-score > 3.29). These can be attributed to a relatively high scores on employee 

involvement at a very small company, and a relatively high score on the number of partners in open 

innovation projects by a very large company. In order to correct for a disproportional influence of 

significant outliers is taken the log of these two variables in the regression analyses. 

This data was found to contain less than 50% missing values per variable, which are distributed 

randomly (Little’s MCAR (3412) = 1247,999 (p=1,000)).  
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