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Abstract  
 

Literature shows us that firms can innovate without performing R&D activities, although this 

research on non-R&D innovation is quite little. This study tries to unravel if knowledge 

spillovers have an effect on firm innovativeness, to fill this gap in literature. Knowledge 

spillovers are the appearance whereby investments in knowledge creation by one party 

produce external benefits by facilitating innovation by other parties. These knowledge 

spillovers could explain how more than half of the European firms that are innovative, do not 

conduct R&D, not internally nor externally. To investigate this, the following objective is 

composed: This study sets to examine in what respect external non-R&D collaborations 

generate knowledge spillovers affecting the different types of innovativeness of Dutch 

manufacturing firms.   

To do so, this research includes literature study and empirical research. This latter consists 

of regression analyses to look at the linear relations between external non-R&D collaborations 

and the different innovation appearances and of mediation analyses. These are conducted to 

investigate the indirect effect of external non-R&D collaborations on technological product 

innovation, through R&D. The data that is used for this is derived from the European 

Manufacturing Survey and consists of 177 Dutch manufacturing firms.  

The most important results these analyses yielded are that external non-R&D 

collaborations generate knowledge spillovers that affect non-technological innovations, but 

not technological innovations. For both organizational innovation and product-service 

innovation a significant and positive effect was found. The relations between external non-

R&D collaborations and process innovation and product innovation were not found 

significant. The indirect relation through R&D was insignificant either.  

The conclusion we can derive from this, is that external non-R&D collaborations only 

affect non-technological innovation. That it would not affect product innovation was taken 

into account, hence the indirect effect was measured. But that the indirect effect was not 

significant and that external non-R&D collaborations did not seem to have an effect on 

process innovation were unexpected.  

Key words: knowledge spillovers, external non-R&D collaborations, innovativeness, non-R&D 
innovation  
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1. Introduction  
1.1 Introduction of the topic 

This study will try to unravel if knowledge spillovers have an effect on different types of 

innovation of technological firms. It turns out that not all firms that are innovative, conduct 

R&D activities (Arundel et al., 2007; Huang et al., 2007). This implies that R&D is an 

important determinant for innovation, but that firms can also be innovative based on two other 

resources: 1. Employee-driven innovation (Fenwick, 2003; Høyrup, 2012) and 2. (external) 

knowledge spillover theory (Jaffe et al., 2000; Vernon Henderson, 2007). Knowledge 

spillovers are the phenomenon whereby investments in knowledge creation by one party 

produce external benefits by facilitating innovation by other parties, according to Jaffe et al. 

(2000). But knowledge spillovers is a term that knows various definitions and is hard to 

measure according to Krugman (1992): “knowledge flows, by contrast, are invisible; they 

leave no paper trail by which they may be measured and tracked”. Therefore, knowledge 

spillovers get measured by a derivative variable.  

Schumpeter is the founder of innovation thinking and he states that innovation has 

multiple appearances (Laskowska-Rutkowska, 2008). Armbruster et al. (2006) divided 

innovation into technological process innovation, technological product innovation, non-

technological organizational innovation and non-technological product-service innovation. 

Established literature on knowledge spillovers is in any quantity researched on the basis of 

data on patents (De Noni et al., 2018; Hollanders & ter Weel, 2002; Jaffe et al., 1993; 

Schmidt, 2006; Singh, 2005), but I believe that is a too narrow approach. Hence, this research 

will investigate the matter by looking at external non-R&D collaborations between firms and 

not only research the effects of knowledge spillovers on patentable concepts like process and 

product innovations, but also on organizational and product-service innovation.  

1.2 Cause and relevance of the problem at hand 
The main reason to investigate whether knowledge spillovers have an effect on the 

innovativeness of firms is because most of the literature that is present about innovation, is 

about R&D-driven innovation (Bogliacino & Vivarelli, 2012; Bronzini & Piselli, 2016; 

Mairesse & Mohnen, 2004). But if so much innovation is derived from R&D activities, then 

how is it possible that there are plenty of innovative firms which do not conduct or outsource 

R&D activities (Arundel et al., 2007; Huang et al., 2007)?  



9 
 

 Hirsch-Kreinsen (2008) states that technological innovations not necessarily depend 

on R&D and Lopez-Rodriguez and Martinez-Lopez (2017) write that non-R&D innovation 

activities account for a significant portion of innovation efforts carried out across very 

heterogeneous economies in Europe. In Australia and Norway, the propensity to introduce a 

new-to-market product innovation is similar whether or not the firm performs R&D. This is 

referred to as hidden or neglected innovators (Hervas-Oliver et al., 2015). In fact, the third 

European Community Innovation Survey (CIS-3) shows that more than half of the European 

innovative firms did not conduct intramural or extramural R&D (Arundel et al., 2007; Huang 

et al., 2007). This means that organizations can conduct other activities besides R&D 

activities to be innovative.  

Literature points out four main methods how organizations can be innovative without 

R&D: technology adoption, minor modifications or incremental changes to products and 

processes, imitation including reverse engineering and combining existing knowledge in new 

ways (Arundel et al., 2007). Technology adoption is the acquisition of innovative products, 

processes or ideas for organizational innovations from outside the firm, with little to no 

further work required. Minor modifications/ incremental changes can be made to acquired 

products and processes, as well as to in-house developed technologies. These modifications 

and changes are mostly made to the production process and depend on learning-by-doing. 

Imitation contains the activities to replicate an existing product or process, this often does not 

require R&D. Combining existing knowledge in new ways can contain some types of 

industrial design and engineering projects, but it can also include cases where organizations 

use solutions which are developed by users, also called user innovation (Arundel et al., 2007). 

The knowledge obtained for these methods can come from knowledge spillovers (Fritsch & 

Franke, 2004; Kim & Park, 2015).   

Up until now, these knowledge spillovers are often researched on the basis of data on 

patents (De Noni et al., 2018; Hollanders & ter Weel, 2002; Jaffe et al., 1993; Schmidt, 2006; 

Singh, 2005). But because innovation knows various appearances, patents do not display the 

whole effect knowledge spillovers have. Firstly because by tracking patent citations, only 

codified knowledge is being investigated, while tacit knowledge could also play a significant 

role in knowledge spillovers and on innovation in clusters (Fallah et al., 2004). Secondly, 

looking at data on patents is too narrow because only products and processes can be patented, 

so the effect of knowledge spillovers on non-technological innovation is being left out up 

until now. This research assumes that the knowledge spilled over, also affects organizational 
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structures, business practices, workplace organization and offered services of the involved 

organizations. And thirdly, when only looking at patent citations you will miss a lot of 

implemented innovations that are based on such patents but which are not documented 

including citations referring to the original patent. On top of this, Tödtling and Grillitsch 

(2014) found proof that the knowledge sources different types of innovation rely on, differ. 

They researched process, organizational and market innovation. For this reason it would be 

interesting to investigate whether this is also the case for the different types of innovation this 

research contains, namely process innovation, product innovation, organizational innovation 

and product-service innovation, based on the Schumpeterian definition of innovation 

(Armbruster et al., 2008). 

So therefore, it would be better to look at all different appearances of innovation in a firm, 

instead of only focussing on process and product innovation. To be able to see if indeed 

knowledge spillovers also have an effect on non-technological innovation this present 

research will analyse on micro-level if there is a relationship between knowledge spillovers 

and the different types of innovation appearances separately. 

1.3 Problem framing in terms of academic literature 
Existing literature about knowledge spillovers is quite contradicting. Hervas-Oliver et al. 

(2015) state that new-to-market product innovation is similar whether or not firms perform 

R&D. This would imply knowledge spillovers can also lead to radical product innovation. 

This while a lot of other literature analysed that non-R&D activities mostly lead to 

incremental product innovation (Fischer, 2006; Jirjahn & Kraft, 2011; Teece et al., 1994). 

Other state that the relationship between knowledge spillovers and (product)innovation is 

indirect, going via R&D (Audretsch & Feldman, 1996; Hervas-Oliver et al., 2011; Xie et al., 

2019).  

Although, the outcomes of knowledge spillovers are in principle unpredictable, according 

to Perri and Peruffo (2016): the acknowledgement that the movement of knowledge is 

unpredictable. Besides, the transfer of tacit knowledge does not follow standardized and 

formalized paths in an organization. Rather, it comes about through ad hoc, random, 

unpredictable, and reciprocal interactions between the knowledge sender and knowledge 

recipient and typically demands qualitative rather than quantitative changes to existing 

activities (Audretsch & Belitski, 2021; Sanchez & Heene, 1997). This could be the reason 

why Fritsch and Franke (2004) could answer the question of how spillovers come about. They 

concluded that R&D cooperation is a relatively unimportant medium for knowledge spillover, 
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but did not succeed in explaining how the majority of innovation-relevant knowledge 

spillover occurs within a region. 

 Vernon Henderson (2007) tells us that despite the fact that knowledge spillovers are 

central to notions of economic growth, technological progress, and the nature and 

characteristics of cities, research on the nature of such spillovers is surprisingly limited. While 

we have correlation and strong hints of more between agglomerations of quantifiable 

knowledge (such as patents) and productivity, we do not have “natural experiments” that 

would allow us to nail the causal connection and properly quantify benefits. Vernon 

Henderson (2007) states that this has to do with key impediments to inference, because there 

are a lot of missing variables and the selection is very hard.  

The paper of Pittaway et al. (2004) states that there is evidence suggesting that network 

relationships with suppliers, customers and intermediaries are important factors affecting 

innovation performance and productivity. But it also recognizes several gaps in the literature 

that need to be filled. They write that further exploration is needed of the relationship between 

networking and different forms of innovation such as process and organizational innovation. 

So literature pretty much tells us that knowledge spillovers are an important phenomenon, 

have an impact on the innovativeness of firms, but that literature still lacks, inter alia, on data 

about the effect of knowledge spillovers on different types of innovation. 

1.4 Research objective and research question  
Objective 

This study sets to examine in what respect external non-R&D collaborations generate 

knowledge spillovers affecting the different types of innovativeness of Dutch manufacturing 

firms.  

Research question 

The following research question is formulated based on the research objective:  

In which respect do external non-R&D collaborations generate knowledge spillovers 

affecting innovativeness in industrial companies? 

Sub-questions 

The following sub-questions are formulated to help answer the focal question:  
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- To what extent do external non-R&D collaborations generate knowledge spillovers 

affecting technological process innovation? 

- To what extent do external non-R&D collaborations generate knowledge spillovers 

affecting technological product innovation? 

- To what extent do external non-R&D collaborations generate knowledge spillovers 

indirectly affecting technological product innovation via R&D? 

- To what extent do external non-R&D collaborations generate knowledge spillovers 

affecting non-technological organizational innovation? 

- To what extent do external non-R&D collaborations generate knowledge spillovers 

affecting non-technological product-service innovation? 

1.5 Outline of the thesis  
Chapter 2 of this research paper will provide theoretical background of the most important 

concepts of the subject and shows the conceptual model of this master thesis. This chapter 

will be followed by chapter 3 which contains the methodology of this research. The research 

method, data sample, analysis procedure and limitations will all be explained. Chapter 4 will 

be dedicated to the empirical research including regression analyses and mediation analyses. 

Chapter 5 and 6 cover respectively the conclusion and discussion of this master thesis.  
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2. Theoretical framework  
This chapter provides relevant literature about the dependent and independent variables, the 

hypotheses of this research and is being closed off with the conceptual model of this thesis. 

Because knowledge spillovers will be measured on the basis of external non-R&D 

collaborations, will they both be included in this chapter.  

2.1 Descriptive theory  
2.1.1 Dependent variable: innovation 

OECD (2005) defines innovation as follows: “An innovation is the implementation of a new 

or significantly improved product (good or service), or process, a new marketing method, or a 

new organizational method, in-business practices, workplace organization or external 

relations”. Within innovation there are three concepts of novelty: new to the firm, new to the 

market, and new to the world.  The minimum requirement for an innovation is that the 

product, process or method must be new (or significantly improved) to the firm. So these can 

be products, processes and methods first develop, but also those that have been adopted from 

other organizations.   

Some changes are not considered innovations: ceasing to use a process or marketing or 

organization method, or to market a product, simple capital replacement or extension, changes 

resulting purely from changes in factor prices, customisation, regular seasonal and other 

cyclical changes and trading of new or significantly improved products (OECD, 2005). 

An innovative firm is one that has implemented an innovation during the period under 

review. Firms may have innovation activities in the reviewed period without having 

implemented an innovation. All activities involved in the development or implementation of 

innovation, including those planned, are innovation activities. Innovation activities can be of 

three kinds: successful (resulted in the implementation of an innovation), ongoing (work in 

progress) and abandoned (before the implementation of an innovation). An innovation-active 

firm is one that has had innovation activities of one or more of these three kinds during the 

period under review (OECD, 2005).  

Based on the Schumpeterian definition of innovation he published in 1934 we can 

distinguish five different types of innovation: new products, new production methods, new 

markets, new sources of supply and new forms of organization. Researchers among 

Schumpeter claim that, innovation includes technical aspects (e.g. new products and new 

production methods), non-technical aspects (e.g. new markets and new forms of 
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organization), product innovations (e.g. new products or services) and process innovations 

(e.g. new production methods and new forms of organization). Based on this contemplation, 

four types of innovation can be distinguished: technical product innovation, technical process 

innovation, non-technical organizational innovations and, non-technical product-service 

innovation. (Armbruster et al., 2008; Armbruster et al., 2006; Laskowska-Rutkowska, 2008).  

 

Figure 1: Four fields of innovation (Armbruster et al., 2006) 

Process innovation is the implementation of a new or significantly improved 

production or delivery method (manufacturing process). This includes significant changes in 

technique, equipment and/ or software (OECD & Communities, 2005). With process 

innovation companies try to make their production process faster, cheaper, and with higher 

quality products (Laskowska-Rutkowska, 2008). 

Product innovation is the introduction of a good, service or technology that is new or 

significantly improved with respect to its characteristics or intended used. This includes 

significant improvements in technical specifications, components and materials, incorporated 

software, user friendliness or other functional characteristics (Laskowska-Rutkowska, 2008; 

OECD & Communities, 2005). 

Organizational innovation is the development and implementation of a new 

organizational method in the firm’s organizational structures, business practices, workplace 

organization or external relations (business process) (Laskowska-Rutkowska, 2008; OECD & 

Communities, 2005).  

Product-service innovation means the delivery of a new service, with or without in 

combination with a physical product (e.g. maintenance) which should offer customers more 

flexibility and efficiency (Laskowska-Rutkowska, 2008).  
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2.1.2 Independent variable: knowledge spillovers  

Literature provides a variety of different definitions for knowledge spillovers, such as:  

 Jaffe et al. (2000) say the following about knowledge spillovers: whereby investments 

in knowledge creation by one party produce external benefits by facilitating innovation by 

other parties.  

 Fallah et al. (2004) state that spillovers are the unintentional transmission of 

knowledge to others beyond the intended boundary. If knowledge is exchanged within the 

intended people or organization, it is “knowledge transfer”, knowledge that is exchanged 

outside the intended boundary is spillover. The unintended “use” of exchanged knowledge is 

called knowledge externality.  

Kim and Park (2015) refer to knowledge spillovers as knowledge diffusion from the 

creators of knowledge to other firms and agents, through which society will benefit.  

According to Konno (2016) knowledge spillovers are “unintentional flows of 

knowledge from one network party to another” and differ from other types of knowledge 

transfer as there is no deliberate action to obtain the knowledge as it happens by chance. The 

spillover of knowledge has a significant effect on economic growth and the productivity of an 

individual firm. The spillover process among firms can be represented as a process on 

complex networks. 

Innovation depends on the exchange of ideas among individuals, which economists 

call knowledge spillovers. A given company’s innovation may stimulate a flood of related 

inventions and technical improvements by other companies (Carlino, 2001).  

As can be seen, an important distinction can be made between scientists that claim 

knowledge spillovers only include tacit knowledge that is being exchanged unintendedly, and 

others write that it covers all knowledge a third party benefits of. Because this study wants to 

provide an answer to how firms without in-house or outsourced R&D department can be 

innovative, both tacit and codified knowledge, and intended as well as non-intended 

knowledge spillovers are taken into account.  

Knowledge spillovers can be classified in different ways. Here different sorts, types 

and levels of knowledge spillovers will be discussed.  
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Knowledge spillover types 

Literature distinguishes three theories about knowledge spillovers: MAR spillover, 

Porter spillover and Jacobs spillover (Van Stel & Nieuwenhuijsen, 2004). 

 The first theory about knowledge spillovers comes from Marshall, 1890; 

(Arrow, 1962) and Romer, 1986, also called MAR spillover. Their assumption is that 

knowledge spillovers are most effective between homogeneous companies. So spillovers 

mostly emerge within one sector. In this theory, regional sectoral growth is maximized if the 

sector is dominating the region and if the local competition is not too strong (Van Stel & 

Nieuwenhuijsen, 2004). Firms want to be as close to the sources of information as possible, 

because MAR spillover suggests that employees from different firms in an industry exchange 

ideas about new products and production processes. So the denser the concentration of 

employees in a certain sector in a given region, the greater the opportunity to exchange ideas 

that lead to key innovations (Carlino, 2001). Porter agrees with MAR that knowledge 

spillovers between firms in specialized sectors (sectors which are concentrated in certain 

regions) stimulate economic growth. But, unlike MAR, Porter assumes that local competition 

has a positive impact on growth. Because local competition in contrast to local monopoly 

fosters the pursuit and rapid adoption of innovation. This because it accelerates imitation and 

upgrades innovation. So although competition decreases the relative benefit for the innovator 

(larger spillovers flow to competitors), the amount of innovative activity will increase because 

the companies that do not innovate their products and production processes will not be able to 

compete with their competitors and ultimately go bankrupt (Van Stel & Nieuwenhuijsen, 

2004). Porter spillovers are maximized in cities with geographically specialized, competitive 

industries (Glaeser et al., 1992). Jacobs breaks with these two theories by assuming that 

knowledge spillovers work out best among enterprises that practice different activities. So 

that knowledge spillovers are related to the diversity of industries in an area, instead of one 

common industry like in MAR an Porter spillovers. Meaning that inter-sectoral knowledge 

transfers would be most significant. Jacobs thus states that sectors grow the most in regions 

where various sectors are important, so regions with  high diversity will thrive (Van Stel & 

Nieuwenhuijsen, 2004). Jacobs argues that industrially diverse regions encourages innovation 

because it encompasses people with varied backgrounds and interests, and so facilitating the 

exchange of ideas among individuals with different perspectives (Carlino, 2001). Jacobs 

agrees with Porter, that local competition stimulates economic growth (Van Stel & 

Nieuwenhuijsen, 2004). 
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Table 1 provides a summary of the three theories about knowledge spillovers:  

 Competitive environment Monopolistic environment 

Technological cluster Porter effects MAR effects  

Diversity of industries  Jacobs effects  -  

Table 1: Classification of knowledge spillover effects by industry geographically concentration 

(Trachuk & Linder, 2019) 

When looking at the theory of Jacobs, you could recognize something of the theory of 

Granovetter (1973) and Burt (2004) in there. Granovetter (1973) wrote about the strength of 

weak ties: when you are looking for new information, it is better to not consult your friends 

since they usually feature the same knowledge. The real valuable, innovative ideas come from 

a weak tie. This weak tie forms a bridge between two worlds. When applying this theory to 

the spillover theory it would mean that firms learn the most from firms that are not in the 

same sector as them, because those direct competitors will probably possess the same 

knowledge. Burt (2004) talks about structural holes in his book, wherein he states that the 

level of homogeneity of information, new ideas, opinions and behaviour is higher within 

groups than between groups, so people that are connected across different groups are more 

familiar with alternative ways of thinking and behaving. The bridge or ‘broker’ that mediates 

between these groups provides a vision of options that otherwise remain unseen, which allows 

him to come up with innovative ideas.  

These theories fit in with Jacobs’ theory, because she states that regions with diverse 

sectors, so weak ties or structural holes, encourage most innovation (Carlino, 2001). 

Therefore, the empirical part of this research will be done by means of Jacobs’ knowledge 

spillover.  

Levels of knowledge spillovers 

Knowledge can be spilled over on different levels: on individual level between people, on 

enterprise level between firms and on global level between nations (Guerrero & Urbano, 

2014). Knowledge spillovers on individual level consists of knowledge which is 

unintentionally exchanged between people. Knowledge exchanged between companies can 

happen with neighbouring companies, or when these firms are working together. Global level 

knowledge spillovers also happen between neighbouring countries or when nations trade with 

another (Fallah et al., 2004). This research focusses on enterprise level knowledge spillovers. 
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Direct and indirect knowledge spillovers 

Knowledge can spillover in a direct manner, or in an indirect manner. Indirect knowledge 

spillovers come from the knowledge your partners have access to, but they did not produce. 

When the knowledge spilled over is produced by your partner itself, it is called a direct 

knowledge spillover (Fershtman & Gandal, 2011; Serrano-Domingo & Cabrer-Borrás, 2017).  

A form of direct knowledge spillover would be if an university obtains knowledge 

about something and that gets spilled over to company A, where they are cooperating with. 

Indirect knowledge spillover would be the case here, if another company B, which is not 

directly linked to the university, benefits from that knowledge, because it gets spilled over 

from company A to them (P. Vaessen, personal communication, March 21, 2022). For this 

research, both direct and indirect knowledge spillovers are taken into account.  

Intended and non-intended knowledge spillovers  

Knowledge can be exchanged intendedly or not intendedly. A form of intended knowledge 

exchange is a patent. To get a patent firms need to explicitly describe what the product or 

process consists of and how it works, this knowledge can then be easily taken over by other 

companies (Fallah et al., 2004). Non-intended knowledge flows while firms do not want that 

to flow, like when employees take their knowledge and experience to another employer. This 

research will look into intended and non-intended knowledge spillovers.  

Codified and tacit knowledge  

Tacit knowledge is introduced by Michael Polanyi in 1958 and pointed to the existence of 

“the tacit dimension of knowledge”, a form or component of human knowledge distinct from, 

but complementary to the knowledge explicit in conscious cognitive processes (Cowan et al., 

1999). Codified knowledge, according to Cowan et al. (1999), is an obvious reference to 

codes, or to standards – whether of notation or of rules, either of which may be promulgated 

by authority or may acquire “authority” through frequency of usage and common consent, by 

de facto acceptance. Firms can access tacit knowledge by hiring experts and taking over other 

firms, and can be protected by long-term contracts with employees. Codified knowledge can 

be bought in the market and protected by patents and other forms of intellectual property 

rights. Tacit knowledge can be transformed into codified knowledge by codification processes 

(Johnson, 2002). But Johnson (2002) also states that the dichotomy between codifiable and 

non-codifiable knowledge is problematic since it is rare that a body of knowledge can be 
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completely transferred into codified form without losing some of its original characteristics 

and that most forms of relevant knowledge are mixed in these respects. Tacit and codified 

knowledge will both be taken into account in this study.  

2.1.3 Derivative variable of knowledge spillovers: external non-R&D collaborations   

As pointed out in the introduction, knowledge spillovers are hard to measure (Hollanders & 

ter Weel, 2002; Schmidt, 2006). Therefore, this research makes use of an alternative variable 

for knowledge spillovers, namely external non-R&D collaborations. Literature shows that this 

is a good deriviate variable for knowledge spillovers: 

 Fritsch and Franke (2004) indeed see that literature is trying to see if cooperative 

relationship between regional actors are an important vehicle for spillovers. So some authors 

argue that policy could contribute to a wider and faster diffusion of knowledge spillovers by 

actively stimulating cooperative relationships or at least by not hindering them, motivated e.g. 

by the desire to secure a competitive market structure.  

 Vernon Henderson (2007) increasingly thinks many spillovers are not accidential or 

the result of espionage, but rather the product of deliberate exchanges, as suggested by the 

wide literature on networking. He thinks of spillovers occuring in networks and information 

exchange as a largely non-market transaction.  

 Singh (2005) found evidence that interpersonal networks are quite important in 

determining patterns of intraregional and intrafirm knowledge flow, but their full impact 

might be hard to measure because collaborations on patents only represent a small portion of 

the overall set of social relations.  

2.1.4 Mediating variable: research & development   
Quite some articles in literature state that product innovation can only be achieved by R&D 

activities. Their results show that for product innovation the relationship goes from 

knowledge spillovers via R&D to product innovation (Audretsch & Feldman, 1996; Hervas-

Oliver et al., 2011; Xie et al., 2019). Others state that with non-R&D innovation only 

incremental changes can be achieved, no radical innovations (Fischer, 2006; Jirjahn & Kraft, 

2011; Teece et al., 1994). To check if it is true that product innovation can hardly be achieved 

without R&D activities, both the direct relationship between knowledge spillovers and 

product innovation as well as the indirect relationship of knowledge spillovers on product 

innovation via R&D will be tested.  
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The OECD defines R&D as follows: “Research and experimental development (R&D) 

comprise creative work undertaken on a systematic basis in order to increase the stock of 

knowledge, including knowledge of man, culture and society, and the use of this stock of 

knowledge to devise new applications.” (OECD, 2002). The term R&D covers three 

activities: basic research, applied research and experimental development.  

 Some activities do not belong to R&D: education and training, other related scientific 

and technological activities (e.g. collecting, coding, translating and evaluating), other 

industrial activities (e.g. acquisition of technology, industrial engineering and design) and 

administration and other supporting activities (e.g. purely R&D-financing activities and 

indirect supporting activities) (OECD, 2002). 

 R&D activities can be conducted in two ways: in-house or outsourced. Solely relying 

on in-house R&D has become unsatisfactory because of the growing complexity and speed of 

technological developments. But both of the two types are controversial. Common knowledge 

tells use due to economies of specialization and knowledge spillovers, outsources R&D 

obtains bigger productivity gain. Also, outsourced R&D stimulus spillovers from the outside 

to the firm’s absorption capacity, and thus improve a firm’s innovation capabilities. But in 

contrast to this, other authors claim that in-house R&D is better in terms of productivity. This 

because of the firm’s absorption capacity and because of the transaction costs incurred in 

setting up and managing the collaborative agreements which may impede the outsourced 

R&D, and lastly because of the costs of collaborative activities that cancel out positive 

impacts of innovation collaboration in the short term, leading to a negative effect on firm 

profitability (Ngo, 2020). In this research, both in-house and outsourced R&D are taken into 

account.  

2.2 Explanatory theories  
Knowledge spillovers emerge when an investment in knowledge creation by one party 

produces external benefits by facilitating innovation by other parties (Jaffe et al., 2000). 

Sources of this knowledge are publications, patents, human capital and research institutions 

(Ghio et al., 2015).  

The information sources for knowledge spillovers are usually located in public 

domains and depend on a firm’s ability to create information flows from the public pool of 

knowledge, such as patents, publications, and technical and industrial associations (Audretsch 

et al., 2021). Because the source is often located in public domain, the technical property of 
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knowledge is generally non-excludable: whoever may use a knowledge spillover has 

generally no incentive to compensate the producer of this externality for his or her beneficial 

activities (Döring & Schnellenbach, 2006), but Yang et al. (2010) and Yang and Steensma 

(2014) state that also the originating firm can benefit from knowledge spillovers. They can 

achieve this by benefitting from the innovations the recipient firms implemented based on the 

knowledge the originating firm spilled over. This is called a spillover knowledge pool.  

Another way knowledge spillovers emerge is because employees switch jobs and take 

their knowledge with them to their new employer (Agarwal et al., 2009), or when employees 

leave the firm to start a business for their own with the knowledge they gained when they 

were under contract at that originating firm (Ghio et al., 2015).  

Universities also play a role within knowledge spillovers. University activities involve 

formal and informal interactions and their research output is considered a knowledge spillover 

source, including through its role in creating start-ups and their spin-offs (Davies et al., 2021).   

Relationship between knowledge spillovers and 

… Technological process innovation 

The European Union has a fundamental target that the rate of R&D investments should be 3% 

of GDP, the study by Hervas-Oliver et al. (2011) however stated that SMEs innovation relies 

on a variety of internal (both R&D and non-R&D) and external drivers, such as collaboration 

with other firms and research centres and is profoundly influenced by location and context. So 

they argue place-blind increases in R&D investments may not deliver the best outcomes. This 

paper showed us that non-R&D activities are important drivers for process innovation. 

Internal HR and internal suppliers, and external sources of knowledge are both critical. This 

study contained 2023 available firms from a body of the Spanish Ministry of Industry, with 

data from the years 2005 and 2006. The objective of the study was threefold: to understand 

what role non-R&D input activities play to explain a firm’s innovative process and product 

performance, tackle the role of the non-R&D innovations and their strategies combining 

internal and external resources to innovate, and lastly: exploring the process of innovation 

disentangling the ambiguous results of the literature about the effects of absorptive capacity to 

access external sources of knowledge and the medation effect of combining internal and 

external sources of knowledge. Similar results were found in Klevorick et al. (1995), Lee et 

al. (2001) and Hervás-Oliver et al. (2021). This leads to the following hypothesis to be tested: 
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Hypothesis 1: The greater the number of external non-R&D collaborations, the 

stronger their impact upon technological process innovation.  

… Technological product innovation 

Lasagni (2012) wrote that the word ‘innovation’ was originally linked to the role of R&D, but 

currently, it is more associated with the knowledge used in the process of generating new 

ideas. Therefore, he dove into the idea that innovation results are favoured by the presence of 

relationships, networks, alliances and other forms of interaction with external sources of 

knowledge. To do so, he addressed two principal research questions: are SMEs that are 

proactive in strengthening their relationships with innovative suppliers and customers more 

likely to achieve positive results in the innovation of products or services? And second: Are 

innovative SMEs more likely than other SMEs to take advantage of linkages with R&D 

laboratories and universities? Data to answer these questions was collected using a survey of 

managers working in approximately 600 SMEs in six different European countries (Austria, 

Germany, Hungary, Italy, Poland and Slovenia). Innovation performance was measured with 

two variables: range innovativeness and turnover from new products. Lasagni (2012) 

concluded that SMEs which are proactive in strengthening their relationships with innovative 

suppliers, users and customers have a higher innovation performance. Moreover, firms will 

have better new product development results if they improve their relationships with 

laboratories and research institutes. Based on this research the second hypothesis can be 

outlined as follows: 

Hypothesis 2a: The greater the number of external non-R&D collaborations, the 

stronger their impact upon technological product innovation.  

Xie et al. (2019) did research to see if non-R&D innovation has an effect on new product 

performance. To find these results they used 200 valid questionnaires, sent out to senior 

managers and R&D managers of manufacturing firms located in the Yangtze Delta Region in 

China. New product performance was measured using six 5-point Likert scale items, for the 

independent variable non-R&D innovation they used a four-dimensional construct, where 

each dimension was measured using three items. For the moderating variable R&D intensity, 

they conceptualized the annual R&D expenditure of a firm divided by total sales. The 

relationship between the independent and dependent variable turned out to be significant and 

positive. They further found out that the interaction term between non-R&D innovation and 

R&D intensity was positive and significant for new product performance. As read above, 
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Hervas-Oliver et al. (2011) found that non-R&D activities important drivers are for process 

innovation, but that product innovation can only be explained on the basis of R&D activities. 

This would mean that product innovation can only be achieved when the non-R&D activities 

are combined with R&D activities. Similar results were found in Audretsch and Feldman 

(1996), consequently, the next hypothesis reads like this: 

Hypothesis 2b: The greater the number of external non-R&D collaborations, the 

stronger their impact upon technological product innovation via R&D.  

… Non-technological organizational innovation 

Pittaway et al. (2004) wrote that there is a gap in literature about the relationship between 

networking and different forms of innovation, like process innovation and organizational 

innovation because the focus is mostly on product innovation. Radicic et al. (2019) tried to fill 

this gap by investigating if cooperation with suppliers, private sector institutions and public 

sector institutions increase the probability of introducing organizational innovation, and found 

that this is the case. They investigated this because there are plenty of benefits of cooperation 

on firms’ innovation activities like risk pooling, cost sharing, shortening of the innovation 

process, fast commercialization of products, obtaining access to complementary and/ or 

similar resources, and access to external knowledge (Radicic et al., 2019). The sample 

included 312 SMEs from seven EU regions (in France, Germany, Italy, Netherlands, Portugal, 

Spain and, UK) noted for concentrations of traditional manufacturing industry. Their research 

question was: is there a non-linear (inverted U-shaped) relationship between the breath of 

cooperation and innovation performance? Therefore, the third hypothesis is formulated as:   

Hypothesis 3: The greater the number of external non-R&D collaborations, the 

stronger their impact upon non-technological organizational innovation.  

… Non-technological product-service innovation  

For product-service innovation it is harder to find indications that external non-R&D 

collaborations have an impact on this dependent variable since little to no research has been 

conducted to this subject. But based on the fact that there are plenty of clues and theories that 

external non-R&D collaborations have an effect on technological product innovation and on 

non-technological process innovation, the last hypothesis is as follows:  

Hypothesis 4: The greater the number of external non-R&D collaborations, the stronger 

their impact upon non-technological product-service innovation.  
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2.3 Conceptual model  

 

 

Figure 2: Conceptual model of the research  
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3. Methodology  
This chapter explains the methodology that will be used to gather, analyse and interpret the 

necessary data for the research. It will also provide the operationalizing table and say 

something about research ethics.  

3.1 Used sample, data source and taken measures  
The population of this research is Dutch manufacturing companies. The sample that will be 

investigated for this research comes from the EMS (European Manufacturing Survey) 

(appendix 1). This secondary dataset contains valid data from 177 Dutch manufacturing firms. 

Measures that were being taken to optimize the internal validity of the survey are: detailed 

questions, trial surveys, international meetings with representatives from fifteen different 

countries with intensive discussions about the formulation of the question and the drafting of 

the questionnaire, and the questionnaires are being translated from English to Dutch and 

checked on translations. For the external validity, the following measures were taken: offering 

a free benchmark report where companies can compare themselves with other firms and 

lastly, sending out two reminders. This was done to obtain as much respondents as possible. 

Measures for the reliability of the survey are asking for experiences, not opinion questions, 

but asking for objective data: practices, facts, investments, and performance scores.  

3.2 Intended analysis procedure  
For this research, quantitative research will be conducted. The analysis of the data will be 

done using SPSS software. External non-R&D collaborations will be used as the independent 

variable and is tested by asking which types of external non-R&D collaborations the firm 

participates in.  For the dependent variables goes: process, organizational and product-service 

innovation will be tested by adding up all the implemented innovations belonging to that 

innovation type. For product innovation the percentage of turnover of new offered products 

since 2012 will be used. As mediator the percentage of internal R&D employees will be used 

and for external R&D the number of R&D collaborations will be counted. All these variables 

are of metric measurement level.  

To see if the hypotheses of the direct effects are supported, so the more external non-R&D 

collaborations, the stronger their impact upon the different types of innovation, regression 

analysis will be conducted. Because this technique can only handle one dependent variable at 

a time, the analysis will be performed four times. The basic equation of a regression analysis 

is as follows (Hair, 2019): 𝑌𝑌i =  β0 +  β1𝑋𝑋i + εi  
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With: 

𝑌𝑌i= dependent variable 

β0= population Y intercept (constant) 

β1= population slope coefficient 

𝑋𝑋i= independent variable  

εi= random error term  

A few model assumptions have to be checked before being able to conduct the regression 

analysis. These assumptions are that the variables have to be of at least interval measurement 

level, the variables have to be normally distributed, the relation between predictor and 

dependent variable has to be linear, the level of multicollinearity may not be too high and the 

variance of all residuals at each level of the predictor variable has to be homoscedastic (Hair, 

2019). 

The indirect effect will be tested with two mediation analyses. This will be conducted 

using PROCESS v4.1 by Andrew F. Hayes in SPSS. The mediation analysis looks like this:  

   

Figure 3: Conceptual model of a mediation analysis  

Because Jacobs’ does not claim knowledge spillovers only happen in close proximities 

like Porter (Van Stel & Nieuwenhuijsen, 2004), external non-R&D collaborations over all 

distances will be used. Besides, Jacobs states that knowledge spillovers happen mostly 

between firms that are active in different types of industries (Carlino, 2001), so all the 

external non-R&D collaborations are taken into account, not only the ones that exist within a 

certain sector. To avoid that the results are biased by the size or industry of the firm, these 

variables will be included in the regression model as control variables.  
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3.3 Operationalization table 

 
Table 2: Operationalization table  

3.4 Research ethics  
Regarding research ethics, the researcher will conduct the complete research according to the 

principles (virtues) of the Dutch code of conduct for scientific integrity. This contains five 

principles: honesty (not doing unfounded claims), diligence (using scientific methods and 

optimal precision), transparency (being open about the used data), independency (not being 

led by non-scientific considerations) and responsibility (doing scientifically or social relevant 

research)(NWO, n.d.).  
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4. Empirical research 
This chapter consists of the response data, variable construction, the univariate, bivariate 

and multivariate analyses and their fit to the hypotheses.  

4.1 Response data 
In total, the dataset consists of 177 respondents, two respondents include some missing data, 

so these are eliminated. This brings the amount of valid respondents to 175 (N = 175). Tables 

3 and 4 show that the data consists of firms with different sizes and that are present in seven 

different sectors, namely: metal, food, textile, construction, chemical, machinery and 

electronic.   

Firm size  Frequency  Percentage 

Less than 20 employees 37 21,1% 

20 to 49 employees 72 41,1% 

50 to 99 employees 43 24,6% 

100 to 249 employees 19 10,9% 

250 or more employees 4 2,3% 

Total  175 100% 

Table 3: Sizes of the questioned firms 

Type of industry  Frequency  Percentage 

Metal  37 21,1% 

Food 18 10,3% 

Textile 22 12,6% 

Construction 13 7,4% 

Chemical  22 12,6% 

Machinery  31 17,7% 

Electronic  32 18,3% 

Total  175 100% 

Table 4: Industries of the questioned firms 
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4.2 Variable construction 
Here, the variables that will be used to answer the focal questions will be explained.  

4.2.1 Construction dependent variables 
Process innovation 

Process innovation is tested by two questions in the questionnaire: 8.1 ‘which of the following 

technologies is currently applied in your firm?’ and 8.2 ‘which of the following does your 

firm do to reduce energy consumption?’. The first question consists of 23 items and the 

second question of three items. Because the variable ‘process innovation’ is tested by multiple 

measurements, we need to do an assessment of the degree of consistency between those 

measurements. By this, we test for reliability. A type of diagnostic measure is the reliability 

coefficient, this assesses the consistency of the entire scale, most of the times done using 

Cronbach’s alpha. Cronbach’s alpha should have a value of at least .70 (Hair, 2019). Here, the 

value of Cronbach’s alpha is .768 (see appendix 2) so it meets the requirement of being higher 

than .70. This value cannot be increased since deleting items here would only lead to a lower 

value (see Cronbach’s alpha if item deleted). Now we know that we can use these 26 items as 

one variable for process innovation. So, the more technologies a firm applied, the more 

process innovative the firm is. Mean here is 5,8, which is quite low considering firms could 

score up to 26 on this variable. The minimum score is zero and the maximum is 22 as can be 

seen in table 5.  

 Frequency Percent Valid percent Cumulative percent 

,00 4 2,3 2,3 2,3 

1,00 14 8,0 8,0 10,3 

2,00 18 10,3 10,3 20,6 

3,00 17 9,7 9,7 30,3 

4,00 25 14,3 14,3 44,6 

5,00 21 12,0 12,0 56,6 

6,00 12 6,9 6,9 63,4 

7,00 17 9,7 9,7 73,1 

8,00 9 5,1 5,1 78,3 

9,00 9 5,1 5,1 83,4 

10,00 6 3,4 3,4 86,9 

11,00 9 5,1 5,1 92,0 
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12,00 4 2,3 2,3 94,3 

13,00 4 2,3 2,3 96,6 

14,00 3 1,7 1,7 98,3 

17,00 1 0,6 0,6 98,9 

18,00 1 0,6 0,6 99,4 

22,00 1 0,6 0,6 100,00 

Mean  5,7600    

Total  175 100,00 100,00  

Table 5: Frequencies of the number of applied process innovations per business location 

Product innovation 

For product innovation, question 9.1b was used ‘what share of turnover did the since 2012 

introduced products that were new to the firm or technically drastically renewed have in 

2014?’. Because this question does not consist of multiple items, the scale analysis is not 

needed. Table 6 includes an overview of the share of turnover in percentages. Mean of this 

variable is 13,8 with a minimum score of zero and a maximum of 90. There are 68 missing 

scores for this variable because that is the amount of firms that did not introduce any new 

products.   

 Frequency Percent Valid percent Cumulative percent 

,00  6 3,4 5,6 5,6 

1,00  7 4,0 6,5 12,1 

2,00 7 4,0 6,5 18,7 

3,00 2 1,1 1,9 20,6 

5,00 18 10,3 16,8 37,4 

8,00 1 ,6 ,9 38,3 

10,00 21 12,0 19,6 57,9 

12,00 2 1,1 1,9 59,8 

15,00 13 7,4 12,1 72,0 

17,00 1 ,6 ,9 72,9 

20,00 12 6,9 11,2 84,1 

25,00 6 3,4 5,6 89,7 

30,00 5 2,9 4,7 94,4 

40,00 2 1,1 1,9 96,3 
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45,00 1 ,6 ,9 97,2 

70,00 1 ,6 ,9 98,1 

80,00 1 ,6 ,9 99,1 

90,00 1 ,6 ,9 100,00 

Mean  13,7944    

Total  107 61,1 100,00  

Missing system 68 38,9   

Total  175 100,00 100,00  

Table 6: Frequencies of the percentage of turnover new products have  

Organizational innovation 

Eighteen items represent the organizational innovativeness of the questioned firms. The 

question to test for this is 3 ‘which of the following organizational concepts and working 

methods are currently applied in your firm?’. To assess the degree of consistency, Cronbach’s 

alpha is measured and turned out to be .801, which is above the requirement of .70. This value 

could not be further increased by deleting items, see appendix 2. Mean here is 8,0, so it is 

almost in the middle and the minimum and maximum score match with the minimum and 

maximum possible: representatively zero and eighteen, as can be seen in table 7.  

 Frequency Percent Valid percent Cumulative percent 

,00 2 1,1 1,1 1,1 

1,00 7 4,0 4,0 5,1 

2,00 5 2,9 2,9 8,0 

3,00 11 6,3 6,3 14,3 

4,00 8 4,6 4,6 18,9 

5,00 12 6,9 6,9 25,7 

6,00 17 9,7 9,7 35,4 

7,00 17 9,7 9,7 45,1 

8,00 18 10,3 10,3 55,4 

9,00 17 9,7 9,7 65,1 

10,00 12 6,9 6,9 72,0 

11,00 14 8,0 8,0 80,0 

12,00 13 7,4 7,4 87,4 

13,00 7 4,0 4,0 91,4 
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14,00 6 3,4 3,4 94,9 

15,00 4 2,3 2,3 97,1 

16,00 4 2,3 2,3 99,4 

18,00 1 ,6 ,6 100,0 

Mean  8,0400    

Total  175 100,00 100,00  

Table 7: Frequencies of the number of applied organizational innovations per business location 

Product-service innovation 

For product-service innovation, a question was asked about which of the following product 

related services the business locations offer to their customers (10.1). This variable consists of 

eight items. For this question the Cronbach’s alpha has a value of .772. This value cannot be 

increased by at least .05 so no items will be deleted (Field, 2018), see appendix 2. Table 8 

presents an overview of how many firms offer a certain amount of product-services, with a 

minimum of zero offered services, a maximum of eight, and a mean of 2,8. 

 Frequency Percent Valid percent Cumulative percent 

,00 34 19,4 19,4 14,9 

1,00 22 12,6 12,6 32,0 

2,00 31 17,7 17,7 49,7 

3,00 29 16,6 16,6 66,3 

4,00 17 9,7 9,7 76,0 

5,00 16 9,1 9,1 85,1 

6,00 11 6,3 6,3 91,4 

7,00 7 4,0 4,0 95,4 

8,00 8 4,6 4,6 100,0 

Mean  2,8457    

Total  175 100,00 100,00  

Table 8:Frequencies of the number of offered product-services per business location 

4.2.2 Construction independent variable  
The independent variable in this research is external non-R&D collaborations. For this, 

question 6.1 ‘does your business location cooperate with other companies in the following 

areas?’ is used. To measure this, four items are used, because the other two items contain 

R&D, which will be measured separately. The Cronbach’s alpha here has a value of .618. 
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This is not very high, but cannot be heightened by deleting an item. Here the minimum score 

of external non-R&D collaborations is zero and the maximum is four, with a mean of 1,5 as 

shown in table 9.  

 Frequency Percent Valid percent Cumulative percent 

,00 55 31,4 31,4 31,4 

1,00 39 22,3 22,3 53,7 

2,00 35 20,0 20,0 73,7 

3,00 32 18,3 18,3 92,0 

4,00 14 8,0 8,0 100,0 

Mean  1,4914    

Total  175 100,00 100,00  

Table 9: Frequencies of the number of external non-R&D collaborations per business location 

4.2.3 Construction mediating variable  
For the indirect effect, two variables will be used. The first variable is about internal R&D: 

15.2 ‘how many percent of the personnel is in the area of R&D?’. The minimum score here is 

zero and the maximum is 25, with a mean of 5,5. The second variable tests if the business 

location cooperates in R&D with customers and suppliers (6.1) and / or with research 

institutions (6.1). The Cronbach’s alpha value for this variable is .502 and cannot be increased 

since it only consist of two items. The minimum score of this variable is zero and the 

maximum is two and has a mean of 0,9. Tables 10 and 11 show the frequency distribution of 

both variables.  

 Frequency Percent Valid percent Cumulative percent 

,00 43 24,6 24,6 24,6 

1,00 11 6,3 6,3 30,9 

2,00 14 8,0 8,0 38,9 

2,50 3 1,7 1,7 40,6 

3,00 6 3,4 3,4 44,0 

4,00 6 3,4 3,4 47,7 

5,00 39 22,3 22,3 69,7 

6,00 1 ,6 ,6 70,3 

8,00 3 1,7 1,7 72,0 

9,00 1 ,6 ,6 72,6 
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10,00 28 16,0 16,0 88,6 

12,00 1 ,6 ,6 89, 

15,00 7 4,0 4,0 93,1 

20,00 11 6,3 6,3 99,4 

25,00 1 ,6 ,6 100,0 

Mean  5,5114    

Total  175 100,00 100,00  

Table 10: Frequencies of the percentage R&D personnel per business location 

Table 11: Frequencies of the number of external R&D collaborations per business location 

4.2.4 Construction control variables  

Two variables are included as control variables to enhance the internal validity. ‘type of 

industry’ and ‘firm size’ could influence the outcomes so these variables will be controlled for 

in the regression analysis (Bhandari, 2021). The frequency distributions of both variables can 

be found in table 3 and 4.  

 

 

 Frequency Percent Valid percent Cumulative percent 

,00 64 36,6 36,6 36,6 

1,00 61 34,9 34,9 71,4 

2,00 50 28,6 28,6 100,0 

Mean  0,9200    

Total  175 100,00 100,00  
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4.3 Univariate analysis 
Table 12 provides an overview of the univariate analysis, including the mean, median, standard deviation, skewness, kurtosis and the minimum 

and maximum scores of all variables. As can be seen, all values of skewness and kurtosis are smaller than |1,96| (with p < 0,05) except for 

‘product innovation’. Although the bell shape is not a requirement for regression analysis, a non-symmetric distribution could have effects on the 

linearity and homoscedasticity, so it is better to meet this assumption (Field, 2018). With the exceedance of this rule by the variable ‘product 

innovation’ will be dealt in the next paragraph.   

 

 

External non-

R&D 

collaborations 

Process 

innovations 

Product 

innovation  

Organizational 

innovations 

Product-

service 

innovation 

External 

R&D 

collaborations 

Internal 

R&D 

Industry  Firm 

size 

N valid  175 175 107 175 175 175 175 175 175 

Mean  1,4914 5,7600 13,7944 8,0400 2,8457 ,9200 5,5114 4,0629 2,3200 

Median 1,0000 5,0000 10,0000 8,0000 3,0000 1,0000 5,0000 4,0000 2,0000 

Std. dev. 1,3169 3,8312 14,8843 3,8572 2,2905 0,8054 5,7476 2,2236 1,0002 

Skewness ,378 1,051 2,774 ,074 ,575 ,147 -1,247 -,102 ,541 

SE of S ,184 ,184 ,234 ,184 ,184 ,184 ,184 ,184 ,184 

Kurtosis -1,080 1,511 10,327 -,517 -,524 -1,443 -1,014 -1,484 -,200 

SE of K ,365 ,365 ,463 ,365 ,365 ,365 ,365 ,365 ,365 

Minimum ,00 ,00 ,00 ,00 ,00 ,00 ,00 1,00 1,00 

Maximum  4,00 22,00 90,00 18,00 8,00 2,00 25,00 7,00 5,00 

With: Std. dev.: Standard deviation, SE of S: Standard error of skewness and SE of K: Standard error of kurtosis  
Table 12: Overview of the univariate analysis 
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4.4 Bivariate analysis  
4.4.1 Multicollinearity  

Any time a variate has two or more variables there is the potential for multicollinearity, the 

degree of correlation among the variables in the variate that may result in a confounding 

effect in the interpretation of the individual variables of the variate. So put in other words, the 

extent to which a variable can be explained by the other variables in the analysis (Hair, 2019). 

The used threshold for this is (r > 0,9). As can be seen in appendix 3, there are no values of 

Pearson Correlation higher than 0,9, so there is no question of multicollinearity in the data.  

4.4.2 Expected relationships  

By looking at the bivariate analysis table (appendix 3) we can also check for first indications 

of validity of the hypotheses.  

First thing to notice is that all of the Pearson Correlations are positive, except for the one 

between internal R&D and type of industry. Besides, non-R&D external collaborations has a 

positive and significant effect on process innovation (r = 0,241, p = 0,001), organizational 

innovation (r = 0,302, p < 0,001) and product-service innovation (r = 0,267, p < 0,001). For 

product innovation the correlation is positive, but not significant. The correlations between 

internal R&D and product innovation and between R&D collaborations and product 

innovation are positive but not significant.  

4.5 Multivariate analysis 
4.5.1 Assumptions 

Metric measurement level 

One assumption that needs to be met for regression analysis is that all the variables have to be 

of interval or ratio measurement level. This is the case for all of the variables, except for the 

one on the industry the firms are in. For this variable six dummy variables have been created, 

with metal as their reference group.  

Normality  

In appendix 4, the P-P plots and histograms are shown to test for normality.  

As can be seen from the histogram of process innovation, it looks a bit positively 

skewed and leptokurtic, but when looking at their values from the univariate analysis, the 

values of the skewness (1,051) and kurtosis (1,511) fall within the border of |1,96|, so we can 

assume process innovation is normally distributed. Looking at the histogram of product 
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innovation also gives an indication that the distribution is positively skewed and leptokurtic. 

Considering their values respectively on both measures: 2,774 and 10,327, we can state that 

for product innovation that is indeed the case. To solve this exceedance two types of 

transformations have been conducted: a log transformation (see appendix 5) and a square root 

transformation (see appendix 6). The first one seemed to have the most effect, and made sure 

now the values of the skewness (-,463) and kurtosis (-,070) fall within the set borders. For 

organizational innovation the histogram almost perfectly matches the normally distribution 

line. Product-service innovation seems a bit positively skewed, but the skewness value is only 

,575, so that is nicely within the limits. These skews in process, product and product-service 

innovation are also visible in the P-P plots, since you can see a (little) S-shape of the dots, 

which implies skewness (Field, 2018).  

Homoscedasticity  

This assumption means that the variance of the outcome variable should be stable at all levels 

of the predictor variable. To test for this, we can look at Levene’s test and at the residual plot 

(Field, 2018). Levene’s test in appendix 7 show that none of the values are significant, which 

implies that all the variances in the groups are equal, so there is homoscedasticity.  

Besides the Levene’s test, also a residual plot is created for all the dependent variables. 

These are presented in appendix 8 and neither show a graph that funnels out (Field, 2018), so 

there is no heteroscedasticity.   

Independence 

This assumption means that the errors in a model are not related to each other. To check for 

this, the Durbin-Watson test can be used, which is a test statistic varying between zero and 

four. A value of two means the errors are uncorrelated, a rule of thumb here is that values 

lower than one or above three are cause for concern (Field, 2018). Here the values of process, 

product, organizational and product-service innovation are respectively 1,897, 1,917, 2,165 

and 2,173, as shown in appendix 9. As can be seen these values all lay close to two, so 

independence of errors can be assumed.  

Linearity  

This assumption can also be tested with the residual plot, like homoscedasticity. If a curve is 

present in the graph, then the assumption of linearity cannot be assured (Field, 2018). But as 

can be seen in appendix 8 all the dots are randomly spread, so there is a linear relationship.   
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4.5.2 Overall fit of the model  

Firstly we will look into the model as a whole, before diving into the separate variables. To do 

this, will take a look at the F-values because this tells the goodness of fit (Field, 2018). We 

can derive from table 13 that only for product innovation the F-value is not significant (p = 

0,074), but for the other three innovation types it is. For the latter three goes that the F-value 

has a significance value of p < 0,001, so we may look at those three models.   

Because there is only one predictor in all models, the R-value is the correlation 

between external non-R&D collaborations and the different types of innovation (Field, 2018). 

The R-values in the models are: 0,561 for process innovation, 0,364 for product innovation, 

0,564 for organizational innovation and 0,552 for product-service innovation.  

The value of R2 tells us how much of the variation can be accounted to external non-

R&D collaborations, and how much of the variation remains unaccounted for: other variables 

that have influence. The R2 values of process innovation, product innovation, organizational 

innovation and product-service innovation are respectively 0,315, 0,132, 0,318 and 0,305. 

This means that for the innovation types respectively 68,5%, 86,8%, 68,2% and 69,5% of the 

variation remains unaccounted for. Looking at the adjusted R2’s of the model, Field (2018) 

uses three levels of explanatory power: 0.01 = low, 0.09 = medium and 0.25 = high. The 

models for process innovation, organizational innovation and product-service innovation have 

a high explanatory power.  

Lastly, we have the B-value given for all the variables, this represents the change in 

the outcome associated with a unit change in the predictor. So for organizational innovation 

we can say that if a firm has one extra external non-R&D collaboration, the model predicts 

the firm will implement 0,562 extra organizational innovations. For product-service 

innovation is value is 0,317 and both are significant with p < 0,05. The B-values of external 

non-R&D collaborations in the process innovation and in the product innovation model are 

not significant.  
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 Dependent variables B (SE) 

 Process innovation Product innovation Organizational 
innovation 

Product-service 
innovation 

Independent variable  

External non-R&D 

collaborations 
0,336 (,199) 0,070 (,033)* 0,562 (,200)* 0,317 (,120)* 

Control variables 

Food  -0,656 (,485) -0,259 (156) 1,681 (,941) -1,402 (,564)* 

Textile  -0,834 (,345) -0,009 (157) 1,595 (,884) -0,916 (,530) 

Construction  -0,081 (,939) -0,042 (,179) -0,043 (1,070) 0,080 (,642) 

Chemical  -1,000 (,258) -0,218 (146) 1,697 (,885) 0,045 (,531) 

Machinery  0,392 (,632) -0,063 (,135) 0,533 (,820) 2,255 (,492)** 

Electronics  0,657 (,403) -0,315 (,138)* 1,068 (,788) 0,709 (,472) 

Firm size  1,944 (,000)** -0,030 (,042) 1,740 (,258)** 0,136 (,155) 

Model information  
F-value 9,539** 1,868 9,694** 9,108** 

R 0,561 0,364 0,564 0,552 
R2  0,315 0,132 0,318 0,305 
Adjusted R2  0,282 0,061 0,286 0,272 
N 175 175 175 175 

With: * p < 0,05 and ** p < 0,01 

Table 13: Outcomes of the regression analyses  

Because the types of industry are all dummy variables, it is not possible to say anything about 

their B-value. To solve this problem, they are put back together as one by making a 

compound variable. For all four models, this provided a unstandardized coefficients B-value 

of 1,000 for industry type, while the other independent variables (external non-R&D 

collaborations and firm size) remain the same value. Because of this and because all four 

compound variables for the four models are significant with p < 0,05, we may look at the 

standardized coefficients Beta-value. Here we can see the strength of the effect with respect to 

the other independent variables. For process and organizational innovation, firm size has the 

largest Beta-value, respectively 0,508 and 0,541 and for product and product-service 

innovation industry type has the strongest effect, with respectively 0,281 and 0,484.  
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4.5.3 Fit with composed hypotheses   
The first hypothesis, H1:the greater the number of external non-R&D collaborations, the 

stronger their impact upon technological process innovation, cannot be accepted. As seen in 

table 13, the model as a whole is significant (F-value of 9,539 with p <0,001), but the 

relationship between external non-R&D collaborations and process innovation is not 

significant (B-value of 0,336 with p = 0,093). This hypothesis was drawn up because Hervas-

Oliver et al. (2011) found proof for this relation by investigating 2023 Spanish industrial 

firms, and similar results were found by other authors. A reason that this result deviates from 

Hervas-Oliver’s outcome could be that he took into account all kinds of non-R&D activities, 

so internal HR and internal suppliers, as well as external sources of knowledge.  

The second hypothesis, H2a: the greater the number of external non-R&D 

collaborations, the stronger their impact upon technological product innovation, can also not 

be accepted. This because the model as a whole is not significant (F-value of 1,868 with p = 

0,074). The relationship between external non-R&D collaborations and product innovation is 

on the other hand significant (B-value of 0,070 with p = 0,036) but we may not interpret the 

model parameters when the overall fit of the model is not significant (Field, 2018). This 

model not being significant is contradictory to the piece of Lasagni (2012). He found that 

SMEs that proactively strengthen their relationships with innovative suppliers, users and 

customers have a higher range innovativeness and higher turnover from new products. It 

could be that his results were significant because he also looked at relationships with users 

and customers, while these groups were not present in this research because they do not 

belong to enterprise level knowledge spillovers. But the rejection of this hypothesis is on the 

other hand not a total surprise. As can be read in paragraph 2.1.4, there are clues in literature 

that product innovation cannot be achieved without R&D. For this reason, the effect of 

external non-R&D collaborations on product innovation via R&D will also be tested.    

The third hypothesis, H3: the greater the number of external non-R&D collaborations, 

the stronger their impact upon non-technological organizational innovation, can be accepted. 

The overall fit of the model is significant: F-value = 9,694 with p < 0,001. Besides, the 

relation between external non-R&D collaborations and organizational innovation is 

significant: with a B-value of 0,562 and a significance level of p = 0,006. This relationship 

had not been investigated often before, according to Pittaway et al. (2004). But Radicic et al. 

(2019) found in a sample of 312 European SMEs that there is a relation between cooperating 

with suppliers, private and public sector institutions and an increased probability of 
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introducing organizational innovations. The acceptance of H3 is in line with this previously 

performed research.  

The fourth hypothesis, H4: the greater the number of external non existing-R&D 

collaborations, the stronger their impact upon non-technological product-service innovation, 

can also be accepted. Both the total model as well as the model parameters are significant: the 

model has a F-value of 9,108 with a significance level of p < 0,001 and the B-value of 

external non-R&D collaborations is 0,317 and significant (p = 0,009). This hypothesis was 

not based on previous research, since that is not available, but based on a presumption that 

because external non-R&D collaborations affect technological process innovation and non-

technological product innovation positively, it would also affect non-technological product-

service innovation that way. So this finding does not match with an existing source, but is 

entirely new to literature.   

4.5.4 Summary   
In summary, the hypotheses on technological innovation cannot be accepted and the 

hypotheses on the non-technological innovations can be accepted. For process innovation 

goes that the model was significant, but the relation between external non-R&D 

collaborations is not, while for product innovation the model in itself was not significant. This 

was taken into account and for this reason a mediation analysis will be performed for product 

innovation. For the latter two hypotheses can be stated that the more external non-R&D 

collaborations firms have, the more non-technologically innovative they are. Table 14 

provides an overview of the tested hypotheses.  

Table 14: Overview of the tested hypotheses with help of regression analyses  

Hypothesis Status 

H1: The greater the number of external non-R&D collaborations, the 

stronger their impact upon technological process innovation.  

Rejected  

H2a: The greater the number of external non-R&D collaborations, the 

stronger their impact upon technological product innovation. 

Rejected 

H3: The greater the number of external non-R&D collaborations, the 

stronger their impact upon non-technological organizational innovation. 

Accepted  

H4: The greater the number of external non-R&D collaborations, the 

stronger their impact upon non-technological product-service innovation. 

Accepted  
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4.6 Mediation analysis  
To test if the relationship between external non-R&D collaborations and product innovation 

goes via R&D, as stated in hypothesis 2b, mediation analyses will be conducted. This is done 

on the basis of these two conceptual models:  

  

Figure 4: Conceptual model of the mediating variable internal R&D 

 

Figure 5: Conceptual model of the mediating variable external R&D 

As can be seen in both conceptual models, the mediation analysis consists of four paths. 

Namely a, b c and c’. For internal R&D question 15.2 ‘How is the staff in your company 

location distributed among the following areas of activity?’, of the EMS is used and for 

external R&D 6.1 ‘Is your business location cooperating with other companies on R&D with 

purchasers and suppliers and / or with research institutions?’. Both variables have a metric 

measurement level.  

4.6.1 Mediating analysis for internal R&D 

There was no significant indirect effect of external non-R&D collaborations on product 

innovation through internal R&D, b = 0,01, 95% CI [-0,251, 0,521].  

 

Figure 6: Values of the paths with internal R&D as mediator  
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4.6.2 Mediating analysis for external R&D 

There was no significant indirect effect of external non-R&D collaborations on product 

innovation through external R&D, b = 0,28, 95% CI [-,313, 1,022].  

 

Figure 7: Values of the paths with external R&D as mediator  

4.6.3 Hypothesis 

The hypothesis for which the mediation analysis had been conducted, reads: H2b: The greater 

the number of external non-R&D collaborations, the stronger their impact upon technological 

product innovation via R&D collaborations. This hypothesis cannot be accepted because both 

mediation analyses turned out to be non-significant. Audretsch and Feldman (1996), Hervas-

Oliver et al. (2011) and Xie et al. (2019) all found proof that the relation between non-R&D 

activities and product innovation via R&D is significant. Why that is not the case in this 

research remains unanswered.  

Hypothesis Status 

H2b: The greater the number of external non-R&D collaborations, the stronger 

their impact upon technological product innovation via R&D collaborations. 

Rejected  

Table 15: Overview of the tested hypothesis with help of mediation analyses  
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5. Conclusion 
In this chapter the main points will be summarized and a conclusion will be drawn. This will 

be done by answering the sub questions and lastly the research question.  

Knowledge spillovers are not fully interpreted yet. There is literature present about the topic, 

though it is not complete, nor unambiguous. This starts with the actual definition of 

knowledge spillovers, whether that only entails unintentional flows of tacit knowledge, or also 

encompasses intentional flows of codified knowledge. This gap continues by the sources of 

knowledge spillovers, as well as in the relationship between knowledge spillovers and 

innovation being not certain. There is literature present that this relation exists, but other 

authors claim it does not, and still others say that the outcomes of knowledge spillovers are 

unpredictable, because the movement of knowledge is unpredictable.   

 Innovation has four appearances, based on Schumpeter’s theories. Technological 

innovations can be distinguished in: process innovation, the implementation of a new or 

significantly improved production or delivery method and in product innovation, which 

entails the introduction of goods, services or technologies that are new or significantly 

improved. The two non-technological innovation types are: organizational innovation, which 

is the development and implementation of new organizational methods, and product-service 

innovation, what encompasses the delivery of a new service.  

 Research and development is creative work done systematically to increase 

knowledge.  

 This study is meant to find out more about the relation between knowledge spillovers 

and the different types of innovation. Often research on innovation looks at R&D, while a lot 

of firms are innovative without performing R&D. External non-R&D collaborations are used 

as a derivate variable for knowledge spillovers, given that knowledge flows cannot be traced. 

The used methods to look into these correlations are literature study, regression analysis and 

mediation analysis. For this latter two a sample of 175 Dutch industrial firms is used.  

 What these analyses yielded will be explained by answering the sub questions and the 

focal question of this study. 

To what extent do external non-R&D collaborations generate knowledge spillovers 

affecting technological process innovation? This relationship was expected to be positive, so 

the corresponding hypothesis to this question is H1: The greater the number of external non-
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R&D collaborations, the stronger their impact upon technological process innovation. This 

hypothesis is rejected because the relationship between predictor and dependent variable did 

not turn out to be significant. Hence, this sub question can be answered with that external 

non-R&D collaborations do not generate knowledge spillovers affecting process innovation.  

For the second sub question: To what extent do external non-R&D collaborations 

generate knowledge spillovers affecting technological product innovation?, with the 

associated hypothesis H2a: The greater the number of external non-R&D collaborations, the 

stronger their impact upon technological product innovation, the answer is also that external 

non-R&D collaborations do not generate knowledge spillovers affecting technological 

product innovation. The hypothesis had to be rejected because the regression model to test for 

this, did not turn out to be significant.  

The third sub question reads: To what extent do external non-R&D collaborations 

generate knowledge spillovers indirectly affecting technological product innovation via 

R&D?. H2b: The greater the number of external non-R&D collaborations, the stronger their 

impact upon technological product innovation via R&D, belongs to this question but has to be 

rejected. Both mediation analyses on internal R&D and external R&D were not significant, so 

external non-R&D collaborations do not generate knowledge spillovers indirectly affecting 

technological product innovation via R&D.  

The fourth sub question is To what extent do external non-R&D collaborations 

generate knowledge spillovers affecting non-technological organizational innovation?. This 

relationship was anticipated to be positive, so the according hypothesis is H3: The greater the 

number of external non-R&D collaborations, the stronger their impact upon non-technological 

organizational innovation. Both the regression analysis model fit, as well as the model 

parameters turned out to be significant and positive. Consequently, this sub question can be 

answered with: external non-R&D collaborations do generate knowledge spillovers affecting 

non-technological organizational innovation.  

The last sub question of this paper is: To what extent do external non-R&D 

collaborations generate knowledge spillovers affecting non-technological product-service 

innovation?. The attached hypothesis here is H4: The greater the number of external non-

R&D collaborations, the stronger their impact upon non-technological product-service 

innovation. This sub question can be answered with that external non-R&D collaborations do 

generate knowledge spillovers affecting non-technological product-service innovation, 
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because the executed regression analysis was significant and the relationship between 

independent and dependent variable also was significant, and positive.  

Now that we have the answers to the sub questions, it is time to answer the focal 

question of this research:  

In which respect do external non-R&D collaborations generate knowledge spillovers 

affecting innovativeness in industrial companies? 

External non-R&D collaborations only generate knowledge spillovers affecting non-

technological innovativeness in industrial companies. So the technological innovativeness of 

industrial companies is not affected by external non-R&D collaborations. External non-R&D 

collaborations turned out to only have an effect on non-technological organizational 

innovation and non-technological product-service innovation, but not on technological 

process innovation or technological product innovation, not even indirectly through R&D. 
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6. Discussion  
This chapter evaluates the performed research by reflecting on the theory, discussing the 

contribution and limitations of the analyses and providing recommendations for further 

research and policy plans.  

6.1 Reflection on theory  
The output of this research does not match with the existing literature on this topic. Firstly 

there were clues that the relationship between knowledge spillovers and process innovation 

would be significantly positive, while this research showed that this relation is not significant. 

The same applies for product innovation, although the non-significant result fitted to some 

literal pieces. But those pieces found significance in the indirect relation with R&D as 

mediator, while here that relation was not significant. For organizational innovation, the 

outcomes were suchlike in similar studies. Product-service innovation was not tested to be 

correlated to knowledge spillovers before, so this result is an addition to literature.   

6.2 Scientific contribution 
The contribution this study has to the literature is that the relationship between external non-

R&D collaborations and product-service innovation has been investigated, and been found 

significantly positive. There was no research available yet on this topic. As for the correlation 

between external non-R&D collaborations and organizational innovation, this had been 

researched before, but not often so this contributes to the generalizability of the relation. 

Another contribution is the literature study that was conducted, this showed that there are 

several definitions of knowledge spillovers, sometimes even contradicting each other’s. This 

can be confusing and not convenient when researchers both mean something else while 

talking about the same concept.  

6.3 Limitations  
As for the limitations of this paper, this research only being focused on quantitative data will 

be the largest. Three of the five hypotheses had to be rejected, but the empirical analysis did 

not provide an answer why the relations are not significant and positive. If this research would 

also include a qualitative part, this could be investigated by means of in depth-interviews. On 

the other hand, it would not be possible to conduct a lot of interviews considering the time 

limit. So the generalizability of the qualitative research would be very little.  

 Another limitation was that the survey was already set out, the data was secondary so 

it was not possible to change the questions that were asked in the questionnaire. Now the 

variables for process, organizational and product-service innovation were based on the 
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number of implemented innovations, while product innovation was based on the percentage of 

turnover the firms received from newly introduced products. So not all four dependent 

variables were measured the same way. 

 Lastly, the population of the research is still quite narrow. It focussed on Dutch 

manufacturing firms, and although these manufacturing firms will be similar to the ones 

abroad, 175 valid respondents is not enough to generalize for the whole manufacturing 

industry in Europe.  

6.4 Recommendations  
The positive side of these limitations is that they create opportunities for new research. First 

of all, it can be investigated why knowledge spillovers turn out to not have an effect on 

technological innovations, not even via R&D. Secondly, as written above this paper only 

researched Dutch manufacturing firms while it would also be interesting to look into the 

relationships in other countries / continents. Another research recommendation would be to 

test the relationship over a longer period of time. It could be that the hypotheses on 

technological innovation were not significant because it takes longer to implement these. So 

to test for this, a longer time frame could be used.   

 Besides recommendations for further research, this paper also yielded some 

managerial recommendations. It turns out that external non-R&D collaborations generate 

knowledge spillovers that affect organizational and product-service innovation in a positive 

way. So firms that would like to implement such innovations, as should be every firm 

considering the importance of innovation for survival, should be involved in external non-

R&D collaborations. For technological innovation this statement cannot be made because the 

relationship between external non-R&D collaborations and technological innovation was not 

significant. This also applies to the indirect effect of external non-R&D collaborations on 

technological product innovation via R&D.   
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Appendix 2  Cronbach’s alpha values  

 

Cronbach’s alpha for process innovation 
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Cronbach’s alpha for organizational innovation 
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Cronbach’s alpha for product-service innovation 
 

  

Cronbach’s alpha for external non-R&D collaborations 

  

Cronbach’s alpha for external R&D collaborations  
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Appendix 3  Bivariate analysis 
Test for multicollinearity with Pearson Correlation  

 Non-R&D 
collaborations 

Process 
innovation 

Product 
innovation 
% 

Organizational 
innovation 

Product-
service 
innovation 

R&D 
collaborations 

Internal 
R&D 

Type of 
industry 

Firm 
size 

Non-R&D 
collaborations 

1 ,241** ,172 ,302** ,267** ,267** ,064 ,117 ,246** 

Process 
innovation 

 1 ,240* ,592** ,240** ,396** ,024 ,110 ,527** 

Product 
innovation  

  1 ,143 ,257** ,135 ,128 ,029 ,041 

Organizational 
innovation 

   1 ,081 ,380** ,096 ,088 ,503** 

Product-
service 
innovation 

    1 ,211** ,328** ,336** ,130 

R&D 
collaborations 

     1 ,289* ,054 ,246** 

Internal R&D       1 ,170* -,039 
Type of 
industry  

       1 ,045 

Firm size         1 
** Correlation is significant at the 0.01 level 

* Correlation is significant at the 0.05 level
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Appendix 4  Normality of the variables  

    

Normal P-P plot and histogram of process innovation 

 

Normal P-P plot of product innovation  

 

    

Normal P-P plot of organizational innovation 
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Normal P-P plot of product-service innovation 
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Appendix 5  Normality of product innovation after log transformation 
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Appendix 6  Normality of product innovation after square root transformation 
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Appendix 7  Homoscedasticity of the variables with Levene’s test 
 

 

  



72 
 

Appendix 8  Homoscedasticity of the variables with Scatterplots 

 

Scatterplot of the variable process innovation 

 

Scatterplot of the variable product innovation 

 

Scatterplot of the variable organizational innovation 

 

Scatterplot of the variable product-service innovation 
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Appendix 9  Independence of errors 

  

Durbin-Watson test for process innovations 

 

Durbin-Watson test for product innovations 

 

Durbin-Watson test for organizational innovations 

 

Durbin-Watson test for product-service innovations 
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Appendix 10  Model fit  

Model fit of the basic model for process innovation 

 

Model fit of the definitive model for process innovation  

 

Model fit of the basic model for product innovation 

 

Model fit of the definitive model for product innovation  
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Model fit of the basic model for organizational innovation  

 

 

Model fit of the definitive model for organizational innovation  

 

Model fit of the basic model for product-service innovation 

 

Model fit of the definitive model for product-service innovation  
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Process innovation 
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Product innovation 

 

 

Organizational innovation 
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Product-service innovation 
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Appendix 11  Compound variables for the dummy variables 

 

Process innovation 

 

Product innovation 

 

Organizational innovation 

 

Product service innovation  
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Appendix 12  Outcome of the mediation analysis for internal R&D 
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Appendix 13  Outcome of the mediation analysis for R&D collaborations 
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