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Abstract 
 

Innovation is an interesting topic, because firms try to adjust continuous to new developments 

within their market. A large number of organizations are innovative without having an own R&D-

department, while many studies see R&D as the main source of innovation. Therefore, this thesis 

seeks to explain to what extent the resource-based view (RBV), intellectual capital drive product 

innovation. The criticism on linear thinking within innovation studies has led to an attempt within 

this research to investigate interaction effects between RBV intellectual capitals, in order to map 

whether these interaction effects have a reinforcing effect. Intending to answer the reasearch 

question, a quantitative study has been conducted. The quantitative analysis contains data from the 

2015 European Manufacturing Survey, whereas the survey sample (used for this research) includes 

179 Dutch companies from seven different industries. The results have made clear that (non-R&D) 

human capital has no direct relationship with product innovation, but strengthens the relationship 

between social capital and product innovation when interacting as a moderator. Moreover, it has 

been found that organizational capital has no direct relation with product innovation, which is also 

the case when (non-R&D) human capital is included as moderator. Finally, the research finds that 

R&D shows a correlation with technological product innovation, but not with non-technological 

product-service innovation. When (non-R&D) human capital interacts with these relationships, no 

relationship appears to be present in any of the cases. This research contributes to the knowledge 

about the relationship between RBV-elements and product innovation through which the innovation 

of companies without R&D can be partly explained. Follow-up studies are recommended to measure 

multiple aspects within the RBV intellectual capital and to focus on other interaction effects as not 

enough is known about this yet. In addition, a mixed-methods analysis would also be recommended, 

as this method allows to explain some inexplicable findings in the area of the resource-based view 

and product innovation. 

Key words: resource-based view, intellectual capital, (non-R&D) human capital, social capital, 

organizational capital, R&D, product innovation 
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1. Introduction 
 

1.1 Description of the problem                         

Innovation is an essential part of surviving in a dynamic environment, as it offers a competitive 

advantage despite the environmental change (Hoonsopon & Ruenrom, 2012). Much research has 

been done in the literature on R&D innovation, but little on non-R&D innovation (Arundel, 

Hollanders & Huang, 2010). Non-R&D innovation performing' refers to the development of 

innovation without formal internal or externally contracted R&D activities (Barge-Gil et al., 2011).               

A significant group of firms develops innovations without performing R&D activities as they do not 

have the resources to set up an R&D department (Arundel, 2007). Arundel et al (2008) found for 

example that in the European case about half of innovating firms do no use formal inhouse R&D. A 

brief look at the Dutch CBS-figures shows that in the Netherlands in 2018 out of 54.130 firms 

employing 10 or more employees 20.286 were technologically innovative (37%). However, only 

10.555 firms (20%) had their own or hired R&D-employees (Centraal Bureau voor de Statistiek, 

2020). Nevertheless, many studies use R&D related variables when analysing innovation, while non-

R&D has received little attention (Xie et al., 2019). Given the many SMEs that appear to innovate 

without an R&D-department, the present investigation attempts to contribute to enriching the non-

R&D innovation literature by focussing on the innovation potential of ordinary workers. A recent 

branch in de non-R&D innovation literature is the  ‘employee driven innovation’ (EDI) approach, 

propelled by Kesting and Ulhøi (2010). This approach focusses on the innovation potential of ordinary 

employees. Furthermore, in order to move away from single-determinant-innovation-thinking and to 

broaden the range of potential innovation factors the present investigation makes use of the 

resource-based view theory (RBV). From this view alternative sources of innovation might be 

recognized next to or instead of the presence of an R&D-department in a firm. These are: non-R&D 

human resource capital of a firm as well as its social capital and organizational capital. 

A second but connected problem besides the neglect of non-R&D innovation that plagues 

innovation literature is the dominance of the so called ‘linear model of innovation’ (Salazar & 

Holbrook, 2004; Goding 2006): in a chain reaction an (initial) innovation factor autonomously and 

directly affects another innovation factor finally ending up with a new product. Rothwell (1992, p. 

221) summarizes the oversimplification of the linear innovation process. According to Rothwell it was 

generally assumed that industrial technological innovation was a more or less linear process 

beginning with scientific discovery, passing through industrial R&D, engineering and manufacturing 

activities and ending with a marketable new product or process. Rothwell puts in place a different 

https://www.emerald.com/insight/search?q=Peter%20Kesting
https://www.emerald.com/insight/search?q=John%20Parm%20Ulh%C3%B8i
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model. This model developed by Rothwell and Zegveld (1985) is called the interactive model, which 

stand for a logically sequential, though not necessarily continuous process. This process can be 

divided into a series of functionally distinct but interacting and interdependent stages. The 

innovation process can be described as complex net of communication paths, linking together 

various in-house functions and linking the organization to the broader scientific & technological 

community and to the marketplace. The interactive model builds on the critique of single-

determinant-innovation-thinking by viewing innovation as a process in which different in-house 

activities interact to create innovation. 

1.2 Why RBV as a possible replacement driver for innovation? 
The role of human capital on innovation is essential in this research. This variable was chosen 

because this element stems from the resource-based view theory (RBV). Research has shown that 

RBV intellectual capital is positively related to product innovation, but there still is a need of 

exploration of this impact (Subramaniam and Youndt, 2005). There is a knowledge gap, which could 

be minimized by conducting future research including measuring the separate and interaction 

impacts of intellectual capital elements on generation and adaption of innovation (Pérez-Luno et al., 

2014). Intellectual capital refers to the area of accumulating and exploiting knowledge. The term is 

also explained as intangible or knowledge assets an organisation can possess (Stewart, 1991). 

According to Martín-de-Castro et al. (2006), intellectual capital can be divided into: human capital, 

technological capital, organizational capital, business capital and social capital. It was decided not to 

include technological capital and business capital, as several studies do not classify these two forms 

of capital under intellectual capital (Davenport & Prusak, 1998; Nahapiet & Ghoshal, 1998; Schultz, 

1961). Another reason for leaving business capital out of consideration is that many elements of it 

recur within social capital. The omission of technological capital in this study also has to do with the 

fact that this capital is not just about technology, but also concerns the knowledge that is involved in 

the techniques. This knowledge is unique and not directly 'buyable' (Teece, 1997). Because of the 

knowledge element within the capital, a comparison is visible with the human capital element.  

The aim of this paper is to analyse exactly what effect the elements of intellectual capital 

have on product innovation. In addition to the autonomous relationship, it will also be analysed to 

what extent human capital has an interaction effect on the relationship between possible innovation-

stimulating resources and product innovation. The independent variables will consist of human 

capital, social capital, organizational capital and R&D activities. The first three mentioned stem from 

the RBV intellectual capital component (Martín‐de‐Castro et al., 2006). Finally, the R&D variable was 

chosen as it has already been shown in the existing literature that this has a positive relationship with 

product innovation (Fonseca, 2014). By selecting the variable, this research could clarify whether the 
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hiring of R&D staff is sufficient to optimise product innovation or whether the alignment/integration 

between R&D and non-R&D staff significantly enhances the innovation effect of the department. 

1.3 How does the linear thinking criticism manifest itself in the relationship between 

(non-RD) human capital and innovation? 

It is known to this day that companies without an R&D department know how to innovate in their 

own way. This research will shed light on how non-R&D human capital has an effect on the product 

innovation in an organization. Product innovation can be interpreted as the introduction of goods 

and services that are new or significantly improved from their specifications or intended uses (Mothe 

and Thuc Uyen, 2012). Previous research has been done into the effect of generic training/courses on 

product innovation. This is an important premise because (generic) training increases human capital 

according to Vidal Salazar et al. (2017), as these trainings help increase the educational level and 

experience of its employees and managers. Educating staff may improve their ability to absorb and 

understand new knowledge in the future, which could be used to develop innovation (Luo et al., 

2009). This could be a possible explanation for the positive relationship between human capital and 

innovation which was found by Subramaniam and Youndt (2005). 

However relevant studies show that the results on the relationship between human capital 

and innovation can be regarded as inconclusive (Vidal Salazar et al., 2017). For example, there have 

been researchers who have found a positive relationship between training and product innovation 

(eg, Laursen and Foss, 2003; Shipton et al., 2006; Walsworth and Verma, 2007), but also researchers 

who were unable to discover a relationship in their analysis (eg, Caloghirou et al., 2004; Sung and 

Choi, 2014). In addition, there is, for example, the research by Beugelsdijk (2008) that explains that 

the positive relationship between the two variables is only present during incremental innovations. 

Moreover, research has also been carried out by Da Saá-Perez (2012), which indicates that a negative 

effect has even been found between training and innovation performance of small and medium-

sized firms. Only in situations where the trainings interact with the knowledge assets of the firm, the 

researchers found a positive relationship instead of negative. This finding inspires the development 

of the approach for this study. While apart from testing the autonomous innovation effects of non-

R&D human capital, there will also be examined to what extent non-R&D human capital moderates 

the impact of several organizational resources that possibly may contribute to product innovation 

autonomously, if not bringing dormant innovation factors to life as it were. By using such a more 

integrative approach to organizational innovation capabilities, the present study seeks to contribute 

to unravelling the knowledge problem of mixed findings when it comes to testing the innovation 

impact of non-R&D workers. 
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Why this problem deserves research can be seen in the management of organizations. 

Merely emphasizing R&D innovation can demotivate non-R&D innovation. Due to the lack of 

knowledge and the little attention it receives, management may think that non-R&D innovation 

involves an extremely costly and uncertain process that demands large and specific investments 

(Hervas-Oliver, Garrigos & Gil-Pechuan, 2011). The results of this research may indicate to what 

extent non-R&D human capital plays a role in innovation-stimulating activities, which were 

previously thought to be separate from each other. If management has this knowledge, the 

organization may be better able to value the contribution of this group of employees. In addition, by 

examining interaction effects, it will become clear how non-R&D can best be used to increase 

effectiveness in the area of product innovation. Highly educated people usually cost more in wages 

(Centraal Bureau voor de Statistiek, 2011), therefore it is important for organizations to know in 

which cases their involvement leads to higher efficiency (in terms of product innovation) and in 

which cases it does not. Finally, it may motivate organizations to stimulate the development of non-

R&D human capital within the organization in order to increase the degree of innovation within the 

organization. 
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1.4 How is the problem framed in academic literature?                       

As has become clear from the previous section, there is no unambiguous result about the influence 

of non-R&D human capital on (product) innovation. The dominance of the linear model has already 

been mentioned as the reason why research to date has focused only on the autonomous and direct 

correlation between R&D (variables) and innovation. The quality of this model can be strongly 

questioned as there are many companies that manage to innovate without R&D personnel. Within 

the Employee Driven Innovation (EDI) perspective there is also an idea that certain non-R&D 

activities result in innovation. Thus, the linear thinking model is also used here with other 

assumptions. This research wants to distance itself from the linear thinking since practice shows that 

there are several innovation stimulating factors that are also related to each other (Dost et al., 2016). 

In order to achieve this, system theory will be used. This holistic way of thinking makes it possible to 

study phenomena across a range of disciplines. Thus, according to Teece (1997) the theory is 

necessary: '.. a proper understanding of a system cannot be reached by studying its components in 

isolation from one another (reduction)..'. The system theory therefore focuses on the 

complementarities among elements, their integration and the outcomes resulting from their 

interactions (Teece, 1997). In this research, system thinking will be used by not only examining the 

autonomous relationships but also the interaction (moderation) effects. If the results of this research 

confirm that linear thinking has had an influence on the different research outcomes and that the 

new approach (examining interaction effects for the drivers of non-R&D innovation) can explain this, 

the research may have great scientific relevance. Besides explaining the ambiguity that still exists in 

the current literature about the relation between RBV elements and innovation, this may motivate 

future studies to delve into interaction (indirect) effects when studying non-R&D innovation and thus 

build on the criticism of the dominance of the linear model. 

This section will briefly explain what is known about the investigated relationship between 

potential innovation stimulating factors and product innovation (also while moderated by human 

capital). These innovation stimulating factors include social- & organizational capital (which stem 

from the discussed RBV intellectual capital perspective) and R&D activities. Therefore, in this 

paragraph it will become clear how this research can contribute to the existing literature. For more 

substantive information about the relationships, see the theoretical framework in Chapter 2. 
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Non-R&D human capital and product innovation 

As the introduction made clear, the studies on (non-R&D) human capital and innovation are not 

unambiguous. For example, result from research that investigated data from the World Bank’s China 

private manufacturing organization questionnaire survey, indicate that experience is positively 

related to process innovation, while the educational level has a significantly positive effect on 

product innovation (Fu et al., 2020). Other research has also shown that human capital elements 

such as the level of education, experience of key employees, investment in HC have a positive effect 

on innovation engagement in an organization (Mariz-Perez et al., 2012).  

Nevertheless, there are also studies that have not been able to demonstrate a relationship 

between human capital and innovation (eg, Caloghirou et al., 2004; Sung and Choi, 2014). In 

addition, there is also research that did not find an autonomous relationship but found correlation 

only in cases with interaction (effects) between training/courses and the knowledge assets of a firm 

(Da Saá-Perez, 2012).  

First, it will be analysed to what extent an autonomous relationship exists, since the 

literature cannot offer an unambiguous prediction on this. Then, this report will try to explain the 

lack of unambiguousness within the literature. As stated before, this will be done by analysing the 

extent to which interaction effects are determining the correlation within the relationship between 

non-R&D human capital and the innovation rate. The starting point for this comparison is logically 

the correlation in autonomous relationship between non-RD human capital and innovation.  

Non-R&D human capital, social capital & product innovation                                        

the variable social capital in this study concerns cooperation with external partners (for explanation 

of operationalisation, see chapter 3). Researchers have indicated that collaboration with external 

parties has a positive effect on innovation (Brettel & Cleven, 2011). According to research by Cordón-

Pozo et al (2017), it can be stated that innovation training courses provided by employers lead to 

more innovation if there is collaboration with external parties. The combination effect of the three 

variables is greater than the autonomous relationship between innovation training and innovation 

(Cordón-Pozo et al., (2017). Based on the discussed data, it could be hypothesised that human capital 

has a positive effect as moderator on the relationship between collaboration with external partners 

and product innovation. Yet it is unknown to what extent human capital actually moderates the 

relationship. 
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           It is reported by other researchers that future studies should be done to point down the effect 

of the cognitive process on the relationship between collaboration with external parties and 

innovation (Temel et al., 2021). By means of this research, an attempt will be made to map out to 

what extent non-R&D human capital moderates this relationship. 

Non-R&D human capital, organizational capital & product innovation                                                           

The literature shows that there is a positive relationship between organizational capital and 

innovation (Dost et al., 2016). In addition, it has been shown that the intellectual capital element, 

social capital, as an interaction effect strengthens the relationship between organizational capital 

and innovation (Dost et al., 2016). This while human capital in turn increases social capital (Ottósson 

& Klyver, 2010).  It may therefore also be possible that human capital as a moderator itself can 

strengthen the relationship between organisational capital and innovation. 

             Until now there is no available information in the existing literature about the interaction 

effect of the other intellectual capital element, human capital, on the relationship between 

organizational capital and innovation.  

Non-R&D human capital, R&D & product innovation                                                                     

As it is generally known, R&D activities focus on innovation development. Research shows that R&D 

activities are an important driver of product innovation, but much less so for process innovation 

(Hervas-oliver et al., 2021). According to Blackburn et al., (2000) their research it has become clear 

that R&D activity is driven by human capital accumulation. When human capital grows, the amount 

of R&D activity increases. In addition, higher human capital also improves the efficiency of 

manufacturing and expands the possibilities for innovation activities. Literature therefore shows that 

human capital has a positive effect on R&D activities, while R&D activities have a positive effect on 

product innovation. It is therefore possible to assume from the literature that there is an indirect 

positive relationship between human capital and product innovation, but it is not yet clear to what 

extent human capital had a moderation effect on the relationship between R&D and product 

innovation. Therefore, this research can contribute to the existing knowledge in this field. 
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1.5 Objective and research question       
   
Objective 

The aim of this research is to develop more clarification on the role of non-R&D human capital in 

product innovation within companies. The difference in autonomous versus interaction-effect 

(moderating) will be investigated, therefore an attempt will be made to see whether non-R&D 

human capital strengthens the relationship between innovation-oriented factors/activities and the 

actual (technological and non-technological) product innovation degree.   

Research question: To what extent does non-R&D human capital add value to different types of 

organizational assets for enhancing product innovation in addition to the independent innovation 

impact of non-R&D human capital? 

Sub questions: 

1. To what extent does non-R&D human capital affect product innovation autonomously? 

2. To what extent does the intellectual capability of a firm’s non-R&D human workforce affect the 
company’s innovation potential from its social network, i.e. social capital? 

3. To what extent does the interaction with non-R&D human capital influence the relationship 
between organizational capital and product innovation? 

4. To what extend does the intellectual capability of a firm’s non-R&D human workforce affect the 
product innovation generated by R&D department? 

1.6 Outline of the thesis 

In the next chapter important theoretical concepts from scientific publications are defined and 

explained. In addition, based on the acquired knowledge, a hypothesis will also be drawn up, which 

will be clarified by means of a conceptual model. 

The methodology will be discussed in the third chapter of this report. Here is described how 

the quantitative research was structured, based on sample size, variable construction, various 

statistical analyses, etc. In the fourth chapter, the execution of the quantitative research will be 

discussed. The main results will be mapped there, after which a conclusion will be formulated in 

chapter five based on the obtained research results. This will ultimately result in answering the 

research question. Chapter six will consider the reflection on the theoretical framework, practical 

and managerial recommendations, and the limitations of the research. Finally, a bibliography and 

several appendices will follow (see table of contents for overview). 
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2. Theoretical framework 
The first section of this chapter describes product innovation (dependent variable), while the second 

section describes the independent variables of RBV. This is followed by an explanatory section 2.3 

which focuses on the relationship between RBV and product innovation. Hence, several sections will 

follow focusing on the findings from the literature regarding the relationship between explanatory 

factors (independent variables) and the dependent variable product innovation. In addition, it will 

become clear how the moderator non-R&D human capital may influence these relationships. Based 

on this information, appropriate hypotheses* will be drawn up, which will finally be visualized by 

means of a conceptual model.  

*             A large proportion of the studies used as literature in this chapter limit their research to 

innovation in general within an organisation. Hypotheses will therefore be drawn from this data that 

assume that the innovation findings discussed apply to both technological product innovation and 

non-technological product innovation, i.e. products-services innovation. The amount of literature that 

focuses on the relationship between a specific form of product innovation is not sufficient to base a 

prediction on. 

2.1 Product innovation: different types within the broader innovation landscape 

According to Kinkel, Lay and Wengel (2004) there are four types of innovation within organisations. A 

distinction can be made between technical and non-technical innovation (see figure 1). Schramm 

(2017) gives more insight about this distinction as he states that technological innovation focusses on 

the conversion of ideas & knowledge into commercially new and successful products, services and 

processes. Within the non-technical type, an attempt is made to develop new business methods or 

new organizational concepts (Schmidt & Rammer, 2007). As 

discussed in the previous chapter, within this research the focus 

will be on product level while both technical and non-technical 

product innovation will be considered as dependent variable. 

Vandermerwe and Rada (1988, p.314) define non-technical 

product innovation (product-service innovation) as the increased 

offering of more complete market packages/bundles based on 

customer-specific combinations of products, service, support and 

knowledge. This differs from technical product innovation which deals with 

the development of new products, new services or new technologies 

(Armbruster, Kirner and Lay, 2006). According to the same study, product 

innovation is related to products, while product-service innovation focuses on new or improved 

Figure 1: Types of innovation 

(Armbruster, Kirner, & Lay, 2006), based 

on Kinkel, Lay and Wengel (2004) 
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services. A somewhat deeper meaning is given by Mothe and Thuc Uyen (2012), as they define the 

concept as the introduction of goods and services that are new or significantly improved with respect 

to their specifications or intended uses. They thus conclude that novelty is not the only requirement 

for labelling as product innovation.    

2.2 Organizational resources: a typological description   

Three types of resources determine the firm’s capacity to innovate: financial resources, technical 

resources and intangible resources (Martín‐de‐Castro et al., 2006). The intangible resources are 

known for their big impact on strategic value and contain of three components: human capital, social 

capital, organizational capital (Wright, Dunford, & Snell, 2001; Reed, Lubatkin, & Srinivasan, 2003; 

Subramaniam & Youndt, 2005). These three forms of capital are the elements of intellectual capital 

within the RBV, as became clear earlier (Davenport & Prusak, 1998; Nahapiet & Ghoshal, 1998; 

Schultz, 1961). First will be explained what the intellectual capital terms human capital, social capital 

and organizational capital mean. Following this, it will be explained what the existing literature says 

about the autonomous relationship between the intellectual capital elements and innovation.  

Human capital plays an essential role in this research. Human capital is understood to mean: 

the educational level, training, and experience of its employees and managers (Hitt et al., 2001). This 

capital includes competences and knowledge, which could be explicit or tacit (Bueno et al., 2006). 

Tacit knowledge is merely based on insights and intuitions, while explicit knowledge is often codified 

and digitized. Another distinguishing which could be made in human capital is social knowledge and 

individual knowledge (Bueno et al., 2006). The first one is about the collection of knowledge by 

society, whereas individual knowledge is about the knowledge collection of an individual. Therefore, 

individual knowledge is bounded by time. Some research indicates that highly skilled and 

experienced employees are an important prerequisite in high-level innovative activities because they 

generate new knowledge and absorb existing knowledge (Luo et al., 2009). The author states that 

employees who bring in valuable human capital are better able to execute the different phases in the 

process of absorbing knowledge.  According to the literature, there are three main stages that occur 

in absorptive capacity (Cohen & Levinthal, 1990; Zahra & George, 2002; Todorova & Durisin, 2007). 

The first is the recognition stage, where an organization tries to identify valuable external 

information. This is followed by the assimilation phase, which is concerned with understanding the 

knowledge and integrating it with the existing knowledge. Finally, there is the phase of exploitation, 

where it must be able to apply the internalized knowledge commercially, such as by innovating 

product or services. Successful absorption of knowledge is only achieved once all three phases have 

been completed. The problem formulation (section 1.2) shows that there is no unambiguous result 

about the relationship between (non-D&D) human capital and product innovation. Nevertheless, 
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more studies in the literature appear to claim a positive relationship than a negative or absent 

relationship. More information about the relationship between human capital and innovation and 

the possible moderation effect of human capital on innovation-stimulating activities can be found in 

the following paragraphs. 

The second capital element that comes from the RBV is social capital. This resource could be 

described as the value of relationships which are maintained with other social agents and its 

surrounding (Martín‐de‐Castro et al., 2006). According to the resource-based view theory not only 

must a company create knowledge within their boundaries, but they also must try to expose 

themselves to new ideas and information from their external environment in order to prevent 

rigidity, to encourage innovative behaviour and to compare their technological developments against 

those of competitors (Leonard-Barton, 1995). The information that organization subtracts from these 

relationships enhance the development of product innovation (Carmona-Lavado et al., 2010). Within 

social capital, two categories can be distinguished (Nahapiet & Ghoshal, 1998). Firstly, structural 

embeddedness relates to whom and how relationships are established. Secondly, relational 

embeddedness that describes the type of relationship that people have developed after the history 

of interactions. Distinguishing between the two categories is important, because both contribute in 

their own way to the stimulation of innovation. In section 2.4 there is more explanation about the 

relationship between collaboration with external parties (social capital) and innovation, in addition it 

will also become clear what effect the literature predicts when human capital is involved as a 

moderator. 

Finally, organizational capital is concerned with organizational practices or routines that 

enable renewal and reorganization of resources, so that changes can be anticipated (Adner and 

Helfat, 2003; Labrouche, 2014). According to the literature, organizational capability can be divided 

into two forms: dynamic capabilities and operational capabilities. Zahra (2009) argues that dynamic 

capability is an essential part of organizational capital. This concept is described by Teece et al. 

(1997) as the firm's ability to integrate, build, and reconfigure internal and external competences to 

address rapidly changing environments. Therefore, dynamic capabilities of an organization determine 

the organization’s ability to achieve new and innovative forms of competitive advantage given path 

dependencies and market positions (Leonard-Barton, 1992). Operational capabilities (also referred to 

as ‘ordinary’) concern the performance of administrative, operational, and governance-related 

functions, which are needed to accomplish tasks. In addition, Teece (2014) states 'Dynamic 

capabilities involve higher-level activities that can enable an enterprise to direct its ordinary activities 

toward high-payoff endeavors. This requires managing, or "orchestrating," the firm's resources to 

address and shape rapidly changing business environment.’. The importance of organizational 
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capability also lies in the fact that organizations can distinguish themselves from competitors on the 

basis of routines, skills, and complementary assets. With organizational competences, capabilities 

and routines, imitation is a normally complex (Teece, 1997). The main components/indicators of 

organizational capital can be described as (Martín‐de‐Castro et al., 2006): culture, structure, and 

organizational learning. Organizational culture is defined as the set of beliefs, values, assumptions 

and symbols that define the business. The organizational structure is the set of means and processes 

devoted to the formal organization of the company (CIC, 2003). The traditional form of an 

organization is based on structures focused to control, designed with the goal to improve the use of 

physical resources (Chandler, 1962).  

Furthermore, organizational learning represents the ability of the organization to acquire 

new knowledge and competencies with the goal of using this to successfully react to change 

dynamics and organizational development (CIC, 2003). Organizational learning is used to manage and 

mobilize the firm’s resources in a competitive response (Jashapara, 1993). It can therefore be 

concluded that organizational learning is necessary for the use of dynamic capabilities. 

Organizational resources are more valuable when the components of the company fit to the 

environment through knowledge acquisition, information distribution and organizational memory 

(Huber, 1991).  Thus, based on the information discussed, it can be summarised that the essence of 

organisational capital lies in the organisational practices or routines that enable renewal or 

reorganisation of resources (Adner and Helfat, 2003; Labrouche, 2014). These organisational 

practices or routines are necessary to respond to trends and, according to the RBV perspective, have 

a positive impact on innovation, yet it is unclear what this impact looks like exactly (Subramaniam 

and Youndt, 2005).  

This section has clarified what the elements of RBV (intellectual capital) entail. In addition, 

limited information has been given on the autonomous relationship between human capital, social 

capital, organizational capital and product innovation. The descriptive definition is necessary to 

understand and demarcate the concepts. It is also necessary to guarantee unambiguity in terms of 

meanings. 
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2.3  Organizational resources: RBV and its link to innovation 

The resource-based view theory (RBV) argues that resources endowments are heterogeneously 

divided among firms which explains the different firm performances of competitors. In addition, the 

theory states that owning or controlling superior resources allows the firm to sustain competitive 

advantage (Martín‐de‐Castro et al., 2006). An important condition for this advantage is that firms’ 

resources and capabilities are characterized by the fact that they are hard to imitate, while market 

failure exist (Lipmann & Rumelt, 1982; Barney, 1986, 1991; Grant, 1991; Peteraf, 1993; Priem & 

Butler, 2001). Barney (1991) distinguished different resources, firstly there are resources which are 

rare and valuable and therefore lead to competitive advantage. Secondly there are resources which 

are similar but hard to imitate, irreplaceable and difficult to transfer, which provide a sustainable 

competitive advantage. Besides to the well-known relationship with sustainable competitive 

advantage, research has shown that RBV is also related to innovation. Several studies have shown 

that there is a direct positive relationship between RBV and innovation (Martín‐de‐Castro et al., 

2006). Do et al. (2022) recently concluded that developing internal resources (elements from the 

RBV) are positively related to organizational resilience, which in turn has a stimulating effect on 

innovation (Do et al., 2022). This means that RBV has both direct and indirect influence on the 

innovation rate of an organization. However, there are also voices within the same research area 

that could not demonstrate a correlation (eg, Caloghirou et al., 2004; Sung and Choi, 2014). A 

possible reason for this is that certain interaction effects have such a significant influence on the 

stimulation of innovation, while these influences have often not been taken into account within 

studies in the field. Thus, the current RBV literature could be enriched by the use of holistic thinking 

through system theory. Therefore, the lack of clarity within the literature will be attempted to be 

clarified by contrasting interaction effects between various RBV intellectual capital with the 

autonomous relationship between human capital and product innovation.  

 

2.3.1 Is human capital (autonomous) really the driver for more product innovation? 

According to Subramaniam and Youndt (2005), R&D human capital can be understood to mean: 

knowledge, skills and abilities residing and used by individuals. Within this study, individuals are 

defined as Resource & Development department employees. The opposite will therefore be the 

meaning for non-R&D human capital: knowledge, skills and abilities residing and used by employees 

who are not active in the Resource & Development department.     

 Schultz (1961) and Becker (1964) developed the human capital theory where they suggest 

that education enhances a person’s skill and therefore it increases their human capital. Also, the level 

of human capital determines the production capacity according to their theory. The literature not 
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only points to an increase in productivity, research by Romer (1990) also shows that innovations are 

generated by human capital stock. Blackburn et al. (2000) state that it is very important to maximize 

the accumulation of skills and knowledge, since in its absence there is a greater competition for the 

fixed stock of human capital, resulting in disappearing incentives that stimulate innovation.  

However, several studies claim that in order to stimulate innovation development 

organisations should invest in highly educated workforce and experienced managers (Becker 1994; 

Vinding 2006), but also in strategic human resource (HR) practices aimed at developing human 

capital by increasing employees' firm-specific technical skills and competences (Youndt and Snell 

2004; Subramaniam and Youndt 2005). The main finding of Capozza & Divella (2018) is that 

education level does have a positive effect on product innovation development, but not on process 

innovation. In addition, they point out that HR practices that aim at fostering employees' learning 

and autonomy within the organization is more important than the educational attainment of 

workers. Only when all these factors are present will there be a significant increase in the degree of 

innovation within an organisation. This shows once again that the linear model non-R&D human 

capital -> innovation engagement, does not hold. 

The researchers Nazarov & Akhmedjonov (2012) found and important addition to the current 

literature about human capital and an increase in the innovation engagement within organisations. 

They firstly state that training provided by firms (on-the-job-learning) is a stronger driving force for 

innovation than formal higher (university) education. Secondly they conclude that an increase in the 

fraction of labour force with tertiary education in a given country does not translate into a significant 

increase in participation in the majority of innovation activities (Nazarov & Akhmedjonov, 2012). 

Unfortunately, the study does not provide a substantive explanation for the research findings.    

Based on the criticism of the linear thinking model, the expectation is that non-R&D human 

capital (autonomous) does not provide a strong explanatory power for product innovation. This 

requires interaction between multiple innovation-enhancing variables. Taken in to account the 

discussed literature, the following hypotheses were formulated.  

Hypothesis 1:  The level of a company’s non-R&D human capital has no direct correlation with the 

engagement in technological product innovation. 

Hypothesis 2: The level of a company’s non-R&D human capital has no direct correlation with the 

engagement in non-technological product innovation, i.e. products-services innovation 
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2.3.2 Social capital and product innovation while moderated by non-R&D human 

capital 

Moran (2005) has researched the effect of social capital on innovation. He concludes, for example, 

that the relational embeddedness element of social capital ensures that people within an 

organization encourage each other's innovation ideas. As a result, the innovation-covering actor 

gains the necessary confidence to continue the innovation. Nijssen and frambach (2000) have the 

same claim as Cooper & Kleinschmidt (1991) that interaction between different departments is a 

determinant factor of product innovation. Despite critics from a systems perspective upon the 

autonomous effect of perceived single innovators, some interesting findings have been found in the 

existing literature, which report that social capital influences firms' innovation by supporting 

creativity and inspiring new knowledge and ideas (Aragón-Correa, García-Morales, & Crodón-Pozo, 

2007; Calantone , Cavusgil, & Zhao, 2002; Hult, 2002; Hult, Hurley, & Knight, 2004; Lu & Shyan, 2004; 

Song & Thieme, 2006). 

R&D human capital plays an important role in innovation novelty through partially mediating 

the relationship between alliance partner and firm innovation performance (Garcia Martinez et al., 

2017). Researchers Vavra, Sein & Vohralik (2020) make it clear that countries from Central and 

Eastern Europe are more likely to achieve less innovation as a result of collaboration because they 

are often burdened by insufficient absorption capacity. According to previous research of Najafi-

Tavani, et al., (2018) absorptive capacity determines the success of using collaborative innovation 

network to develop product innovation capability. Their research investigated 258 respondents from 

Iranian high and medium tech manufacturing industries. They found out that absorptive capacity 

plays an essential role in collaborations that purpose the goal of innovation. The results of the 

research of Najafi-Tavani, et al., (2018) indicate that an organization needs to have managers that 

have developed the capacity to scan and acquire external knowledge. Besides that, the research 

shows that in presence of absorptive capacity, product innovation capabilities are only stimulated by 

cooperating with research organizations and competitors, while for process innovation capability 

cooperation with research organizations and suppliers are needed. 

 Also, according to several other studies, it can be concluded that absorptive capacity is an 

important dynamic capability that makes it possible for organizations to successfully use externally 

obtained knowledge for innovation purposes (Cohen & Levinthal, 1990; Zahra & George, 2002; Lane, 

Koka, & Pathak, 2006). Zahra & George (2002) state that external information sources are better 

utilised by absorptive capacity, because this capacity ensures that potential information acquisition is 

transformed more effectively, thereby increasing exploitation. The value of the information obtained 
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is thus higher, which has a positive effect on both strategic flexibility and innovation within an 

organisation. As stated earlier Luo et al (2009) explains that human capital stimulates absorptive 

capacity, which seems to be an important determinant for successfully using collaboration with 

external partners to develop product innovation. Therefore, based on the mentioned literature the 

following hypotheses are formulated:  

Hypothesis 3: The greater the non-R&D human capital of an organization, the greater the 

contribution of its collaboration partners to technological product innovation. 

Hypothesis 4: The greater the non-R&D human capital of an organization, the greater the 

contribution of its collaboration partners to non-technological product innovation. 
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2.3.3 Organizational capital and product innovation while moderated by non-R&D 

human capital 

From the second section of this chapter, it has become clear that multiple research claim that 

dynamic capability (organisational capital element) has a positive relationship with innovation 

(Leonard-Barton, 1992). Also mentioned earlier, organisational learning is an important precondition 

for dynamic capability (Jashapara, 1993). The presence of human capital means that there are highly 

educated people employed. To be highly educated, you need to have a certain ability to learn. Based 

on this, the assumption is made that human capital will strengthen the relationship between 

dynamic capabilities (organizational capital) and innovation when the variable is present as 

interaction effect. 

There are studies that support the critique on the linear thinking and claim there is no 

relationship between the variable’s organizational capital and product innovation. For example, 

research by Carmona-Lavado et al. (2010) has shown that they cannot find a direct relationship 

between organizational capital and product innovation. The research found that organizational 

capital has a positive effect on social capital, while social capital has a positive effect on product 

innovation. Thus, these findings can only confirm an indirect relationship. 

However, according to the RBV perspective, there appears to be a direct (positive) 

relationship between organisational capital and the degree of innovation but more needs to be 

known about the exact nature of the relationship (Subramaniam and Youndt, 2005). In contrast to 

the research of Carmona-Lavado et al. (2010) there are also studies that have found a relationship 

between organizational capital and innovation (Dost et al., 2016), which confirms the effect of RBV 

element on product innovation. 

Research on intellectual capital shows that social capital has a positive interaction effect on 

organizational capital and innovation (Dost et al., 2016). 318 respondents who are active as chemical 

firms were used for this study. This study used multiple regression analysis to analyse the influence 

of intellectual capital elements on innovation generation & adaption. What makes this finding 

interesting for this study is that human capital apparently reinforces the intensity of social capital 

(Ottósson & Klyver, 2010). It is unclear whether human capital only positively effects the moderator 

social capital within the relation between organizational capital and innovation, or whether human 

capital also causes a positive interaction effect as a moderator variable itself. It is, of course, also 

possible that this indirect interaction effect is not reciprocated, but the reasoning that organisational 

learning is better performed when human capital is higher and therefore increases dynamic 
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capability (organizational capital element which is used for innovation) is leading within the 

development of the following hypotheses:  

Hypothesis 5: Non-R&D human capital has a positive (moderation) effect on the relationship 

between organizational capital and product innovation. 

Hypothesis 6: Non-R&D human capital has a positive (moderation) effect on the relationship 

between organizational capital and product-service innovation. 

 

2.3.4 R&D and product innovation while moderated by non-R&D human capital 

As mentioned in the scope of the research, R&D logically has a relationship with (product) 

innovation. By selecting R&D as a variable, this research could clarify whether the hiring of R&D staff 

is sufficient to optimise product innovation or whether the alignment/integration between R&D and 

non-R&D staff significantly enhances the innovation effect of the department. This section therefore 

describes the assumptions arising from the existing literature on R&D, (product) innovation and 

human capital. 

Fonseca (2014) argues that organizations that make use of more R&D activities and advanced 

capital are more likely to conduct product and process innovation. Research has also previously 

shown that human capital within a company has a stimulating effect on R&D activities, but also that 

the use of R&D increases human capital (Cohen & Levinthal, 1990). The current investigation instead 

argues for the reverse relationship: the level of non-R&D Human capital affects the integration in and 

interaction of the R&D department with the rest of the organization and hence moderates the 

relationship between R&D and product innovation positively. Apart from this data, there is also the 

assumption that when an organization has a lot of valuable human capital, it also has better 

absorptive capacity (Luo, 2009). This would mean that they would be better able to provide R&D 

with feedback, since they are better able to interpret new information (including trends, for 

example), distinguishing importance within information and integrate it with existing knowledge 

(Cohen & Levinthal, 1990; Zahra & George, 2002; Todorova & Durisin, 2007). Therefore, the 

assumption that employees, who are not employed in the R&D field, could provide qualitatively 

better input/feedback which stimulate product innovation when possessing absorptive capacity.  

           Lee et al (2005) conclude in their paper that human capital (education, training and work 

experience) has an impact on R&D outcomes. They argue that controlling for gender and type of 

industry, the regression analysis shows that individual educational level has a positive effect on 

product improvements. The research shows that education is the most important human capital 
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determinant of R&D outcomes, while training also has a positive effect, albeit slightly less strongly. 

Finally, the positive relationship with R&D outcomes does not apply to years of experience. It 

appears that a negative relationship has been found here, which according to the research can be 

explained by the fact that individuals find it difficult to view problems from new perspectives, which 

limits new scientific breakthroughs. Based on the discussed literature, the following hypothesis are 

formulated: 

Hypothesis 7: Non-R&D human capital has a positive (moderation) effect on the relationship 

between R&D and product innovation. 

Hypothesis 8: Non-R&D human capital has a positive (moderation) effect on the relationship 

between R&D and product-service innovation. 

 

2.4  Conceptual model 
 

Below the conceptual model of this research, reflecting the expected effects on the basis of the 

developed hypotheses. The green lines represent an expected positive interaction effect, while the 

red line represent the opposite expectation: negative (autonomous) correlation. The numbers in the 

model represent the relationship with formulated sub-questions formulated in section 1.5. 

 

 

 

 

 

 

 

 

Figure 2: Overview of the expected relationship  
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3 Methodology 
In this chapter, the research method will first be described, after this section it will become clear how 

the research unit is established. The operationalization is made visible below by means of a table. 

After that, the validity and reliability measures taken will be discussed. Finally, it will be explained 

how ethics are safeguarded within this research. 

3.1 Research method 
For this research a quantitative study is executed by using the European Manufacturing Survey 

(EMS). This survey was developed by a consortium of universities and other research institutes from 

15 different European countries. The consortium is coordinated by the German Fraunhofer Institute 

in Karlsruhe, which conducts a survey every three years among industrial companies. The RU is part 

of this consortium and sends the questionnaire to all Dutch industrial establishments employing at 

least 10 employees. The questionnaire itself concerns the year 2015, but the data collection dates 

from October 10, 2016. The survey sample (used for this research) contains of 179 Dutch companies 

from seven different industries. 

The data resulting from the EMS questionnaire served to gain insight into the efforts of 

industrial companies in the Netherlands to modernize their production and business processes. Only 

organizations with at least 10 employees were eligible as respondents. This data will be used during 

field research as the presence of RBV perspectives (intellectual capital) and R&D are identified, while 

data regarding the involvement in both product innovation and product-service innovation will also 

emerged. This makes the dataset sufficient to answer both the sub-questions and research question. 

3.2 Validity and reliability 
In order to guarantee internal validity, detailed research was conducted, pilot surveys were 

conducted and international meetings (involving representatives of 15 countries) were held to 

discuss the formulation of the questions. The questionnaire was initially written in English, several 

translation checks were also performed during the translation. Other action points have been 

compiled for the external validity. Firstly, the benchmark reports are provided free of charge, 

allowing companies to compare themselves on the basis of various indicators. In addition, several 

reminders were sent to the organizations. To ensure reliability, questions have been asked about 

practices, which do not elicit answers based on opinions. The questions concern objective data: facts, 

investments and performance figures. 
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3.3 Analysis method                                              

SPSS data analysis software will be used for analysis. First, as made clear in the conceptual model, 

the autonomous relationship between the independent variables and dependent variable will be 

investigated by means of Pearson r correlation coefficient when the variables are at metric 

measurement level. In case items of ordinal scale are used, the Spearman's correlation coefficient 

will be conducted. A correlation coefficient of 0.70 or higher indicates a high correlation. Below that, 

there is moderate correlation, while a correlation coefficient below 0.50 indicates a weak 

relationship. A scatter plot will be shown after the analysis for an overview. This will show whether 

the relationship developed positively or negatively. A condition for the reliability of the relationship is 

the p-value, which must be p < 0.05 at all times. 

After the autonomous relationships have been made visible, an attempt will be made to 

demonstrate the possible moderation effect of human capital. This will be done using the binary 

logistic regression analysis function within SPSS. In this study, a regression with interaction will be 

examined, so therefore the formula looks like this: ŷ = b0 + b1X1 + b2X2 + b3X1X2 + u 

In this formula, bo,b1,b2,b3 all stand for regression coefficients, this means ‘b’ shows the mean 

increase in ‘ŷ ‘when the explanatory variable ‘X’ increases by 1 unit. The ‘X ‘values indicates the 

independent variables. The ‘u’ stands for the error which indicates which part of the dependent 

variables cannot be explained by the moderating variable (Field, 2018). Within SPSS regression 

analysis, the 'R Squared' from the model summary indicates how much of the variance in the 

dependent variable is explained by the explanatory variables, while the ‘F’ value from the Anova 

output test indicates the significance of the regression model. Also, in this analysis it holds that p < 

0.05 to speak of a significant result (Field, 2018).  

3.4 Operationalization table 
This section is dedicated to the operationalisation table that has been developed. The survey 

questions were selected because the previously discussed literature indicated that they are related 

to the variables. The operationalization table consists of the columns: variable type, variable name, 

item, min/max, measurement level and comments. The item refers to the question number from the 

EMS questionnaire which can be found in Appendix 1.  See appendix II for the table of 

operationalization. 

 

 

 



26 
 

3.5 Research ethics 
In order to guarantee an ethically responsible research the scientific integrity, the five principles of 

the Dutch Code of Conduct for Scientific Integrity (Nederlandse Gedragscode Wetenschappelijke 

Integriteit - EASY, 2018) have been maintained. These principles consist of honesty, diligence, 

transparency, independence and responsibility. The first component is characterized by the fact that 

formulated results and claims are correct. Diligence can be seen in the fact that research has been 

carefully conducted and reported. Transparency is supported by enabling research to replicate or 

reproduce. The independence will be exempt from the fact that the research will not be guided by 

scientific considerations or wishes of arbitrary organisations/parties. Finally, the responsibility will 

emerge when describing the social/scientific relevance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



27 
 

4. Results quantitative research 
 

4.1 Introduction 
This chapter contains of multiple analysis. Firstly, a description of the response data will follow. The 

previous chapter already provided information about the firms included in the EMS, but this section 

will show the firm sizes and how the companies are distributed across the various industries. After 

this section, the operationalisation table is built upon. The focus in this section is on how the 

variables are constructed. Once the construction of the variables is clear, the univariate analysis is 

discussed. Here, information is provided on the variables, including descriptive insight into the extent 

to which characteristics of businesses occur in the used EMS 2015 data set. This is logically followed 

by the bivariate analysis, in which an attempt is made to check the multicollinearity by means of a 

correlation table. Finally, the multivariate analysis is in the chapter. It describes the extent to which 

non-R&D human capital affects the relationship between innovation-promoting activities and 

product innovation. This will be done by means of a (binary) logistic regression analysis since product 

innovation consists of two dichotomous dependent variables. 

4.2 Response data  
The acquired data of the EMS consist of 177 respondents (N=149). The mode is the second group: 20 

to 49 employees. Table 1 also indicates that more than 60% of the companies have less than 50 

employees. Only 13% of the respondents have more than 100 employees. The histogram reveals a 

left sided skewness, which also shows that there a more small companies (based on the number of 

employees), than big companies.  

Table 1. Overview firm size  

 Frequency Percent Valid percent Cumulative 
percent 

Less than 20 employees 37 20,9% 20,9% 20,9% 
20 to 49 employees 74 41,8% 41,8% 62,7% 
50 to 99 employees 43 24,3% 24,3% 87,0% 
100 to 249 employees 19 10,7% 10,7% 97,7% 
250 or more employees 4 2,3% 2,3% 100,0% 
Total:  177 100,0 100,0 100,0 

 

An important condition for the research population is the minimum number of employees. After 

inspecting the frequency analysis, it can be concluded all companies meet the requirements, as no 

organization has less than ten people working within the business. This means no respondents had to 

be excluded from the data file.  
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Another important requirement is the type of industry the organisations operate in. The EMS targets 

respondents from seven industries: metals and metal products, food beverages and tobacco, textiles 

leather & paper and board, construction & furniture, chemicals (energy and non-energy), machinery 

& equipment transport, electrical and optical equipment. Within the dataset, there are 2 

organisations that provide a missing value, thus they are deleted. This is in order to protect the 

representativeness of the data set.  The exclusion of the two respondents means the total data set 

has a N of 175 (N=175), which will be used during the analysis in this report.  

Table 2. Overview industry  

Industry Frequency Percentage 

Metals and metal products 37 21,1% 

Food, beverages and Tobacco 18 10,3% 

Textiles, Leather, Paper and Board 22 12,4% 

Construction, Furniture 13 7,3% 

Chemicals (energy and non-energy) 22 12,4,4% 

Machinery, Equipment Transport 31 17,5% 

Electrical and Optical equipment 32 18,1% 

In the table above there is an overview of the industries the companies operate in. As visible, the 

most organisations belong to the metal industry, followed by the electrical and optical equipment 

industry. This is somewhat striking since, according to CBS (2014), the metal sector is not the largest 

compared to the other 6 industries involved. According to their report, the construction industry is 

the largest, while it has the least number of respondents. The second least represented group is the 

food industry, while CBS (2014) reports that this is the third largest industry in reality. These are 

some of the findings that need to be mapped to reflect representativeness. However, all the other 

industries are well represented.  

 

 

 

 



29 
 

4.3 Variable construction 
In this paragraph the construction of the variables is described. The same sequence is used as the 

operationalization table (see figure 3, chapter 3) therefore the dependent variables are first described.   

 

4.3.1 Construction dependent variables  

The dependent variable within this report is product innovation which contains of technological 

product innovation and non-technological product innovation, i.e. products-services innovation.  

 Technological product innovation 

This variable is tested by one question (9.1) from the EMS questionnaire. The question is as 

follow: ‘Has your company introduced products that were new to your company or were 

technically significantly updated since 2012?’. The question indicates that this concerns a 

dichotomous variable, cause the respondent can either answer by yes or no.  

   

 Non-technological product innovation, i.e. products-services innovation 

There is a specific question (10.3) within the EMS questionnaire that represents this variable. It 

asks whether the company has added any completely new (or significantly improved) product-

related services since 2012. Again, this is a dichotomous yes or no question. 

 

4.3.2 Construction of the explanatory variables 
 

1. (Non-R&D) human capital  
For this variable only one item is used, which focusses on the educational level  of employees 

(15.1) is used. The presence of human capital within organizations is determined by the part of 

the workforce that possess over a graduate degree or PhD qualification level. Because the 

question in the EMS asks about the percentage of personnel graduated at certain levels, it 

concerns a ratio/interval variable. Excluding the R&D human capital will be done by including the 

R&D personnel as a control variable. 

2. Social capital 

This variable  consists of six items as the cooperation is tested on different fields: Purchasing co-

operation, Production co-operation, Sales/distribution co-operation, Service co-operation, R&D 

co-operation with customers or suppliers and R&D co-operation with research organizations or 

research entities. The cooperation in the field of these business units is reflected in question 6.1 

of the EMS questionnaire. The question was answered with yes or no by the respondents. In this 

research, it will be counted how many collaborations organizations enter into. The maximum 

score is therefore six, for the number (of types) of collaborations that the organization enters 

into. 
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3. Organizational capital    

The conditions for selecting the items that are representative of organisational capital emerged 

from the theoretical framework and are as follows: they should contribute to the alignment of 

departments within the organisation, they help to deploy resources more effectively, they 

contribute to organisational learning. Organizational capital consists of several dimensions that 

have their own items. The first dimension concerns the organization of work, which is related to 

the following items: requirements for the workplace layout of equipment and storage of 

intermediate products (3.1), standardized and detailed working instruction (3.2), Production 

worker task enrichment (3.3). 

The second dimension is the organisation of production, which contains the items: 

measures to improve internal logistics (3.4) and Methods prescribed for reducing changeover 

and lead times during product changeover (3.7). The third-dimension concerns production 

management/control which is tested via the items: graphical representation of work processes 

and status (3.8) and methods of continuous improvement (3.11). The last item is of the 

dimension Human resource management within EMS: measures for retaining older workers on 

their knowledge for your business establishment (3.15). All these questions belong to the 

dichotomous category as they were only answered with yes or no. The sum of all item 

determines the level of organizational capital for respondents within this research.  

 

4. R&D employment 

This variable consists of one item: the percentage of workforce which belong to the R&D 

department. Question 15.1 from the EMS provides this research with a distribution of personnel 

among various departments. The percentage of R&D personnel will make this variable 

representative. Logically, this is a ratio/interval variable. 

4.4.3 Construction moderating variable 

1. (Non-R&D) human capital 

For this variable only one item is used, which focusses on the educational level  of employees 

(15.1) is used. The presence of human capital within organizations is determined by the part of 

the workforce that possess over a graduate degree or PhD qualification level. Because the 

question in the EMS asks about the percentage of personnel graduated at certain levels, it 

concerns a ratio/interval variable. Excluding the R&D human capital will be done by including the 

R&D personnel as a control variable. 
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4.4.4 Construction control variable  

1. R&D employment                          

This variable consists of one item: the percentage of workforce which belong to the R&D 

department. Question 15.1 from the EMS provides this research with a distribution of personnel 

among various departments. The percentage of R&D personnel will make this variable 

representative. Logically, this is a ratio/interval variable. 

 

4.4 Univariate analysis 
This paragraph provides an overview of the used variables within the analysis. These variables will be 

described via: mean, median, mode, standard deviation (sd), min/max, kurtosis and skewness. See 

table 3 below for an overview of the variables and their different values. 

 

Table 3. Overview univariate analysis 

Variable Mean Median Mode Sd Min Max Kurtosis Skewness 

Human capital  16,21 10,00 10,00 14,66 0,00 80,00 4,59 2,03 

Social capital  2,41 2,00 3,00 1,72 0,00 6,00 -1,12 0,11 

Organizational 

capital 

4,31 4,00 5,00 2,20 0,00 8,00 -0,95 -0,19 

R&D  5,51 5,00 0,00 5,75 0,00 25,00 1,01 1,25 

Product 

innovation 

0,61 1,00 1,00 0,49 0,00 1,00 -1,80 -0,46 

Product-service 

innovation 

0,25 0,00 0,00 0,44 0,00 1,00 -0,67 1,16 

 

This research includes two dependent variables, both variables were answered by yes or no, 

therefore the maximum score one is listed in the table. The mean of the first dependent variable is 

0.61 which shows more organization have introduced new product (or significant improvements to 

their products) than not. See table 4 below for frequencies.  
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Table 4. Frequency table product innovation 

 Frequency Valid percentage 

0 - no 68 38,4% 

1,0 - yes 109 61,6% 

Total 177 100,0% 

 

This is the other way around for the second dependent variable product-service innovation, 

as this variable has a mean of 0,25 indicating that less organizations innovated in the area of product-

service. The frequency table 5 below shows that not all 177 respondents answered this question.  

There are 34 organizations that did not answer this question, what caused missing values. These 

cases are excluded, to ensure the representativeness of the univariate analysis. Both dependent 

variables have a low standard deviation, which means that the data is closely clustered around the 

mean. This can be explained by the small range between minimum and maximum score. 

Table 5. Frequency table radical product innovation  

 Frequency Valid percentage 

0 - no 113 74,8% 

1,0 - yes 38 25,2% 

Total 128 100,0% 

 

 The explanatory variables in this analysis consist of human capital, social capital, 

organizational capital and R&D. What is immediately striking about the univariate analysis of these 

variables is the kurtosis and skewness of human capital. This variable serves as both a dependent 

variable and moderator variable in this study (see figure 2: conceptual model, for overview). Field 

(2018) states that all variables used should have a kurtosis and skewness between -3 and 3. This is 

not the case with human capital as this variable has a kurtosis of 4,59 and skewness of 2,03. The high 

kurtosis demonstrates the lack of symmetry, which should be solved. According to Field (2018) trial 

and error should be used to determine the most appropriate transformation. The following 

transformation were performed: log transformation, reciprocal transformation and square root 

transformation. The reciprocal made the kurtosis worse, while the other two options improved the 

kurtosis and skewness. However, the squared root transformation was chosen as this provided more 

desirable values. See the new values below in table 6.  
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Table 6. Skewness and kurtosis human capital 

 Skewness Kurtosis 

Old value 2,025 4,604 

New value HC_squareroot ,516 1,024 

 

Table 3 also reveals that human capital is the only variable that needs transformation, since 

the kurtosis and skewness of the other variables are at acceptable levels. The variable R&D is used as 

dependent variable as well as controlling variable, as the goal is not to test the effect of human capital 

but non-R&D human capital on product innovation. Table 3 shows that the company with relatively 

the largest RD department, has about 25% of the entire staff working in this department. The average 

is just a lot lower at around 5.5%. For organization capital, eight items were measured to calculate 

presence. The univariate results show that on average organizations possess over more than four 

organizational capital elements. For social capital, the EMS measures how many types of collaborations 

the organizations engage in. EMS distinguishes between 6 types of collaborations, table 3 shows 

afterwards that the mean is 2.41. This means that on average organizations make use of less than half 

of the possible collaborations. 

 

4.5 Bivariate analysis 
This paragraph is used to investigate the level of multicollinearity. The goal is to demonstrate that 

the explanatory variables correlate with the dependent variable and not with each other. First of all, 

the criteria that needs to be checked is the normality. This study included 175 observation, therefore 

according to Field (2018) it can be stated that the sample size is relatively large.  This means the 

central limit theorem helps overcoming the issues regarding normality.   

To make possible multicollinearity visible, the Pearson correlation test has been conducted.  

The values that are higher than 0,85 indicate multicollinearity (Field, 2018). Appendix III displays an 

overview of the Pearson correlation values of all the variables within this research. As can be seen, 

no value surpasses the critical value of 0,85. The highest value is between social capital and 

organizational capital, estimated at 0.34** and thus still acceptable. This means the R-values in this 

research, show that collinearity has little threat to the model estimates.  
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Besides indicating the level of multicollinearity, the bivariate analysis shows some 

information about the relationships that may were expected because of the literature. According to 

Field (2018), an R-value of +/- 0.1 demonstrates a small effect, +/- 0,3 is a medium effect, while +/- 

0.5 means a large effect. What is immediately striking is Product innovation seems to have a 

significant (low/medium) relationship with half of the dependent variables, while product-service 

innovation only has one significant (medium).  It appears that social capital has a medium strong 

relationship with both dependent variables.  

Hypotheses 1 and 2 state that (non-R&D) human capital has no direct relationship with 

product innovation and product service innovation, the R-values seem to confirm this somewhat. 

Thus, both R-values are very low and not significant, but it should be mentioned that here only the 

effects of human capital in general are tested. This relationship has not been controlled by R&D, this 

will be included in the next section. Appendix III shows that human capital and R&D have an R-value 

of 0.33**. This means that logically there is a significant relationship between companies with high 

human capital and companies that have R&D personnel available. It might be expected that the 

included human capital of R&D would ensure high significant R-value in product and product service 

innovation. Thus, this is not the case. Human capital, in addition to R&D, appears to correlate with 

social capital, but not with organizational capital. This is contrary to expectations, as these are both 

elements of intellectual capital. Finally, it is also notable that R&D does have a significant 

(low/medium) relationship with product innovation, but shows no relationship with product service 

innovation.  

 It can be concluded that this section confirms that some explanatory variables are related to 

the dependent variables and that the explanatory variables do not exhibit multicollinearity. In the 

next section, it will become clear whether the moderator non-RD human capital can significantly 

strengthen the examined relationships so that the hypothesis can be assessed. 
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4.6 Multivariate analysis 
In this paragraph a binary regression analysis will be conducted. There is made use of multiple 

analysis, as the first analysis will be with the control variable and dependent variable. R&D is used as 

a control variable because the research attempts to measure the effect of non-R&D human capital 

rather than human capital as a whole. In addition, an attempt is made to see how this capital 

influences the relationship between social capital, organizational capital and product innovation. The 

second analysis will contain dependent variables while being controlled (autonomous). The third 

analysis will also include the interaction variables while being controlled. Thus, both dependent 

variables will have three different analysis. Before examining the results of the analysis, a few 

assumptions should be checked before.  

There are six assumptions in total for performing a binary logistic regression (Field, 2018). 

The first assumptions concern the dependent variables, as they should be of nominal level. The 

assumption is met as both dependent variables in this research are dichotomous variables. The 

second assumption states that at least one independent variable should be of continuous, ordinal or 

nominal measurement level. This assumption is also met, as this research has four independent 

variables of nominal and continuous measurement level.  

The third assumption concerns the independence of observations and demands that 

dependent variable contains categories that are mutually exhaustive and exclusive, which is the case 

within this research. The fourth assumptions refer to the multicollinearity. Results are presented in 

Appendix IV, which shows that the assumption is met. According to Field (2018) the VIF should not 

be bigger than 10 and the tolerance should be as close to 1 as possible. The Appendix IV, 

demonstrates that all VIF values are between 1,13 and 1,18, while the tolerance levels are all 

between 0,85 and 1. The fifth assumption concern the linearity, as the assumptions states that there 

needs to be a linear relationship between the continuous independent variables and the dependent 

variable, that is logit transformed. Field (2018) suggests that the assumption is met when the values 

of interaction are higher than 0.05. As can be seen in Appendix IV, almost all variables fulfil the 

requirements. Only the interaction effect human capital * social capital displays a value below 0,05 

as it contains a value of 0,03 regarding the relation with dependent variable product-service 

innovation.  
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In order to overcome the violation of the assumption, the log variable of the interaction 

variable will be taken into the analysis, as this variable shows a value of 0,36 which is acceptable 

according to the requirements. Finally, the last assumption refers to the presence of outliners. 

Looking at the Appendix IV the partial regression plots, demonstrate that there are no outliners with 

high values which can influence the analysis. Therefore, it can be concluded that all assumptions are 

met. 

 

Dependent variable: Product innovation 

Analysis 1: Only with control variable R&D 

The R&D variable will act as control variable, but also as independent variable within the analysis as 

stated before. Therefore, the data from the first analysis in which the variable is used as a control 

variable will be used for the analysis of R&D as an independent variable, as this data will also provide 

information about the strength of the autonomous relationship between R&D and product 

innovation. Firstly, it will be checked how well the model fits the data. The Pearson test, indicates 

that the model does not fit when a statistically significant result (P < 0,05) is found.  Appendix V 

shows that the goodness-of-fit displays a significance value of 0,242 which indicates that the model 

fits the data. The Nagelkerke value (see table 7) makes clear that the proportion of the variance that 

can explained by this model is only 5%. In addition, the Likelihood ratio test shows that the variable 

R&D is statistically significant, as the P-value is 0,009 (see appendix V).  

• R&D: regarding the relation with dependent variable product innovation the values of the 

analysis look as follow: B = 0.077, Wald = 6.109, p = 0.013. The odds ratio in this case 

indicates that when product innovation conducts one more unit of R&D the change in odds 

of getting product innovation is 1,08. This means R&D stimulates product innovation.  

Analysis 2: Dependent variables and product innovation (controlled by R&D) 

In this analysis the model still fits the data as the goodness-of-fit shows that Pearson has a value of 

p= 0,347 which is above the required p= 0.05. The Nagelkerke value is 0.13 which tells that the 

proportion of the variance that can be explained by the model is 13%, which is higher than the first 

analysis. The Likelihood ratio show that only R&D and social capital provide a statistically significant 

result. See appendix V or description below for exact numbers. 
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• Non-R&D human capital: B = -0.12, Wald = 1.15, p = 0,283. As displayed the correlation 

between non-R&D human capital and product innovation is not significant. In addition, the B 

value indicates a negative relation.  

• Social capital: B= 0.30, Wald= 8.02, p = 0.005. The variable seems to have a positive 

relationship as B indicates. The odds of ratio confirm this by stating that by adding one more 

unit of social capital the change in odds of developing product innovation is 1.35. Therefore, 

an organization is more likely to develop product innovation than not when making use of 

social capital.  

• Organizational capital: B = 0.04, Wald = 0.31, p = 0.58. This means the relationship between 

organizational capital seems to be positive but not significant as  p>0.05.  

 

Analysis 3: Interaction variables and product innovation controlled by R&D 

Performing this analysis, it needs to be addressed that the that the model fits the data as the 

goodness-of-fit shows that Pearson has a value of p = 0.34 which is > p = 0.05. Besides that, the 

Nagelkerke value is 0.10, which means that the model explains 10% of the variance. Interestingly, 

only 1 interaction effect shows a statistically significant effect. See below the results (or appendix V): 

• Human capital *social capital (log): B = 0.74, Wald= 5.74, p = 0.02. The B value indicates a 

positive relation between the interaction variable and product innovation, which is also 

reflected in the odds of ratio. This value shows that when the interaction variable gains with 

one unit, the odd in developing product innovation changes with 2.10. The interaction 

between non-R&D human capital and social capital leads to more product innovation within 

an organization.  

• Human capital * organizational capital: B= 0.00, Wald = 0.00, p = 0.98. Despite the 

extraordinary B-value of 0, it is immediately noticeable that the results here are far from 

significant. 

• Human capital * R&D: B= -0.01, Wald = 0.09, p = 0.76. The low B and Wald value do not 

provide much information, as the relation between the interaction variable and product 

innovation is not significant. 
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Dependent variable: product-service innovation 

 

Analysis 1: Control variable R&D and product-service analysis 

Just as in the previous analysis the same control variable is being used. The Pearson value clarifies 

that the model fits the data, because of Pearson value 0.35 > p 0.05. The Nagelkerke value of 0.01 

confirms that the model only explains 0.1% of the variance.  

• R&D: B = 0.03, Wald = 1.14, p = 0.29. It can be observed directly that the relationship 

between R&D and product-service innovation is not significant. This is in contrast to the 

relationship with the other dependent variable product innovation. 

 

Analysis 2: Dependent variables and product-service innovation (autonomous relations and 

controlled by R&D) 

Similarly, to the other analysis the Pearson value is sufficient as 0.47 surpasses the value p= 0.05. In 

addition, Nagelkerke value states that the model can explain 11% of the variance. The likelihood ratio 

test also indicates that only one variable is significant related to product-service innovation. 

• Human capital: B = -0.12, Wald = 0.95, p = 0.45. The p-value shows that this variable has no 

significant correlation with the dependent variable.  

• Social capital: B= 0.31, Wald = 6.27, p = 0.01. It is very noticeable that the Wald value is high, 

in addition, it appears to be the only variable that also shows significance in the relationship 

between the dependent variables. The odds of ratio statistics, clarify that with every addition 

of on unit of social capital, the odd in developing product-service innovation changes with 

1.37. 

• Organizational capital: B = 0.10, Wald = 1.07, p = 0.30. The p-value makes it immediately 

clear that there is no significance in the relationship between organizational capital and 

product-service innovation. This was somewhat predictable by the bivariate analysis 

conducted 
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Analysis 3: Interaction variables and product-service innovation (controlled by R&D) 

The last analysis provides a goodness-of-fit with a Pearson value of 0.34 which is > 0.05. In this case it 

is safe to state the model fits the data. Besides this, the Nagelkerke displays a value of 0.03 which 

means the model van only explain 3% of the total variance. Below, only the data of the interaction 

variables will be made visible without description, since all of them are not significant. Human capital 

*social capital (log): B = 0.19, Wald= 0.28, p = 0.60. Human capital * organizational capital: B= 0.01, 

Wald = 0.27, p = 0.60. Human capital * R&D: B= -0.23, Wald = 0.178, p = 0.18.  

  Technological Product innovation product-services innovation  

1 2 3 1 2 3 

Control variables  

R&D 0.08** 0.07* 0.07 0.03 0.03 0.13 

Explanatory variable  

(Non-R&D) Human 

capital 

- -0.12 0.20 - -0.12 -0.16 

Social capital - 0.30** 0.62 - 0,31* 0.27 

Organizational capital - 0.04 0.09 - 0.10 0.05 

Interaction variable  

Human capital * social 

capital (log) 

- - 0.74* - - 0.19 

Human capital * 

organizational capital 

- - 0.00 - - 0.01 

Human capital * R&D - - -0.01 - - -0.23 

       

                  Model statistics  

Model X2 45,88** 17,63** 10,37* 1,12 11,68 2.54 

Nagelkerke R2 0,05 0,14 0,10 0,01 0,11 0.03 

N 175 175 175 175 175 175 

*p<,05; ** p<,01  

Table 7: binary regression analysis product innovation and product-service innovation 
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After analyzing the correlations and interaction effects, the hypothesis can be tested. The 

first hypothesis is: The level of a company’s non-R&D human capital has no direct correlation with 

the engagement in technological product innovation. The analysis shows that there is a somewhat 

negative relationship that is not significant. It can be stated on this basis that the first hypothesis can 

be accepted. The second states hypothesis: The level of a company’s non-R&D human capital has no 

direct correlation with the engagement in non-technological product innovation, i.e. products-

services innovation. The situation here is similar as the analysis here shows that there is a small 

negative relationship that is not significant. Therefore, the hypothesis can also be accepted.  

 The third hypothesis concerns the relationship between social capital and technological 

product innovation. The hypothesis is that: The greater the non-R&D human capital of an 

organization, the greater the contribution of its collaboration partners to technological product 

innovation. The analysis reveals that there is a significant autonomous relationship between social 

capital and technological product innovation. The analysis also shows that this relationship is 

significantly strengthened when non-R&D human capital interacts. Therefore, this hypothesis can 

also be accepted. The fourth hypothesis concerns social capital and product-service innovation: The 

greater the non-R&D human capital of an organization, the greater the contribution of its 

collaboration partners to non-technological product innovation. The analysis shows that although 

there is an autonomous positive relationship between social capital and product-service innovation, 

this relationship disappears when non-R&D human capital exhibits an interaction effect. The results 

are not significant in that case. 

 The next two hypotheses have to do with organizational capital and innovation. For example, 

hypothesis number five states: Non-R&D human capital has a positive (moderation) effect on the 

relationship between organizational capital and product innovation. This hypothesis should be 

rejected, due to the fact that both the autonomous relationship and the relationship in which non-

R&D human capital interacts both show low correlations that are also not significant. The sixth 

hypothesis has a similar situation. The hypothesis states: Non-R&D human capital has a positive 

(moderation) effect on the relationship between organizational capital and product-service 

innovation. Both the autonomous relationship and the relationship including interaction are not 

significant, which means that the hypothesis should be rejected. 
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Finally, the last two hypotheses follow which argue that non-R&D human capital increases the 

innovation rate of R&D personnel. The first hypothesis is about product innovation: Non-R&D human 

capital has a positive (moderation) effect on the relationship between R&D and product 

innovation. Based on the analysis, this hypothesis cannot be accepted. The autonomous relationship 

between R&D and technological product innovation is stronger than the relationship involving 

interaction with non-R&D human capital. Besides that, the relation including interaction with non-

R&D human capital seems to be not significant. The final hypothesis is as follows: Non-R&D human 

capital has a positive (moderation) effect on the relationship between R&D and product-service 

innovation. It can be concluded based on the analysis conducted that this hypothesis should also be 

rejected.  R&D shows no significant relationship with product-service innovation, while this remains 

unchanged when non-R&D human capital acts as an interaction effect. See table 8 below, for a 

complete overview of the results of the hypothesis. 

Hypothesis Status 

H1: The level of a company’s non-R&D human capital has no direct correlation 

with the engagement in technological product innovation 

Accepted 

H2: The level of a company’s non-R&D human capital has no direct correlation 

with the engagement in non-technological product innovation, i.e. products-

services innovation 

Accepted 

H3: : The greater the non-R&D human capital of an organization, the greater the 

contribution of its collaboration partners to technological product innovation 

Accepted 

H4: The greater the non-R&D human capital of an organization, the greater the 

contribution of its collaboration partners to non-technological product innovation. 

Rejected 

H5: : Non-R&D human capital has a positive (moderation) effect on the 

relationship between organizational capital and product innovation. 

Rejected 

H6: Non-R&D human capital has a positive (moderation) effect on the relationship 

between organizational capital and product-service innovation 

Rejected 

H7: Non-R&D human capital has a positive (moderation) effect on the relationship 

between R&D and product innovation. 

Rejected 

H8: Non-R&D human capital has a positive (moderation) effect on the relationship 

between R&D and product-service innovation 

Rejected 

Table 8: overview hypothesis 
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5. Conclusion & discussion 
 

The final chapter of this thesis contains of a conclusion, which will provide an answer to the research 

question. Following up, the results of the analysis will be interpreted and compared to the developed 

theoretical framework argument, which led to the hypothesis. Based on that, certain 

recommendations will arise for further practice and theory. Lastly, the limitations of this research will 

be discussed.  

5.1 Conclusion 
In the introduction of this research, it became clear that many researchers saw R&D as the source of 

innovation. Therefore, many studies have focused on the area of R&D elements and innovation. Yet, 

in practice, there are many companies that innovate without having an R&D department. From the 

available literature it appeared that RBV intellectual capital elements, in some research showed a 

correlation with innovation. However, literature research showed that the relationship between 

human capital and innovation did not show unambiguous results. The critique on linear thinking 

followed, revealing that there may be multiple explanatory variables (and their interaction) leading 

to innovation. This could be a possible cause for the lack of unambiguous results. Therefore, in 

addition to the autonomous relationship between RBV elements (independent variables): human 

capital, social capital and organizational capital, also interaction effects with human capital were 

investigated to examine if that may strengthen the relationship with product innovation. The choice 

was made to use non-R&D human capital to exclude the influence of R&D from human capital. R&D 

itself is also included as independent variable because an attempt was made to compare whether 

interaction with (non-R&D) human capital influences R&D in such a way that more innovation takes 

place. Within product innovation, two dimensions are included in this research as (different) 

dependent variables: technological product innovation and non-technological product-service 

innovation. Based on the introduction the following research question was formed: ‘To what extent 

does non-R&D human capital add value to different types of organizational assets for enhancing 

product innovation in addition to the independent innovation impact of non-R&D human capital?’. 

 The first sub-question aimed to find out whether an autonomous relationship exists between 

(non-R&D) human capital and product innovation. The analysis of the previous chapter shows that 

non-R&D human capital does not show any autonomous relationship with either product innovation 

or product-service innovation, which means that the RBV element does not show any direct 

relationship with product innovation.  
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The second sub-question tries to clarify to what extent non-R&D human capital influences 

the relationship between social capital and product innovation in the case of interaction. The analysis 

shows that there is a significant positive autonomous relationship between social capital and 

technological product innovation. The analysis also shows that when there is interaction with (non-

R&D) human capital, the relationship between social capital and technological product innovation is 

significantly strengthened. In the case of the relationship between social capital and non-

technological product-service, it appears that the autonomous relationship is significant, as opposed 

to the insignificant relationship when (non-R&D) human capital functions as a moderator. This means 

that the interaction between (non-R&D) human capital and social capital only stimulates the degree 

of technological product innovation. 

The third sub-question tries to clarify to what extent the interaction between (non-R&D) 

human capital and organizational capital changes the amount of product innovation compared to the 

autonomous relationship between organizational capital and product innovation. The analysis shows 

that both the autonomous relationships and the relationship including moderator are not significant 

for both technological product innovation and non-technological product-service innovation. 

The last sub-question tried to find out whether the interaction between (non-R&D) human 

capital and R&D personnel leads to a different degree of product innovation. The analysis that helps 

answer this question shows remarkable results. The autonomous relationship between R&D and 

technological product innovation seems significant but remarkably weak. This while it would be 

expected that the relationship would be significantly stronger. Also striking is that the interaction 

between R&D and non-R&D human capital results in an insignificant relationship with technological 

product innovation. In the case of non-technological product-service innovation, both the 

autonomous relationship and the relationship including interaction are insignificant. 

Returning to the research question: ‘To what extent does non-R&D human capital add value 

to different types of organizational assets for enhancing product innovation in addition to the 

independent innovation impact of non-R&D human capital?’, it can be concluded that (non-R&D) 

human capital does not have an autonomous relationship with product innovation. In addition, it can 

be concluded that interaction with (non-R&D) human capital is only beneficial for social capital. It 

should be noted, however, that this only concerns the field of technological product innovation. 

There is no significant relationship between organizational capital and product innovation, which is 

the same when (non-R&D) acts as a moderator. Finally, it appears that the moderator (non-R&D) 

human capital does not improve the strength in relationship between R&D and product innovation.  
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5.2 Discussion 
In the theoretical framework several empirical studies were used to develop certain hypotheses. The 

first two hypotheses stated that no significant autonomous relation between (non-R&D) human 

capital and product innovation is expected. Even if these were correlated, a strong relationship 

would not be expected since the critique of the linear thinking model states that that one 

independent variable by itself cannot explain a dependent variable like innovation (Rothwell, 1992). 

To truly understand the system, research should focus on the complementarities among elements, 

their integration and the outcomes resulting from their interactions as Teece (1007) states. This 

research shows that the critique on linear thinking holds in this respect as no autonomous 

relationship between (non-R&D) human capital and product innovation has been experienced. 

The criticism on linear thinking seems well-founded when it comes to social capital, which 

does have an autonomous relationship, but is not very strong, while interaction with (non-R&D) 

human capital considerably strengthens the relationship with technological product innovation. A 

possible explanation is the argument of Najafi-Tavani, et al., (2018) that collaborations with external 

parties (social capital) lead to more product innovation when more absorptive capacity is available. 

While a higher human capital (highly educated workforce) means a higher absorptive capacity 

according to Luo et al., (2009). However, the relationship between social capital and non-

technological product-service disappears when (non-R&D) human capital interacts. It is not possible 

to give a justification for this based on the theoretical framework that has been drawn up. A possible 

explanation could be that organizations with highly educated employees focus on product innovation 

instead of product-service innovation collaborating with external parties.  

Despite the lack of unambiguous results regarding the relationship between organizational 

capital and product innovation, a hypothesis has been formulated that non-R&D human capital 

strengthens the relationship between organizational capital and product innovation. For example, 

Leonard-Barton (1992) argues that organizational capital is related to product innovation because 

organizational capital element: dynamic capabilities, drives product innovation.  Nevertheless, the 

analysis of this thesis shows that no relationship has been found between organizational capital and 

product innovation. This result is in line with the research of Dost et al., (2016) as he did not 

experience an autonomous relationship but did present that interaction between social capital and 

organizational capital resulted in a significant relationship with product innovation. However, the 

analysis of this research demonstrates that this positive moderation effect is not similar when (non-

R&D) human capital acts as moderator. It is unknown why specifically that RBV intellectual capital 

does show this effect and (non-R&D) human capital does not. The reasoning that organizational 

learning can be better performed by highly educated employees, which according to Jashapar (1993) 
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increases the needed dynamic capability (organizational capital element) for product innovation 

therefore does not hold in this analysis.  

Finally, the theoretical framework expected that higher non-R&D human capital strengthens 

the relationship between R&D and product innovation as a moderator. The absorptive capacity 

would make it possible to better understand concepts, so that R&D can be provided with better 

feedback/new insights. Nevertheless, it appears that the autonomous relation between R&D and 

product innovation is significant but remarkably low. This may be because a huge number of 

companies innovate without an R&D department (Arundel, 2007). Still, a stronger relationship was 

expected, but the analysis of this research sample shows otherwise. The interaction with non-R&D 

human capital has a negative effect on the strength of the relationship between R&D and product 

innovation, as this relationship seems to be weaker and insignificant, which is not in line with the 

finding of Lee et al (2005). A possible cause could be that high non-R&D human capital is not engaged 

in innovation, as there is a department that is already engaged in it. It is possible that the workload 

or the motivation of the employees ensures that they do not feel compelled to stimulate R&D 

development in addition to their regular work. 

The starting point of this thesis: criticism on linear thinking within innovation (Rothwell, 

1992) seems to be acceptable. No strong autonomic relationship was experienced. The strongest 

autonomous relationship (medium effect size) was between social capital and product innovation, 

which became much stronger when interacting with non-R&D human capital. Based on the RBV 

literature, it would be expected that all RBV intellectual capital elements would have a relationship 

with product innovation. Subramaniam and Youndt (2005) stated that RBV elements are related to 

product innovation, but that it is unclear exactly what these relationships exactly look like. Partly, as 

a result of this research, it can be argued that not all RBV elements have a direct relationship with 

product innovation. Nevertheless, this research shows that human capital can strengthen the 

relationship between social capital and product innovation. In addition, the results of Carmona-

Lavado et al. (2010) show that the interaction between social capital (moderator) and organizational 

capital leads to more product innovation, while there is no direct relationship between 

organizational capital and product innovation. By taking the results of both studies into account, it 

can be stated that all RBV intellectual capital elements have an effect on product innovation. It only 

does not concern an autonomous relationship in all cases. 
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Some interesting theoretical implications emerged from this study. Firstly, the current 

literature has included many studies that have assumed that R&D is the main source of innovation, 

while this research shows that this is not always the case. For instance, it shows that collaborations 

with external parties (social capital) can make a greater contribution to product innovation than 

R&D. Secondly, there was ambiguity in the current literature about the role of human capital on 

innovation, resulting in inconclusive results. Even less was known about the role of non-(R&D). This 

research shows that (non-R&D) human capital is not directly related to product innovation, but (non-

R&D) human capital can make other resources more effective in developing product innovation.  

Moreover, this research also provides practical implications. It seems that companies do not 

necessarily need to set up an R&D department to achieve product innovation. For example, it 

appears that collaborations with external parties are more effective, which is reinforced when highly 

educated (non-R&D) employees are involved. An interesting finding for organizations is that this is 

only true for technological product innovation, whereas for non-technological product-service 

innovation it is more beneficial not to involve highly skilled (non-R&D) personnel within 

collaborations with external parties. In addition, companies can consider that the collaborations 

between in-house R&D personnel with highly skilled non-(R&D) personnel does not stimulate 

product innovation. Therefore, highly skilled non-R&D employees can better engage in other type of 

collaborations.  
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5.3 Limitations and suggestions for future research   
This study ends with describing it limitations and providing some suggestions for future research. The 

first limitation relates to the EMS database. As the discussed literature points out, the RBV 

intellectual elements consist of multiple aspects, while the EMS only questions certain aspects. 

Human capital for example is measured by the educational level of employees, whereas also 

experience of the employees can influence the human capital (Hitt et al., 2001). Unfortunately, the 

EMS does not provide data in this area, which limits the measurement of human capital to 

educational attainment. In the case of the other two intellectual capital, there are also some aspects 

that could be included, to better capture the presence of the capitals. Another limitation within the 

study is that only quantitative research was conducted. By using mixed methods, it could become 

clear why collaborations involving highly educated (non-R&D) human capital led to technological 

product innovation, but not to non-technological product-service innovation for example.  

 For future research it will therefore be advised to include more aspects related to the RBV 

intellectual capitals and to use mixed methods to explain some of the interesting findings by means 

of, for example, interviews with those involved. In addition, another possibility for future research is 

to investigate other interaction effects between RBV intellectual capital elements. Now that it has 

become clear how (non-R&D) human capital affects the relationship between organizational capital 

& product innovation and social capital & product innovation. It is possible to investigate the 

moderation effect of organizational capital on the relationship between (non-R&D) human capital & 

product innovation and social capital & product innovation. This will provide even more clarity about 

the relationship between RBV intellectual capitals and (product) innovation in general. 
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Appendix I: EMS questionnaire 
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Appendix II: table of operationalization 

Figure 3: table of operationalization 
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Type variable  Variable name Item  (& question reference) Min Max Measurement 
level 

Comments 

Dependent 
variable  

Product innovation Introducing new products (9.1) 0 1 Nominal Yes/no 

 Product-service 
innovation 

Innovation product-related 
services (10.3) 

0 1 Nominal  Yes/no 

Independent 
variable 

Non-R&D human 
capital 

Educational level employees 
(15.1) 

0 100 Ratio (%) 

 Social capital  Collaborations with external 
partners (6.1) 

0 1 Nominal Yes/no 

 Organizational 
capital 

Requirements for the 
workplace layout of equipment 
and storage of intermediate 
products (3.1) 

0 1 Nominal Yes/no 

  Standardised and detailed work 
instructions (3.2) 

0 1 Nominal Yes/no 

  Production worker task 
enrichment (3.3) 

0 1 Nominal Yes/no 

  Measures to improve internal 
logistics (3.4) 

0 1 Nominal Yes/no 

  Methods prescribed for 
reducing changeover and lead 
times during product 
changeover (3.7) 

0 1 Nominal Yes/no 

  Graphical representation of 
work processes and status (3.8) 

0 1 Nominal Yes/no 

  Methods of continuous 
improvement (Kaizen, quality 
circles, etc.)(3.11) 

0 1 Nominal Yes/no 

  Measures for retaining older 
workers or their knowledge for 
your business establishment 
(3.15) 

0 1 Nominal Yes/no 

 R&D Distribution of personnel based 
on departments: for comparing 
R&D/Non-R&D (15.2) 

0 1 Ratio (%) 

Moderating 
variable  

Non-R&D human 
capital 

Educational level employees 
(15.1) 

0 100 Ratio  (%) 

Control 
variable 

R&D Distribution of personnel based 
on departments: for comparing 
R&D/Non-R&D (15.2) 

0 100 Ratio  (%) 
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Appendix III: Bivariate analysis table 
 

Pearson correlation 

 1 2 3 4 5 6 
1. Product 

innovation 
1 0,11 0,04 0,26** 0,12 0,19* 

2.  product-
service 
innovation  

 1 -0,01 0,25** 0,16 0,09 

3. (non-R&D) 
Human capital  

  1 0,22** 0,15 0,33** 

4. Social capital     1 0,34** 0,18* 
5. Organizational 

capital 
    1 0,10 

6. R&D       1 
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Appendix IV: Assumptions binary logistic regression  

 
1. Multicollinearity test  

 

 Tolerance              product 
innovation       VIF 

Tolerance         product-service 
innovation      VIF 

Human capital 0,86 1,16 0,85 1,18 
Social capital 0,85 1,18 0,85 1,18 
Organizational capital 0,88 1,14 0,88 1,13 
R&D 0,88 1,14 0,87 1,16 

 

2. Linearity test 

Variable Sign product innovation Sign product-service 

innovation 

Human capital 0,88 0,36 

Social capital 0,77 0,41 

Organizational capital 0,95 0,77 

R&D 0,23 0,34 

HC *social capital 0,31 0,03 

HC * organizational capital 0,87 0,39 

HC * R&D 0,62 0,25 

Human capital by human 

capital (log) 

0,84 0,49 

Social capital by social capital 

(log) 

0,66 0,61 

Organizational capital by 

organizational capital (log) 

0,84 0,56 

R&D by R&D (log) 0,91 0,50 

HC *social capital by HC *social 

capital (log) 

0,26 0,36 

HC * organizational capital by 

HC * organizational capital 

(log) 

0,84 0,56 

HC * R&D by HC * R&D (log) 0,86 0,55 
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3. Influencing outliers first dependent variable: product innovation 
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4. Influencing outliers second dependent variable: product-service innovation



 
 
   

Appendix  V: Binary regression analysis product innovation 
 

Analysis 1 
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Analysis 2 
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Analysis 3 
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Appendix VI : Binary regression analysis product-service innovation 

 
Analysis 1  
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Analysis 2 
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Analysis 3 
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