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ABSTRACT 
 

 Incubators have become a phenomenon widely recognized to be of great importance in the promotion and 

development of startup firms. Their goal is to create a supporting and nurturing environment contributing to the 

establishment and development of small and medium sized firms. A key driver of economic growth is the creation 

and diffusion of knowledge. Developing this knowledge is valuable and can be accomplished by creating an open 

environment. The influence of openness on the innovation performance of startups is examined in this research as 

well as the influences of external support attributes (through for instance incubators) on this openness. 

 The model is tested through survey results of 199 respondents from startups in the Netherlands. The collected 

data is assessed using Partial Least Squares (PLS), a specific Structural Equation Modelling (SEM) estimation 

technique. One of the most important results indicates that using external attributes (like services offered by 

incubators) has a positive effect on the openness of the firm, the openness being the use of external knowledge 

sources. Secondly, being more open positively influences innovation performance. A moderating effect is found on 

the relation external attributes – openness by the construct incubator. 

 An important contribution to the literature is the quantitative support for the relation openness – innovation 

performance. Both hypothesized base relations show a positive significant effect. In addition the moderating effect 

found shows the added value of incubators; they contribute to a head start in openness compared to non-

incubated firms at low level external attribute use. Extending the relationship towards the realm of startups and 

incubators is a contribution to theory and secures the existence of the relation. Managerial implications focus on 

the importance of openness in the development of startups and the stimulation thereof by incubators. Further 

research should focus on the specification of each of the individual external attributes and their separate influence 

on openness.   
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EXECUTIVE SUMMARY 
 

Incubators have become a well-known phenomenon and are seen as a tool for the development and 

promotion of startup firms. The concept ‘incubator’ is thereby used as a denominator for organizations aiming to 

create a supportive environment for the development of startups (Bergek & Norrman, 2008; Chan & Lau, 2005; 

Klofsten & Lindholm Dahlstrand, 2002; Lyons, Li, & Zhao, 2003). They are seen as a tool for the promotion of 

economic development, innovativeness, entrepreneurship and the emergence of specific technology based firms. 

Question remains: are incubators here to stay? Do they indeed contribute and add value to startup development, 

growth and performance? Little evidence has been found on the influence of incubators on innovation activity and 

firm performance (Bruneel, Ratinho, Clarysse, & Groen, 2012; Hackett & Dilts, 2004). Therefore this research aims 

to make this connection through innovation openness. 

Many innovative firms have discovered the ‘open innovation’ model, using a wide range of opportunities and 

external sources to help them achieve and sustain innovation (Laursen & Salter, 2006). Previous research shows 

that firms that exhibit more open behavior towards the gaining of knowledge from external sources are likely to 

have a higher level of innovation performance (Laursen & Salter, 2006). Previous research is extended in this paper 

by specifying this model towards the interactions and effects among startups.  

The goal of this research has two important aspects. First, providing quantitative support for the positive 

effect between openness and innovation performance is an important goal. Secondly this paper aims to validate 

the model within the specific surrounding of startups, and tries to find the effect of external/incubator offered 

services on this model. This second aim is therefore an addition to the established relation and focusses on the 

external attributes or services offered by incubators and its effect on the openness of startup firms. 

 

THEORY AND HYPOTHESES DEVELOPMENT 

A conceptual model is defined in order to test the hypothesized relations. The work of Laursen & Salter (2006) 

is continued by further extending the tested relation in their research towards the domain of startups and 

incubators. Laursen & Salter (2006) have argued that firms open to external knowledge sources are more likely to 

have a higher level of innovative performance. Within the model in this research external attributes are 

hypothesized to influence openness in the development of startup firms. In addition two moderating effects are 

hypothesized. The construct incubator is hypothesized to influence the relation between external attributes and 

openness. Formal partners are hypothesized to influence the relation between openness and innovation 

performance as taken from Laursen & Salter (2006).  

External attributes are qualified as the components of incubators which have been added over the years onto 

the value offering of the incubator and have received the most attention in extant literature, these attributes are: 

shared office space, a pool of shared support services, professional business support or advice, network provision 

and financial resources. Respondents were questioned on their use of these services in their firm’s development. 

An important aspect of the construction of the model is its possibility to include a sample with both startups which 

are part of an incubator and startups which are not, making it possible to compare both groups of firms. This asks 

for an approach applicable and relevant for both types of firms, therefore the external attributes are defined as 

such; as developmental external attributes which can be used by both types of startups. Openness is defined as 

the amount of external knowledge sources used (Laursen & Salter, 2006). The measurement of innovation 

performance follows indicators defined by Prajogo & Ahmed (2006) and Langerak, Hultink, & Robben (2004) and 

asks respondents to indicate how well they have performed relative to their competitors and their initial goals.  
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METHOD 

The conceptual model serves as the basis for a developed measurement instrument. Questions and items are 

adopted from earlier research and control questions are added. The questionnaire is then developed based on the 

measurement model. This questionnaire is sent to participants of the Innovation Awards 2013, a competition 

organized by a large consulting firm, and is distributed among incubators in the Netherlands who were asked to 

spread the questionnaire among their incubatees. In total 199 usable responses were collected. The collected data 

was assessed using a specific Structural Equation Modelling (SEM) estimation technique called Partial Least 

Squares (PLS). This technique was chosen due to its relative robustness when it comes to violation of regression 

requirements and its results with smaller sample sizes.  

 

RESULTS  

 The dataset is checked for cases with missing values and outliers; these are treated accordingly before the 

dataset is further analyzed. The dataset is checked for multivariate assumptions but the normality assumption is 

not met: multiple variables show to be significantly skewed. The data showed no common method bias, also 

multicollinearity does not present to be an issue. 

 Use of external attributes showed to have a significant positive effect on openness. Subsequently openness 

showed a significant positive effect on innovation performance. Effects of two hypothesized moderators were 

tested. Incubator as a moderator on the relation external attributes – openness showed to be significant. Formal 

partners as a moderator on the relation openness – innovation performance showed to have a non-significant 

effect.  

 Post-hoc analyses are done in order to further deepen the understanding of the relations in the dataset. A 

mediating effect of the construct incubator was found to be significant. Incubator partially mediates the relation 

between external attributes and openness. The construct incubator was tested as a moderator on the openness – 

innovation performance relation, its effect was found to be insignificant. Additionally multigroup moderation test 

were conducted for discernable groups in the dataset. One of the multigroup moderating analyses is done on 

startups which are part of an incubator and startups which are not. For these groups multigroup moderation effect 

was found on the external attributes – openness relation indicating that the relation between both constructs is 

stronger for non-incubator affiliated firms. In addition multigroup moderation effects are tested for two 

differentiating groups in external attribute use; a group making low use of external attributes and making high use 

of external attributes. No significant multigroup moderation effects were found for these groups.  

 

DISCUSSION 

 The main finding shows quantitative support for the hypothesis that openness increases innovation 

performance in startups. In examining this relationship the work of Laursen & Salter (2006) is followed, they 

examined this relation in the U.K. among manufacturing firms specifically. Grounding this relation in empirical 

research in another realm of firms; specifically startup firms is a contribution to theory since it adds to the value 

and credibility of this relation. In addition the relationship is extended to include external attributes which serve 

startup firms in their development. These external attributes in total represent what is considered to be a 

complete incubator offering. Nonetheless, these external attributes can be attained by non-incubated firms in 

their development. This allows the research to include both types of startups in this research. Use of these external 

attributes is found to have a significant positive effect on the firms’ openness. Through moderating effects and 

multigroup analysis it is found that this effect has a different strength and direction for incubated startups and 

non-incubated startups.  
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 Theoretical implications focus on the empirical extension of the known relation into the realm of startups and 

incubators. Also, the conceptualization of incubators through their offered services is unprecedented and of value; 

it allows incubators to become comparable regardless of their underlying differences and thereby allows further 

research into the value of the incubator as an entity.  

 Managerial implications can be directed in two directions; both to the entrepreneur within a startup and 

towards incubator management. Beginning entrepreneurs and their startups should realize the worth of openness 

through external knowledge. Gaining access to external knowledge is of importance in their development and 

influences innovation performance. Becoming part of an incubator gives startups a head start in their openness 

and subjects them to external knowledge sources. Recommendations towards the incubator are focused on 

openness of innovation as well; it is important for incubators to realize the worth of external knowledge to their 

incubatees. They should support and engage in services which are conductive to the enhancement of the use of 

external knowledge sources in their incubatees. For instance incubators could stimulate the engagement in 

networks, weather internally or externally.  

Naturally, this study shows certain limitations. Limitations regarding the dataset are the age of the firms 

researched. Due to the subject of the research, responding firms are all under 5 years of age. This is to be expected 

when startups are researched; it is worth mentioning though that most firms in the data sample are under the age 

of 3 years since its founding. Merely 15.6 percent of the dataset is between 3-5 years of age, the rest of the 

dataset is younger than 3 years old. It has to be considered to which extent firms of this age are able to make 

statements on their performance. Innovation performance items are questioned on their performance relative to 

their competitors and their initial goals.  

Future research should further develop items for each individual attribute of the construct external attributes 

as well as items for each individual external knowledge source that is part of the construct openness. This would 

open up research possibilities on the influence of these individual aspects of external attributes and openness and 

give more insight into the relation. Specific incubator related research offers manifold opportunities for further 

research for instance on incubatee motivation, incubator selection criteria or sector specific incubators.  
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1 INTRODUCTION 
 

 Incubators have become a well-known phenomenon and are seen as a tool for the development and 

promotion of startup firms. The concept ‘incubator’ is thereby used as a denominator for organizations aiming to 

create a supportive environment for the development of startups (Bergek & Norrman, 2008; Chan & Lau, 2005; 

Klofsten & Lindholm Dahlstrand, 2002; Lyons et al., 2003). They are seen as a tool for the promotion of economic 

development, innovativeness, entrepreneurship and the emergence of specific technology based firms. In addition 

they are used as “vitamin injections for ‘tired’ regions (Bergek & Norrman, 2008, p. 20)” or as a tool in economic 

rejuvenation (Bruneel et al., 2012). Incubators can express different goals, intentions and services in their 

complete value offering. They vary in multiple ways but most incubators share certain characteristics. These 

characteristics are certain services they offer their incubatees, like for instance: office space, coaching, shared 

resources, business support, funding and access to networks (Aernoudt, 2004; Bergek & Norrman, 2008; Bruneel 

et al., 2012; Hansen, Chesbrough, Nohria, & Sull, 2000). Each incubator offers different combinations of these 

attributes or services and these are independent of the overall goal the incubator exhibits. Question remains: are 

incubators here to stay? Do they indeed contribute and add value to startup development, growth and 

performance? Little evidence has been found on the influence of incubators on innovation activity firm 

performance (Bruneel et al., 2012; Hackett & Dilts, 2004). Therefore this research aims to make this connection 

through innovation openness. 

 The way the world economy works has been going through a profound transformation, spurred on by 

globalization and the rapid development of information and communication technologies, accelerating the 

exchange and use of information and knowledge. Many innovative firms have discovered the ‘open innovation’ 

model, using a wide range of opportunities and external sources to help them achieve and sustain innovation 

(Laursen & Salter, 2006). Previous research shows that firms that exhibit more open behavior towards the gaining 

of knowledge from external sources are likely to have a higher level of innovation performance (Laursen & Salter, 

2006). This research is extended in this paper by specifying the above mentioned relation towards the interactions 

and effects among startups. This research therefore has two important goals. First, providing quantitative support 

for the positive effect between openness and innovation performance is an important goal. Secondly this paper 

aims to validate the model within the specific surrounding of startups, and aims to find the effect of the incubator 

offered services. This second aim is an addition to the established relation and focusses on the external attributes 

or services offered by incubators or received from other external sources in the development of startup firms.  

 The previously found literature gap is addressed. The quantitative validation of the relations is thereby the 

most important contribution. In addition the results of this research are valuable to managers of incubators and 

entrepreneurs in startup firms: the research gives insight into the importance of services offered by incubators or 

services gained otherwise in the development of a startup and establishes the importance of openness as a 

concept, not only in innovation but also in the development of a firm.  

 The remainder of this paper develops in the following manner: first the relevant concepts and theories are 

discussed in the following chapter; incubators and their offered services are discussed as well as open innovation 

and innovation performance. Following from literature a conceptual model is constructed which inhabits the 

underlying structure of the relations between the aforementioned constructs. Argumentation for this 

hypothesized model and the relations are described which lead to the research hypotheses.  

Thereafter the method of analysis will be elaborated on. The questionnaire and the constructed method of 

data collection are discussed, followed by a justification of the method of analysis. Subsequently, the results from 

the analysis are discussed. Both the fit of the structural model as the effects of moderating constructs and the 

control variables are discussed. The final chapter summarizes the findings and elaborates on the theoretical and 

managerial implications of the research. Lastly, limitations and avenues for further research are provided.    
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2 THEORY AND HYPOTHESES DEVELOPMENT 
 

2.1 LITERATURE REVIEW 

 

In this chapter the results of the literature review are summarized. The literature review was conducted with a 

focus on incubators and additional concepts relevant for the construction of the conceptual model. The conceptual 

model will be used to analyze the relation between the attributes incubators offer and innovation performance of 

startups.  

The guidelines of Randolph (2009) were used in conducting the literature review. The focus lies on existing 

theory and research outcomes. The goal of the research is to integrate the concepts open innovation, incubators 

and innovation performance into one model. In structuring the literature review the following stages are used: 

problem formulation, data collection, data evaluation, analysis, interpretation and presentation (Cooper, 1984).  

In order to assess the quality of the articles used the numbers of citations were considered as well as the 

rating on the fifty-second Harzing Journal Quality List which was issued on the 11
th

 of February 2014. This resulted 

in a purposive sample of articles. Below the literature review is summarized and outlined in order to reach the 

hypothesized model discussed thereafter. First the literature on incubators, open innovation and innovation 

performance is outlined. Subsequently, the conceptual model is introduced and the underlying hypotheses are 

described. 

 

2.2 INCUBATORS 

 

The creation and diffusion of knowledge in innovation is a key driver of economic growth (Carayannis & von 

Zedtwitz, 2005). Organizations incubating young startup firms aim to stimulate and support entrepreneurship 

(Grimaldi & Grandi, 2005; Mian, 1996). These ‘incubators’ have become a phenomenon widely recognized to be of 

great importance in the promotion and development of developing firms (Bergek & Norrman, 2008). Policy makers 

have come to view incubators as a tool in promoting innovativeness, economic development and the emergence 

of new growth focused firms (Bergek & Norrman, 2008). A very broad, general definition of an incubator mentions 

the creation and support of a nurturing environment conductive to the establishment and development of small 

and medium sized firms (Allen & McCluskey, 1990; Bergek & Norrman, 2008; Bøllingtoft & Ulhøi, 2005; Lyons et al., 

2003).  

The incubator concept will be thoroughly discussed in the following section. In literature, incubators have 

received description under various, quite synonymous denominations: ‘Business Incubators’, ‘Business 

Accelerators’, ‘Research Parks’, ‘Science Parks’, ‘Knowledge Parks’, ‘Seedbeds’, ‘Industrial Parks’, ‘Innovation 

Centers’ and ‘Networked Incubators’; the offering has multiple names, in this research the term ‘incubator’ will be 

used, covering the concept as a whole.  

 

2.2.1 DEFINITION OF AN INCUBATOR 

Incubators nurture and stimulate young firms in order to help them survive and grow during the startup phase 

of their firm (Aernoudt, 2004). The first incubator was established in the United States; the Batavia Industrial 

Center was set up in 1959 in Batavia, New York (Aernoudt, 2004; Hackett & Dilts, 2004; Lewis & Edward, 2001). It 

took a while for the concept of incubation to be seen as a feasible industry. Incubation programs slowly started 

developing in the 1970s and the development was further catalyzed in the 1980s (Aernoudt, 2004; Hackett & Dilts, 

2004). First incubators were seen as an instrument to stimulate and promote a more diverse platform for regional 

economies, later on the impact on development of regional competitiveness became more of a focus (Aernoudt, 

2004). 
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Once the potential of incubators to influence economic development came into view, academic studies on the 

subject started (Hackett & Dilts, 2004). The recognized potential of incubators lies in their possibility for job 

creation, urban economic revitalization, the commercialization of university driven innovations and the incubation 

of firms with high commercial potential (Campbell & Allen, 1987; Hackett & Dilts, 2004). The goals and attributes 

of incubators have since greatly evolved. 

  

Incubators’ value proposition has developed in three waves, each wave adding attributes which would 

become part of the total value offering of the incubator. During the 1980s the first incubators mainly focused on 

the offering of physical office space, accommodating multiple firms under the same roof (Hansen et al., 2000). 

Soon the lack of business expertise showed to be a barrier in the further development of the young firms. Over the 

course of the 1990s incubators added to their value proposal by offering business support in addition to the 

infrastructure (Lalkaka & Bishop, 1996). This second generation of incubators thereby offered an expansion in the 

attributes beyond the sole offering of physical accommodation (Bruneel et al., 2012).  

Following this addition the third and current generation of incubators came to be: the addition of external 

network access took focus (Lalkaka & Bishop, 1996). Offering incubatees (firms that are part of an incubator) 

access to networks opened up an amount of possible sources of knowledge. Incubatees could reach potential 

customers, suppliers, technology partners and investors through their incubator’s network (Bruneel et al., 2012; 

Hansen et al., 2000).   

Incubator’s attributes developed from purely physical infrastructure, to more intangible offerings of services 

and access to networks. Today’s incubators appear to offer these attributes as a homogeneous offering in their 

value proposition (Bruneel et al., 2012). Below these attributes will be further elaborated on. 

 

Even though incubator offerings and attributes are similar in current incubators, their goals might still differ. 

There appear to be some common goals for all incubators: leveraging and stimulating entrepreneurial talent by 

accommodating the development of firms can be stated as an overall aim (Bøllingtoft & Ulhøi, 2005).  

Academic literature has offered multiple distinctions and categorizations of incubators. For instance:  

Carayannis & von Zedtwitz (2005) have categorized incubators in five archetypes dependent on their goals and 

background and Smilor (1987) offers a categorization based on the benefits incubators offer.  

For this research incubators will be represented according to the attributes they offer to their incubatees. Four 

components which have received particular attention in previous research will be used for this model. Cited from 

Bergek & Norrman (2008) these components are the following: shared office space, which is rented under more or 

less favorable conditions to incubatees, a pool of shared support services to reduce overhead costs, professional 

business support or advice (‘‘coaching’’) and network provision, internal and/or external (Aernoudt, 2004; Allen & 

McCluskey, 1990; Bøllingtoft & Ulhøi, 2005; Carayannis & von Zedtwitz, 2005; Chan & Lau, 2005; Clarysse, Wright, 

Lockett, Van de Velde, & Vohora, 2005; Collinson & Gregson, 2003; Colombo & Delmastro, 2002; Hackett & Dilts, 

2004; Hansen et al., 2000; Hsu, Shyu, Yu, Yuo, & Lo, 2003; Mian, 1996; Rothschild & Darr, 2005; Smilor, 1987). 

 

2.2.2 ATTRIBUTES TO INCUBATORS 

As mentioned above certain attributes offered by incubators have received particular attention in the 

literature and together create an exhaustive insight in incubator offerings. These attributes will be discussed more 

thoroughly below.   

 

SHARED PHYSICAL OFFICE SPACE 

As mentioned above, the first incubator was situated in the United States and provided access to physical 

space for young firms (Aernoudt, 2004; Hackett & Dilts, 2004; Lewis & Edward, 2001). During the 1980s when 
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incubators became more widespread, incubators primarily offered office space, thereby clustering young firms 

under the same roof (Lalkaka & Bishop, 1996; Tornatzky, Sherman, & Adkins, 2002).    

Tenants rent under favorable conditions due to the existing economies of scale within incubators. Overhead 

costs are reduced due to these economies of scale: shared billing on amenities including energy, water and 

cleaning are shared among office tenants (Bruneel et al., 2012). Provision of shared office space rented under 

favorable conditions can be seen as a core attribute of the value proposition offered by incubators (Allen & 

McCluskey, 1990; Bergek & Norrman, 2008; McAdam & McAdam, 2008).  

 

SHARED SUPPORT SERVICES 

Adding to the sole offering of space, certain facilities are offered by incubators. These services would 

otherwise probably not be available to these young firms in such an early stage of their development (Bruneel et 

al., 2012). These services are physical practical resources like: office facilities as meeting rooms, canteen, car park, 

business equipment and shared secretarial services. As well as practical support in communication services like 

telephone lines and internet access (Bøllingtoft & Ulhøi, 2005; Bruneel et al., 2012; Grimaldi & Grandi, 2005; 

McAdam & McAdam, 2008). The arrangement of these practicalities allows entrepreneurs to focus on business 

activities (Bruneel et al., 2012; McAdam & McAdam, 2008). 

 

PROFESSIONAL BUSINESS SUPPORT AND ADVICE 

Besides these tangible services the importance of intangible business support services became evident 

(Bruneel et al., 2012; Peters, Rice, & Sundararajan, 2004). Lack of business expertise proved to be the next barrier 

in new venture development and success (Lalkaka & Bishop, 1996). By extending the offering beyond pure 

infrastructure the incubator became more than a purely physical arrangement (Bruneel et al., 2012; Lalkaka & 

Bishop, 1996).  

These intangible services could include in-house management support geared towards increase of the learning 

process, access to investors (via seed capital funds or business angels), entrepreneurial training, business 

development advice, legal advice, operational know-how access, accounting advice, advertising support and 

financial assistance (Aernoudt, 2004; Bergek & Norrman, 2008; Bøllingtoft & Ulhøi, 2005; Chan & Lau, 2005; 

Lalkaka & Bishop, 1996; Lyons et al., 2003; Mian, 1996). Access to these intangible sources offer opportunities to 

obtain legitimacy, receive various social inputs from outside sources and gain support (Grimaldi & Grandi, 2005). 

 

NETWORKING THROUGH INCUBATORS 

 Earlier, network provision is mentioned as a crucial component in incubator offerings. Network provision as an 

attribute has received the most attention in literature. Networks, communities and other manners of knowledge 

exchange have been recognized as a crucial part of innovation performance (Laursen & Salter, 2006). Access to 

networks offers multiple advantages for young firms: they can easily access resources they do not have yet, can 

gain expertize in their field of interest, it offers provision of learning opportunities and allows these young firms to 

build a legitimate business faster (Bruneel et al., 2012). Aernoudt (2004) mentions: “A very important aspect of 

incubation seems to be the networking, both amongst tenants and between tenants and graduates (Aernoudt, 

2004, p. 130)”.  

 Hansen et al. (2000) speak of ‘Networked Incubators’, incubators with a specific network motivation. Young 

firms need access to knowledge: this era in which the internet is dominant, is very much a network economy. This 

means that knowledge, access and connections can support the development of businesses, successfully launch 

websites and speed up the adoption of new products and innovations (Hansen et al., 2000). The networked 

component of incubators provides incubatees with advantageous access to knowledge sources like potential 

customers, suppliers, (technology) partners, employees and financers among other sources of knowledge 

(Bøllingtoft & Ulhøi, 2005; Clarysse et al., 2005; Hackett & Dilts, 2004; Hansen et al., 2000; Scillitoe & Chakrabarti, 
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2010). Empirical evidence confirms that access to networks and knowledge sources is critical for the development 

of the incubated firms (Hackett & Dilts, 2004; McAdam & McAdam, 2008).  

 Incubators with their networking attribute provide incubatees with access to various sources of knowledge 

and thereby openness in the way they innovate. Openness as an innovation phenomenon and its influence on 

innovation performance will be discussed below. 

 

2.3 INNOVATION 

 

 Innovation can be defined as the commercial application of new knowledge and has been recognized as a key 

driver of growth and productivity (Love, Roper, & Bryson, 2011). As discussed above, incubators and the external 

attributes they offer give incubatees access to new sources of knowledge which can be assets to the way they 

innovate and develop. The development of the concept ‘innovation’ from traditional innovation towards a focus 

on open innovation is discussed below. 

 

2.3.1 TRADITIONAL INNOVATION 

One of the first conceptual frameworks on innovation has initially been developed in order to understand the 

concepts ‘science’ and ‘technology’ in relation to economy (Godin, 2006). The linear model of innovation remains 

the dominant model for innovation in a lot of firms up to this day. One of the well-known contributors to 

innovation as a model was J.M. Utterback. His model of innovation included: generation of an idea, problem-

solving or development, and implementation & diffusion (Utterback, 1974). The development of products in 

traditional innovation is vertically integrated within the firm. In this model, innovation activities within the 

company lead to internally developed offerings, products or services, which are subsequently distributed by the 

firm itself (Chandler, 1990; Chesbrough, Vanhaverbeke, & West, 2006; Chesbrough, 2003, 2012; West & Gallagher, 

2006). 

 Despite being well-known and widespread in use, the linear model of innovation has adversaries; since the 

early 1960s the model has received increasing amounts of criticism. Primarily its pretense of linearity has been 

challenged. For all that, academics and public discourse have continued to use the model, while conscious that the 

models linearity is unrealistic. The continued use of the model, to this day, can be contributed to is simplicity and 

its becoming of “a rhetorical entity” (Godin, 2006, p. 659). Even though the model remains in use the pretense of 

sole in-house development of innovation started to be questioned. 

 

2.3.2 OPEN INNOVATION 

 As one of the largest consumer products companies worldwide, Procter & Gamble was one of the first to 

realize the importance of a change in knowledge flows through the company: “The world’s innovation landscape 

had changed, yet we hadn’t changed our own innovation model since the late 1980s. By 2000, it was clear to us 

that our invent-it-ourselves model was not capable of sustaining high levels of top-line growth (Huston & Sakkab, 

2006, p. 2)”. A change in mindset from resisting innovations “not invented here” had to change into an attitude 

appreciating innovations “proudly found elsewhere” (Huston & Sakkab, 2006). 

 Open innovation as a concept was introduced in 2003 by Henry Chesbrough in his book Open Innovation 

(Chesbrough, 2003). Open innovation asks for the breaking down of the company boundaries and letting outside 

ideas and knowledge be part of the innovation process. Chesbrough’s (2003) exact definition in his initial 

publishing posited that “open innovation means that valuable ideas can come inside or outside the company and 

can go to market from inside or outside the company as well. (Chesbrough, 2003, p. 43)”. With these definitions 

ideas from outside the company were placed on the same level of importance as internal ideas when considering 

innovation; this was a radically new notion. The exploration of these internal and external sources for innovation 
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opportunities and knowledge was complemented by the integration of this exploration with the organizations own 

capabilities and resources via multiple broad set channels (W. M. Cohen & Levinthal, 1990; West & Gallagher, 

2006). 

 Within open innovation approaches, R&D is seen as an open system, influenced both from the inside as from 

the outside; new technology and ideas are sourced broadly to find the new source of innovation (Euchner & Henry, 

2010). Opening the firm’s boundaries in a managed way allows firms to realize new product innovation 

(Gassmann, 2006). As an extension to the firm, suppliers, customers, partners, third parties and the general public 

will become part of the firm (Chesbrough, 2012). Open innovation underlines the importance of a broad range of 

knowledge sources in the innovation process. 

Laursen & Salter (2006) have said that firms open to external sources of knowledge, which therefore tend to be 

more open, are more likely to have a higher level of innovative performance. Innovation performance as a concept 

is discussed below.  

 

2.4 INNOVATION PERFORMANCE 

 

 The attributes incubators offer and the description of their purpose has received quite some attention in 

literature, this cannot be said for the research on the tenants: the incubatees, and the way they innovate as well as 

the outcome from incubation they have reached (Hackett & Dilts, 2004). During the years when the incubator 

concept gained popularity, researchers aimed to target the issue of incubator performance, but no such 

framework is developed (Mian, 1996). 

 Laursen & Salter (2006) make a great statement on the possible importance of external networks and 

openness in shaping innovation performance: “The focus on openness and interaction in studies of innovation 

reflects a wider trend in studies of firm behavior that suggest that the network of relationships between the firm 

and its external environment can play an important role in shaping performance (Laursen & Salter, 2006, p. 132)”. 

 Innovation performance is a concept shaped by a lot of different influences; both external and internal factors 

influence innovation performance. Openness of innovation has been discussed as a concept above. Firms 

venturing with open search strategies for external knowledge tend to be more innovative than firms keeping their 

knowledge development in-house (Laursen & Salter, 2006). Even in the year 1986 von Hippel (1986) recognized 

that innovative firms drew deeply from external sources of knowledge; these sources were mostly lead users, 

suppliers or universities. The role external sources of knowledge created through networks, communities and 

partnerships has become an important part of investigating innovation performance. Various studies have 

underscored the importance of openness in knowledge search and have pointed to this openness being the 

difference in performance between these firms (Laursen & Salter, 2006). For instance Powell, Koput, & Smith-

doerr (1996) showed through research in the biotechnology industry that firms that are part of “benefit-rich” 

networks tend to have higher innovation performance.  

 Measuring performance is the next step. As mentioned above and proved by previous research, various 

factors have been used to measure innovation performance. Prajogo & Ahmed (2006) focus on two main concepts 

to measure performance: process and product innovation. Langerak, Hultink, & Robben (2004) show the 

importance of new product performance for organizational performance in their empirical research. This reveals 

that besides product and process innovation measures, measures reflecting organizational performance are of 

importance in measuring innovation performance as well. 

 Following this summary of the literature review, the development of the conceptual model and the associated 

hypotheses are discussed in the next chapter. 
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2.5 CONCEPTUAL MODEL AND HYPOTHESES DEVELOPMENT 

 

 In the previous section the existing literature on the concepts which compass the conceptual model are 

discussed. In this section the reasoning behind the construction of the conceptual model will be further outlined 

and the operationalization will be discussed. The conceptual model which will be used to analyze the effect of 

incubator attributes on innovation performance through openness is depicted in Figure 1. The relations between 

the concepts and the derived research hypotheses are discussed in this chapter. 

 An important aspect of the construction of the model is the inclusion of a sample with both startups which are 

part of an incubator and startups which are not, which makes it possible to compare both groups of firms. This asks 

for an approach applicable and relevant for both types of firms.    

The central constructs to the model therefore are ‘External attributes’, ‘Openness’ and ‘Innovation 

performance’ with ‘Incubator’ and ‘Formal partners’ as hypothesized moderating variables. The measurement 

items discussed are summarized in Appendix I.  

Following, first the relations are discussed followed by the operationalization of the constructs. 

 

Figure 1: Conceptual model 

EXTERNAL 
ATTRIBUTES

OPENNESS
INNOVATION 

PERFORMANCE

INCUBATOR FORMAL PARTNERS
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 As mentioned earlier, Laursen & Salter (2006) argue that firms open to external knowledge sources are more 

likely to have a higher level of innovative performance. Firms that show to be more open to external knowledge 

seem have a greater ability to adapt to change and in turn to innovate. Cohen & Levinthal (1990) pose that the 

ability to exploit external knowledge is a critical component of innovative performance. Laursen & Salter (2006) 

have researched the relationship between the openness of the firm’s search strategies outside of the firm and 

their innovative performance. They have found that firms with open search strategies; firms who search widely 

and deeply, tend to be more innovative (Laursen & Salter, 2006). This known and researched relation is therefore 

the basis for this research; from this relation the model is further developed. 

 The successful exploitation of new ideas through iterative processes of trial and error led by different actors 

has come to the forefront in investigations on innovative performance (Laursen & Salter, 2006). The role of these 

different actors can be taken upon by networks, communities, and linkages. Incubators have all the characteristics 

to fulfill this role. Multiple studies mention the development of diverse and various actors in innovation 

environments. Pavitt (1998) mentions that in diverse knowledge environments, various actors are of influence in 

the innovation system and firms need to learn to work with all these actors.   

Based on the discussed above, the following relation is hypothesized: 

  H1 Openness is positively related to Innovation performance 
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 This known relation is extended towards the surroundings of startups, incubators and their offered external 

attributes. A trend can be seen in innovation motivated studies focusing on openness and interaction in which the 

network enveloping the firm has an important role in shaping innovation performance (Laursen & Salter, 2006). 

Networks, communities and other manner of linkages and their role and influence on innovation performance has 

come to the forefront of multiple investigations; the former idea of the lone entrepreneur bringing his innovations 

to the market has been taken over by the idea of a multidimensional surrounding in which various actors work 

together in continual processes aimed at bringing ideas to the market as a successful innovation (Schumpeter, 

1961; Tidd, Pavitt, & Bessant, 2001; Von Hippel, 1986).   

A graduating study conducted at the Eindhoven University has focused on knowledge sharing in open 

innovation networks (Azeredo, 2006). Specifically the research was conducted at the High Tech Campus Eindhoven 

which can be considered a Science Park in which open innovation is stimulated in established companies as well as 

spinoffs and young startups. It is considered an incubator due to its focus on the creation and support of a 

nurturing environment conductive to the establishment and development of firms. In the study it was observed 

that knowledge sharing did take place; different flows of knowledge were present, varying from informal to formal 

knowledge sharing (Azeredo, 2006). The study found that informal networks (for instance among tenants of the 

campus), which do share valuable knowledge, did not occur spontaneously but needed campus facilitation 

(Azeredo, 2006). This further underlines the assumption that incubators create value by their external attributes 

which facilitate knowledge sharing and provide access to knowledge sources. 

Earlier studies have had little focus on the way in which firms draw external knowledge into their processes 

and increase their openness (Laursen & Salter, 2006). Incubators provide their incubatees with access to potential 

customers, suppliers, possible partners and investors (Bruneel et al., 2012; Hansen et al., 2000; Scillitoe & 

Chakrabarti, 2010). In this manner, by receiving this kind of support, getting access to networks which add to a 

firm’s openness is no longer dependent on the startups’ own network or personal contacts (Bøllingtoft & Ulhøi, 

2005).  

As posed by Laursen & Salter (2006), openness can be defined as the amount of external knowledge sources 

used. Incubators offer a multitude of services and attributes as discussed above. All mentioned incubator 

attributes could each influence the amount, and kind of knowledge sources used by the firm. Shared physical office 

space and shared support services allow firms to meet other tenants of the incubator and thereby possible 

suppliers, clients and competitors. Business support also offers access to new knowledge sources, as mentioned 

above: access to intangible sources offer opportunities to obtain legitimacy, receive various social inputs from 

outside sources and gain support (Grimaldi & Grandi, 2005). Startups not affiliated with an incubator can also 

make use of these types of external attributes from various sources other than an incubator. Thereby these 

startups gain support in their development which contributes to their openness as well. These incubator offered 

attributes and services will be named external attributes for the remainder of the paper as this terms coins a 

relevant construct for both incubated firms and non-incubated firms. The operationalization of the construct 

external attributes will be discussed later on. 

Based on the discussion above, the following relation is hypothesized: 

  H2  Use of external attributes is positively related to openness 

Hereby the relations of the base model are discussed which are the backbone for the conceptual model in its 

entirety. Below the hypothesized moderating constructs are discussed. 
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 In addition to the base model, moderating constructs are hypothesized. These are elaborated on in this 

section. Use of the above mentioned external attributes in the development of a startup is hypothesized to have a 

positive effect on the openness regardless of its affiliation with an incubator. As mentioned earlier, incubators are 

said and intend to have specific added value to their incubatees; an added value greater than the development of 

the firm without incubator affiliation. Incubators are specifically set up to open doors for startups where they 

themselves would not be able to. Therefore the strength of the relation between external attributes and openness 

might differ for startups which are part of an incubator and startups which are not. For instance, a startup that is 

part of an incubator could use the same amount of external attributes in their development as another non-

incubated startup (which uses these attributes through other sources) but still show to be more open due to the 

entire offering of what being part of an incubator entails. It is hypothesized that there is a difference within the 

relation due to incubator affiliation. Not only might the strength of the relation differ, also the direction of the 

relation might be different. Since incubatees are part of an organization with the intention to create a nurturing 

and supportive environment the difference in development and openness could affect the size and direction of the 

hypothesized relation.  

A variable that affects the direction and/or strength of the relation between an independent and dependent 

variable is a moderator (Baron & Kenny, 1986; Hair, Black, Babin, & Anderson, 2010). In addition moderators are 

relevant when there is a possible difference in the relation between subpopulations; in this case there is a possible 

difference between incubator affiliated firms and non-incubator affiliated firms. There are differing reasons for 

hypothesizing a moderating or a mediating effect. Moderators indicate when certain effects will hold whereas 

mediators speak to the how and why of the occurring of effects (Baron & Kenny, 1986). Hypothesizing a 

moderating effect keeps the focus and interest on the predictor variable, in this case external attributes, when 

hypothesizing a mediator the predictor is causally antecedent to the mediator. Thereby mediators are expected to 

(completely) account for the relation between the independent and the dependent variable (Baron & Kenny, 

1986). The effect of the construct incubator on the hypothesized relation has not been researched before. Since an 

indication of the effect of incubators on the relation is sought after; a moderating effect is hypothesized on the 

relation between the external attributes and openness: 

  H3  Incubators have a moderating effect on the relation between external attributes and openness 

Another moderating variable is hypothesized on the other base relation, the Openness – Innovation 

performance relation. In their research Laursen & Salter (2006) have found a moderating effect on this relation by 

the construct formal partners. Firms may use multiple external knowledge sources in their development but may 

or may not have formal partnerships with these sources. Earlier research by Ahuja (2000) has found that both 

indirect and direct (formal) ties influence the firm’s ability to innovate, but that the effectiveness of the indirect 

ties is moderated by the presence of direct ties.  

In order to validate the openness of innovation, looking at the formal collaboration the firm has with external 

partners in providing them this external knowledge is of importance. Laursen & Salter (2006) mention eight 

different possible external partners, these are: (1) suppliers, (2) clients or customers, (3) competitors, (4) 

consultants, (5) commercial laboratories/R&D enterprises, (6) universities or other higher education institutes, (7) 

government research organizations, or (8) private research institutes. These formal external partners are 

hypothesized to be moderating variables on the relationship between openness of innovation and innovation 

performance, leading to the following hypothesis: 

   H4  The relation between openness and innovation performance is moderated  by the existence of  

    formal partnerships 
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 All hypothesized relations are discussed in the sections above. Following these relations is an elaboration on 

the measurement of the individual constructs in the conceptual model. 

As mentioned before incubators have been researched, defined and conceptualized through various views; 

each leading to different definitions and classifications. For the purpose of this research incubators will be 

represented by their attributes; the services they offer incubatees. The four components which have received 

particular attention in previous research will be used for this model (Aernoudt, 2004; Allen & McCluskey, 1990; 

Bøllingtoft & Ulhøi, 2005; Carayannis & von Zedtwitz, 2005; Chan & Lau, 2005; Clarysse et al., 2005; Collinson & 

Gregson, 2003; Colombo & Delmastro, 2002; Hackett & Dilts, 2004; Hansen et al., 2000; Hsu et al., 2003; Mian, 

1996; Rothschild & Darr, 2005; Smilor, 1987). These components, as quoted from Bergek & Norrman (2008), are: 

(1) Shared office space, which is rented under more or less favorable conditions to incubatees, 

(2) A pool of shared support services to reduce overhead costs, 

(3) Professional business support or advice (“coaching”) and 

(4) Network provision, internal and/or external (Bergek & Norrman, 2008) 

 

In addition, measuring external attributes as a classification of incubators allows the research to include both 

firms which are part of an incubator and firms which are not part of an incubator. By measuring the use of certain 

attributes in the development of the company, comparisons can be made between firms affiliated with an 

incubator and firms not affiliated with an incubator. External attributes can be used by all firms in their 

development and therefore are relevant to be questioned on.  

 2.5.5 MEASUREMENT OF OPENNESS OF INNOVATION         
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 As discussed above; Laursen & Salter (2006) have argued that firms open to external sources are more likely to 

have a higher level of innovative performance, specifically: “We find that firms who have open search strategies –

those who search widely and deeply- tend to be more innovative (Laursen & Salter, 2006, p. 131).” Firms investing 

in broader and deeper search and use of external sources of knowledge have a greater ability to adapt, change and 

thereby innovate, therefore Laursen & Salter (2006) introduce two variables representing openness in external 

search strategies of firms (Laursen & Salter, 2006). These two variables are ‘breadth’ and ‘depth’ of the external 

knowledge use. Breadth represents how widely firms turn to external knowledge sources in their innovation 

practices. Depth looks into the intensity of use of these different external knowledge sources.  

 In measuring this construct various sources of external knowledge or information are considered, these 

sources are named in Table 1. These sources are coded as a binary variable; coded 0 when the variable is not 

relevant and 1 being relevant. For ‘breadth’ this means that not using the source is coded 0 and use of the 

knowledge source is coded 1. For ‘depth’ coding 1 means the source is used in a high degree, coding 0 means no, 

low or medium use of the source.  
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Table 1: External knowledge sources (Laursen & Salter, 2006) 

Knowledge sources  

Clients or customers Private research institutes 

Competitors Professional conferences, meetings 

Consultants Trade associations 

Commercial laboratories/R&D enterprises Technical/trade press, computer databases 

Universities or other higher education institutes Fairs, exhibitions 

Government research organizations Other public sector, e.g. business links, government 

Suppliers of equipment, materials, or software   

 

2.5.6 MEASUREMENT OF INNOVATION PERFORMANCE          
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 In the measurement of innovation performance of firms a lot of different variations have been used in 

previous literature. Prajogo & Ahmed (2006) have aimed to create a construct for measuring innovation 

performance based on previous empirical research on innovation, such as research by Deshpandé, Farley, & 

Webster Jr (1993), Avlonitis, Kouremenos, & Tzokas (1994), Miller and Friesen (1982), and Subramanian & 

Nilakanta (1996). From these studies several criteria were discerned which were conceptualized and used in these 

studies, these criteria are: numbers of innovations, the speed of innovation, the level of innovativeness (novelty or 

newness of the technological aspect), and being ‘first’ in the market (Prajogo & Ahmed, 2006). Prajogo & Ahmed 

(2006) redefined these criteria into two major areas of innovation, namely product innovation and process 

innovation. In Table 2 the scales to measure both product and process innovation performance are depicted. 

Respondents were asked to evaluate their firm’s innovation performance in comparison to their greatest 

competitor and their initial goals (Prajogo & Ahmed, 2006).  

 

Table 2: Process and product innovation measures (Prajogo & Ahmed, 2006) 

Product Innovation 

The level of newness (novelty) of new products 

The use of latest technological innovations in NPD 

The speed of NPD 

The number of new products introduced to the market 

The number of new products that is first-to-market (early market entrants) 

Process Innovation 

The technological competitiveness 

The updated-ness or novelty of technology used in processes 

The speed of adoption of the latest technological innovations in processes 

The rate of change in processes, techniques and technology 

  

 Besides the mentioned aspects of innovation performance, this research deals with startup companies which 

generally speaking have one innovation on which their firm is built. Therefore organizational performance can also 

be considered to be innovation performance. In this research organizational performance is a part of the construct 

innovation performance.  

 Langerak, Hultink, & Robben (2004) have measured new product performance and overall organizational 

performance in their 2004 study. Their measure of new product performance was adapted from Griffin & Page 

(1993, 1996) and consists of 17 items depicted in Table 3 (Langerak et al., 2004). These measures were valued by 

respondents on the extent of agreement about how well the new product has performed on each of the 

performance indicators on a 7-point Likert scale from 1=very poor to 7=very good in the 2004 study.  
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 Organizational performance measures were adapted from Naman & Slevin (1993) and Slater & Narver (1994). 

Six financial and market performance indicators with a positive effect on the firm’s economic value were used, 

these can be found in Table 4 (Langerak et al., 2004). As with the aforementioned study by Prajogo & Ahmed 

(2006) these organizational performance measures are evaluated by asking the respondent how well they have 

performed relative to their competitors on a 7-point Likert scale. This scale goes from 1= very much poorer to 

7=very much better (Langerak et al., 2004).  

 

Table 3: New product performance measures (Langerak et al., 2004) 

New Product Performance measures 

Market-Level Measures Customer Acceptance Measures 

Met revenue goals Customer acceptance 
Met sales growth goals Customer satisfaction 
Met market share goals  

Financial Measures Timing measures 

ROI or IRR Launch on time 
Met profitable goals Time-to-market 
Development costs  

 

Table 4: Organizational Performance measures (Langerak et al., 2004) 

Organizational Performance measures 

Sales growth 

Profitability 

New product success 

Sales share new products (i.e., products introduced in the last 5 years) 

Market share 

ROI or IRR 

2.5.7 MEASUREMENT OF MODERATORS            
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The moderating constructs are measured in a binary fashion. For the construct incubator the binary construct 

represents affiliation with an incubator versus startups not affiliated with an incubator. 

For formal partners its measurement is taken from Laursen & Salter (2006). They mention eight different 

possible external partners as mentioned above, these are: (1) suppliers, (2) clients or customers, (3) competitors, 

(4) consultants, (5) commercial laboratories/R&D enterprises, (6) universities or other higher education institutes, 

(7) government research organizations, or (8) private research institutes. Formal partnerships with each of these 

individual possible partners are measured as a binary variable.  

 

The model discussed in this chapter is set up to give an adequate representation of the relations between 

external attributes, openness and innovation performance. Following this conceptual model the following chapter 

will elaborate on the methodology used to empirically research the problem statement and the discussed research 

hypotheses. 
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3 METHOD 
 

 In the previous chapter the structural model which is constructed in order to analyze the effect of external 

attributes on innovation performance through openness is discussed. This structural model is tested using data 

from an online survey. The survey was distributed among startups in the Netherlands. This chapter covers the data 

sample used, the construction of the measurement instrument, the method of data collection and lastly the 

method used to analyze the data.  

 

3.1 DATA SAMPLE 

 

 The online survey was distributed among startup firms in the Netherlands. Firms which have participated in 

the ‘Innovation Awards 2013’ competition organized by a large consulting firm, were contacted through e-mail. In 

total 911 startups competed in this competition in 2013, within this total sample, 106 startups had indicated to be 

affiliated with an incubator.  

 The survey contained a control question in order to asses if the firm was a startup. There are no hard rules in 

defining a startup; revenues, profits and employment numbers vary greatly between firms and different industries. 

An indication agreed upon in literature is the amount of time since the launch of the firm, when the firm has been 

founded over 5 years ago it has passed the initial development phase and can be seen to have entered a new stage 

of development past the initial start-up phase. Within the survey the respondents were asked when the firm was 

founded, when they answered the firm was founded more than five years ago the questionnaire was discontinued 

and the respondent was thanked for their time. 

 Startups questioned in the survey are asked if they are part of an incubator. This includes accelerators, 

research parks, knowledge parks, seedbeds, innovation centers or any other organization stimulating and 

supporting young entrepreneurial innovation. All these organizations have in common that they intend to create 

an environment that is supportive and nurturing and thereby conductive to the establishment and development of 

startups. Startups are usually selected by incubators in order to become an incubatee of the incubator. From an 

incubator point of view the selection process is one of the most important incubator tasks (Bergek & Norrman, 

2008; Colombo & Delmastro, 2002; Hackett & Dilts, 2004). Incubatees will become tenants in incubators which 

offer office space and will become participants in programs and offerings by incubators (specifically in incubators 

who do not offer practical office space). In this way they become part of the incubator and often become ‘alumni’ 

of the organization when the incubation period is over. Being part an incubator in this way is considered to be 

incubator affiliation.  

Startups who are not affiliated with an incubator are asked if they have used external support services 

(external attributes) in the development of their company. When they indicate that they have, they are questioned 

on the manner through which they have received their support. Generally these startups use their own personal 

network in gaining access to external attributes; they indicate that they use their own knowledge and experience 

or use their own network (through for instance friends and family). Thereby the main difference between these 

types of startups is made clear; firms which are part of an incubator mostly rely on the incubator for their access of 

external attributes and services whereas startups which are not part of an incubator rely on themselves and their 

own personal network and knowledge.  
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3.2 MEASUREMENT INSTRUMENT 

  

 Measurement items are adopted from the present literature in order to retain construct validity (Hair et al., 

2010).  The measurement instrument can be found in Appendix I. The conceptual model contains constructs of 

which the operationalization in this research will be discussed below. The questionnaire contains a multitude of 

adopted measurement items which were originally measured via a 7-point Likert scale, in the questionnaire these 

items are measured using a 5-point distribution. This choice is made in order to facilitate the respondents in 

completing the questionnaire. Previous studies have shown that 5-point and 7-point scales produce comparable 

results with insignificant differences (Dawes, 2012).  

 In order to assess the practical understanding of the survey it was pre-tested by a random selection of start-

ups. Besides some minor changes in formulation of some questions the questionnaire was not adapted due to the 

feedback from the start-ups. Verification of the fit of the questionnaire on the conceptual model was done by an 

assistant professor of the Eindhoven University of Technology and by two supervisors from the consulting firm of 

the Innovation Awards. An additional attribute to incubators was added due to practical insights, ‘access to 

financial resources’. This attribute is also validated within the extant theory by Carayannis & von Zedtwitz (2005). 

The questionnaire in its entirety can be found in Appendix II. 

 As mentioned earlier the following section extends on the constructs in the conceptual model. Reasoning 

behind the adoption of existing items from the extant literature as well as design of items when no such theory 

was available is provided. 

 

3.3 CONSTRUCT OPERATIONALIZATION 

 

3.3.1 EXTERNAL ATTRIBUTES 

 The items measuring external attributes represent the main services/attributes offered by incubators. These 

are adapted from Bergek & Norrman (2008) but are agreed upon greatly throughout previous incubator literature 

and research as mentioned earlier, the following authors do so; Aernoudt (2004), Allen & McCluskey (1990), 

Bøllingtoft & Ulhøi (2005), Carayannis & von Zedtwitz (2005), Chan & Lau (2005), Clarysse, Wright, Lockett, Van de 

Velde, & Vohora (2005), Collinson & Gregson, (2003), Colombo & Delmastro (2002), Hackett & Dilts (2004), 

Hansen, Chesbrough, Nohria, & Sull (2000), Hsu, Shyu, Yu, Yuo, & Lo (2003), Mian (1996), Rothschild & Darr (2005), 

Smilor (1987).  

The external attributes are: (1) Shared office space, (2) Shared support services, (3) Professional business support 

or advice (“coaching”), (4) Network provision, internal and/or external (adapted from Bergek & Norrman, 2008) 

 These items are measured as a binary variable; use of the attribute or no use of the attribute. As mentioned 

before, due to practical insights from the consulting firm of the Innovation Awards a fifth attribute is added; (5) 

Access to financial resources. This attribute is also validated within the theory by Carayannis & von Zedtwitz 

(2005). In order to make the questionnaire accessible for all start-ups, not solely incubator affiliated start-ups, a 

sixth attribute is added: (6) no externally sourced support. A total of six items sums up the total attributes.  

 

3.3.2 OPENNESS OF INNOVATION 

 The items measuring openness have been adapted from Laursen & Salter (2006). These sources can be found 

in chapter 2.5.5. The items represent external knowledge sources which are measured on a binary scale, 0 being 

no use of the knowledge source and 1 being use of the knowledge source. The following step is the addition of the 

‘1’ scored items. For breadth of openness the scores are simply added up; meaning that a firm can receive a score 

between 0 and 14. Scoring of 0 means that no external knowledge sources are used, scoring of 14 is applicable 
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when all external knowledge sources are used. The assumption made here is that firms scoring higher numbers of 

sources are more ‘open’ than firms that are not (Laursen & Salter, 2006).  

 As for the measure of depth of openness the items are used in the same way: the sources and in-depth use of 

these scores is added up to create a score between 0 and 14 – no knowledge sources used in a high degree and all 

knowledge sources used in a high degree. This manner of scoring is adopted from Laursen & Salter (2006). 

Practically this is formulated into one question where the items are scored on a 4-point scale: ‘not used’, ‘low use’, 

‘medium use’ and ‘high use’. In measuring breadth the score is made up out of the addition of scores on ‘low use’, 

‘medium use’ and ‘high use’ indicating the extent to which the firm broadly uses external knowledge sources. For 

the measurement of ‘depth’ only the ‘high use’ scores are the indication for the amount of knowledge sources 

used in-depth.  

 

3.3.3 INNOVATION PERFORMANCE 

 The measures for innovation performance are adapted from both Langerak et al. (2004) and Prajogo & Ahmed 

(2006). Items are measured on a 7 point likert scale in both cited articles and are thus scaled as following: 1: very 

much poorer, 2: much poorer, 3: somewhat poorer, 4: neutral (neither poorer nor better), 5: somewhat better, 6: 

much better 7: very much better (adapted from Langerak et al., 2004). As mentioned above within this research 

the items are measured on a 5 point scale in order to facilitate the ease with which respondents can answer the 

question. Respondents are asked to indicate their agreement on their performance relative to the performance of 

their competitors. Items can be found in chapter 2.5.6.    

 

3.3.4 MODERATING CONSTRUCTS 

 Affiliation with an incubator is hypothesized to moderate the relation between external attributes and 

openness of innovation as explained before in section 2.5.3. Startups can receive help from various external 

sources influencing their openness. Being part of an incubator possibly influences this relationship since incubators 

aim to create and provide added value to their startups greater than when a startup is not part of an incubator. 

Therefore the strength and possibly the direction of the relation between external attributes and openness 

differentiates between startups affiliated with an incubator and not affiliated with an incubator. Incubator is 

operationalized as a binary variable: incubator affiliated and non-incubator affiliated.  

 In section 2.5.5 the items used for openness are discussed; use of external knowledge sources leads to higher 

innovation performance. This relationship could be moderated by the existence of formal innovation collaboration 

links with the mentioned possible partners. Being invested in a formal partnership may influence the relationship 

‘openness – innovation performance’. Ahuja (2000) shows that “indirect and direct ties influence the ability of a 

firm to innovate, but that the effectiveness of indirect ties is moderated by the number of the firm’s direct ties 

(Ahuja, 2000)”. Therefore a moderating relationship is hypothesized of external partners on the relationship 

between openness and innovation performance. The items on formal partners are measured as a binary variable 

and indicate the existence of formal partnerships. 

 

3.4 DATA COLLECTION 

 

 The questionnaire was launched on the 30
th

 of January 2014. The online survey tool used is Survey Gizmo 

(www.surveygizmo.com). Survey Gizmo is a professional online survey tool. On the day of the launch of the 

questionnaire all the competitors in the innovation competition ‘the Innovation Awards 2013’ were e-mailed, as 

mentioned before, this amounts to a total of 911 startups. Within this sample 106 startups indicated that they 

were affiliated with an incubator when signing up for the Innovation Awards. Besides the approach of these start-

ups, a sample of 40 incubators/accelerators in the Netherlands was approached over the next month. They were 

http://www.surveygizmo.com/
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asked to distribute the survey among their affiliated startups. They were approached by phone followed up by an 

email. The questionnaire was mentioned in several newsletters sent out by incubators. A visit was also made to a 

large incubator in Delft to see and understand the practicalities of an incubator. 

 Startups written by email were given the chance to win tickets to the Innovation Awards 2014 as an incentive 

to complete the questionnaire. When getting in touch with the incubators the purpose of the research was 

explained and thereby the possible valuable results for the incubators and their offerings. As an incentive the ten 

incubators with the most respondents were promised tickets to the Innovation Awards. Also their active 

contribution would get them involved in an incubator related event at the consulting firm where the results of this 

research would be presented.  

 The questionnaire was closed on the 6
th

 of February with a total of 249 completed questionnaires. In total the 

questionnaire was started 460 times; 211 respondents did not complete the survey upon starting it. The exact 

amount of startups reached is difficult to assess since incubators do not reveal the size of their databases. With 

certainty a sample of over 1000 startups was reached.  

 The method of data manipulation is described in Appendix III. In total 48 respondents only partially filled in the 

questionnaire since they indicated that their firm was over 5 years old, which was taken as the limit in this 

research for the startup firms. Listwise deletion that was applied to cases with missing values is discussed in 

chapter 4.1.3, finally resulting in a data sample with 199 usable respondents. 

 

3.5 METHOD OF ANALYSIS 

 

 The data sample was first analyzed using IBM SPSS Statistics 22 and Microsoft Excel 2010. Procedures from 

Hair et al. (2010) were used to assess the data and model validity. Procedures with appropriate cut off values are 

applied accordingly. Outliers and missing data are assessed followed by checking the multivariate assumptions. 

Testing for common method bias was done using Harman’s single factor test.  

 Analysis of the structural model is done using Structural Equation Modeling (SEM). SEM begins with the 

analysis of the reliability of the measurement items (how well they represent the construct) followed by the 

analysis of the path model or structural model. The hypothesized relations and their significance and predictive 

value are examined. There are different approaches to SEM, the most commonly used approach is the covariance 

based approach: Maximum Likelihood Estimation technique (MLE). The other approach is the less known variance 

based (or components based) approach: Partial Least Squares (PLS) (Hair et al., 2010). Between both methods 

there is not a clear favorable method; both methods have their advantages and disadvantages (Hair et al., 2010). 

PLS has the advantage that it works without assumptions on the population or scale of measurement and 

therefore is applicable to datasets with nominal, ordinal and interval scaled variables lacking traditional 

distributional assumptions (Haenlein & Kaplan, 2004). In addition PLS is considered more robust when it comes to 

violation of regression requirements (e.g. skewness or multicollinearity of the indicators) (Haenlein & Kaplan, 

2004). When considering the sample size, PLS can achieve results with smaller sample sizes whereas SEM-ML 

requires a sample size of minimally 200 samples (Haenlein & Kaplan, 2004; Hair et al., 2010). Due to the non-

normal distribution of the data (as can be found in Appendix V) and the sample size, analysis is performed with 

PLS. The software used for PLS analysis is SmartPLS 2.0 M3. Test approaches for PLS and corresponding cutoff 

values are applied according to Hair, Ringle, & Sarstedt (2011).   

 A bootstrap is performed with a 5000-resample procedure to predict if the hypothesized relations are 

significant. With this procedure the sample is resampled with random replacements from the original data with as 

a result an approximation of the significance of the estimated effect sizes in the model (Hair et al., 2010). When 

the possibility of detection of a false effect is below 0.05 the effect is considered significant.  



28 
 
 

 

 The hypothesized moderator effects are tested using the indicator approach (Chin, Marcolin, & Newsted, 

2003; Jörg Henseler & Fassott, 2010). The indicator values are calculated by standardizing the indicator values and 

multiplying these. The moderation effect is considered significant below the 0.05 level.   

Variables for openness are calculated. Depth and breadth of openness is calculated and reformulated. The 

variable AGE (When was the company founded?) is transformed into a variable with three categories (the forth 

category in the questionnaire indicating foundation over 5 years ago were deleted from the data sample). 

Variables on the employment of the company (FTE), revenue growth (GRW) and time of incubation (INCTIME) 

were all treated as ordinal variables, some after categorization (Appendix III). For complete insight in the 

treatment of the data see Appendix III.  
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4 RESULTS 
  

 This chapter discusses the results of the aforementioned analysis. First the characteristics of the data sample 

are discussed followed by the assessment of outliers and missing data. Multivariate assumptions are examined 

followed by testing of the structural model and analysis of the results. Moderating variables are taken into account 

after the initial structural model analysis.  

 

4.1 SAMPLE AND DATA CHARACTERISTICS 

 

4.1.1 DESCRIPTIVE STATISTICS 

The table below shows the descriptive statistics of the final data sample used (N= 199). 

 

Table 5: Descriptive statistics data sample 

Variable  Frequency Percentage (%) 

AGE Less than 1 year 55 27.6 

 1-3 years 113 56.8 

 3-5 years 31 15.6 

FTE (employees) 0 – 1 FTE 49 24.6 

 1 – 2 FTE 48 24.1 

 2 – 3 FTE 29 14.6 

 3 – 6 FTE 36 18.1 

 6+ FTE 37 18.6 

GRW (revenue growth %) 0% 51 25.6 

 0% - 25% 36 18.1 

 25% - 100% 44 22.1 

 100% - 200% 29 14.6 

 200% + 39 19.6 

LOC Flevoland 1 0.5 

 Friesland 2 1.0 

 Gelderland 20 10.0 

 Groningen 7 3.5 

 Limburg 4 2.0 

 Noord-Brabant 23 11.6 

 Noord-Holland 58 29.1 

 Outside the Netherlands 8 4.0 

 Overijssel 9 4.5 

 Utrecht 19 9.5 

 Zeeland 3 1.5 

 Zuid-Holland 45 22.6 

INC Yes 140 70.4 

 No 59 29.6 

INCTIME 0 – 4 months 13 6.5 

 4 – 11 months 11 5.5 

 11 – 18 months 17 8.5 

 18 – 25 months 7 3.5 

 25+ months 11 5.5 
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The majority of the data sample (56.8%) has been founded between 1 and 3 years ago which is representative 

for startup firms. In total 51.7% of the firms is from the west of the Netherlands (22.6% from Zuid-Holland and 

29.1% from Noord-Holland) and lies above the distribution of the Dutch population. In total 16.2% of the 

population lives in Noord-Holland and 21.2% lives in Zuid-Holland, totaling at 37.4%. In Table 6 below the 

difference between the distributions in location of the startups compared to the distribution of the Dutch 

population is shown.  

The most notable difference lies in the high percentage of respondents from Noord-Holland. This could have 

various explanations: Amsterdam lies in Noord-Holland, a well-known hub for young start-up companies; a large 

number of incubators are located in Amsterdam. It is possible that the greatest percentage of respondents 

reached is located in Amsterdam since it is the location of the Innovation Awards and might therefore have 

attracted more startups from this region. 

 

Table 6: Population distribution survey versus population 

Region Percentage survey Percentage total Dutch population 

Flevoland 0.5 2.4 

Friesland 1.0 3.9 

Gelderland 10.0 12.0 

Groningen 3.5 3.5 

Limburg 2.0 6.7 

Noord-Brabant 11.6 14.7 

Noord-Holland 29.1 16.2 

Overijssel 4.5 6.8 

Utrecht 9.5 7.4 

Zeeland 1.5 2.3 

Zuid-Holland 22.6 21.2 

 

4.1.2 MULTIGROUP DESCRIPTIVE STATISTICS 

 In the section above descriptive statistics of the entire data set are presented. In this section these descriptive 

statistics are taken further by reviewing differences in the data set for the two discernable groups: incubator 

affiliated and non-incubator affiliated startups. In Appendix IV an overview of the descriptive statistics for both 

groups are given. From this point on the incubator affiliated group is referred to as ‘INC’ and the group of startups 

which are not part of an incubator are referred to as ‘NON-INC’.  

 There are some slight differences to be found between both groups when looking at the characteristics. The 

distribution over the variable AGE is quite comparable for both groups. For the variable FTE (the amount of full 

time equivalent employees) there are some differences in the distribution: for non-incubator related startups the 

largest group indicates to have between 0-1 FTE whereas for incubator related startups this number is 1-2 FTE. The 

largest represented group does not exceed 30% of the total subpopulation. For the variable GRW (growth) most 

non-incubator related firms indicated to have grown between 25% and 100% whereas most incubated firms 

indicate a growth of 0%. The main difference in location lays in the higher percentage of incubated startups 

located in Noord-Brabant and Overijssel in comparison to the non-incubated firms. This surely has to do with the 

presence of an active incubator in both these regions. 

 There are some slight differences in the use of external attributes as can be seen in Appendix IV. Overall 

startups affiliated to an incubator use more external attributes in their development. In addition, generally a 

higher percentage of startups, both INC and NONINC, use the external attributes ‘business support’ and ‘network 

provision’. Results are represented in Appendix IV. 
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 Differences between these two groups are also assessed for openness and innovation performance. Testing 

for differences among the groups for their openness and innovation performance is done with independent 

samples t-tests in SPSS. Table 7 shows the results of the samples T-test on Openness. These results show that there 

is no significant difference in means between INC and NONINC for openness.  

 

Table 7: Results independent samples T-test – Openness 

  Mean Std. Deviation T-value P-value 

Openness INC 9.49 3.00 4.94 0.106 
NON-INC 6.87 3.58 

    Degrees of Freedom: 197 

 

These same tests are run for the construct Innovation Performance and each of the underlying dimensions. 

The results of the independent samples T-tests are shown in Table 8 below. These results show that for the 

construct Innovation Performance there aren’t any significant differences between INC and NONINC for each of 

the different dimensions and the overall construct.  

Table 8: Results independent samples T-test – Innovation Performance 

  Mean Std. Deviation T-value P-value 

Product Innovation INC 3.302 1.404 0.788 0.376 
NON-INC 3.121 1.502 

Process Innovation INC 3.525 1.513 1.568 0.281 
NON-INC 3.146 1.575 

Organizational performance INC 2.249 1.401 -0.940 0.241 
NON-INC 2.463 1.499 

New product performance INC 2.337 1.109 -2.182 0.117 
NON-INC 2.683 0.983 

Overall innovation performance INC 2.853 1.184 -0.02 0.908 
NON-INC 2.854 1.108 

    Degrees of Freedom: 197 

 

4.1.3 OUTLIERS AND MISSING DATA 

 Missing data was searched using SPSS. Answering the questions was made compulsory in order to complete 

the questionnaire through the online survey tool. The results are therefore limited to one variable in missing data: 

variable GRW (revenue growth: 2% missing data). Little’s MCAR test results show that the variables are missing 

completely at random; non-significant results (0.315) are found. Since the missing data is random (MCAR) and does 

not exceed 10%, any imputation method can be applied (Hair et al., 2010). This is a common method when data is 

missing completely at random and deleting missing data could possibly result in a less adequate data sample size. 

In this case a replacement value is calculated using the mean substitution method (Hair et al., 2010). The missing 

variable is replaced with a mean value calculated from all valid responses. For GRW the mean from valid responses 

is 0.95 and is replaced accordingly in the 4 missing variable cases.  

 Outliers are identified visually via boxplots as well as numerically through the Mahalanobis distance (Hair et 

al., 2010). Univariate outliers are assessed through boxplots. With a larger sample size, as with this research, a 

threshold value of 4 times the standard deviation is applicable (Hair et al., 2010). The variables FTE (amount of 

employees), GRW (revenue growth) and INCTIME (amount of time connected to an incubator) are assessed using 

boxplots. A detailed examination of the outliers can be found in Appendix V. Thirteen outliers were found, the 

outliers found within the variable GRW were replaced by a calculated mean value. As mentioned, the Mahalanobis 

distance is used for the detection of multivariate outliers. All variables in the structural model are used for this 

calculation. As mentioned above a cut-of value of 4 is regarded (Hair et al., 2010) for the D
2
/df measure. The 

highest value found is 2.49 meaning that there are no multivariate outliers detected.  
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4.1.4 MULTIVARIATE ASSUMPTIONS AND COMMON METHOD BIAS 

 Hair et al. (2010) mentions four multivariate assumptions for which the dataset can be checked: normality, 

homoscedasticity, linearity and absence of correlated errors. Normality refers to the shape of the data distribution 

in comparison to a normal distribution for each individual metric variable. The assumption of normality is not met: 

42 of the 82 variables are significantly leptokurtic or platykurtic and 51 variables are significantly skewed as can be 

found in Appendix V. Luckily PLS-SEM shows more robust estimations when the normality assumption is violated 

contrary to maximum likelihood estimation which requires normal distributed variables (Hair et al., 2010, 2011).  

 The second assumption, homoscedasticity, is related to the dependence of the relations between variables. 

Heteroscedasticity is often the result of non-normality in the dataset, therefore the assumption of 

homoscedasticity is not checked (Hair et al., 2010).  

 The third assumption, linearity, can be checked by examining scatterplots of all separate relations between 

variables one by one. Since the structural model inhibits a great amount of items, comparing these would be an 

elaborate process and is not considered efficient or practical to check the linearity assumption. 

 The last assumption on absence of correlated errors is applicable to data from observations between groups 

or time series data (Hair et al., 2010). Similar factors that affect one group may not affect the other. In the data set 

there are two groups that can be identified: startups which are part of an incubator and startups which not part of 

an incubator. A common remedy is the addition of a variable in order to be able to identify the effect of the 

difference in groups within the data. The differentiation is made through a binary variable indicating the affiliation 

to an incubator and post hoc multi group analysis. 

 Harman’s single factor test was used to check common method bias. Using SPSS an un-rotated factor analysis 

was performed which was restricted to one factor. The common assumption of this technique is that if a 

considerable amount of common method bias is present one factor will be found to account for more than half of 

the variance (Podsakoff, MacKenzie, Lee, & Podsakoff, 2003). The first factor explained 21.66% of the variance, 

consequently the conclusion of absence of common method bias can be drawn.      

  

4.2 MEASUREMENT MODEL 

4.2.1 CONSTRUCT RELIABILITY AND VALIDITY, DISCRIMINANT VALIDITY AND MULTICOLLINEARITY 

 Construct reliability is assessed by examining factor loadings, cross loadings and Cronbach’s alpha. Appendix VI 

shows the initial table of factor- and cross loadings. Most factor loadings are greater than 0.70 except for items on 

the constructs Openness, New Product Performance and External partners. For openness most individual 

representing items had loadings which are too small and were therefore removed from the sample. Items OPN6, 

OPN10, OPN13 and Breadth and Depth, show high enough factors loadings. For New Product Performance five 

items had loadings below 0.70, these were NPP6: Development costs (0.586), NPP7: Customer acceptance (0.692), 

NPP8: Customer satisfaction (0.698), NPP9: Launch on time (0.623) and NPP10: Time-to-market (0.576). For the 

construct External partners a few items showed factor loadings beneath 0.70: EXP3: Competitors (0.663), EXP4: 

Consultants (0.554), EXP5: Commercial laboratories/R&D enterprises (0.565), EXP7: Government research 

organizations (0.561), EXP8: Private research institutes (0.559). After deletion of these items all constructs are still 

made up out of three or more variables and therefore the deletion can be justified. Two cross loadings are found 

on process and product innovation considering the technological aspect of the innovation, deletion of both these 

items is justifiable (PSCI1 and PRDI2). The process is represented in Appendix VI. 

 Additional analysis is done on the reliability with the measures Cronbach’s Alpha and composite reliability for 

all constructs. Table 9 shows the results of these measures. Both Cronbach’s Alpha and composite reliability show 

values above 0.70 which shows consistency in the entire scale. AVE stands for average variance extracted, showing 
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the average percentage of variation explained among the items of a construct (Hair et al., 2010). The lower limit 

value for AVE is 0.50 and all latent constructs show values above 0.50.  

 

Table 9: Measurement properties 

 Cronbach’s 

Alpha 

Composite 

Reliability 

AVE VIF R
2 

R
2* 

Openness 0.827 0.8785 0.5924 1.273 0.2011 0.2011 

External partners 0.795 0.8757 0.7026 1.267 - - 

Organizational performance 0.907 0.9263 0.6771 2.191 0.0445 0.0572 

Product Innovation 0.857 0.8937 0.6789 2.236 0.0488 0.0592 

Process Innovation 0.910 0.9424 0.8453 1.980 0.1076 0.1104 

New product performance 0.921 0.9441 0.8093 1.499 0.1022 0.1706 

 

The forth measure, the variance inflation factor (VIF) shows values below 5 for all measures indicating that 

multicollinearity among the variables should not be a problem (Hair et al., 2010). The correlation matrix below 

shows the correlation of the variables. The Fornell-Larcker criterion is used; when the criterion is met, a latent 

construct shares more variance with the items loading on the construct than with other latent items in the model. 

This means that the AVE should exceed the correlation with any other latent construct. As can be seen in Table 10 

this is the case. The constructs shown in Table 10 are individual constructs. Constructs part of performance and 

external attributes will become part of second order formative constructs. The correlation matrix after the 

formation of these second order formative constructs can be found in Appendix VII. 

 

Table 10: Correlation matrix latent variables 

 
SUPP EXP FIN INC NET NPP OFF OPN IOP PCSI PRDI SERV 

SUPP 1.00 - - - - - - - - - - - 

EXP 0.246 1.00 - - - - - - - - - - 

FIN 0.367 0.241 1.00 - - - - - - - - - 

INC 0.486 0.114 0.236 1.00 - - - - - - - - 

NET 0.454 0.254 0.282 0.404 1.00 - - - - - - - 

NPP -0.182 0.090 -0.088 -0.183 -0.112 1.00 - - - - - - 

OFF 0.355 0.212 0.196 0.385 0.307 0.015 1.00 - - - - - 

OPN 0.291 0.440 0.275 0.359 0.328 0.069 0.203 1.00 - - - - 

IOP -0.060 0.092 0.020 -0.071 -0.075 0.555 -0.005 0.108 1.00 - - - 

PCSI 0.098 0.205 0.089 0.120 0.069 0.239 0.149 0.223 0.501 1.00 - - 

PRDI 0.018 0.153 0.051 0.060 0.058 0.245 0.123 0.129 0.604 0.678 1.00 - 

SERV 0.416 0.206 0.272 0.312 0.316 -0.029 0.601 0.150 -0.078 0.043 0.032 1.00 

 

 

4.2.2 ANALYSIS OF THE STRUCTURAL MODEL 

Analysis of the structural model is done by assessing standardized effect sizes and their level of significance. 

Initially the base model is assessed. The base model is constructed of two second order formative constructs, 

namely the construct external attributes, existing of all the separate external attributes. The second formative 

construct is innovation performance made up out of new product performance, process innovation, product 

innovation and organizational performance. Openness is modelled as a reflective construct as mentioned above.  

An overview of the effect sizes and the t-values indicating significance can be found in Table 11 below. Both 

hypothesized relations are found to be significant at the 0.01 level. The last relation which is shown as a control 
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relation shows non-significance at the 0.05 level. Effect size of 0.02, 0.15, and 0.35 indicate small, medium and 

large effects (Wong, 2013). The effect size thereby indicates the strength of the relationships. Previous research 

has clearly pointed out that besides the significance of the relationship the effect size needs to be taken into 

account (Chin et al., 2003). 

   

Table 11: Base model hypothesis test results 

Hypothesis Relation Standardized effect size t-value Supported 

H2(+) External attributes > Openness 0.361 6.519** Yes 

H1 (+) Openness > Innovation performance 0.209 2.964** Yes 

     
 External attributes > Innovation performance -0.084 1.382 No 

*P<0.05. **P<0.01 (two tailed)  

 

The results show that startups using more external attributes in their development show higher openness. 

This means that they use more external knowledge sources. This means that a startup regardless of their possible 

affiliation with an incubator gains in their openness when they use more external attributes in their development. 

Firms with higher openness show higher innovation performance; startups using more external knowledge sources 

in their development show higher innovation performance. Results are visually shown in Figure 2. 

 

Figure 2: Base model test results 
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Figure 2 also shows the found R squares in the base model. In PLS path models R
2 

values of 0.67, 0.33, and 

0.19 (67%, 33% and 19%) are considered substantial, moderate and weak (Chin, 1998; J Henseler, Ringle, & 

Sinkovics, 2009). The percentage of variance explained is therefore low on the construct openness. For the 

construct Innovation Performance the R square value is 98% which is very high. Innovation Performance is a higher 

order formative construct, changing the way the R square can be considered. For higher order hierarchical 

constructs the R square approximately equals 1 since the variance has been explained by lower-order formative 

constructs (Smartpls.de, 2014; Wetzels, Odekerken-schröder, & van Oppen, 2009). Although the estimation of the 

R square is done the same way as the inner model (non-higher-order constructs) the R
2 

value obtained is nearly 1. 

This value should not be included in the considerations for goodness of fit.    

The relation Openness – Innovation performance is checked on a possible nonlinear relationship by adding a 

quadratic term. A squared variable is included in the model to possibly find a U-shaped or inverted-U-shaped 

relation; a nonlinear relation, between both constructs. This resulted in a non-significant relation between these 

constructs and a lower R
2
, the explained variance does not increase with the addition of the quadratic term 

meaning that a nonlinear effect cannot be found. Results can be found in Table 12.  

 

Table 12: Effect quadratic term on Openness – Innovation performance relation 

Addition quadratic term to Openness – Innovation Performance relation 

 Effect size R
2 

Openness R
2 

Innovation Perf. T-value 

Excluding quadratic term 0.179 0.17 0.032 2.687* 

Including quadratic term 0.082 0.039 0.007 1.428 

 

 The difference in the R
2 

of Innovation Performance between the value above in Table 12 and the value found 

in Figure 2 is due to the calculation of the second order construct for further analysis. A second order construct is 
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calculated in two steps; first the first order constructs are interlinked with the second order construct Innovation 

Performance. In this case the first order constructs are the different dimensions of Innovation Performance with all 

their indicators. These first order indicators are product innovation, process innovation, new product performance 

and organizational performance. At this point a PLS algorithm is run and a R
2
 value near to 1 is found for 

Innovation Performance since it almost totally explains the variance in the overall second order construct through 

the first order constructs, these results can be found in the base model in Table 11. From this point on a new 

model is constructed from the latent variable scores gained from the first PLS algorithm. These scores are used as 

input for the variables in the new model with the correct second order construct. The R
2 

therefore differs for 

Innovation Performance in the first step of the second order construct from the second step. The R
2
 found in Table 

12 is taken further for additional analysis.    

 

4.2.3 MODERATORS 

In chapter 2.5 two moderating effects are hypothesized in the conceptual model. In chapter 2.5.3, a 

moderating effect on the relation Openness – Innovation performance by Formal Partners is hypothesized as taken 

from extant literature. This hypothesized relation is tested using interaction terms. In Table 13 the results of these 

tests are shown. Both the direct moderator effect and the interaction effect do not show a significant T-value at 

the 0.05 significance level. The hypothesis of the moderating effect, and thereby hypothesis 4, is therefore 

rejected.  

 

Table 13: Results moderating variable Formal Partners 

Moderating effect Formal Partnerships on Openness – Innovation Performance 

 

 Direct Effect  Direct effect moderator Interaction effect 

 Standardized 

effect size 

T-value Standardized 

effect size 

T-value Standardized 

effect size 

T-value 

Excluding moderator effect 0.178 2.128* 0.126 1.898 - - 

Including moderator effect 0.172 2.112* 0.148 1.967* -0.042 0.841 

 

A significant side effect is found in the direct effect of Formal Partners on Innovation Performance when a 

moderating effect is present. This means that startups that have ties with formal partners show a positive relation 

to innovation performance; these startups show a positive effect on innovation performance. This direct effect was 

not hypothesized in the conceptual model and is therefore not taken further in analysis. This direct effect can be 

made sense of in the light of formal partners being essentially added knowledge sources with a difference in 

formality in its relation to the startup. The significance of the effect of formal partners on the innovation 

performance thereby inherently grounds the earlier found relation between openness and innovation 

performance. As a relation in itself is has little value since it is solely existent when the non-significant moderating 

effect is present. In chapter 2.5.3 a possible moderating effect is elaborated on which effects the relation between 

External attributes and Openness by the construct Incubator. The results of these tests are shown in Table 14.    

 

Table 14: Results moderating variable Incubators  

Moderating effect of construct Incubators on External attributes – Openness relation 

 Direct Effect  Direct effect moderator Interaction effect 

 Standardized 

effect size 

T-value Standardized 

effect size 

T-value Standardized 

effect size 

T-value 

Excluding moderator effect 0.238 3.079** 0.234 2.826** - - 

Including moderator effect 0.252 3.388** 0.351 4.056** -0.262 4.190** 

*P<0.05. **P<0.01 (two tailed)  
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The moderating effect of Incubator on the relation External attributes – Openness is significant. A side effect 

which is found in order to analyze the moderating effect is that being part of an incubator has a positive effect on 

the openness; the direct effect found is significant (Table 14: effect size 0.351 at 4.056 T-value). This moderating 

effect is further discussed below. First a visual of both the hypothesized moderating relations can be found in 

Figure 3. 

 

Figure 3: Moderating effects 
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When graphically modelling the moderating effect of Incubator on the External attributes – Openness relation 

the graph is found as can be seen in Figure 4. Where not being affiliated with an incubator shows a steady positive 

line; the line representing firms which part of an incubator shows a steady line with a slight decline. The conclusion 

which can be drawn from this graph is that being part of an incubator sets startups up for a lead in the amount of 

openness they have, regardless of the amount of external attributes used through the incubator. There appears to 

be a certain added value of solely being part of an incubator irrespective of the amount of external attributes used. 

Non-incubator related startups gain in openness when using more external attributes. Both types of startups seem 

to show the same amount of openness when making high use of external attributes. The start ahead which 

incubatees seem to have is slightly diminished when more external attributes are added to the offering. In order to 

discover which external attributes add to this effect further research should be conducted on the different 

attributes.  

Figure 4: Moderating effect graph 
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4.2.4 CONTROL VARIABLES 

The control variables surveyed in the questionnaire are tested in the path model. Due to the number of 

relations only the significant relations are shown in Table 15. A total overview on the control variable relations can 

be found in Appendix VIII. The found effects are summarized below. 

 

Table 15: Significant effects control variables 

Relation Standardized effect size T-value 

AGE -> Incubator -0.1632 5.1406** 

AGE -> Openness 0.1806 2.7839** 

FTE -> External attributes 0.1447 2.252* 

FTE -> Innovation performance 0.2290 3.4438** 

GRW -> Incubator -0.0734 2.1056* 

GRW -> Innovation performance 0.2535 4.3625** 

*P<0.05. **P<0.01 (two tailed)   

 

Age is negatively related to Incubator; startups with a higher age, which have been founded longer ago, are 

more likely not to be affiliated to an incubator. Age is positively related to openness; older firms are more likely to 

be more open and make use of more external knowledge sources. FTE is positively related to external attributes 

and innovation performance; startups with more full time equivalent employees make higher use of external 

attributes and show greater innovation performance. Startups with greater revenue growth in the past year show 

a negative significant effect towards the affiliation with an incubator. Incubator affiliated firms show lower growth. 

As seen above in chapter 4.1.2 the mean growth of incubator affiliated firms lies lower that non-incubator 

affiliated firms. The effect size is small on this relation. Startups with higher growth show higher innovation 

performance.  

 

4.3 POST-HOC ANALYSIS 

 

Post-hoc analysis assesses relations between constructs that were not hypothesized initially. In other words, a 

path is tested where the original hypothesized conceptual model did not indicate a path from theory (Hair et al., 

2010). Any relationship revealed in a post hoc analysis is only supported by empirical evidence and lacks 

theoretical grounding from the literature study. Therefore these relations should not be considered in the same 

way as the theoretically grounded relations are considered.  

Whether the post hoc analysis can be considered likely to be successful is dependent on several factors: for 

instance, higher chance of success of post hoc analysis is probable when the initial model is close to the true model 

(Lei, Wu, & Pennsylvania, 2007). This is never known in practice and therefore it is hard to be certain that the 

modified model is closer to the true model. Other factors contributing to the likelihood of successful post hoc 

analysis is the continued search even when a statistically plausible model is obtained, restricting the search to 

paths which are theoretically justifiable and at a large sample size (Lei et al., 2007). The first factor is applicable to 

this research, the theoretical justifiability is taken into account and the sample size is quite large.  

Nevertheless modification through post hoc analysis shifts the confirmatory nature of SEM towards an 

exploratory undertaking. This should be kept in mind when revising the conceptual model due to post hoc analysis 

and be aware of the possibility of chance idiosyncrasies rather than generalizable relations.    

 

4.3.1 MEDIATING EFFECTS 

One of the hypothesized moderating effects as discussed in chapter 4.2.3, turned out not to be significant, the 

other moderating effect was found to be significant. Direct effects were found between the hypothesized 
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moderating construct Formal Partners with Innovation Performance. The presence of direct effects opens the 

possibility that the construct Formal Partners could play a mediating role in the relation between Openness and 

Innovation Performance, meaning that the addition of the construct could reduce the effect of Openness on 

Innovation Performance. By using Sobel’s test
1
 (Sobel, 1982) for mediation the influence on the relation between 

Openness and Innovation Performance is assessed when a direct relation is added between Formal Partners and 

Openness. In this case Formal Partners is tested for mediation. The results of the test show that there is no 

significant mediating effect on the Openness – Innovation Performance relation by Formal Partners as can be seen 

in Table 16 (z-value > 1.96 for 95% level confidence).  

 

Table 16: Mediating effects Formal Partners 

   Direct effect Mediating effect 

Direct effect Mediating 

variable 

Excl/Inc 

effect 

Effect 

size 

T-value Effect 

size A 

Effect 

size B 

z 

Openness > Innovation 

Performance 

Formal 

partners 

Excluding 0.229 3.047**    

Including 0.178 2.158* 0.440 0.1264 1.794 

*P<0.05. **P<0.01 (two tailed) 

  

The construct Incubator is also tested for mediation since it displays direct significant effects. The results of 

the tests are shown below in Table 17. The results show that there is a mediating effect of Incubator on the 

relation between External attributes and Openness. The existing mediation is partial mediation, meaning that the 

relation between External attributes and Openness remains significant before and after mediation.  

 
Table 17: Mediating effects Incubator 
   Direct effect Mediating effect 

Direct effect Mediating 

variable 

Excl/Inc 

effect 

Effect 

size 

T-value Effect 

size A 

Effect 

size B 

z 

External attributes > 

Openness 

Incubator Excluding 0.361 6.482**    

Including 0.238 3.085** 0.5287 0.2340 2.671 

*P<0.05. **P<0.01 (two tailed) 

 

4.3.2 MODERATING EFFECT INCUBATOR ON OPENNESS – INNOVATION PERFORMANCE 

 Before the post-hoc analysis the results of two hypothesized moderating effects are discussed in chapter 

4.2.3. A significant moderating effect was found of the construct Incubator on the External attributes – Openness 

relation. In this section further influence of the construct Incubator is researched on the other main relation 

between Openness and Innovation performance. The construct influences the other main relation of the model 

and further effect on the Openness – Innovation Performance relation is possible. Table 18 below shows the 

results of the analysis, these show that there is no significant moderating relation to be found of Incubator on the 

Openness – Innovation performance relation.    

 

                                                                 
1
 Sobel’s test formula for calculating the significance of a mediator variable (Sobel, 1982). 
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Table 18: Post-hoc results moderating variable Incubators 

Moderating effect Incubators on Openness – Innovation performance relation 

 

 Direct Effect  Direct effect moderator Interaction effect 

 Standardized 

effect size 

T-value Standardized 

effect size 

T-value Standardized 

effect size 

T-value 

Excluding moderator effect 0.222 3.158** -0.119 1.696 - - 

Including moderator effect 0.220 3.013** -0.136 1.717 0.054 1.021 

*P<0.05. **P<0.01 (two tailed)  

 

4.3.3 MULTIGROUP MODERATION INCUBATOR - NON-INCUBATOR  

 Since the data set can be divided into two discriminant groups, a post-hoc multigroup moderation analysis is 

conducted. A subset of the data sample has indicated to be part of an incubator whereas the rest of the data 

sample is not affiliated with an incubator. Multigroup moderation can detect moderating effects for groups; for 

instance whether the relation between external attributes and openness is stronger or weaker for startups 

affiliated with an incubator. In order to assess multigroup moderation two separate datasets for the two groups 

are run twice in SmartPLS. Changes in the effect size and explained variance are recorded manually. When a 

difference is present, Chin’s (1998) equation
2
 is used to calculate the level of significance for the moderating 

effect. The effect size (  ) of the moderating effect is calculated using Cohen’s formula
3
 with small (0.02), medium 

(0.15) or large (>0.35) effect sizes (J. Cohen, 1988). The effect sizes, as well as the significance of the moderating 

effect, are considered in the analysis of the results. As mentioned earlier, the effect was looked into for the 

differences between affiliation with an incubator or no affiliation with an incubator (Incubator, N=59 and Non 

incubator, N=140) on the base model relations; between external attributes and openness as well as the relation 

between openness and innovation performance. The results of the multigroup moderation analysis can be found in 

Table 19.   

 

Table 19: Multigroup moderation effects Incubator 

Relation Group Size    R
2 

Effect size T-value T-value moderating effect 

External 

attributes > 

Openness 

Incubator 59 0.0214 0.021 -0.1432 2.533* 5.143** 

Non incubator 140 0.1723 0.147 0.3836 6.157** 

Openness > 

Innovation 

Performance 

Incubator 59 0.0857 0.079 0.2829 5.2339** 0.633 

Non incubator 140 0.0362 0.035 0.2015 2.5243* 

*P<0.05. **P<0.01 (two tailed)     

  

                                                                 
2
 Formula for calculation of the t-value for significance of multigroup moderation (Chin, 1998). 

 
3
 Formula for calculation of the moderator effect size    (J. Cohen, 1988).      
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A significant moderation effect is found on the external attributes > openness relation. The results show that 

being affiliated with an incubator has a negative mediate effect on the relation. For startups not affiliated with an 

incubator the effect of external attributes on openness is stronger than for incubator affiliated firms.  A visual 

representation of the effect can be found in Figure 5. This result is in accordance with the earlier found moderating 

effect of the construct Incubator on the same relation. 

 

Figure 5: Multigroup moderation effect 
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   4.3.4 MULTIGROUP MODERATION LOW- HIGH EXTERNAL ATTRIBUTES 
 A multigroup moderation effect as discussed in the previous chapter can be assessed for another group; a 

division in the amount of external attributes used. As could be seen in the multigroup descriptive statistics in 

chapter 4.1.2 and in Appendix IV there is a division in the amount of external attributes used. A differentiation can 

be made in low use of attributes and high use of attributes. These two groups will be subjected to a multigroup 

moderation analysis as described above. The analysis will be done for both relations: External attributes – 

Openness and Openness – Innovation Performance. Two separate datasets are run in SmartPLS which reflect both 

groups of startups. Results of the analysis can be found below in Table 20. 

 The results show no significant multigroup moderating effects for low/high use of external attributes. This 

means that the strength of the relation does not significantly differ for the two groups. Both groups show a 

positive effect towards openness and towards innovation performance.  

 

Table 20: Multigroup moderation effects Low/High use external attributes 

Relation Group Size    R
2 

Effect size T-value T-value moderating effect 

External 

attributes > 

Openness 

Low attributes 142 0.319 0.242 0.274 4.452** 0.980 

High attributes 57 0.029 0.029 0.170 2.358* 

Openness > 

Innovation 

Performance 

Low attributes 142 0.032 0.031 0.177 2.514* 0.093 

High attributes 57 0.037 0.036 0.189 3.804** 

*P<0.05. **P<0.01 (two tailed)     
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5 DISCUSSION 
 

The results as presented in the previous chapter are further discussed in this chapter. Theoretical and 

managerial implications are derived from the results and discussed. The limitations of the current research and the 

recommendations for further research are discussed. In Figure 6 the significant results of the analysis of the 

structural model are shown.      

 

Figure 6: Significant results of the analysis of the structural model 
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Standardized effect sizes are represented on the arrows, *: indicating that the effect is significant on the 0.05 level, **: 

indicating that the effect is significant on the 0.01 level. The percentage of variance explained (R
2
) is represented between 

brackets. Some effects might differ from earlier presented values due to deletion of non-significant relations.  

 

5.1 CONCLUSION 

 

 This research paper has focused on confirming the indications that external support (through for instance 

services offered by incubators) positively affects startups’ openness and thereby stimulates innovation 

performance. A gap in the literature was found in this respect and was aimed to fill with quantitative support. A 

sample of 199 startups was questioned on their use of external support and their performance, the obtained data 

was analyzed with PLS-SEM to test the hypothesized structural model which was discerned from existent academic 

literature. The results are discussed in this chapter. 

 Checking the dataset for differences between startups affiliated with an incubator and not affiliated with an 

incubator shows some noticeable differences; incubated firms make use of more external attributes. The 

attributes most used overall are the intangible attributes: business support, network provision and financial 

resources. No differences were found in the mean of openness and innovation performance between both 

subgroups.  

As mentioned earlier Laursen & Salter (2006) argue that firms open to external sources are more likely to have 

a higher level of innovative performance. This is the base relation from which the conceptual model is built. This 

relation is confirmed in this research; openness (use of external knowledge sources) does have a positive 

significant effect on innovation performance. The relation is confirmed to be present in startups specifically. The 

found strength of the relation is considered above medium sized and significant at the 0.01 level. The effect size is 

not especially large; PLS is known to underestimate path coefficients and this might therefore have affected the 

size of the effect (Jörg Henseler & Fassott, 2010). At the same time a greater data sample size reduces this effect 

and increases the possibility of finding significant results (Hair et al., 2011). As it is, the effect is of considerable 

size. Openness is measured based on the amount of external knowledge sources used by the startup.    

The model is further extended by considering the influencers of this openness. The use of external attributes 

in the development of a startup increases the openness of the firm. These attributes are external help in the 

development of the firm of the likes of office space, practical support services like meeting rooms, communication 
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services and other practical facilities, also business support like coaching and trainings and access to a network and 

financial support are considered support services. These services are seen as means to an end in this study; the 

end being the attainment of knowledge and support in the development of startups. When a startup uses more of 

these external attributes in their development they are more open specifically in their use of knowledge sources. 

The effect size for this relation is large and significant at the 0.01 level. 

The R square found between brackets in Figure 6 represents the fraction of the variance explained by the 

model. Explanatory powers of 3% and 22% are generally considered to be low. R squares values can be expected to 

be low when the construct is hard to predict. In addition, the innovation performance constructs are complex and 

multidimensional, leading them to be harder to predict and difficult to explain a great amount of variance. The R 

square explains the predictive fit of the model; even if the predictor (openness) predicts only a small amount of 

the variance in a complex construct as innovation performance, it is still an important conclusion to be drawn. 

Predicting 3% of innovation performance is therefore a valuable result. 

Two moderating effects were hypothesized in the conceptual model. The hypothesized moderating effect of 

the construct formal partners on the relation openness – innovation performance was found to be insignificant. 

This indicates that the relation between these constructs does not change in effect due to the presence of formal 

relationships with partners. This differs from results found by Laursen & Salter (2006) as they did find this effect. 

The main difference between both studies is the targeted sample group; their research draws samples from the 

entire U.K. manufacturing sector containing a small subsample of startups whereas this research focusses solely on 

startups in every sector. In total 44% of the respondents indicated to have formal partnerships. An explanation for 

the absence of this effect is the probable limited focus on formal relationships in the beginning of the firm 

development.  

A moderating effect was hypothesized and found on the relation between external attributes and openness by 

the construct incubator. Moderators affect the direction and/or strength of a relation between two constructs. 

Affiliation with an incubator moderates the relation between external attributes and openness. In addition it has a 

direct positive effect on the openness of a firm. This being said, the construct incubator shows a significant 

negative moderating effect on the relation external attributes – openness. Startups affiliated with an incubator 

show a different strength in effect, indicating a different relation in the use of external knowledge sources 

(openness) proportional to the used external attributes in their development in comparison to startups which are 

not part of an incubator. A modeled graph shows that incubator affiliated firms start ahead in their openness in 

comparison to non-incubated firms. When making high use of external attributes similar openness for both 

incubated and non-incubated firms can be seen, the difference lies in the openness when using low amounts of 

external attributes. Incubator related firms show higher openness when using less attributes than non-incubator 

related firms. The added value of incubators therefore seems to lie in a head start when it comes to openness. In 

sum, incubators, regardless of the amount of external attributes offered, add value to startups through heightened 

openness.  

Startups that are not part of an incubator have a positive increasing line in their openness dependent on the 

amount of attributes used. This seems to indicate that non-incubated firms need to actively seek outside 

knowledge in developing their company, even more so since they do not have an incubator to fall back on. 

Additionally, startups that are not part of an incubator likely need to turn to more than one outside source in order 

to receive as much help from the same amount of external attributes as a startup affiliated to an incubator since 

they possibly can receive all these attributes within the incubator. 

This effect is further established by post-hoc multi-group moderation testing with a dataset containing only 

startups that are part of an incubator and a dataset with non-incubator affiliated startups. The results of these 

tests show a significant multi-group moderation effect. This means that the effect between the constructs external 

attributes – openness is stronger for startups that not part of an incubator. This further establishes the 

aforementioned relationship in which incubated firms have a head start over non-incubated firms when it comes 
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to openness. The effect is therefore stronger and positive for non-incubated firms; they greatly gain in openness 

when using more external attributes.   

Testing of control variables shows that older firms are more likely to be more open, they use more external 

knowledge sources. Firms with higher full time equivalent employees show the use of more external attributes and 

higher performance. Also, firms with high revenue growth in 2013 show higher innovation performance. 

In addition, the construct incubator was tested for mediation, leading to the found result of partial mediation. 

Where moderating variables function as an independent variable, mediation shifts the role from effects to causes. 

In this case incubator functions as a partial mediator, meaning that incubator partially accounts for the relation 

between external attributes and openness. Incubator partially explains how external attributes come to be 

associated with openness. Where moderators show when effects occur, mediators further explain how or why 

they occur. 

The added value of incubators lies in a head start on openness, even when using little external attributes. 

Being part of an incubator, irrespective of the amount of external attributes used gives startups a head start in 

their openness. This head start is diminished when non-incubated firms gain in their use of external attributes and 

heighten their openness. The greatest value incubators have to offer therefore lies in the initial startup phase for 

young firms. Overall non incubated firms can reach the same added value by investing in the use of said external 

attributes. 

  

5.2 THEORETICAL IMPLICATIONS 

 

 The aim of this research is the quantitative confirmation of the relation between openness in firms and their 

innovation performance. Thereby the extension of this relationship to the realm of startups and incubators is an 

important focus. The study of this relation in this specific surrounding had not yet been addressed in the existing 

literature and therefore the main contribution of this research is to provide deeper understanding of the relation 

between openness and innovation performance in the specific light of incubator exposure to startups.  

 The main finding shows quantitative support for the hypothesis that openness increases innovation 

performance in startups. In examining this relationship the work of Laursen & Salter (2006) is followed, they 

examined this relation in the U.K. among manufacturing firms specifically. In turn their work followed on earlier 

research done by Cohen & Levinthal (1990). The grounding of this relationship in another field is a contribution to 

theory since it adds to the value and credibility of the relation in research. 

 With regard to theory this model is a contribution through the extension of this confirmed relation to the 

surroundings of startups and incubators. The question of the added value of incubators for startups is implicitly 

asked. The external attributes on which respondents were questioned in the survey are a conceptualization of the 

complete offering by incubators as developed through the years. These external attributes are relevant in the 

development of all startups regardless of their source. The validation of these services in their positive effect on 

openness and thereby innovation performance is an important result and is leading in its quantitative 

confirmation. The value of these external attributes in the development of startups is confirmed and has a proven 

effect on innovation performance through openness. Open innovation as a concept has received a lot of attention 

since its introduction in 2003 (Chesbrough, 2003). The idea and its theory have been extensively written on in 

literature; hereby the quantitative reflection of the concept is also underlined.   

 In addition the above mentioned conceptualization of incubators and its use in quantitative research is 

valuable. Due to the diversity of incubators’ goals and offerings, researching their value is complex. The current 

classification in their offered services makes incubators with different goals and focus comparable to each other. 

Possibilities for further research towards the specific value of incubators and added value for startup development 

are manifold. Lastly, general insight into support and stimulation of innovative startups and their development is 

gained; this is of value to the understanding of the survival of startups in the Netherlands.       
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5.3 MANAGERIAL IMPLICATIONS 

 

 Managerial contributions can be taken from this research. The results provide several indications for 

recommendations valuable to managers of incubators and entrepreneurs part of a startup or with the ambition to 

start a new company.  

 Firstly, for those involved in a startup the recommendations lie in the focus on openness of innovation. For 

startup firms the challenge lies in the survival of the firm through its critical development phase. Startups benefit 

from knowledge. Specifically entrepreneurs in startups are recommended to focus on acquiring knowledge from 

outside the company and using it in their development in order to achieve higher innovation performance. This 

external knowledge can have various sources; from supplier, client and competitor knowledge to insights from 

universities, conferences and fairs. Startups stand to gain from external knowledge since it directly contributes to 

their innovation performance. Specifically attributing to the openness of startups is the receiving of help in certain 

areas of business development. More specifically the areas of acquiring office space, shared support services, 

professional business support or advice and coaching, gaining access to networks and financial support. These are 

the attributes used in this research which add and give access to external knowledge sources. Focusing on getting 

support in these areas opens channels in gaining knowledge. In general it can be stated that startups are 

benefitted by pursuing an active strategy in becoming more open in acquiring knowledge in order to positively 

influence their innovation performance through this openness. 

 In addition, becoming part of an incubator has added value in the heightening of the firms’ openness. When a 

firm is in the early stages of its development becoming part of an incubator will contribute to its openness and 

thereby innovation performance.  

 The recommendations for incubator management are more specific towards the added attributes or services. 

The results indicating that the moderating effect and the multi-group moderation are negative for incubator 

affiliation do not imply a negative influence from incubators. For incubator managers it is recommended to focus 

on the engaging in services which are conductive to the enhancement of the use of external knowledge sources. 

They should focus on offerings that support incubatees in the engagement of knowledge exchanges; whether 

these are in-house exchanges among incubatees or provided access to external knowledge sources. Further 

research would be necessary to explore the effect of the individual incubator attributes.        

  

5.4 LIMITATIONS AND RECOMMENDATIONS FOR FURTHER RESEARCH 

 

 Several limitations can be mentioned when reflecting on this research. These will be discussed in this section, 

followed by indications for further research. Firstly, a closer look at the sampled startups and its possible 

limitations is taken. The startups approached were either part of the Innovation Awards 2013 or contacted 

through an incubator. Therefore a large group of the sample is from the western region of the Netherlands.  

Furthermore, some characteristics of the data sample are worth mentioning. The distribution of age across the 

data sample is inclined towards the younger firms. Of the total sample 27.6% of the startups are younger than 1 

year old, 56.8% are between 1 and 3 years of age and 15.6% of the firms are between 3 and 5 years old. It has to 

be considered to which extent firms that are less than a year old can make statements on their performance. This 

is compensated by considering the performance in comparison to their main competitor en initial goals.  

Per definition researching startup performance is complex due to the great possible variation in performance 

in the early stages. The amount of FTE (full time equivalent workers) working for the startup has a distribution 

which is to be expected when taking the age into account; more than half of the respondents indicated that their 

startup employs less than 3 FTE. The revenue growths of startups show high numbers, 34.2% of the respondents 

indicate a revenue growth over 100% in the year 2013. This seems high but is possible for startups, especially those 

founded less than a year ago. The dataset is specifically limited in the amount of startups affiliated to an incubator, 
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merely 29.6% of the total dataset indicates to be part of an incubator. Preferably this number would have been 

higher, though the current amount (59 respondents) is sufficient to test and analyze results from.  

A limitation in the questionnaire comes from the questioning on external attributes meant for startups that 

are part of an incubator. The questioning focusses on the use and contribution of external attributes specifically 

offered by incubators. Further research should elaborate on the total external help received in the development 

process of the startup.  

Certain limitations stem from the way the constructs are built. Openness is measured in a way that does not 

allow for the analysis of the effect of each individual knowledge source. Future research could facilitate this by 

developing items for each of the knowledge sources. This is applicable to the formation of the construct external 

attributes as well. Further research should examine this construct more in detail in order to elaborate on the 

individual attributes and their added value to openness and innovation performance. Each of the attributes has 

individual aspects which could be researched. For instance the attribute “network access” has various angles 

through which it can contribute when seen from an incubator affiliated angle: an internal network within the 

incubator as well as an external network of knowledge sources or potential investors can contribute to the 

networking aspect of an incubator. Items should be made up for each of the separate attributes. 

To further elaborate on the attributes, these have been taken from literature and are agreed upon through 

extensive attention in previous research. Over time these attributes have developed and have been added to the 

value proposition of incubators, however due to the gradual development of this framework further research 

could elaborate on the specific aspects of the value proposition of incubators. What are the main incubator goals?  

Also, an important avenue for further research would be the deeper investigation of the type of relations 

between the constructs. The path modelling tool used, SmartPLS, is a linear modelling tool. 

Further avenues for research should focus on incubators and their incubatees. This research has aimed to try 

to find if there is a difference between incubated and non-incubated firms. Differences and added value in 

openness has been found but further research should intend to find the exact sources of this gained value; which 

specific attributes contribute most to openness?  

Furthermore, for instance research on the startup motivation for joining or applying to an incubator; what is 

their main motivation? What do they expect from an incubator? In addition, research on incubator selection 

criteria and the way these are carried out in practice are valuable avenues for future research; what is the 

difference between startups that become part of an incubator and those which are not selected. Lastly, future 

research should consider differences between industries and sectors in their use and expectations of incubators. 

Certain industries might be focused on incubators which solely and most importantly provide practical resources to 

startups. Like for instance an industry which is research and development heavy; startups in such sectors 

specifically need practical technical support through equipment and laboratory access. Other sectors might need 

support in more intangible manners through network access and relation development. Overall, the area of 

research is far off from being saturated.       
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APPENDIX I: MEASUREMENT INSTRUMENT 
 

Table 21: Measurement instrument 

Construct Item Item 

External attributes 

 

 Which external support services have been used in the development of your 

company? To clarify: for which of the options below has your company received 

external support and help in gaining access to these services? (adapted from 

Bergek & Norrman, 2008) (firms part of an incubator IA / firms not part of an 

incubator - NONI) 

IA11/NONI2 Office space use 

IA12/NONI3 Services use 

IA13/NONI4 Business support or advice use 

IA14/NONI5 Network provision use 

IA15/NONI6 Access to financial resources 

IA16/NONI7 No external support 

IA17/NONI8 Other 

NONI1 My company has not used any external support 

SATS Are you satisfied with the services offered by the incubator? 

RAT What rating would you give your incubator based on your expectations compared 

to your experiences? 

NONS Which sources did your company use in acquiring access to these services? 

Openness  

 

 Could you indicate the degree of use of each external knowledge source below? 

(adapted from Laursen & Salter, 2006) 

OPN1 Suppliers of equipment, materials, components, or software 

OPN2 Clients or customers 

OPN3 Competitors 

OPN4 Consultants 

OPN5 Commercial laboratories/R&D enterprises 

OPN6 Universities or other higher education institutes 

OPN7 Government research organizations 

OPN8 Other public sector, e.g. business links, government offices 

OPN9 Private research institutes 

OPN10 Professional conferences, meetings 

OPN11 Trade associations 

OPN12 Technical/trade press, computer databases 

OPN13 Fairs, exhibitions 

OPN 14 Innovation related competitions/ awards 

Innovation Performance   

Product Innovation   Can you indicate how well your firm has performed over the last year relative to 

your relevant competitors on each of the indicators below. (adapted from Prajogo 

& Ahmed, 2006) 

PRDI1 The level of newness (novelty) of new products 

PRDI2 The use of latest technological innovations in NPD 

PRDI3 The speed of NPD 

PRDI4 The number of new products introduced to the market 

PRDI5 The number of new products that is first-to-market (early market entrants) 

Process Innovation   Can you indicate how well your firm has performed over the last year relative to 

your relevant competitors on each of the indicators below. (adapted from Prajogo 

& Ahmed, 2006) 

PCSI1 The technological competitiveness 
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PCSI2 The updatedness or novelty of technology used in processes 

PCSI3 The speed of adoption of the latest technological innovations in processes 

PCSI4 The rate of change in processes, techniques and technology 

New Product Performance   Can you indicate your extent of agreement about how well your product has 

performed on each of the performance indicators mentioned below in comparison 

to the initial goals. (adapted from Langerak et al., 2004) 

NPP1 Met revenue goals 

NPP2 Met sales growth goals 

NPP3 Met market share goals 

NPP4 ROI or IRR 

NPP5 Met profitable goals 

NPP6 Development costs 

NPP7 Customer acceptance 

NPP8 Customer satisfaction 

NPP9 Launch on time 

NPP10 Time-to-market 

Organizational 

Performance 

 Can you indicate how well your firm has performed over the last year relative to 

your relevant competitors on each of the indicators below. (adapted from 

Langerak et al., 2004)  

IOP1 Sales growth 

IOP2 Profitability 

IOP3 New product success 

IOP4 Sales share new products  

(i.e., products introduced in the last 5 years) 

IOP5 Market share 

IOP6 ROI or IRR 

External partners  FORM Does your company have formal (innovation) collaboration links with external 

partners? 

 Could you indicate the external partners your company has collaborated with? 

(adapted from Laursen & Salter, 2006) 

EXP1 Suppliers 

EXP2 Clients or customers 

EXP3 Competitors 

EXP4 Consultants 

EXP5 Commercial laboratories/R&D enterprises 

EXP6 Universities or other higher education institutes 

EXP7 Government research organizations 

EXP8 Private research institutes 

EXP9 Other 

Control variables NAME What is the name of the company you are involved in? 

AGE When was the company founded? 

FTE How many people does your company employ? 

GRW What was your company’s revenue growth in 2013 (in %)?  

LOC Where is the company located? 

INC Is your company connected to an incubator? 

INC1 What is the name of the incubator the company is connected to? 

INCTIME How long have you been connected to this incubator in months? 
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APPENDIX II: QUESTIONNAIRE 
 

This appendix contains the questionnaire which is the written form extracted from the measurement instrument. 

The questionnaire contains certain paths depending on the answers given to certain questions. Horizontal page 

wide lines depict a new page in the questionnaire. The logic behind the paths are described in italics at the 

beginning of the page or the question.  

  

Start of the questionnaire 

 

Startup Innovation Performance in the Netherlands 

 
Introduction - Welcome to this questionnaire about innovation at startups in the Netherlands.  

 

This questionnaire contains maximally 20 questions and should take around 5 minutes to complete. This research will provide 

insight into the stimulants of innovation performance for startups in the Netherlands. This research is conducted through 

collaboration between the Innovation Awards and the Eindhoven University of Technology. In advance I would like to thank you 

greatly for your time and effort in completing this questionnaire.  

 

All data will be treated confidentially and will be used for the purpose of scientific research only. 

NAME 1) What is the name of the startup company you are involved in? 

_________________________________________________ 

AGE 2) When was the company founded?* 

( ) Less than 1 year ago 

( ) 1-3 years ago 

( ) 3-5 years ago 

( ) 5+ years ago 

 
Page entry logic: This page will show when: Question #2 = ("5+ years ago") 

Logic: Dynamically shown if "When was the company founded?" = 5+ years ago 

End of survey. Unfortunately you are not part of the target group of this survey. Thank you for your cooperation. You may now 

close this survey. 

 
Page entry logic: This page will show when: Question #2 ≠ ("5+ years ago") 

General 

FTE 3) How many people does your company employ? (Please state the number using full-time equivalents (FTE) within the 

company, meaning that 1 indicates a person working full-time and 0.5 indicates a person working half time in the company)* 

_________________________________________________ 

Validation: Must be percentage 

GRW 4) What was your company’s revenue growth approximately in 2013 (in %)? 

_________________________________________________ 

LOC 5) Where is the company located?* 

( ) Groningen 

( ) Friesland 

( ) Drenthe 

( ) Overijssel 

( ) Flevoland 

( ) Gelderland 

( ) Utrecht 

( ) Noord-Holland 

( ) Zuid-Holland 
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( ) Zeeland 

( ) Noord-Brabant 

( ) Limburg 

( ) Outside the Netherlands 

 

INC 6) Is your company connected to an incubator? This includes accelerators, research parks, knowledge parks, seedbeds, 

innovation centers or any other organization stimulating and supporting young entrepreneurial innovation?* 

( ) Yes, the company is connected to 1 incubator 

( ) Yes, the company is connected to more than 1 incubator 

( ) No 

 
Page entry logic: This page will show when: Question #6 ≠ ("No") 

Incubator involvement 

From this point on we will refer to the organization you are connected to as an 'incubator'. 

Logic: Hidden unless: Question #6 = ("Yes, the company is connected to 1 incubator") 

INC1 7) What is the name of the incubator the company is connected to? 

_________________________________________________ 

 

INCTIME 9) How long have you been connected to this incubator in months?* 

_________________________________________________ 

 

10) Which services are offered to you by the incubator?* 

IA11 [ ] Use of office space - which is rented under more or less favorable conditions 

IA12 [ ] Use of business services - shared support services to reduce overhead costs, like: meeting rooms, canteen, computer 

network, security, secretarial services, internet access, business equipment, fax and copying services 

IA13 [ ] Offering of business support or advice - intangible business support, like for instance: in-house management support, 

entrepreneurial training, business development advice, legal advice, operational know-how, accounting advice 

IA14 [ ] Access to external networks - offering access to their own network, possibly introducing you to for instance: a potential 

customer, a leading-edge programmer, a new CEO or an interested venture capitalist 

IA15 [ ] Access to financial resources - like venture capital, business angels, or other kinds of investors 

IA17 [ ] Other 

 

11) Which of these offered services have you used in the development of your company (through the incubator)?* 

IA21 [ ] Use of office space 

IA22 [ ] Use of business services 

IA23 [ ] Offering of business support or advice 

IA24 [ ] Access to external networks 

IA25 [ ] Access to financial resources 

IA26 [ ] Other 

 

SATS 13) Are you satisfied with the services offered by the incubator?* 

( ) Very Dissatisfied  ( ) Dissatisfied  ( ) Neutral  ( ) Satisfied  ( ) Very Satisfied  ( ) Not Applicable 

 

Validation: Min = 0 Max = 10 

RAT 14) What rating would you give your incubator based on your expectations compared to your experiences? Rating '1' being 

far below expectations, Rating '10' being far better than expected 

0 ________________________[__]_____________________________ 10 
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Page entry logic: This page will show when: Question #6 contains any ("No") 

 

Support services 

 

NONI 15) Which external support services have been used in the development of your company? To clarify: for which of the 

options below has your company received external support and help in gaining access to these services?* 

NONI1 [ ] My company has not used any external support 

NONI2 [ ] Getting an office space 

NONI3 [ ] Use of business services - support services to reduce overhead costs, like: meeting rooms, canteen, computer 

network, security, secretarial services, internet access, business equipment, fax and copying services 

NONI4 [ ] Business support or advice - intangible business support, like for instance: in-house management support, 

entrepreneurial training, business development advice, legal advice, operational know-how, accounting advice 

NONI5 [ ] Use of external networks - gaining access to other networks, possibly introducing you to a potential customer, a 

leading-edge programmer, a new CEO, an interested venture capitalist 

NONI6 [ ] Access to financial resources - like venture capital, business angels, and other kinds of investors 

NONI7 [ ] Other 

 

Validation: Min. answers = 1 (if answered) 

NONS 16) Which sources did your company use in acquiring access to these services? 

1: _________________________________________________ 

2: _________________________________________________ 

3: _________________________________________________ 

4: _________________________________________________ 

5: _________________________________________________ 

 
External knowledge sources 

 

The following questions will discuss possible sources your company has used in their innovation and product development 

activities. These include both informal as formal relationships. To clarify, this could include a stand-alone training or workshop 

but also a long term formal collaboration. 

17) Could you indicate the degree of use of each external knowledge source below? 

 
Not used Low use Medium use High use 

OPN1 Suppliers of equipment, materials, 

components, or software 

( )  ( )  ( )  ( )  

OPN2 Clients or customers ( )  ( )  ( )  ( )  

OPN3 Competitors ( )  ( )  ( )  ( )  

OPN4 Consultants ( )  ( )  ( )  ( )  

OPN5 Commercial laboratories/R&D 

enterprises 

( )  ( )  ( )  ( )  

OPN6 Universities or other higher 

education institutes 

( )  ( )  ( )  ( )  
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OPN7 Government research institutes ( )  ( )  ( )  ( )  

OPN8 Other public sector, e.g. business 

links, government offices 

( )  ( )  ( )  ( )  

OPN9 Private research institutes ( )  ( )  ( )  ( )  

OPN10 Professional conferences, meetings ( )  ( )  ( )  ( )  

OPN11 Trade associations ( )  ( )  ( )  ( )  

OPN12 Technical/trade press, computer 

databases 

( )  ( )  ( )  ( )  

OPN13 Fairs, exhibitions ( )  ( )  ( )  ( )  

OPN14 Innovation related 

competitions/awards 

( )  ( )  ( )  ( )  

 

FORM 18) Does your company have formal (innovation) collaboration links with external partners?* 

( ) Yes 

( ) No 

 
Page entry logic: This page will show when: Question #18 contains any ("Yes") 

External Partners 

19) Could you indicate the external partners your company has collaborated with? 

EXP1 [ ] Suppliers 

EXP2 [ ] Clients or customers 

EXP3 [ ] Competitors 

EXP4[ ] Consultants 

EXP5 [ ] Commercial laboratories/R&D enterprises 

EXP6 [ ] Universities or other higher education institutes 

EXP7 [ ] Government research institutes 

EXP8 [ ] Private research institutes 

EXP9 [ ] Other 

 
Innovation Performance 

These last two questions will look into the innovation performance of your company. 

20) Can you indicate how well your firm has performed over the last year relative to your relevant competitors on each of the 

indicators below. 

 
Much 
poorer 

Poorer Comparable Better 
Much 
better 

Not 
applicable 

PRDI1 The level of newness (novelty) 
of your company's new product(s) 

( )  ( )  ( )  ( )  ( )  ( )  

PRDI2 The use of latest technological ( )  ( )  ( )  ( )  ( )  ( )  



56 
 
 

 

innovations in new products 

PRDI3 The speed of new product 
development 

( )  ( )  ( )  ( )  ( )  ( )  

PRDI4 The number of new products 
introduced to the market 

( )  ( )  ( )  ( )  ( )  ( )  

PRDI5 The number of new products 
that is first-to-market (early market 
entrants) 

( )  ( )  ( )  ( )  ( )  ( )  

PCSI1 The technological 
competitiveness of your company 

( )  ( )  ( )  ( )  ( )  ( )  

PCSI3 The speed with which you adopt 
the latest technology innovations in 
your processes 

( )  ( )  ( )  ( )  ( )  ( )  

PCSI2 The updated-ness or novelty of 
the technology used in your processes 

( )  ( )  ( )  ( )  ( )  ( )  

PCSI4 The rate of change in your 
processes, techniques and technology 

( )  ( )  ( )  ( )  ( )  ( )  

IOP1 Sales growth ( )  ( )  ( )  ( )  ( )  ( )  

IOP2 Profitability ( )  ( )  ( )  ( )  ( )  ( )  

IOP3 New product success ( )  ( )  ( )  ( )  ( )  ( )  

IOP4 Sales shares of new product(s) ( )  ( )  ( )  ( )  ( )  ( )  

IOP5 Market share ( )  ( )  ( )  ( )  ( )  ( )  

IOP6 Return of interest or internal rate 
of return 

( )  ( )  ( )  ( )  ( )  ( )  

 

21) Can you indicate your extent of agreement about how well your product has performed on each of the performance 

indicators mentioned below in comparison to the initial goals. 

 

Much 

poorer than 

expected 

Poorer than 

expected 

According to 

expectation 

Better than 

expected 

Much 

better than 

expected 

Not 

applicable 

NPP1 Reached 

revenue goals 

( )  ( )  ( )  ( )  ( )  ( )  

NPP2 Reached ( )  ( )  ( )  ( )  ( )  ( )  
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sales growth 

goals 

NPP3 Reached 

market share 

goals 

( )  ( )  ( )  ( )  ( )  ( )  

NPP5 Reached 

profitability 

goals 

( )  ( )  ( )  ( )  ( )  ( )  

NPP6 

Development 

costs 

( )  ( )  ( )  ( )  ( )  ( )  

NPP7 Customer 

acceptance 

( )  ( )  ( )  ( )  ( )  ( )  

NPP8 Customer 

satisfaction 

( )  ( )  ( )  ( )  ( )  ( )  

NPP9 Launch on 

time 

( )  ( )  ( )  ( )  ( )  ( )  

NPP10 Time-to-

market 

( )  ( )  ( )  ( )  ( )  ( )  

 
22) You have reached the end of the survey. If you have additional comments on the survey please state these below. 

____________________________________________  

____________________________________________  

 
Thank You!
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APPENDIX III: DATA SAMPLE MANIPULATION 
 

In order to analyze the data, the data set needs to be closely examined. During this process the data is cleaned and 

transformed. The steps taken in this process are described below.  

 The dataset extracted from Surveygizmo.com, the original dataset, is first examined through Microsoft Excel. 

The column titles at this point represent the entire question and are replaced by the coding used in the 

measurement instrument as specified in Appendix I. In addition items measured via a 5-point scale are 

transformed into their accompanying values 1 to 5 since the output is presented in text form as can be seen in 

Appendix II. Binary items were coded and transformed to represent such binary items. 

 Respondents who indicated to be part of an incubator received the follow-up question: ‘What is the name of 

the incubator the company is connected to?’. The answers to this question were assessed because they were 

manually filled in by the respondents. The filled in values to this question were manually assessed in order to 

possible rewrite answers, for instance: multiple respondents can fill in the same incubator name but spell it 

differently or differ in use of capital letters. These are manually cleaned up. The same is done for other questions 

were the possible answer contains the option ‘other’.     

 The dataset is filtered in order to show respondents which were unable to complete the questionnaire. These 

respondents were deleted from the dataset. In addition respondents which answered to exist more than 5 years 

were also deleted from the dataset, 48 respondents indicated their company existed more than 5 years. Within the 

online questionnaire the survey was aborted when this answer was given.  The total dataset after this deletion has 

199 complete respondents.   

Table 22 shows the categorized values for the variable on company employment (coded: FTE). The variables 

on company employment (FTE), revenue growth (GRW) and time of connection to the incubator (INCTIME) are 

categorized into values which are categorized dependent on percentile (Table 22).   

  

Table 22: Coding of categorial variables 

Variable Items Coding 

AGE (When was the company founded?) ‘Less than 1 year’ 

‘1-3 years’    

‘3-5 years’  

1 

2 

3 

INC (Is your company connected to an incubator) Yes 

No 

1 

0 

IA (Which services are offered to you by the incubator?) For all items Yes 

No 

1 

0 

NONI (Which external support services have been used in the development 

of your company?) For all items 

Yes 

No 

1 

0 

FORM (Does your company have formal (innovation) collaboration links 

with external partners?) 

Yes 

No 

1 

0 

EXP (Could you indicate the external partners your company has 

collaborated with?) 

Yes 

No 

1 

0 
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Table 23 shows the statistics on the recalculated variables FTE, GRE and INCTIME. 

 

Table 23: Statistics on variables FTE, GRW & INCTIME 

 FTE GRW INCTIME 

N Valid 199 199 59 

Missing 0 0 140 

Mean 5.1271 .9572 16.32 

Median 2.5000 .5000 12.00 

Mode 2.00 .00 12 

Percentiles 20 1.0000 .0000 4.00 

40 2.0000 .3000 11.00 

60 3.0000 .9500 18.00 

80 6.0000 1.2000 25.00 

  

Table 24 shows the categorized values for the variable on company employment (FTE), revenue growth (GRW) 

and time of connection to the incubator (INCTIME). 

 

Table 24: Categorization of variables 

Company employment (FTE) Revenue growth (GRW) Incubator time (INCTIME) 

Value Lower 

bound 

Upper 

bound 

Value  Lower 

bound 

Upper 

bound 

Value Lower 

bound 

Upper 

bound 

1 0 1 1 0 0.001 1 0 4 

2 1 2 2 0.001 0.300 2 4 11 

3 2 3 3 0.300 0.950 3 11 18 

4 3 6 4 0.950 1.200 4 18 25 

5 6 >6 5 1.200 >1.200 5 25 >25 

 

 In addition the variables contributing to openness are recalculated. The variable ‘breadth’ is recalculated by 

adding up the amount of times respondents indicated not to use a certain external knowledge source and taking 

the inverse (subtracting that number from 14 – the total amount of external knowledge sources). The variable 

‘depth’ (OPN_DEPTH) is calculated by counting the amount of times respondents indicated to use a certain 

knowledge source highly.  
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APPENDIX IV: DESCRIPTIVE STATISTICS GROUPS INCUBATOR – NON-INCUBATOR 
 

 In Table 25 below the descriptive statistics are given of the two subgroups of startups, those which are 

affiliated with an incubator and those which are not. 

  

Table 25: Descriptive statistics Incubator - Non-incubator 

Variable  NON-INCUBATOR INCUBATOR 

  Frequency Percentage 
group 

Percentage 
total 

Frequency Percentage 
group 

Percentage 
total 

AGE Less than 1 year 36 25.7 18.1 19 32.2 9.5 
 1-3 years 85 60.7 42.7 28 47.5 14.1 
 3-5 years 19 13.6 9.5 12 20.3 6.0 

FTE  

(employees) 

0 – 1 FTE 40 28.6 20.1 9 15.3 4.5 
1 – 2 FTE 32 22.9 16.1 16 27.1 8.0 
2 – 3 FTE 21 15.0 10.6 8 13.6 4.0 

 3 – 6 FTE 23 16.4 11.6 13 22.0 6.5 
 6+ FTE 24 17.1 12.1 13 22.0 6.5 

GRW  

(revenue  

growth %) 

0% 29 20.7 14.6 22 37.3 11.1 
0% - 25% 26 18.6 13.1 10 16.9 5.0 
25% - 100% 38 27.1 19.1 6 10.2 3.0 

 100% - 200% 21 15.0 10.6 8 13.6 4.0 
 200% + 26 18.6 13.1 13 22.0 6.5 

LOC Flevoland 0 0.0 0.0 1 1.7 0.5 
 Friesland 2 1.4 1.0 0 0.0 0.0 
 Gelderland 19 13.6 9.5 1 1.7 0.5 
 Groningen 4 2.9 2.0 3 5.1 1.5 
 Limburg 3 2.1 1.5 1 1.7 0.5 
 Noord-Brabant 11 7.9 5.5 12 20.3 6.0 
 Noord-Holland 46 32.9 23.1 12 20.3 6.0 
 Outside the NL 7 5.0 3.5 1 1.7 0.5 
 Overijssel 3 2.1 1.5 6 10.2 3.0 
 Utrecht 14 10.0 7.0 5 8.5 2.5 
 Zeeland 2 1.4 1.0 1 1.7 0.5 
 Zuid-Holland 29 20.7 14.6 16 27.1 8.0 

 

The amount of external attributes used in the development for each subgroup and the total group of startups 

can be found in Figure 7. As can be seen over 45% of the non-incubator population does not use any external 

attributes in their development. For the use of 1 or 2 external attributes both incubator and non-incubator groups 

show comparable percentages. When it comes to the use of 3 external attributes or more the figure shows that a 

low percentage of non-incubator affiliated firms use these amounts of external attributes, whereas incubator 

affiliated firms show greater percentages of using these higher amounts of external attributes. Essentially 

incubator affiliated startups make higher use of multiple external attributes in their development. 
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Figure 7: Number of attributes used by startups 

The percentages shown are related to the (sub)population 

 

The question that rises is how this use is distributed over the various types of external attributes. Figure 8 

below shows the distribution of use over the external attributes. For the incubator affiliated population all 

attributes are used by close to 50% or over 50% of the incubator affiliated population, business support and 

networks provision are highly used. Non-incubator affiliated firms make slightly higher use of intangible support 

services; business support, network provision and financial resources. 

 

Figure 8: Distribution of types of external attribute use 

The percentages shown are related to the (sub)population 
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APPENDIX V: OUTLIERS AND NORMALITY 
 

 The dataset is checked for outliers. Hair et al. (2009) mention various types of outliers possible in a dataset. 

The first type of outliers is due to procedural error, like errors when entering the data or mistake in coding are 

identified during the initial cleaning of the data sample. Table 26 presents a summation of these types of outliers. 

These values are treated as missing data. Possible reasons for these outliers are the making of a typo (e.g. ID 142) 

and refusing to answer the question due to sensitive data protection (e.g. GRW). In the case of the variable 

revenue growth (GRW) multiple respondents have mentioned in the comment section that they rather not expose 

such information. Since this is the case the resulting missing data is replaced with a calculated mean replacement 

value. 

 

Table 26: Outliers: Procedural errors 

Procedural errors 

Respondent ID Variable Value 

105 GRW 2013% 

260 GRW 2013% 

396 GRW 4000% 

19 GRW 5000% 

446 GRW 5000% 

31 GRW 20000% 

80 GRW 20000% 

319 GRW 47000% 

340 GRW 150000% 

422 GRW 9999999% 

369 GRW 100000000000000% 

261 GRW 99999999999999900000000000000% 

142 FTE 3421 

 

 After replacing these outliers the data is studied for outliers exceeding 4 times the standard deviation. A few 

notable entries were found. For the variable FTE (amount of employees) the highest entry is 49 then 46 and three 

respondents indicated that they have a workforce of the equivalent of 35 full time employees. These values are 

high but not impossible, especially since the respondent with the highest value (49) also indicated that the 

company was founded more than three years ago. The variable GRW (revenue growth) has three exceptional 

entries 800%, 1000% and 1200%, start-ups can characteristically experience extraordinary growth, therefore these 

growth values are very high but not unrealistic. Lastly, INCTIME (time connected to an incubator) shows one 

notable entry: 60 months connected to an incubator. Incubators often have limits on the stay of startups in their 

office but this is not necessarily the case, a stay of 60 months is therefore possible if the company was completely 

developed within the incubator. All of the above described outlying values are considered plausible due to the 

characteristics of startups and incubators and are therefore kept as part of the dataset.   
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The z-values in Table 27 values have been calculated with these equations:  

 

z kurtosis 
        

√    
 and zskewness 

        

√   
 (Hair et al., 2010).  

The highlighted items are greater than ±2.58 (with a 0.1 significance level) (Hair et al., 2010). 

 

Table 27: Skewness and kurtosis 

 
Skewness z-skewness Kurtosis z-kurtosis 

FTE 3.472 19.994 13.186 37.969 

GRW 3.791 21.833 19.341 55.692 

INCTIME 1.064 3.337 .806 1.263 

IA11 - OFF Office space -.869 -2.725 -1.290 -2.023 

IA12 - OFF Business services -.698 -2.189 -1.567 -2.457 

IA13 - OFF Business support or advice -2.185 -6.851 2.869 4.499 

IA14 - OFF External networks -1.653 -5.182 .755 1.184 

IA15 - OFF Financial resources -1.056 -3.313 -.916 -1.437 

IA21: USE Office space -.035 -0.109 -2.070 -3.246 

IA22: USE Business services .035 0.109 -2.070 -3.246 

IA23: USE Business support or advice -1.158 -3.633 -.682 -1.070 

IA24: USE External networks -1.158 -3.633 -.682 -1.070 

IA25: USE Financial resources .035 0.109 -2.070 -3.246 

IA28 -.359 -1.118 -1.939 -3.014 

SATS -1.089 -3.415 1.605 2.517 

RAT -.621 -1.931 .268 0.417 

NONI1: No support .352 1.699 -1.904 -4.598 

NONI2: Office space 2.063 9.967 2.290 5.531 

NONI3: Business services 1.634 7.893 .679 1.641 

NONI4: Business support or advice 1.307 6.313 -.297 -0.716 

NONI5: External networks .845 4.083 -1.304 -3.151 

NONI6: Financial resources 1.167 5.638 -.647 -1.563 

OPN1: Suppliers -.189 -1.090 -1.372 -3.952 

OPN2: Clients or customers -.626 -3.596 -.886 -2.544 

OPN3: Competitors .426 2.454 -.706 -2.034 

OPN4: Consultants .833 4.796 -.391 -1.125 

OPN5: Lab/R&D 1.689 9.725 1.724 4.963 

OPN6: Universities .642 3.700 -1.010 -2.907 

OPN7: Government 1.762 10.146 2.112 6.081 

OPN8: Other public sector .972 5.596 -.286 -0.825 

OPN9: Private research 2.187 12.597 4.097 11.798 

OPN10: Professional conferences .288 1.658 -.986 -2.839 

OPN11: Trade associations 1.489 8.577 1.364 3.928 

OPN12: Technical .693 3.994 -.688 -1.982 

OPN13: Fairs, exhibitions .138 0.791 -1.025 -2.937 

OPN14: Competitions/awards .238 1.370 -1.101 -3.170 

FORM .234 1.350 -1.965 -5.658 
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EXP1: Suppliers .721 4.150 -1.496 -4.308 

EXP2: Clients or customers .795 4.576 -1.383 -3.981 

EXP3: Competitors 3.386 19.498 9.558 27.524 

EXP4: Yes 2.348 13.521 3.547 10.215 

EXP5: Lab/R&D 2.774 15.976 5.753 16.565 

EXP6: Universities 1.543 8.889 .386 1.111 

EXP7: Government 3.722 21.437 11.976 34.486 

EXP8: Private research institutes 3.386 19.498 9.558 27.524 

PRDI1: Level of newness -1.252 -7.211 .255 0.733 

PRDI2: Latest tech inn -.944 -5.437 -.401 -1.156 

PRDI3: Speed NPD -.689 -3.966 -.831 -2.394 

PRDI4: No# new prod -.337 -1.939 -1.219 -3.511 

PRDI5: First-to-market -.714 -4.111 -.915 -2.635 

PCSI1: Tech comp -.879 -5.062 -.502 -1.445 

PCSI3: Speed adopt latest tech -.954 -5.493 -.398 -1.146 

PCSI2: Updated-ness -.798 -4.598 -.711 -2.048 

PCSI4: Rate of change -.899 -5.176 -.439 -1.264 

IOP1: Sales growth -.366 -2.106 -1.195 -3.441 

IOP2: Profitability -.227 -1.310 -1.148 -3.304 

IOP3: New product success -.470 -2.705 -1.246 -3.587 

IOP4: Sales shares .126 0.725 -1.467 -4.223 

IOP5: Market share -.035 -0.200 -1.335 -3.845 

IOP6: Return of interest -.056 -0.320 -1.406 -4.049 

NPP1: Reached revenue goals -.319 -1.836 -.463 -1.333 

NPP2: Reached sales growth goals -.348 -2.005 -.577 -1.662 

NPP3: Reached market share goals -.114 -0.655 -.736 -2.119 

NPP5: Reached profitability goals -.285 -1.643 -.615 -1.770 

NPP6: Development costs -.742 -4.275 -.175 -0.505 

NPP7: Customer acceptance -.713 -4.108 -.160 -0.461 

NPP8: Customer satisfaction -1.118 -6.438 .507 1.461 

Npp9: Launch on time -.419 -2.415 -.132 -0.380 

NPP10: Time-to-market -.463 -2.665 -.195 -0.563 

Age in three categories .120 0.693 -.629 -1.810 

INCTIME in 5 categories .171 0.537 -1.125 -1.764 

OPN_BREADTH -.057 -0.329 -.729 -2.098 

OPN_DEPTH 3.295 18.978 14.995 43.179 

NON OPN .065 0.372 -.723 -2.083 

FTE_CAT .200 1.153 -1.363 -3.924 

GRW_CAT .155 0.895 -1.309 -3.770 

TOT_OFFICESP 1.156 6.656 -.671 -1.933 

TOT_BUSERV 1.008 5.803 -.995 -2.864 

TOT_BUSUPP .490 2.821 -1.778 -5.120 

TOT_NETWORK .255 1.470 -1.955 -5.628 

TOT_FINANCE .770 4.432 -1.422 -4.095 

Total external support attributes .676 3.894 -.696 -2.004 
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APPENDIX VI: CROSS LOADINGS 
 

Table 28: Initial cross loadings 

                                 EXP INC IOP NONI NPP OPN PCSI PRDI SERV SUP FIN NET OFF 

EXP1 0.762 0.1036 0.0753 -0.1934 0.1239 0.396 0.1475 0.0897 0.1613 0.2371 0.2005 0.2183 0.1825 

EXP2 0.7304 0.0786 0.1129 -0.1988 0.1709 0.3496 0.2005 0.1702 0.1833 0.221 0.179 0.2495 0.1786 

EXP3 0.5747 0.0365 0.1417 -0.09 0.1257 0.1792 0.1329 0.1186 0.1815 0.1073 0.0209 0.1141 0.1125 

EXP4 0.5524 0.1312 -0.0171 -0.1356 0.0317 0.2872 0.1555 0.0763 0.1162 0.09 0.0093 0.2024 0.1412 

EXP5 0.6265 0.1261 0.089 0.0174 0.0187 0.2979 0.1706 0.1103 -0.0096 -0.009 -0.004 0.0239 0.0089 

EXP6 0.7235 0.123 0.0169 -0.1774 0.009 0.419 0.1646 0.1546 0.1761 0.1591 0.2563 0.1518 0.181 

EXP7 0.5522 0.0204 0.1073 0.0698 0.0131 0.2148 0.1754 0.1456 -0.0149 -0.0688 -0.084 0.0321 0.0479 

EXP8 0.5448 0.0365 0.0763 -0.0035 0.0342 0.2082 0.1158 0.1146 0.1376 0.0669 0.0209 -0.0444 0.0219 

INC 0.1233 1 -0.0659 -0.4164 -0.1638 0.3636 0.1153 0.0558 0.3123 0.4862 0.2362 0.4038 0.385 

IOP1 0.0822 -0.0869 0.8375 0.0816 0.5112 0.0879 0.4263 0.507 -0.0017 -0.1148 -0.0671 -0.0884 0.0255 

IOP2 0.0469 -0.0995 0.8377 0.0607 0.518 0.0373 0.3637 0.394 -0.1102 -0.0951 -0.0405 -0.0251 -0.0162 

IOP3 0.1998 -0.0454 0.7823 0.0365 0.4648 0.167 0.5077 0.6394 -0.0519 -0.038 0.0665 -0.0837 -0.0168 

IOP4 0.0932 -0.0253 0.8617 0.0719 0.4394 0.1308 0.4117 0.4514 -0.1179 -0.0257 0.0692 -0.0987 -0.0382 

IOP5 0.0491 -0.1167 0.7733 -0.0148 0.4916 0.0745 0.3762 0.406 -0.1047 -0.0238 -0.0199 -0.0319 -0.0055 

IOP6 0.099 0.0371 0.8417 0.0264 0.5428 0.1513 0.4155 0.4264 0.0313 0.006 0.0651 0.0082 0.0592 

NONI -0.1451 -0.4164 0.0548 1 0.1288 -0.2943 0.0323 0.0288 -0.3964 -0.5041 -0.4416 -0.543 -0.3715 

NPP10 0.0837 -0.1271 0.3591 0.0494 0.6487 0.0957 0.2636 0.4302 -0.1014 -0.0984 0.0192 -0.0561 -0.0271 

NPP1 0.0713 -0.1359 0.5287 0.1425 0.8598 0.138 0.2308 0.2347 -0.0353 -0.1777 -0.0534 -0.1091 0.0226 

NPP2 0.0689 -0.1954 0.5102 0.1632 0.8826 0.0941 0.2477 0.2321 -0.006 -0.1867 -0.1034 -0.1246 0.0438 

NPP3 0.0105 -0.1821 0.5106 0.1459 0.7401 0.0077 0.2652 0.2219 -0.0244 -0.1125 -0.0677 -0.0923 -0.0164 

NPP5 0.063 -0.1505 0.4621 0.1565 0.8151 0.056 0.1839 0.1763 -0.0469 -0.1645 -0.0925 -0.0679 -0.0171 

NPP6 0.1339 0.0354 0.3511 -0.0019 0.5961 0.21 0.3916 0.3885 0.0559 0.0037 0.0687 0.0634 0.0565 

NPP7 0.1609 -0.1185 0.4548 0.0574 0.7344 0.1121 0.2864 0.3492 -0.108 -0.0828 -0.0725 -0.0799 -0.0652 

NPP8 0.1242 -0.1199 0.4369 0.0347 0.7823 0.1353 0.3146 0.3472 0.016 0.045 -0.0043 -0.0193 0.0721 

NPP9 0.1255 -0.0261 0.3727 0.0391 0.6425 0.1535 0.2488 0.3717 -0.1265 -0.0379 -0.0017 -0.0599 -0.0664 

OPN10 0.1942 0.2555 0.0499 -0.2719 0.0389 0.6945 0.1788 0.0821 0.1434 0.2481 0.1734 0.2937 0.1829 

OPN11 0.2549 0.2076 0.1005 -0.1862 0.1229 0.5964 0.1406 0.089 -0.0177 0.1443 0.1683 0.2413 0.0192 

OPN12 0.2229 0.2754 0.022 -0.2034 -0.0018 0.6281 0.1545 0.0184 0.109 0.2176 0.2085 0.2071 0.1166 

OPN13 0.2147 0.258 0.0963 -0.1888 0.1425 0.6643 0.1626 0.0979 0.0811 0.2255 0.1935 0.252 0.2178 

OPN14 0.263 0.2968 0.115 -0.2373 0.0562 0.6485 0.2095 0.1797 0.1072 0.282 0.2547 0.1969 0.1487 

OPN1 0.2537 0.1629 0.0265 -0.1513 0.0267 0.4632 0.1334 0.0677 0.1807 0.1493 0.1681 0.0326 0.136 

OPN2 0.1324 0.1211 0.1135 -0.0646 0.2035 0.3367 0.0931 0.1212 0.1434 0.0608 0.1401 0.1479 0.1463 

OPN3 0.1151 0.1795 0.0865 -0.1249 0.1792 0.4168 0.0262 0.017 0.1239 0.1007 0.1722 0.2376 0.08 

OPN4 0.166 0.2244 -0.0327 -0.2642 -0.0714 0.4632 -0.0193 -0.0867 0.1477 0.2128 0.1377 0.296 0.1158 

OPN5 0.4092 0.1757 0.2136 -0.0704 0.1809 0.6681 0.1983 0.1656 -0.0011 0.066 0.1045 0.083 -0.0215 

OPN6 0.3941 0.2783 0.0618 -0.2498 0.074 0.6576 0.188 0.175 0.0867 0.18 0.1348 0.2069 0.1414 

OPN7 0.3634 0.1925 0.0914 -0.0707 0.0072 0.6315 0.1198 0.0627 -0.0807 0.1343 0.119 0.0947 -0.0511 

OPN8 0.4387 0.0939 0.0784 -0.1209 0.0781 0.5897 0.0948 0.0632 0.047 0.1391 0.1074 0.1253 0.0317 

OPN9 0.4032 0.1384 0.0848 -0.0948 0.0511 0.5407 0.0459 0.0553 0.0168 0.0623 0.1411 0.0523 -0.0556 
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OPN_B

READT

H 0.504 0.3319 0.1058 -0.2962 0.0982 0.901 0.2118 0.1438 0.2286 0.3377 0.2701 0.3473 0.2107 

OPN_D

EPTH 0.2309 0.2483 0.1079 -0.1988 0.1267 0.7547 0.1444 0.0713 -0.0019 0.0892 0.2806 0.1304 -0.0023 

PCSI1 0.2301 0.0884 0.4661 0.0329 0.3021 0.2349 0.8663 0.7312 0.0254 0.045 0.1407 0.0393 0.122 

PCSI2 0.2464 0.151 0.4096 0.0177 0.3151 0.2152 0.9093 0.6732 0.0535 0.1486 0.1408 0.092 0.1398 

PCSI3 0.2229 0.1126 0.4692 0.0456 0.3055 0.1959 0.9288 0.6852 0.0271 0.0654 0.0563 0.0306 0.139 

PCSI4 0.1884 0.0422 0.5376 0.0179 0.3066 0.1686 0.866 0.7045 0.0355 0.03 0.022 0.0631 0.1318 

PRDI1 0.1186 0.1252 0.4942 -0.0942 0.2976 0.1145 0.6514 0.833 0.0292 0.0684 0.05 0.1264 0.1821 

PRDI2 0.2247 0.0537 0.474 0.0439 0.3023 0.1894 0.7985 0.8907 0.0522 -0.0128 0.0526 0.0257 0.0932 

PRDI3 0.2084 0.0148 0.499 0.0217 0.3595 0.1225 0.6191 0.872 0.0621 -0.0132 0.0359 0.0672 0.1066 

PRDI4 0.1093 0.007 0.5457 0.1042 0.3269 0.0783 0.5176 0.7269 -0.0028 0.0046 0.0611 -0.0679 0.0235 

PRDI5 0.0567 0.0345 0.4994 0.047 0.2918 0.0531 0.5407 0.7897 -0.08 -0.0519 -0.0032 -0.0432 -0.0301 

TOT_B

USERV 0.1857 0.3123 -0.0751 -0.3964 -0.0511 0.1354 0.0399 0.0349 1 0.4162 0.2721 0.3161 0.6005 

TOT_B

USUPP 0.1658 0.4862 -0.057 -0.5041 -0.1358 0.2829 0.0855 0.0016 0.4162 1 0.3666 0.454 0.3554 

TOT_FI

NANCE 0.1256 0.2362 0.0247 -0.4416 -0.0567 0.2904 0.1077 0.053 0.2721 0.3666 1 0.2824 0.1964 

TOT_N

ETW 0.1955 0.4038 -0.074 -0.543 -0.0909 0.3114 0.0633 0.0382 0.3161 0.454 0.2824 1 0.3069 

TOT_O

FFICE 0.1763 0.385 -0.0036 -0.3715 0.0061 0.1578 0.149 0.1068 0.6005 0.3554 0.1964 0.3069 1 

 

 

Table 29: Cross loadings after deleted items 

                                 EXP INC IOP NONI NPP OPN PCSI PRDI SERV SUP FIN NET OFF 

EXP1 0.8486 0.1036 0.0729 -0.1934 0.1123 0.3827 0.149 0.093 0.1613 0.2371 0.2005 0.2183 0.1825 

EXP2 0.8977 0.0786 0.1148 -0.1988 0.1255 0.3551 0.2022 0.1778 0.1833 0.221 0.179 0.2495 0.1786 

EXP6 0.769 0.123 0.0181 -0.1774 -0.0553 0.4038 0.1656 0.1612 0.1761 0.1591 0.2563 0.1518 0.181 

INC 0.1156 1 -0.069 -0.4164 -0.1828 0.3457 0.1169 0.0574 0.3123 0.4862 0.2362 0.4038 0.385 

IOP1 0.0513 -0.0869 0.8436 0.0816 0.5097 0.083 0.4234 0.5058 -0.0017 -0.1148 -0.0671 -0.0884 0.0255 

IOP2 0.0242 -0.0995 0.8416 0.0607 0.5506 0.0314 0.361 0.3922 -0.1102 -0.0951 -0.0405 -0.0251 -0.0162 

IOP3 0.1792 -0.0454 0.784 0.0365 0.3427 0.1632 0.5062 0.6368 -0.0519 -0.038 0.0665 -0.0837 -0.0168 

IOP4 0.0406 -0.0253 0.854 0.0719 0.4135 0.1021 0.4105 0.4449 -0.1179 -0.0257 0.0692 -0.0987 -0.0382 

IOP5 0.0249 -0.1167 0.7759 -0.0148 0.4767 0.0563 0.3751 0.4034 -0.1047 -0.0238 -0.0199 -0.0319 -0.0055 

IOP6 0.0539 0.0371 0.8355 0.0264 0.5498 0.1332 0.4133 0.4251 0.0313 0.006 0.0651 0.0082 0.0592 

NONI -0.2256 -0.4164 0.0552 1 0.1679 -0.2969 0.0322 0.0244 -0.3964 -0.5041 -0.4416 -0.543 -0.3715 

NPP1 0.1159 -0.1359 0.5297 0.1425 0.936 0.1336 0.2306 0.2352 -0.0353 -0.1777 -0.0534 -0.1091 0.0226 

NPP2 0.0998 -0.1954 0.5118 0.1632 0.963 0.0888 0.2475 0.2326 -0.006 -0.1867 -0.1034 -0.1246 0.0438 

NPP3 0.0062 -0.1821 0.5091 0.1459 0.789 0.0091 0.2652 0.2166 -0.0244 -0.1125 -0.0677 -0.0923 -0.0164 

NPP5 0.0571 -0.1505 0.463 0.1565 0.9016 0.0562 0.1844 0.1742 -0.0469 -0.1645 -0.0925 -0.0679 -0.0171 

OPN10 0.2163 0.2555 0.0482 -0.2719 -0.0018 0.7841 0.1826 0.0657 0.1434 0.2481 0.1734 0.2937 0.1829 

OPN13 0.2932 0.258 0.0956 -0.1888 0.0838 0.7606 0.1761 0.0872 0.0811 0.2255 0.1935 0.252 0.2178 

OPN6 0.4224 0.2783 0.0614 -0.2498 0.0321 0.7102 0.1682 0.1631 0.0867 0.18 0.1348 0.2069 0.1414 

BREAD 0.4974 0.3319 0.1047 -0.2962 0.0603 0.8891 0.2126 0.1473 0.2286 0.3377 0.2701 0.3473 0.2107 
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TH 

DEPTH 0.2275 0.2483 0.1068 -0.1988 0.0924 0.8092 0.1443 0.0733 -0.0019 0.0892 0.2806 0.1304 -0.0023 

PCSI1 0.1816 0.0884 0.4654 0.0329 0.2484 0.2209 0.8655 0.7337 0.0254 0.045 0.1407 0.0393 0.122 

PCSI2 0.2411 0.151 0.4099 0.0177 0.227 0.2001 0.9134 0.6766 0.0535 0.1486 0.1408 0.092 0.1398 

PCSI3 0.173 0.1126 0.4693 0.0456 0.2167 0.1774 0.9286 0.686 0.0271 0.0654 0.0563 0.0306 0.139 

PCSI4 0.1229 0.0422 0.5399 0.0179 0.2162 0.153 0.8613 0.7063 0.0355 0.03 0.022 0.0631 0.1318 

PRDI1 0.11 0.1252 0.4972 -0.0942 0.1692 0.1025 0.6502 0.8424 0.0292 0.0684 0.05 0.1264 0.1821 

PRDI2 0.189 0.0537 0.476 0.0439 0.1833 0.167 0.7977 0.8947 0.0522 -0.0128 0.0526 0.0257 0.0932 

PRDI3 0.1963 0.0148 0.5008 0.0217 0.2283 0.1059 0.6185 0.8781 0.0621 -0.0132 0.0359 0.0672 0.1066 

PRDI4 0.0816 0.007 0.5449 0.1042 0.2287 0.064 0.5168 0.7093 -0.0028 0.0046 0.0611 -0.0679 0.0235 

PRDI5 -0.0039 0.0345 0.5005 0.047 0.1951 0.0336 0.5394 0.7669 -0.08 -0.0519 -0.0032 -0.0432 -0.0301 

TOT_B

USERV 0.2063 0.3123 -0.0757 -0.3964 -0.0295 0.1495 0.0402 0.0409 1 0.4162 0.2721 0.3161 0.6005 

TOT_B

USUPP 0.2461 0.4862 -0.0596 -0.5041 -0.1819 0.268 0.0873 0.005 0.4162 1 0.3666 0.454 0.3554 

TOT_FI

NANCE 0.2435 0.2362 0.0215 -0.4416 -0.0884 0.3216 0.1094 0.0548 0.2721 0.3666 1 0.2824 0.1964 

TOT_N

ETWOR

K 0.2519 0.4038 -0.0746 -0.543 -0.1116 0.2954 0.0638 0.0451 0.3161 0.454 0.2824 1 0.3069 

TOT_O

FFICES

P 0.2127 0.385 -0.004 -0.3715 0.0142 0.1375 0.149 0.1148 0.6005 0.3554 0.1964 0.3069 1 

 

 

Table 30: Cross loadings definite items 

                                 EXP INC IOP NONI NPP OPN PCSI PRDI SERV SUP FIN NET OFF 

EXP1 0.8435 0.1036 0.0715 -0.1934 0.1126 0.3628 0.1332 0.0702 0.1613 0.2371 0.2005 0.2183 0.1825 

EXP2 0.9097 0.0786 0.1156 -0.1988 0.126 0.3638 0.2082 0.1656 0.1833 0.221 0.179 0.2495 0.1786 

EXP6 0.7541 0.123 0.0174 -0.1774 -0.0543 0.408 0.1579 0.1329 0.1761 0.1591 0.2563 0.1518 0.181 

INC 0.1139 1 -0.071 -0.4164 -0.1827 0.3591 0.1196 0.0604 0.3123 0.4862 0.2362 0.4038 0.385 

IOP1 0.0537 -0.0869 0.844 0.0816 0.5102 0.0771 0.4185 0.5114 -0.0017 -0.1148 -0.0671 -0.0884 0.0255 

IOP2 0.0283 -0.0995 0.8427 0.0607 0.5503 0.0308 0.3566 0.3943 -0.1102 -0.0951 -0.0405 -0.0251 -0.0162 

IOP3 0.1793 -0.0454 0.7839 0.0365 0.3426 0.1374 0.4786 0.6514 -0.0519 -0.038 0.0665 -0.0837 -0.0168 

IOP4 0.0424 -0.0253 0.8526 0.0719 0.4126 0.0841 0.384 0.4597 -0.1179 -0.0257 0.0692 -0.0987 -0.0382 

IOP5 0.0292 -0.1167 0.7797 -0.0148 0.4753 0.0623 0.3798 0.4063 -0.1047 -0.0238 -0.0199 -0.0319 -0.0055 

IOP6 0.0538 0.0371 0.8311 0.0264 0.5494 0.1172 0.3987 0.4263 0.0313 0.006 0.0651 0.0082 0.0592 

NONI1 -0.2253 -0.4164 0.055 1 0.1678 -0.3159 0.0297 0.004 -0.3964 -0.5041 -0.4416 -0.543 -0.3715 

NPP1 0.1187 -0.1359 0.5288 0.1425 0.9374 0.1189 0.2209 0.2402 -0.0353 -0.1777 -0.0534 -0.1091 0.0226 

NPP2 0.1034 -0.1954 0.5112 0.1632 0.9642 0.0822 0.2345 0.234 -0.006 -0.1867 -0.1034 -0.1246 0.0438 

NPP3 0.0097 -0.1821 0.5094 0.1459 0.7858 -0.019 0.2374 0.2336 -0.0244 -0.1125 -0.0677 -0.0923 -0.0164 

NPP5 0.0619 -0.1505 0.4629 0.1565 0.9008 0.0315 0.1715 0.1757 -0.0469 -0.1645 -0.0925 -0.0679 -0.0171 

OPN10 0.2163 0.2555 0.0482 -0.2719 -0.0018 0.7841 0.1826 0.0657 0.1434 0.2481 0.1734 0.2937 0.1829 

OPN13 0.2932 0.258 0.0956 -0.1888 0.0838 0.7606 0.1761 0.0872 0.0811 0.2255 0.1935 0.252 0.2178 

OPN6 0.4224 0.2783 0.0614 -0.2498 0.0321 0.7102 0.1682 0.1631 0.0867 0.18 0.1348 0.2069 0.1414 

BREAD 0.4948 0.3319 0.1041 -0.2962 0.0606 0.859 0.1919 0.1213 0.2286 0.3377 0.2701 0.3473 0.2107 
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TH 

DEPTH 0.2246 0.2483 0.1054 -0.1988 0.0932 0.7254 0.1345 0.0532 -0.0019 0.0892 0.2806 0.1304 -0.0023 

PCSI2 0.2429 0.151 0.4101 0.0177 0.2268 0.2255 0.9366 0.6149 0.0535 0.1486 0.1408 0.092 0.1398 

PCSI3 0.1733 0.1126 0.4687 0.0456 0.2165 0.2114 0.9479 0.6206 0.0271 0.0654 0.0563 0.0306 0.139 

PCSI4 0.1241 0.0422 0.5397 0.0179 0.2162 0.1674 0.8718 0.6541 0.0355 0.03 0.022 0.0631 0.1318 

PRDI1 0.1112 0.1252 0.4975 -0.0942 0.1691 0.138 0.6159 0.8609 0.0292 0.0684 0.05 0.1264 0.1821 

PRDI3 0.1981 0.0148 0.5003 0.0217 0.2287 0.1177 0.5935 0.8974 0.0621 -0.0132 0.0359 0.0672 0.1066 

PRDI4 0.0817 0.007 0.5447 0.1042 0.2281 0.0724 0.486 0.7437 -0.0028 0.0046 0.0611 -0.0679 0.0235 

PRDI5 -0.0036 0.0345 0.5009 0.047 0.1943 0.0422 0.5164 0.7848 -0.08 -0.0519 -0.0032 -0.0432 -0.0301 

TOT_B

USERV 0.2059 0.3123 -0.0777 -0.3964 -0.0293 0.1498 0.0431 0.0316 1 0.4162 0.2721 0.3161 0.6005 

TOT_B

USUPP 0.2464 0.4862 -0.0604 -0.5041 -0.1822 0.291 0.0976 0.0175 0.4162 1 0.3666 0.454 0.3554 

TOT_FI

NANCE 0.2405 0.2362 0.0204 -0.4416 -0.0884 0.2746 0.0886 0.0513 0.2721 0.3666 1 0.2824 0.1964 

TOT_N

ETWOR

K 0.2535 0.4038 -0.0751 -0.543 -0.1118 0.328 0.0686 0.0582 0.3161 0.454 0.2824 1 0.3069 

TOT_O

FFICES

P 0.2118 0.385 -0.005 -0.3715 0.0147 0.2026 0.1488 0.1225 0.6005 0.3554 0.1964 0.3069 1 
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APPENDIX VII: CORRELATION MATRIX 
 

Table 31: Correlation Matrix 

                                 INC INNPER

F 

IOP NPP OPN PCSI PRDI EXATT SERV SUPP FIN NET OFF 

INC 1 -0.0393 -0.0595 -0.1325 0.3597 0.0937 0.053 0.5287 0.3123 0.4862 0.2362 0.4038 0.385 

IOP1 -0.0869 0.7271 0.8337 0.4948 0.0753 0.4551 0.5137 -0.0715 -0.0017 -0.1148 -0.0671 -0.0884 0.0255 

IOP1 -0.0869 0.7271 0.8337 0.4948 0.0753 0.4551 0.5137 -0.0715 -0.0017 -0.1148 -0.0671 -0.0884 0.0255 

IOP2 -0.0995 0.6844 0.7848 0.483 0.0292 0.3967 0.4021 -0.084 -0.1102 -0.0951 -0.0405 -0.0251 -0.0162 

IOP2 -0.0995 0.6844 0.7848 0.483 0.0292 0.3967 0.4021 -0.084 -0.1102 -0.0951 -0.0405 -0.0251 -0.0162 

IOP3 -0.0454 0.7369 0.845 0.4967 0.1377 0.5297 0.6481 -0.04 -0.0519 -0.038 0.0665 -0.0837 -0.0168 

IOP3 -0.0454 0.7369 0.845 0.4967 0.1377 0.5297 0.6481 -0.04 -0.0519 -0.038 0.0665 -0.0837 -0.0168 

IOP4 -0.0253 0.6829 0.783 0.4436 0.0837 0.4226 0.4758 -0.0653 -0.1179 -0.0257 0.0692 -0.0987 -0.0382 

IOP4 -0.0253 0.6829 0.783 0.4436 0.0837 0.4226 0.4758 -0.0653 -0.1179 -0.0257 0.0692 -0.0987 -0.0382 

IOP5 -0.1167 0.6607 0.7575 0.4981 0.0633 0.3824 0.4146 -0.0539 -0.1047 -0.0238 -0.0199 -0.0319 -0.0055 

IOP5 -0.1167 0.6607 0.7575 0.4981 0.0633 0.3824 0.4146 -0.0539 -0.1047 -0.0238 -0.0199 -0.0319 -0.0055 

IOP6 0.0371 0.7156 0.8205 0.5346 0.1153 0.4357 0.4375 0.0462 0.0313 0.006 0.0651 0.0082 0.0592 

IOP6 0.0371 0.7156 0.8205 0.5346 0.1153 0.4357 0.4375 0.0462 0.0313 0.006 0.0651 0.0082 0.0592 

NPP10 -0.1271 0.5684 0.3889 0.7119 0.0749 0.2666 0.4318 -0.0799 -0.1014 -0.0984 0.0192 -0.0561 -0.0271 

NPP10 -0.1271 0.5684 0.3889 0.7119 0.0749 0.2666 0.4318 -0.0799 -0.1014 -0.0984 0.0192 -0.0561 -0.0271 

NPP10 -0.1359 0.6148 0.5269 0.77 0.1165 0.2317 0.2448 -0.1045 -0.0353 -0.1777 -0.0534 -0.1091 0.0226 

NPP10 -0.1359 0.6148 0.5269 0.77 0.1165 0.2317 0.2448 -0.1045 -0.0353 -0.1777 -0.0534 -0.1091 0.0226 

NPP2 -0.1954 0.6217 0.5119 0.7787 0.0807 0.2506 0.2321 -0.1095 -0.006 -0.1867 -0.1034 -0.1246 0.0438 

NPP2 -0.1954 0.6217 0.5119 0.7787 0.0807 0.2506 0.2321 -0.1095 -0.006 -0.1867 -0.1034 -0.1246 0.0438 

NPP3 -0.1821 0.5837 0.5026 0.7311 -0.0197 0.2641 0.233 -0.0905 -0.0244 -0.1125 -0.0677 -0.0923 -0.0164 

NPP3 -0.1821 0.5837 0.5026 0.7311 -0.0197 0.2641 0.233 -0.0905 -0.0244 -0.1125 -0.0677 -0.0923 -0.0164 

NPP5 -0.1505 0.5538 0.4333 0.6936 0.0316 0.1813 0.1806 -0.1126 -0.0469 -0.1645 -0.0925 -0.0679 -0.0171 

NPP5 -0.1505 0.5538 0.4333 0.6936 0.0316 0.1813 0.1806 -0.1126 -0.0469 -0.1645 -0.0925 -0.0679 -0.0171 

NPP6 0.0354 0.57 0.3631 0.7138 0.2175 0.381 0.3884 0.0688 0.0559 0.0037 0.0687 0.0634 0.0565 

NPP6 0.0354 0.57 0.3631 0.7138 0.2175 0.381 0.3884 0.0688 0.0559 0.0037 0.0687 0.0634 0.0565 

NPP7 -0.1185 0.6093 0.4835 0.7631 0.1019 0.2853 0.3557 -0.1171 -0.108 -0.0828 -0.0725 -0.0799 -0.0652 

NPP7 -0.1185 0.6093 0.4835 0.7631 0.1019 0.2853 0.3557 -0.1171 -0.108 -0.0828 -0.0725 -0.0799 -0.0652 

NPP8 -0.1199 0.6275 0.4675 0.7859 0.1447 0.312 0.3541 0.0326 0.016 0.045 -0.0043 -0.0193 0.0721 

NPP8 -0.1199 0.6275 0.4675 0.7859 0.1447 0.312 0.3541 0.0326 0.016 0.045 -0.0043 -0.0193 0.0721 

NPP9 -0.0261 0.5525 0.3957 0.692 0.1359 0.2515 0.3697 -0.0857 -0.1265 -0.0379 -0.0017 -0.0599 -0.0664 

NPP9 -0.0261 0.5525 0.3957 0.692 0.1359 0.2515 0.3697 -0.0857 -0.1265 -0.0379 -0.0017 -0.0599 -0.0664 

OPN10 0.2555 0.0968 0.0514 0.0439 0.7864 0.1719 0.0782 0.2997 0.1434 0.2481 0.1734 0.2937 0.1829 

OPN13 0.258 0.1507 0.1117 0.1651 0.7616 0.1367 0.1008 0.277 0.0811 0.2255 0.1935 0.252 0.2178 

OPN6 0.2783 0.1437 0.0793 0.1014 0.7085 0.1894 0.1697 0.2152 0.0867 0.18 0.1348 0.2069 0.1414 

OPN_B

READT

H 

0.3319 0.1581 0.1266 0.1179 0.8696 0.2016 0.1378 0.4 0.2286 0.3377 0.2701 0.3473 0.2107 

OPN_D

EPTH 

0.2483 0.1384 0.1202 0.135 0.7068 0.1457 0.0731 0.1335 -0.0019 0.0892 0.2806 0.1304 -0.0023 

PCSI1 0.0884 0.6757 0.4838 0.3433 0.2145 0.8776 0.7257 0.1021 0.0254 0.045 0.1407 0.0393 0.122 
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PCSI1 0.0884 0.6757 0.4838 0.3433 0.2145 0.8776 0.7257 0.1021 0.0254 0.045 0.1407 0.0393 0.122 

PCSI2 0.151 0.6568 0.4292 0.3561 0.227 0.8531 0.6648 0.1633 0.0535 0.1486 0.1408 0.092 0.1398 

PCSI2 0.151 0.6568 0.4292 0.3561 0.227 0.8531 0.6648 0.1633 0.0535 0.1486 0.1408 0.092 0.1398 

PCSI3 0.1126 0.6892 0.4893 0.3605 0.2119 0.8951 0.6754 0.0907 0.0271 0.0654 0.0563 0.0306 0.139 

PCSI3 0.1126 0.6892 0.4893 0.3605 0.2119 0.8951 0.6754 0.0907 0.0271 0.0654 0.0563 0.0306 0.139 

PCSI4 0.0422 0.7082 0.5616 0.3465 0.1669 0.9198 0.6955 0.081 0.0355 0.03 0.022 0.0631 0.1318 

PCSI4 0.0422 0.7082 0.5616 0.3465 0.1669 0.9198 0.6955 0.081 0.0355 0.03 0.022 0.0631 0.1318 

PRDI1 0.1252 0.6731 0.523 0.3414 0.1377 0.6642 0.8213 0.1307 0.0292 0.0684 0.05 0.1264 0.1821 

PRDI1 0.1252 0.6731 0.523 0.3414 0.1377 0.6642 0.8213 0.1307 0.0292 0.0684 0.05 0.1264 0.1821 

PRDI2 0.0537 0.7087 0.508 0.3483 0.182 0.8028 0.8648 0.0581 0.0522 -0.0128 0.0526 0.0257 0.0932 

PRDI2 0.0537 0.7087 0.508 0.3483 0.182 0.8028 0.8648 0.0581 0.0522 -0.0128 0.0526 0.0257 0.0932 

PRDI3 0.0148 0.6945 0.5511 0.4004 0.12 0.6269 0.8476 0.0726 0.0621 -0.0132 0.0359 0.0672 0.1066 

PRDI3 0.0148 0.6945 0.5511 0.4004 0.12 0.6269 0.8476 0.0726 0.0621 -0.0132 0.0359 0.0672 0.1066 

PRDI4 0.007 0.6486 0.5532 0.382 0.0722 0.5254 0.7915 0.0025 -0.0028 0.0046 0.0611 -0.0679 0.0235 

PRDI4 0.007 0.6486 0.5532 0.382 0.0722 0.5254 0.7915 0.0025 -0.0028 0.0046 0.0611 -0.0679 0.0235 

PRDI5 0.0345 0.6481 0.5192 0.3479 0.0427 0.551 0.7909 -0.0616 -0.08 -0.0519 -0.0032 -0.0432 -0.0301 

PRDI5 0.0345 0.6481 0.5192 0.3479 0.0427 0.551 0.7909 -0.0616 -0.08 -0.0519 -0.0032 -0.0432 -0.0301 

TOT_B

USERV 

0.3123 -0.0304 -0.0445 -0.0505 0.1556 0.038 0.0349 0.7529 1 0.4162 0.2721 0.3161 0.6005 

TOT_B

USERV 

0.3123 -0.0304 -0.0445 -0.0505 0.1556 0.038 0.0349 0.7529 1 0.4162 0.2721 0.3161 0.6005 

TOT_B

USUPP 

0.4862 -0.0468 -0.0513 -0.1081 0.2968 0.0652 0.0069 0.7586 0.4162 1 0.3666 0.454 0.3554 

TOT_B

USUPP 

0.4862 -0.0468 -0.0513 -0.1081 0.2968 0.0652 0.0069 0.7586 0.4162 1 0.3666 0.454 0.3554 

TOT_FI

NANCE 

0.2362 0.0251 0.0287 -0.0265 0.2729 0.0925 0.0589 0.5777 0.2721 0.3666 1 0.2824 0.1964 

TOT_FI

NANCE 

0.2362 0.0251 0.0287 -0.0265 0.2729 0.0925 0.0589 0.5777 0.2721 0.3666 1 0.2824 0.1964 

TOT_N

ETW 

0.4038 -0.0306 -0.0671 -0.0701 0.3329 0.062 0.0283 0.6823 0.3161 0.454 0.2824 1 0.3069 

TOT_N

ETW 

0.4038 -0.0306 -0.0671 -0.0701 0.3329 0.062 0.0283 0.6823 0.3161 0.454 0.2824 1 0.3069 

TOT_O

FFICE 

0.385 0.0627 0.0108 -0.0016 0.208 0.1468 0.1055 0.7089 0.6005 0.3554 0.1964 0.3069 1 

TOT_O

FFICE 

0.385 0.0627 0.0108 -0.0016 0.208 0.1468 0.1055 0.7089 0.6005 0.3554 0.1964 0.3069 1 
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APPENDIX VIII: CONTROL VARIABLES 
 

 

Table 32: Control variables effects 

Highlighted relations show a significant effect. 

Relation                                                    Standardized effect size T-value 

AGE -> External attributes -0.0199 0.4739 

AGE -> Incubator -0.1632 5.1406 

AGE -> Innovation performance 0.1185 1.6537 

AGE -> Openness 0.1806 2.7839 

FTE -> External attributes 0.1447 2.2520 

FTE -> Incubator 0.0569 1.6795 

FTE -> Innovation performance 0.2290 3.4438 

FTE -> Openness 0.0530 1.004 

GRW -> External attributes -0.0989 1.7275 

GRW -> Incubator -0.0734 2.1056 

GRW -> Innovation performance 0.2535 4.3625 

GRW -> Openness 0.0069 0.1835 

INCTIME -> External attributes -0.1609 1.4055 

INCTIME -> Incubator 0.8909 39.809 

INCTIME -> Innovation performance 0.0554 0.6036 

INCTIME -> Openness 0.2004 1.6813 

 

 

 

 


