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Summary

This research examines the influence of scientific and commercial networks on growth within
academic spin-offs, through product innovativeness. In the literature, there are conflicting views
on this relationship. On the one hand, it is claimed that new knowledge from knowledge
institutions within spin-offs makes it possible to come up with breakthrough innovation earlier,
which results in faster spin-off growth. On the other hand, it is claimed that the use of one-sided
knowledge networks causes too little use of the commercial network and that growth stagnates
due to a lack of knowledge about needs from the market. This research, therefore, examines the
influence of these networks on the growth of spin-offs through product innovativeness.

This is done by analyzing a survey sent to spin-offs from the Radboud University. The results
are analyzed using a univariate-, a bivariate- and finally a multivariate analysis (regression

analysis).

The results of this research show that the scientific network has a positive significant effect on
product innovativeness within spin-offs. In addition, the commercial network has a positive but
non-significant effect on product innovativeness. The interaction effect of both networks, on
the other hand, has a negative but non-significant effect on product innovativeness within spin-
offs.

Subsequently, the effect of the networks on growth is examined, which is divided into revenue-
and employee growth. This shows that there is a positive indirect effect of the scientific network
on both revenue and employee growth. When looking at the commercial network, it can be
concluded that there is no effect on revenue- and employee growth. When analyzing the
interaction effect, it must be concluded that there is also no effect on both revenue- and

employee growth of the participating spin-offs.
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1. Introduction

In the future, it will become increasingly important that scientific knowledge can be turned into
success for companies (Hayter, 2015). Converting scientific knowledge into commercial
success can be done through university spin-offs (USOs). These are companies where activities
/ services are based on know-how gained at a university or college (Fontes, 2005). These

companies can ensure that research results can be used more efficiently.

There are conflicting statements in the literature about the success of these university spin-offs.
Some studies record a relatively large job-creating capacity (e.g. Czarnitzki, Rammer & Toole,
2014; Lawton Smith & Ho, 2006; Niosi, 2016; Roberts, 1991; Shane, 2004;). This is due to the
fact that university spin-offs have earlier access to scientific knowledge than average
companies. The earlier access to scientific knowledge networks ensures that a competitive
advantage can be gained with breakthrough innovations, compared to companies that do not

have early access to this scientific knowledge (Czarnitzki et al., 2014).

On the other hand, some studies claim that USO growth is scarce and that these companies not
fully exploit their potential (Colombo & Piva, 2005; Gottschalk et al., 2007; Hayter, 2015).
This would be because these companies depend on a one-sided scientific knowledge network.
Because these USOs are descended from university know-how, they only have contact with
scientific networks and therefore a lack of commercial networks. This lack of commercial
networks could be a cause of the growth stagnation because the development of the innovations

within the USO’s is not in line with the demand from the market (Hayter, 2015).

Based on the literature, it can therefore be stated that USOs have high growth potential, but
that this potential cannot be exploited due to a lack of commercial networks and the use of
unilateral scientific networks (Colombo & Piva, 2005). The aim of the research is therefore to
gain insight into the effect of scientific- and commercial networks on the growth of university
spin-offs via the breakthrough innovations which spin-offs develop. The research question
arises from this aim, namely: ‘What is the direct effect of scientific and commercial networks
on innovation within academic spin-offs, and therefore the indirect effect on the growth of these

spin-offs?’

The study by Colombo & Piva (2005) suggests a follow-up study into the relationship between
scientific and commercial networks and the growth of academic spin-offs, through product-

innovation. This has not yet been implemented and provides a gap in the scientific knowledge



about the growth stagnation of USOs. By researching the effect of scientific- and commercial

networks on growth, a contribution can be made to scientific knowledge on this subject.

In addition, businesses created by USOs, are important contributors to economic development.
Think of converting scientific knowledge into new innovative products or services. Besides,
the growth of these USOs leads to an increase in societal wealth, for example through the
creation of new jobs (Cantner & Goethner, 2011). By using the results of this study, it can be
determined where the growth stagnation within USOs comes from. When this is clear, the USOs
can look at how they can achieve growth in the future. The growth of the USOs will therefore

contribute to an increase in economic development and social wealth.

The preliminary thoughts, based on the literature (Czarnitzki et al., 2014; Colombo & Piva,
2005; Cantner & Goethner, 2011), will be that commercial networks have a positive influence
on the growth of spin-offs, but that these networks are not strongly present within the bulk of
the USOs. In addition, it is expected that scientific knowledge can be a competitive advantage
for USOs, with which it can achieve growth. The comment that can be made here will be that
different types of networks must be used to realize growth. It is therefore expected that the
scientific network will have the greatest influence on innovation, and therefore growth within

USOs. But that this effect can be even greater if commercial networks are also used.

To answer the main question, various steps will be taken. In chapter two, the theory of the most
important concepts will be discussed. Chapter three will consist of the methodological
framework. It is indicated how the research will be done and how the data will be analyzed.
Chapter four presents the results of the study. The data is analyzed and interpreted with the help
of SPSS analysis. Chapter five will consist of the conclusion of the investigation. First, the
conclusion of the research will be discussed. Also, some recommendations for further research

and practice will be discussed. The chapter will end with the limitations of the research.



2. Theoretical Background

2.1 Introduction

First of all an explanation of university spin-offs will be given and how they differ from other
companies. Subsequently, the knowledge network of USOs is discussed, in which it is examined
how they contribute to the innovativeness of the spin-offs and thereby to growth. The same is
done for commercial networks of USOs. Subsequently, it will also be discussed what influence
the interaction effect of scientific- and commercial network has on innovation, and what
influence this interaction effect has on the growth of academic spin-offs. Hypotheses are drawn

up based on this. The chapter concludes with the presentation of the conceptual model

2.2 Defining university spin-offs and how do they tend to differentiate from other firms
In the literature there are several definitions for university spin-offs (USO’s). Walter,
Parboteeah, Riesenhuber, & Hoegl (2011) define university spin-offs as: Business ventures,
which (1) are founded by one or more academics that choose to work in the private sector, and
(2) which transfer a technology or technology-based ideas developed within a university.
Wright, Lockett, Clarysse, & Binks (2006) define university spin-offs as ‘a start-up company
whose formation is dependent on the formal transfer of intellectual property rights from the
university’. Both definitions therefore show that spin-offs are companies that are descended
from university academics, and use the knowledge from the universities to come to new

insights. USOs therefore differentiate themselves in different ways from other companies.

First of all, USOs have more contacts with knowledge institutions compared to other
companies. This contact makes it possible to exploit intellectual property within society, this
intellectual property comes from universities. New knowledge from universities is therefore
used within USOs to arrive at innovations (Czarnitzki et al., 2014). The knowledge that USOs
use must therefore be up-to-date and this means frequent contact with knowledge institutions.
The knowledge that comes from these institutions forms the basis for innovation within

university spin-offs (Neves & Franco, 2016).

On the other hand, USOs have less contact with commercial networks because they often use
unilateral knowledge networks from universities (Hayter, 2015). As a result, within USOs there
is less industry-specific knowledge of competitive conditions, specific rules for the industrial
sector of the spin-off, and also less experience with knowledge of goodwill with customers,
suppliers and other stakeholders (Cantner & Goethner, 2011). Due to this lack of knowledge



about the market and therefore a lack of commercial network, USOs would not be able to exploit
the growth potential (Piva & Colombo, 2005).

Finally, the degree of innovation within USOs differs compared to other companies. Within
university spin-offs knowledge is thus used to come up with innovative ideas. These innovative
ideas are important to achieve competitive advantages and survival of the company (Walter et
al., 2011). Lejpras (2014) has conducted research into the innovativeness of spin-offs compared
to differently designed companies. In this study, a survey was spread over 4,000 companies in
Germany, including spin-offs and other companies. Firstly, this research shows that more R&D
activities take place within spin-offs than in companies that have a different origin. In addition,
it appears that cooperation within companies strengthens the innovativeness of these
companies. The latest finding of this study is that close contact with research facilities enhances
innovation. In addition, it is implied that business success in terms of innovation can be
enhanced through close contacts with knowledge institutions and other forms of network,
referring to both a knowledge and a commercial network. In addition, success can be enhanced

by close collaboration within the organization (Lejpras, 2014).

2.3 USOs science networks, innovation and growth

There are different types of networks that companies use. One of these networks is the
knowledge network. Knowledge networks are distinct from social networks; knowledge
networks are the links between kernels of scientific and technological knowledge (Carnabuci
& Bruggeman, 2009; Yayavaram & Ahuja, 2008). Elements of this knowledge are used to
arrive at new innovations within companies, including USOs. Within university spin-offs,
knowledge from the university in particular is used to come up with new ideas / innovations.
Because this new knowledge is used, USOs have a head start on other companies and can gain
a competitive advantage faster compared to other companies.

Sousa-Ginel, Franco-Leal, & Camelo-Ordaz (2017) investigated the knowledge conversion
capability of USOs. Knowledge conversion capability is their capacity to transform scientific
discoveries into products and goods that are efficiently commercialized to create value (Zahra
et al., 2007). In other words, this means to what extent the USO is able to convert scientific

knowledge into innovative products / services.

The study by Sousa-Ginel et al (2017) investigated the difference in knowledge conversion
capability between USOs and non USOs. 555 technology based USOs participated in this study,
which examined how the (knowledge) network had an impact on the knowledge conversion



capability within these USOs. This study shows that USO should maintain frequent contact
with knowledge actors to facilitate the development of knowledge conversion capability. In
addition, the focus should not be on a single source of knowledge, but it is recommended to use
multiple sources of knowledge to gain new insights. Therefore, different knowledge networks
need to be used for the benefit of realizing (product)innovation. Product innovativeness in turn
is an important predictor of output growth (e.g. Roper 1997 Small Business Economics 9: 523—
537, 1997) In contrast a number of research outcomes reveal that USOs have difficulty growing
and that this has something to do with the characteristics of these knowledge networks. The
knowledge networks of USOs are too one-sided because they are solely focused on knowledge
from one university. These outcomes possibly might be related to the rather narrow definition
of USOs applied in many investigations, i.e.. companies established for exploiting new
technology or knowledge developed at a university or public research institution (e.g. Klofsten,
M. & Jones-Evans. D. 2000; Lofsten & Lindeldf 2005; Shane 2004; Wright et al 2007, Zhang
2009). Consequently this type of definitions might cause “selection bias” regarding companies’
networks from the perspective of investigators using a broad USO-definition as is the case in

the current investigation (see section 2.2). Therefore we maintain the following hypotheses: .

H1: Other factors being equal, the larger the scientific network of academic spin-offs, the

greater their product innovativeness.

H2: Other factors being equal, the larger the scientific network of academic spin-offs, the

greater their product innovativeness, which leads to stronger growth

2.4 USOs commercial networks, innovation and growth

The commercial network is about the knowledge that a company possesses about the market
such as customers, competitors, suppliers and so on. Customer orientation is important because
you can identify the customer needs within the market. This gives you a better picture of the
market demand, which means that it has a greater chance of eventual success (Maklan, Knox,
& Ryals, 2008; Battor & Battor, 2010). Competitor Orientation is important because companies
will benchmark and compare with competitors. The companies want to continue to surpass its
competitors, so there is a continuous urge to continue to innovate. This urge ultimately leads to
better and newer innovations (O’Dwyer & Gilmore, 2017, p. 35). Finally, suppliers are also
added to the definition of the commercial network because the literature (Cai, Smart, & Liu,
2014) shows that different approaches must be used in managing suppliers depending on the

type of innovation pursued and the type of innovation pursued. industries in which companies
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serve (Cai, Smart, & Liu, 2014, p. 134). It is therefore implied that the success of innovations

also depends on the suppliers that companies use.

Knowledge about customers, competitors and suppliers is thus necessary because they can be
used to analyse the needs of the market. Commercial knowledge networks are therefore needed
for new products to become successful (Czarnitzki et al., 2014).

Soltani et al., (2018) have investigated the influence of commercial networks on the success of
companies. According to Soltani et al (2018), the commercial network mainly includes
customer relationships and knowledge about competitors. They sent surveys among 155
companies, and received 150 valid surveys to analyse the impact of commercial network
management on innovations and thus business success. This study shows that keeping the
customer network up to date, and knowledge about competitors and the market, has a positive
influence on the success of the new products that companies bring to the market. It is stated that
by keeping track of customer relationships and competitor knowledge, it is possible to identify
what the market demand is and that relevant products can be marketed that respond to customer
demand. Bringing products that are tailored to customer demand on the market would then lead

to a positive organization performance.

H3: Other factors being equal, the larger the commercial network of academic spin-offs, the

greater their product innovativeness

H4: Other factors being equal, the larger the commercial network of academic spin-offs, the

greater their product innovativeness, which leads to stronger growth

2.5 Scientific and Commercial Networks, innovation and growth

Finally, there is also literature that claims that a combination of scientific and commercial
networks is necessary to achieve spin-off success. It states that in addition to new knowledge
from academies, knowledge of the market is also required to successfully market innovations,

which can subsequently lead to growth for companies (Gulati, 2000).

Mosey and Wright (2007) find that faculty entrepreneurs are often constrained by their own
one-sided knowledge networks and are therefore unable to access individuals from industry
important for the success of their spin-off. Mosey and Wright (2007) interviewed 44
entrepreneurs from academic spin-offs to find out how turning scientific knowledge into
commercial success is a stumbling block for those companies. The research shows that less

experienced spin-off entrepreneurs have structural holes with regard to industry-specific

11



knowledge. They lack knowledge to successfully market products / services. The following
hypothesis has been compiled based on this literature. The above literature therefore suggests
that USOs are more likely to have commercial success if industry-specific knowledge is
available, in addition to scientific networks. In the initial phase of an academic spin-off, it is
especially important that the company has access to customer networks, as these are the buyers
of the products. When these are not present, it is difficult to grow as an organization. (Hackett
& Dilts, 2004). Hayter (2015) has conducted research in America into the influence of
scientific- and commercial networks on the growth of academic spin-offs. 104 entrepreneurs
who started a spin-off between 1965 - 2011 took part in this study. As a result, there was a
positive correlation between the size of a network and the growth of a company. However, this
study showed that the relationship between growth and networks is mainly driven by the ability
of entrepreneurs to break through their traditional knowledge networks and gain access to
knowledge about new customers and competitors from the industry (Hayter, 2015). According
to the literature, a combination of a scientific- and commercial network is therefore positively
linked to the growth of an organization. Based on this research, the following hypotheses have

been formulated:

H5: Other factors being equal, the larger the interaction of scientific and commercial networks
of spin-offs, the greater their product innovativeness

H6: Other factors being equal, the larger the interaction of scientific and commercial networks,

the greater their product innovativeness, which leads to stronger growth of this spin-off.

12



2.6 Conceptual Model

The research looks at what influence the scientific and commercial networks have on the growth
of academic spin-offs. This is primarily done by looking at the influence of the scientific and
commercial network on product innovativeness. The autonomous effects of the scientific and
commercial network on product innovativeness are measured with H1 and H2 (blue arrow).
The interaction effect of these networks on product innovativeness is measured with H3 (orange

arrow).

Subsequently, the influence of scientific and commercial networks via product innovativeness
on the growth of academic spin-offs is examined. The organizational growth is measured
through revenue change, and the change in the number of employees of the companies. The
autonomous effects of the scientific and commercial network on growth, via product
innovativeness are measured with H4 and H5 (blue arrow). The interaction effect of these
networks on growth via product innovativeness is measured with H6 (orange arrow). This is

shown in the conceptual model below (Figure 1).

Zeientific Metwork (SH)

(2004 manitor) _HL - H2 _
Hs o " Product Innovativensss Firm Growth
[2008 monitor] | HE [Revenue- & Employes growth)
g | (2011 monitor
" I Ha > | ]
Com. Network (CN) “Hz

(2004 manitor)

——» = autonomous effect

= interaction effect
Figure 1: Conceptual Model

3. Methodology

3.1 Introduction

The planning of the research is discussed in this chapter. First of all, there will be indicated
which research method will be used within this research. Then it will be indicated what the
research unit consists of. Operationalization is made based on this. After the operationalization,
it will be explained what has been done in the research to guarantee reliability and validity.
Next, it is indicated which analysis methods are used within this study. Finally, the ethics

section indicates how to deal with plagiarism and the analysis of data.
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3.2 Research Method and Research Unit
3.2.1 Research method

The research that will be conducted is of quantitative nature. Quantitative research is based on
a predefined theory or model that will then be tested against “empirical material™. The research
that will be conducted is therefore deductive. This means that a general theory will be taken as
the starting point, then this general theory will be compared with a phenomenon from practice.
The general (theory) looks at the specific (practice) (Vennix, 2016). The theory about scientific
and commercial networks and innovativeness that are necessary for the growth of academic
spin-offs will therefore be tested in practice. This will be done through a survey. In this survey
questions are asked to find out whether the networks occur within the tested academic spin-
offs, and if these networks lead to growth in combination with product innovativeness.

3.2.2. Research Unit

The population consists of all companies (co) founded by (graduate) former or still undergoing
students of Radboud University. Or by former or still employed employees of Radboud
University. Not included in the population are general practices, hospital practices of medical
specialists, dental practices, and pure law firms. Offices where the legal profession is combined
with "legal advice are included as a" spin-off ". The addresses are from the Who-is-Who guides
issued by the Alumni Office. The Who-is-Who guides were address guides for the benefit of
the reunion organizations of the Radboud University and were updated and re-published every

two years.
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3.3 Operationalisation

In this section, the theoretical central concepts from the hypotheses are converted into
empirically observable terms. The operationalization can be seen in figure 2.

Variable Variable Item Min | Max | Measurement | Question
Type name level number
(See Appendix 1)
Dependent | Revenue Revenue -1 1 Ratio 14 (2011 survey)
change

(2008 — 2010)

Employee Employees -1 1 Ratio 15 (2011 survey)
Change
(2008 - 2010)

Independent | Scientific Knowledge 0 3 Ordinal 10 (2011 survey)
Networks

(2001 - 2003) | Contacts

Commercial Market 1 4 Ordinal 11 (2011 survey)
Networks Contacts
(2001 - 2003) (customer,
competitor,
supplier)
Mediator Innovativeness | New products/ | 1 3 Nominal 8 (2011 survey)
(2005 —2007) | Services
Control Employee size | Number of | 0 80 Ratio 21d(2003 survey)
2003 Employees
R&D activity | pep 1 |2 | Nominal 7¢ (2011 survey)

Figure 2: Operationalisation central concepts.

The dependent variables of the research are the change in revenue and the change in the number
of employees. The first item is the revenue change. The revenue change of the companies can
be filled in the survey (question 14). The outcome of this question can be compared with the
results of the 2008 and 2004 questionnaires, so that it can be deduced whether this has increased
|/ decreased. The second item is the number of employees (question 15), and can also be

compared to the numbers of the 2008 and 2004 questionnaires. (See Appendix 1).
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There are two explanatory variables within the research, namely 'scientific networks' and
‘commercial networks’. The first explanatory variable concerns the scientific networks of the
academic spin-offs. It is therefore necessary to examine which knowledge contacts relate to
academic spin-offs. This compares with whether there is a difference in this area between strong
and less strong spin-off growth. This is reflected in question 10 of the 2011 survey (see
Appendix 1).

The second explanatory variable concerns the commercial networks of the academic spin-offs.
Commercial networks therefore mainly deal with customer and collaborative networks of
companies such as suppliers and competitors (Hayter, 2015). This is reflected in question 11 of
the 2011 survey (see Appendix 1).

These variables are also aggregated to view the interaction effect of these variables on product
innovativeness, and subsequently through product innovativeness on growth. The explanatory
variables from 2001 - 2003 are used to see what influence they have had on product
innovativeness in 2005 - 2007. Finally, it is examined how this product innovativeness has had
on business growth between 2008 and 2010.

In addition, a mediator variable is added to the research, namely ‘ product innovativeness’. This
static variable explains the relationship between scientific- and commercial networks and

growth. Product innovation is question 8 of the 2011 survey (see Appendix 1).

Finally, two control variables were included in the study. This was done because the results
were not biased because a certain category of companies was over- or under-represented in
terms of age. The number of employees can be found in question 21d of the 2003 survey. This
is done because the size of the network can depend on the number of employees. The more
employees, the more contacts and thus the chance of a larger network. In addition, it must be
checked whether the spin-off practiced R&D activities or not, this can be found in item 7c of

the 2011 survey.

3.4 Validity and Reliability

The validity and reliability are important factors in scientific research. A distinction can be
made between two types of validity. With internal validity, you check whether you measure
what you want to measure, with external validity you check whether the results can be
generalized to a larger population. In principle, reliability is about whether the same results are
obtained when a measurement is repeated (Vennix, 2016).

16



The survey used in the study has been conducted over several years. The survey was conducted
in 2011, 2008 and 2004 among academic spin-offs from Radboud University Nijmegen. The
data from both data are linked, making longitudinal research possible. It is therefore possible to
look at what has changed at the companies over the years. So there are different measuring
moments, which makes it possible to check whether the results largely correspond to the earlier
measuring moment. It can be examined whether the results can be compared with each other

when the research is repeated. This improves the reliability of the research.

Triangulation was also used in the study. In fact, different data sources were used in the
preparation of the theory. As a result, the validity of the theory is high. This has made
operationalization more accurate, which increases the likelihood that the measuring instrument

is also valid, because it is easier to measure what you actually want to measure.

3.5 Method of analysis and ethics

In the statistical analysis it is necessary to convert the empirical data into a dataset. The analysis

can be performed with this dataset. The data was entered into the analysis program SPSS.

First, univariate analysis will be performed to see how the variables are distributed within the
study. This is done by analyzing the 'descriptive table' of the variables in SPSS. It is examined

whether striking scores can be found among the variables.

Then a bivariate analysis will be performed to see which variables correlate with each other.
This will be done by means of a correlation table. It will be examined whether there is
multicollinearity, and which variables correlate significantly with each other. In addition, other

notable scores will be mentioned.

Finally, multiple regression analysis is used because the dependent variables are metric in
nature. Using the linear regression analysis, we predict the value of organizational growth,
broken down into a change in revenue, and change in employees (dependent variables). This
will be done by first looking at the effect of scientific- & commercial networks on product
innovativeness, including the interaction effect. After this, the indirect effect of scientific and
commercial networks on growth will be measured by means of a regression analysis with a

mediator (via Hayes, Process).

The survey used in this study has been conducted over several years. This makes a longitudinal
analysis possible. This means that the variables have been measured over different times and

can therefore be used in the analysis. This analysis assumes that contacts with the scientific and
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commercial network between 2001 - 2003 (2004 monitor) will lead to product innovations in
the period 2005 - 2007 (2008 monitor), which in turn will lead to firm growth in 2008 - 2010
(2011 monitor).

Before discussing the results of the analysis, it is wise to consider the ethical justification of the
research. It is important that the collected data from this research are treated ethically.
Participants put time and effort into participating, but may also be harmed by participating in a
study (Derry & Green, 1989).
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4. Results

4.1 Introduction

In this chapter the findings of the SPSS analysis will be discussed. First, the response of the
analysis will be discussed. The variables of the study are discussed below, and it is indicated
how the variables are composed based on the data. The analysis are then discussed. First of all,
an univariate analysis will be held in which the descriptives table is shown with any remarkable
scores. Then a bivariate analysis will be performed using a correlation table. Finally, a
multivariate analysis will be conducted using regression tables. The hypotheses are also tested.

A brief conclusion of the analysis will be given at the end of this chapter.

4.2 Response

This study is based on three written surveys under spin-offs from Radboud University. The
measurements were carried out in successive 2004, 2008 and 2011. In 2004, a questionnaire
was drawn up under spin-offs from RU on behalf of the municipality of Nijmegen. In total, 287

questionnaires were sent. 139 validly completed questionnaires were received (49 percent).

In 2008 and 2011, questionnaires were again sent to spin-offs from RU. Both survey rounds
were part of one agreement with the management of Mercator Incubator (MI) / Mercator
Science Park (MSP). The net 'population’ of the 2008 survey consisted of 506 addresses. 188
questionnaires were received, six of which were filled in invalid. The response is therefore
(182/506) x 100 = 36 percent.

We had the names of 793 persons available for the 2011 questionnaires. The shipping file
ultimately consisted of 703 valid addresses. Of these, 194 completed questionnaires were
received. The net response for the 2011 questionnaire was therefore (194/703) x100 = 27.5
percent.
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Figure 3 shows how many spin-offs participated in the surveys in the various years.

Year of Monitoring Nr. of spin-offs
2004 2008 2011

+ — — 42

+ + - 10

+ + + 16

+ — + 4

— + — 33

— + + 38

— — + 48

191

Explanation: + = participated; — = not participated

Figure 3: Participation in Spin-Off surveys.

4.3 Variable construction
The variables that are central to this research are: scientific networks, commercial networks,
product innovativeness and growth of spin-offs. Within the analysis, growth is split into two
variables, namely: growth in revenue and growth in the number of employees. In addition, the
study uses two control variable, namely number of employees and R&D activity.

4.3.1 Scientific networks

Within the survey, there are a number of variables that have been combined to arrive at the
variable scientific networks. These variables are taken from question 10 of the 2004 survey (see
Appendix 1). The variables that have been combined are: v10a (contact with RU Nijmegen),
v10b (contact with other universities) and v10c (contact with other knowledge institutions).First
of all, a reliability analysis was carried out to see whether these variables are sufficiently related.

The results are shown in Appendix 2.1.

The results of Appendix 2.1 show that the aggregated variables have a Cronbach's alpha of
0.701, which means that the Cronbachs are quite good. When removing a variable, the
Cronbach'’s alpha cannot be raised, so it was decided to merge these three variables into a new
variable. The variables have been combined using the count function into the variable

‘Wet kennis04’, labelled as ' use of scientific networks in 2004 .

4.3.2. Commercial networks
The definition is based on the knowledge that a spin-off can have about the market. It is

therefore examined from which sources the spin-off can obtain relevant knowledge that they
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can use to strengthen their position. With this item you therefore collect information from the
customers, together with the information from the supplier, and information from the
competitor. Information from suppliers applies because they come up with new products that
may be relevant to the innovations within the spin-off, direct competitors apply because they
can be used as an 'example' when, for example, a new innovation has been implemented at a
competitor . With this definition you take v11b 04 (information from the customer), together
with v11c_04 (information from suppliers) and v11d_04 (information about competitors).

The results of the reliability analysis show that the aggregated variables have a Cronbach's alpha
of 0.442 (see Appendix 2.2). This is under 0.6 which means that the Cronbachs is not very
strong. That is why it was decided in this study to include the variables separately in the
analysis, to see what effect they have on product innovativeness and thus growth. From these
separate effects, a conclusion about the commercial network can be drawn up. These variables
are examined for the influence they have individually on product innovativeness, only the
variables with added value are included in the follow-up analysis.

4.3.3. Interaction effect Scientific- and Commercial Networks

The interaction effect between scientific and commercial networks must also be included in the
analysis. This examines the impact of the variables on product innovativeness and ultimately
the growth of spin-offs.

This variable will only be used in the mediation analysis. It has therefore been compiled on the
basis of the results of the univariate, bivariate and first regression analysis with regard to
product innovativeness. The scientific network is therefore multiplied by the '‘consumer
network'. This was done because previous analysis showed that both the competitor and the

supplier network had no added value in the research.

The individual variables of scientific and consumer networks are first of all centred. This means
that the mean is taken from the total score. The mean was searched via the frequency function
and removed from the original variable via compute. Then these centred variables are merged
via compute: Wet_cen * consumer network. The interaction variable that came out of this is
v1lb_ho4.

4.3.4. Product Innovation
Product innovativeness within spin-offs is used with the variables of question 8 of the spin-off

surveys. It looked at which new products / services the spin-offs brought to the market. In
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addition, this question also examines whether there have been new products / services that are

new / improved for the spin-off's market.

Item v8a_08 (new products / services spin-off) and item v8b_08 (new products / services
market) were used for these variables. The variables have been combined using the count
function into the variable ‘pi_08’, labelled as ‘product innovation 2005-2007’. This means
that we look at product innovativeness in the period 2005 - 2007, so that we monitored in
2008 (declared '08' in the variable name). These are two variables that do not try to measure
the same with a slightly different question, which you try to determine with a reliability
analysis. A reliability analysis is therefore not necessary, and the variables can be put
together.

4.3.5. Revenue growth

Spin-off growth is measured by two variables, the first of which is revenue growth. Sales
growth was measured in question 13 of the 2011 survey (see Appendix 1). The revenue is
therefore available from 2008 - 2011.

The revenue of 2008-2010 have been combined to form the variable "omz08 10". This was
done via "compute variable". The Nummeric Expression used here is ((v13_10/v13_08) * 100)
-100.

4.3.6. Employee growth

The spin-off growth is thus measured by two variables, the second of which is the growth in
the number of employees. The growth in the number of employees was measured in question
2011 in question 15 (see Appendix 1). This survey shows the revenue for the years 2008 - 2010.

The number of employees from 2008-2010 have been combined to form the variable
"wzp08_10". This was done via "compute variable”. The Nummeric Expression used here is
((v15a10 / v15a08) * 100) -100.

4.3.7. Control Variables

The control variables are intended not to present a distorted picture of the results. This is
because the control variables affect the dependent and independent variables, without any
special attention being paid to this (Vennix, 2016). The control variables chosen in this study
are Number of employees and R&D activity. These variables are stand-alone items in the data
file and does not need to be merged or changed for analysis. Number of employees is item 21d
in the 2003 survey, R&D is item v7c in the 2011 survey.
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4.4 Univariate Analysis
In this section the values of the individual variables are discussed. It will be examined whether
there are striking scores for the variables, and what could be the cause of this. This is done

through the "descriptives™ table in SPSS. This can be found in figure 4.

Skewness Kurtosis

N Minimum | Maximum | Mean Std.Deviation | Statistic | Std.Error | Statistic | Std.Error

Statistic | Statistic Statistic Statistic | Statistic
Change revenue | 112 1,00 5,00 3,1518 | 1,35041 -,281 ,228 -,936 ,453
2008- 2010
Change wzp | 157 -1,00 1,00 ,1210 ,62378 -,089 ,194 -,452 ,385
2008- 2010
Scientific 136 1,00 3,50 1,5037 | ,65968 1,067 ,208 ,176 ,413
Knowledge
2001 - 2003
Customer 136 1,00 4 2,60 1,071 -,198 ,208 -1,198 ,413
information
2001 - 2003
Competitor 137 1,00 4 1,97 ,866 ,402 ,207 -,800 ,411
Information
2001 - 2003
Supplier 134 1,00 4 1,60 ,893 1,320 ,209 ,680
information ,416
2001 - 2003
Product 133 1 3 1,9549 | ,88647 ,089 ,210 -1.732 ,417
innovation
2005 - 2007
Nr. of | 148 ,40 80 6,8905 | 12,66519 3,261 ,199 12,032 | ,396
employees
R&D 136 1 2 1,29 ,457 ,914 ,208 -1,183 ,413
Valid N 26

Figure 4: Summary Univariate Analysis

One dependent variable is central to the research, namely growth of the spin-off. Earlier in this
study it was stated that the growth of a spin-off is measured by the growth in revenue and the
growth in the number of employees. On the basis of the descriptive table, it can be concluded
that the participating spin-offs have a reasonably high percentage that realize growth. When the
score was 1 there was no growth, at a score of 5 there was a high degree of growth. The average
of this variable is 3.15, which means that on average there is reasonable revenue growth at the
participating spin-offs. When looking at employee growth, something else has to be concluded.
The average employee growth for a range between -1 and 1 is 0.12. This means that the number
of employees of the spin-offs remains almost the same, on average there is a slight increase in

the number of employees.
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When looking at the independent variables, a number of things also stand out. The scientific
networks look at how often the spin-offs have contact with scientific networks such as
universities. This is measured by scores of 0 = no contact to 3 = very often. The average is
0.7850, which means that there is incidental contact between spin-offs and the scientific
network. This is remarkable because spin-offs use the knowledge from these networks to come
up with innovations, so it is expected that this would involve regular contact.

Looking at the commercial network, there is actually nothing very noticeable. This is measured
from 1 slightly important to 4 very important. When looking at information from the customers,
it can be seen that the mean is at 2.6, which means that the customers are important as a source
of information. When looking at the competitors this is 1.97 which means that they are
somewhat important. For suppliers as a source of information this is 1.60, which means that

they are not - somewhat important.

This study also includes a mediator variable, namely product innovativeness. The range here is
as follows, 1 = no product innovation, 2 = product is only new to the company and 3 = product
is also new to the market. The average for this variable is 1.95, which means that on average
product innovations certainly occur within the spin-offs. It should be noted that this is mainly
because 55 companies indicate that they do not implement product innovation, and 49
companies come up with products that are new to the company as well as to the market. There
are only 29 companies with products that are new to the company (see figure 5). This means
that a large part of the companies do not implement product innovations, and that another large

part of the spin-offs come up with products that are new to the company and the market.

Frequency Percent

Valid No product innovation 55 11,8

Product innovation new | 29 6,2

to company

Product innovation new | 49 10,5

to company and market

Total 133 28,5
Missing System 333 71,5
Total 466 100

Figure 5: Descriptives Product innovation variable
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4.5 Bivariate Analysis

This section deals with the relationship between the different variables. This is done using a

correlation table in SPSS. When analysing the correlation table, it is examined whether striking

scores occur and what could be the cause of this. We also look at which variables are

significantly related.

2 3 4 5 6 7 8 9

1. Revenue Correlation ,444** | 190 -,099 -,259 -,166 | ,193 -,180 -,247
Growth
(2008 — 2010)

Nr of cases 107 31 31 31 31 56 36 31
2. Employee Correlation 1 ,125 ,189 -,008 -,055 | ,267* -,283 -,012
growth
(2008 - 2010)

Nr of cases 42 42 42 42 82 48 42
3. Scientific Correlation 1 ,200* ,297** | ,186* | ,493** | ,102 ,359%*
Network
(2001 - 2003)

Nr of cases 135 136 134 46 135 134
4. Consumer Correlation 1 ,194* | ,170* | ,225 ,159 ,104
information
(2001 - 2003)

Nr of cases 136 133 46 135 134
5. Competitor | Correlation 1 ,257* | ,114 ,217% ,211%*
Information *
(2001 - 2003)

Nr of cases 134 46 136 135
6. Supplier Correlation 1 ,125 ,193* ,131
Information
(2001 - 2003)

Nr of cases 45 133 132
7. Product Correlation 1 ,141 ,250
Innovation
(2005 - 2007)

Nr of cases 54 46
8. Nr. of Correlation 1 ,171*
employees

Nr of cases 135
9. R&D Correlation 1

Nr of cases

*= Correlation is significant at the 0.01 level
**= Correlation is significant at the 0.05 level

Figure 6: Bivariate Analysis table

First of all, it is necessary to check in the above model whether there is no multicollinearity

within the study. Multicollinearity occurs when the R-value (correlation) of the variables

exceeds .85. The highest R-value that occurs in this study is .493. This is still far below 0.85,

S0 it can be stated that there is no multicollinearity within the study. It can therefore be said to
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be an acceptable analysis, since low levels of multicollinearity mean that there is no risk to the

estimated values of the model.

After the multicollinearity of the model has been checked, you can already see which
relationships emerge when viewing the bivariate analysis. The pearson correlation can be used
to see to what extent there is an effect between variables. This means that the higher the R value,
the greater the effect between the variables. Based on Field (2014), values of + -. 1 = small
effect, + -. 3 = medium effect and + -. 5 is a large effect. Based on this rule of thumb, you can

already see what the bivariate analysis says about the hypotheses.

Hypothesis 1 examines the influence of scientific networks on product innovativeness within
spin-offs. When looking at this relationship in the correlation table, you can see that there is an
R value of .493. That is> .5, which means that it can be said that there is a major effect of

scientific knowledge on product innovativeness within spin-offs.

Hypothesis 3 examines the influence of commercial networks on product innovativeness within
spin-offs. Within this research, the commercial network is investigated by 3 variables.
Knowledge from the customer has an R-value of. 225, which means a medium effect.
Knowledge from the competitor has an R-value of .114 which reflects a small effect.

Knowledge from the supplier has an R-value of .125, which also means a small effect

About hypotheses 2, 4, 5 and 6: the indirect effect of scientific and commercial networks on
growth (via product innovativeness) is not yet clear via the correlation table. However, the
correlation table shows that product innovativeness has a positive effect on both revenue and
employee growth of academic spin-offs. In employee growth, the influence of product
innovativeness is even significant P = 0.15 <0.05. This is not significant for revenue growth.

Finally, it can be seen that there are large differences in the nr or cases of the variables. This is
because there is a longitudinal analysis. There must therefore be a valid variable value at
multiple points in time to be included in the analysis.

4.6 Multivariate Analysis

In this chapter linear regression analysis are given. First, the direct influences of the dependent
variables on product innovativeness are examined, this is done by means of a regression
analysis. The indirect effects of the dependent variables are then measured on the independent
variable, via the mediator. This effect is measured by means of a mediation analysis via Hayes,

Process. The hypotheses are then tested and then the chapter end with a conclusion.
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4.6.1. Scientific- and commercial networks on product innovativeness

First of all, the relationship between scientific and commercial networks and the mediator
‘product innovativeness will be examined. This is done by entering scientific networks, and the
narrow and broad form of commercial networks as independent variables, and the mediator is

dependent variable.

4.6.1.1. Model assumptions

First, the model assumptions of the dependent variable "pi_08" are discussed. The first
assumption that must be met is the assumption of linearity, for this it is checked whether the
scatter plot does not contain a clear pattern. Appendix 4.1.1 shows that the scatter plot does not
contain a pattern and so this assumption is met. The second assumption is homoscedasticity, in
which the scatter plot must be checked to see whether there is no form, this is not the case and
so this assumption is also met. The third assumption concerns the independent errors. In
appendix 4.1.2. you can see that under the heading ’Std. Predicted value’ the mean equals 0,
and the standard deviation equals 1. This is good, so it can be said that this assumption is met.
The last assumption is that the variables are normally distributed. This can be done by looking
at whether the histogram and the individual p-plots are normal and do not deviate. In appendix
4.1.3. it can be seen that there are no remarkable shapes in these figures, so that it can be stated

that these assumptions are met.

4.6.1.2. Model Statistics

This analysis is done on the basis of two models. In the first model, the interaction term is not
included because autonomous effects are difficult to interpret when the interaction term is
included. The interaction effect is included in the second model. The observations of both
models are at 53, which is quite low, but this is because a longitudinal analysis is used, so

information from the same companies is needed at different time points.

27



Product Innovation
(2005 — 2007)

Covariate b (SE) b (SE)

1.| R&D
074 (.241) .006(.235)

2.| Nr of Employees 2003
POy 195 (082)* | 182(078)*

Explanatory variables

3.| Scientific Network (2001 — 2003
( ) 540(.172)** | 560(.172)**

4.| Customer network (2001-2003)

131 (.102) .121(.092)
5.1 Competitor Network (2001 — 2003)
-.115(.132) -.123(.153)
6.| Supplier Network (2001 — 2003)
-.001 (.136) .096(.163)
; Scientific & Commercial Network (2001-
| 2003) -.092(.163)
Model information
F-waarde 3.443** 4.916**
R? 344 .334
Adjusted R? 244 .266
N 53 53

Explanation: *p<,10 ** p<0,05 p<,01

Figure 7: Longitudinal product innovation effects from scientific and customer business
networks

Figure 7 also shows that the significance level of the scientific network relative to product
innovativeness is 0.000. This is significant at a significance level of p <0.01, which means that

the scientific network has a significant effect on product innovativeness within spin-offs.

The significance level for commercial networks compared to product innovativeness is for
consumer network .206. This is not significant at a significance level of p <0.01, which means
that consumer networks have no significant effect on product innovativeness within the spin-
offs. For the competitor network it is .38 and for supplier network it is .991, which means that
these variables have little added value in the follow-up analysis. Based on this, it is decided to
continue the ‘consumer network' for commercial network, because it is the only one of relevant

value.

In the interaction effect between scientific and commercial networks it can be stated that p =
577. This is not significant, which means that the interaction effect between scientific and

commercial networks does not affect the product innovativeness of academic spin-offs.
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4.6.1.3 Hypothesis testing

The hypotheses below relate to the dependent variable "product innovation™ of the above

analysis.

H1: Other factors being equal, the larger the scientific network of academic spin-offs, the

greater their product innovativeness.

The analysis above shows that the scientific network has a significant influence on product
innovativeness within academic spin-offs. This is in line with the literature. The knowledge that
is used within the spin-offs from the universities forms the basis for product innovativeness
within spin-offs (Neves & Franco, 2016). Based on this conclusion, it was expected that
scientific research within this research would be positively related to product innovativeness.
The linear regression analysis above shows that the scientific network is indeed positively

related to product innovativeness. Hypothesis 1 is supported within this study.

H3: Other factors being equal, the larger the commercial network of academic spin-offs, the

greater their product innovativeness.

The analysis above shows that the commercial network has no significant influence on product
innovativeness within academic spin-offs. This is therefore contradictory to the literature of
Solatani et al (2018), in which it was claimed that knowledge about customer relations and
competitor knowledge has a positive influence on the innovations that companies bring to the
market. The linear regression shows that within the participating spin-offs there is no significant
input from the consumer, competitor or supplier network on the product innovativeness within
these spin-offs. There could be a number of reasons for this. In the literature from chapter 2 it
has already been noticed that many spin-offs only use a scientific network and not a commercial
network. So it could be that the spin-offs in this analysis are indeed the case. Literature in
chapter 2 states that the commercial network is necessary for growth. In addition, it can be seen
that there is a positive effect on product innovativeness, but none significant. A cause could be
the small number of cases because there is an effect but not significant when using a low number
of cases. So, this is an opportunity for follow-up research. Hypothesis 3 is not supported in this
study. Since Consumer network is the only variable relevant to the study, it was decided to
include it as the only variable in the following analyses. The above analysis showed that neither
competitor nor supplier network have any effect on product innovation and therefore the rest of

the research.
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H5: Other factors being equal, the larger the interaction of scientific and commercial networks

of spin-offs, the greater their product innovativeness

The literature in chapter 2 indicates that an interaction between scientific and commercial
networks is required to achieve product innovativeness and thus growth within spin-offs.
However, the above analysis shows something completely different, namely that an interaction
of both networks within the analysed spin-offs has a negative effect on product innovativeness.
First of all, this could be because the research by Hayter (2015) is mainly focused on regional
growth and to a lesser extent the effect of product innovativeness is included in the analysis. In
addition, it could be that there are few cases in the analysis, and that the cases used are
characterized by a relatively high frequency of companies that do not implement product
innovativeness. So, this is a suggestion for a follow-up study. Within this research, it must be
concluded that an interaction effect of scientific and commercial networks has no influence on

product innovativeness within the participating spin-offs.

4.6.2. Indirect effect of science networks on growth

This section discusses the indirect effect of the scientific network on growth. This is done by
means of a mediation analysis to look at the influence of the scientific network on growth,
through product innovativeness. This is done by including the variables in a mediation analysis,
including the control variable nr of employees. When looking at the growth in the number of
employees, control variable vla is also included. That is whether it has been a team start-up or

a solo starter. By definition, a team start-up has one more employee, so this is also checked.

4.6.2.1 Model assumptions

First, the model assumptions of the dependent variable "omz08_10" are discussed. The first
assumption that must be met is the assumption of linearity, for this it is checked whether the
scatter plot does not contain a clear pattern. Appendix 4.2.1 shows that the points are completely
random distributed over the graph, so it can be stated that this assumption is met. The second
assumption is homoscedasticity, in which the scatter plot must be checked to see whether there
is no form, this is not the case and so this assumption is also met. The third assumption concerns
the independent errors. In appendix 4.2.2. you can see that under the heading ’Std. Predicted
value’ the mean equals 0, and the standard deviation equals 1. This is good, so it can be said
that this assumption is met. The last assumption is that the variables are normally distributed.
This can be done by looking at whether the histogram and the individual p-plots are normal and

do not deviate. In appendix 4.2.3. it can be seen that there are no remarkable shapes in the
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histogram, and that the p-plot deviates a little from the middle line. A cause for this can be the

relatively little amount of cases within the analysis.

Now the model assumptions of the other dependent variable "wzp08_10" will be discussed.
First of all, it must again be examined whether the assumption of linearity and homoscedasticity
is met. In Appendix 4.2.4. it can be seen that the points are again randomly distributed over the
graph, so that it can be stated that both the assumption of linearity and that of homoscedasticity
are satisfied. As a third assumption, it is again examined whether the independent errors within
the analysis see correctly. In Appendix 4.2.5. it can be seen that the mean here is also 0, and the
median 1, so that this assumption is met. Finally, it must be checked again whether the points
are normally distributed within the analysis. When the histogram in Appendix 4.2.6. it can be
seen that they are normally distributed. However, the P-Plot of this variable looks a bit different,
because it contains a number of horizontal lines, which is normally the intention of an analysis.
Only because a small number of cases are used within this research can this form be caused by
this, so that it will not have a major influence on the validity of the research results.

4.6.2.2. Model statistics

The model statistics of the mediation analysis are now discussed. First of all, an analysis is
again given of the influence of scientific networks on revenue growth. Subsequently, the
influence of scientific networks on employee growth is discussed.

Figure 8 shows the mediation analysis with the effect of the scientific network on revenue and
employee growth, through product innovativeness. First of all, we look at the influence on
revenue growth. The check shows that the scientific network has a positive influence on product
innovativeness within academic spin-offs. In addition, it can be seen that there is a negative
direct effect of scientific network contacts 2001-2003 on revenue growth in 2008-2010. This
can be explained by the fact that there is a long period in between and therefore there is no
direct connection between this variable. In addition, it can be seen that product innovativeness
in 2005-2007 has a positive effect on the revenue growth of academic spin-offs in 2008 - 2010.
In addition, figure 8 also shows that there is a positive indirect effect of the scientific network
on revenue growth. , when the mediator product innovativeness is included (b=1.08; SE=.38;
95% BI: 0.52 —2,01). It can therefore be stated that the use of scientific networks in 2001-2003
provides product innovativeness in the period 2005 - 2007, which in turn leads to a growth in

revenue in the period 2008 - 2010. In addition, the model information of the analysis can be
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where it can be stated that these factors explain 43% of the variance of revenue growth. There

were 31 valid cases used in this analysis.

Now we are looking at the influence on employee growth. Once again, the analysis shows that

the positive significant effect of the scientific network on product innovativeness is present. In

addition, there is also a positive direct effect of both scientific network and product

innovativeness on the growth of the number of employees. This is not significant, but this could

also be due to the low number of cases (N = 42). As a result, there is also a positive indirect

effect of scientific networks 2001 - 2003, via product innovativeness 2005 - 2007, on employee
growth 2008 - 2010 (b=.18; SE=.10; 95% BI: 0.04 — .45) . Finally, it can be seen that this model
shows 16% of the variance of employee growth.

Product innovation

Revenue Growth 2008

Product innovation

Employee Growth

2005-2007 -2010 2005-2007 2008 - 2010
b (SE) b (SE) b (SE) b (SE)

Explanatory variable

Scientific Network .75 (,18)™ -,28 (,49) ,58 (,20)™" -,05 (,19)

2001 -2003
Mediator variable

Product innovation n.a. 1,44 (,40)™ n.a. ,32 (,15)™
Control variables

R&D 26(,28) -1,72 (,60)™" -,04 (,29) ,01 (,26)

Firm size 2003 (In) 12 (,10) -,09 (,22) 24 (,09) ™ -,17 (,09) "

Effect

Indirect positive effect from use scientific

Indirect positive effect from use scientific

network 2001-2003 on revenue growth 2008-

2010; b=1.08; SE=.38; 95% BI: 0.52 — 2,01

network 2001-2003 on: revenue growth 2008-

2010; b=.18; SE=.10; 95% BI: 0.04 — .45

Model Information

F 9,59 5,97 5,90 1,73
R? ,52 43 32 ,16

31 31 42 42
N

N.A.: Not Applicable

Explanation: (*)p <,15 "p <,10; *p <,05; *"p <,01
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Figure 8: Mediation statistics scientific network on revenue- and employee growth
4.6.2.3. Hypothese testing

The above models tests the hypothesis:

H2: Other factors being equal, the larger the scientific network of academic spin-offs, the

greater their product innovativeness, which leads to stronger growth

On the basis of the above analysis, it can be stated that contact with scientific knowledge
institutions in the period 2001 - 2003 led to product innovations in the period 2005 - 2007
(significant). In addition, it can be stated that this product innovativeness has a positive effect
on both the revenue- and employee growth within the participating spin-offs in the period 2008
- 2010 (significant). Finally, it can be stated that there is a positive indirect effect of the scientific
network on both revenue growth (1.08; SE=.38; 95% BI: 0.52 —2,01) and on employee growth
(b=.18; SE=.10; 95% BI: 0.04 — .45). An overview of the effects of the above analysis is shown
in Figure 9.

Product innovativeness
++ 2005-2007 N
o _ = . e Hh"'i
scientific network Revenue growth

2001-2003 0 > 2008 -2010

Product innovativeness

20052007 I
.
T~ "
Scientific network 0 Employee growth
2001-2003 | - 2008 2010
Explanation
++ + _—— Strong positive/negative relationship (p<.01)
++ —— Fairly strong positive/negative relationship (p<.05)
+ — Positive/negative relationship(p<.10)
0 No relationship (p>,10

Figure 9: Long term effect of scientific network on growth
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4.6.3. Indirect effect of commercial networks on growth
This section examines the indirect effect of commercial networks on growth, with product
innovativeness as a mediator. Again, growth in this analysis is again split into growth in revenue

and growth in the number of employees.

4.6.3.1. Model assumptions

First, the model assumptions of the analysis are discussed again. These can be seen in Appendix
4.3.1t0 4.3.6. The model assumptions show that for both the variable "revenue growth™ and the
variable "employee growth" the points are randomly distributed over the scatter plot, so that it
can be stated that the assumption of linearity and homoscedasticity is met. In addition, the table
of independent errors for both variables also shows that the mean is 0, and the median 1 which
means that this assumption is also met. The histograms and P-Plots of both variables are
examined below. The variable revenue shows that the histogram is normally distributed, and
that in the P-Plot the points are close to the diagonal line. The assumptions are therefore also
met with this variable. This is slightly different with the variable employee. Here you can see
that in the histogram there is an outlier that makes the P-Plot seem a bit flat. In addition, the P-
Plot also shows some horizontal lines, which means that this variable may not be distributed
normally. An explanation for this could be that use is made of invalid cases within the analysis,

so that he deviates somewhat.

4.6.3.2. Model statistics
The model statistics of the mediation analysis are now discussed. First of all, an analysis is
again given of the influence of commercial networks on revenue growth. Subsequently, the

influence of commercial networks on employee growth is discussed.

Figure 10 shows the mediation analysis, looking at the influence of contact with the commercial
network (2001 - 2003) on revenue- and employee growth (2008 - 2010), through product
innovativeness (2005 - 2007). First of all, we look at the influence on revenue growth. 1t is
again stated that the commercial network has a slightly positive effect on product
innovativeness, but that this effect is not significant. In addition, it can be seen that the influence
of product innovativeness (2005 - 2007) on revenue growth (2008 - 2010) is positive and
significant. In addition, it can also be seen that the direct effect of the commercial network on
revenue growth is negative. An explanation for this is that the knowledge from the commercial
network in 2001 — 2003 is outdated, when using this knowledge in 2008 — 2010. Based on the
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mediation analysis, it can be established that there is no indirect effect of the commercial
network on revenue growth because it has no significant influence on product innovation,
through product innovativeness (b=.20; SE=.17; 95% BI:- .09 — ,57) It can be seen that this
model has an explanatory power of 46%, and that 31 valid cases were used. Finally, it can also
be seen that R&D has a significant influence on the revenue growth of the participating spin-
offs. It can therefore be established that R&D activities within the spin-offs lead to higher

revenue growth.

The influence on employee growth is now being discussed. Again, it can be seen that the
commercial network has a positive influence on product innovativeness within the participating
spin-offs, this is not a significant effect. In addition, it can be seen that product innovativeness
itself has a positive influence on the employee growth of the spin-offs, but this effect is also not
significant. As a result, it can be stated that the parts do have a slightly positive effect on each
other, but that there is no mention of an indirect effect of the commercial network on employee
growth, because this effect is very little positive (b=.04; SE=.04; 95% BI: 0.01 — .18). In
addition, Figure 10 shows that the direct effect of the commercial network on employee growth,
the same as with revenue growth, is negative. The explanation that can be given for this is the
same as for revenue growth, namely that outdated market knowledge in the period 2001 - 2003
no longer leads to employee growth in 2008 - 2010. Finally, the model information shows that

this analysis can explain 17% and that 42 valid cases have been used.
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Product innovation

Revenue Growth

Product innovation

Employee Growth

2005-2007 2008 — 2010 2005-2007 2008 - 2010
b (SE) b (SE) b (SE) b (SE)

Explanatory variable

Consumer Network ,14 (,13) -,28 (,21) ,16 (,11) ,07 (,09)

2001 - 2003
Mediator variable

Product innovation n.a. 1,39 (,32)*** n.a. ,28 (,13)**
Control variables

R&D ,62 (,33)* -1,71 (,58)*** ,29 (,28) -,02 (,23)

Firm size 2003 (In) 10 (,13) -10 (;21) 20 (,10)* -15 (,09)*

Effect

Indirect positive effect from use scientific

Indirect positive effect from use scientific

network 2001-2003 on revenue growth 2008-

2010; b=.20; SE=.17; 95% BI:- .09 — ,57

network 2001-2003 on: revenue growth 2008-

2010; b=.04; SE=.04; 95% BI: 0.01 - .18

Model Information

F 2,96** 5,65** 3,33** 1,88
R? 25 ,46 21 A7
N 31 31 42 42

N.A.: Not Applicable

Explanation: (*)p <,15 "p <,10; ™p <,05; *"p <,01

Figure 10: Mediation statistics commercial network on revenue- and employee growth

4.6.3.3. Hypothese testing

The above models tests the hypothesis:

H4: Other factors being equal, the larger the commercial network of academic spin-offs, the

greater their product innovativeness, which leads to stronger growth.

On the basis of the above analysis, it can be stated that contact with commercial network in the
period 2001 — 2003 don’t led to product innovativeness in the period 2005 — 2007. In addition,

it can be stated that product innovativeness has a positive effect on revenue- and employee

growth of academic spin- in the period 2008 - 2010). On the basis of the above analysis, it can
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therefore be concluded that the commercial network (2001 - 2003) has no indirect effect on the
revenue growth (2008 - 2010) of academic spin-offs. In addition, it can be stated that the
commercial network (2001 - 2003) also has no indirect effect on the employee growth (2008 -
2010) of these spin-offs. An overview of the effects of the above analysis is shown in Figure
11.

Product innovativeness
0 2005-2007 T+t

Commercial network Revenue growth
2001-2003 2008 -2010

\ 4

Product innovativeness

/ 2005-2007 R

Commercial network Employee growth
2001-2003 0 > 2008 -2010
+++ - Strong positive/negative relationship (p<.01)
++ - Fairly strong positive/negative relationship (p<.05)
+ - Positive/negative relationship(p<.10)
0 No relationship (p>,10

Figure 11: Long term effect of commercial network on growth

4.6.4. Indirect effect of interaction between scientific- and commercial networks on growth

This section examines the indirect effect of an interaction between scientific- and commercial
networks on growth, with product innovativeness as a mediator. Growth is split up again into
growth in revenue and growth in the number of employees. Again, in the growth in the number

of employees, ‘number of founder’ has been added as a covariate.

4.6.4.1. Model assumptions

As with the other analyses, the model assumptions are discussed first. For this analysis, these
can be found in appendix 4.4.1 to 4.4.6. For the variable revenue it can be seen that the points
are again randomly distributed over the graph, so that it can be stated that the assumptions of

linearity and homoscedasticity are met for this variable. The table with independent errors also
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states that the mean is "0" and the median is "1", which means that these assumptions are also
met. Finally, for the variable "revenue” we look at the histogram and the scatter plot. The
histogram is normally distributed, when looking at the P-plot the dots are slightly further from
the line, but the reason for this is again the number of valid cases. Then the variable "employees”
is analysed. Here it can also be seen that the points are randomly distributed on the scatter plot
graph and do not tend to centre to one point. The mean and the median also show the correct
numbers, which means that this assumption is also met. Finally, there is again a flat shape in
the histogram and horizontal lines within the P-Plot, but here again this is shifted to the low

number of cases.

4.6.4.2. Model statistics

Figure 12 shows the model statistics of the mediation analysis. This mediation analysis
examines the influence of the interaction effect between scientific and commercial networks
(2001 - 2003) on revenue- and employee growth (2008 - 2010), through product innovativeness
(2005 - 2007). First of all, the effect on revenue growth will be discussed. The table shows that
the interaction effect between scientific and commercial networks has a negative effect on
product innovativeness within spin-offs. When the items are used separately, they ensure
product innovativeness, but when the variables are combined, it can be seen that they are not
very compatible. In addition, it can be seen that product innovativeness itself has a positive
significant impact on the revenue growth of the participating spin-offs. In addition, it can be
seen that the interaction effect between scientific and commercial networks does have a direct
neagtive influence on revenue growth, but this is far from significant. On the basis of the
analysis it can be stated that there is no indirect effect of the interaction between scientific and
commercial networks and revenue growth (b=-.23; SE=.31; 95% BI:-1 .02 — ,32). Finally, it
can be seen that the model has an explanatory power of 49% and 31 valid cases.

Now the influence on employee growth will be discussed. First of all, the table shows that the
interaction effect between scientific and commercial networks has a positive effect on product
innovativeness within spin-offs, but it’s far from significant. When the items are used
separately, they ensure product innovativeness, but when the variables are combined, it can be
seen that they are not very compatible. In addition, it can be seen that product innovativeness
itself has a positive significant impact on the employee growth of the participating spin-offs. In
addition, it can be seen that the interaction effect between scientific and commercial networks
has a negative effect on employee growth. On the basis of the analysis it can be stated that there

is no indirect effect of the interaction between scientific and commercial networks and
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employee growth (b=.003; SE=.07; 95% BI:- 0.17 — .13). Finally, it can be seen that the model
has an explanatory power of 22% and 42 valid cases.

Product innovation
2005-2007

b (SE)

Revenue Growth
2008 — 2010

b (SE)

Product innovation
2005-2007

b (SE)

Employee Growth
2008 — 2010

b (SE)

Explanatory variable

Scientific*Consumer
Network 2001 -
2003

-15(,18)

-,29 (,38)

01 (,19)

-,23 (,17)

Mediator variable

Product innovation

n.a.

1,51 (,42)%**

n.a.

30 (,15)*

Control variables

R&D

Firm size 2003 (In)

23 (,29)

-1,58 (,60)

-,06 (,29)

02 (,25)

13 (,10)

-13(,22)

,24 (,09)

- 17 (,09)*

Effect

Indirect positive effect from use scientific

Indirect positive effect from use scientific

network 2001-2003 on revenue growth 2008-

2010; b=-.23; SE=.31; 95% BI:-1 .02 — ,32

network 2001-2003 on: revenue growth 2008-

2010; b=.003; SE=.07; 95% BI:- 0.17 — .13

Model Information

F 6,13%** 3,80%** 3,887+ 1,63
R? 55 49 35 22
N 31 31 42 42

Explanation: (*)p <,15 "p <,10; ™p <,05; *"p <,01

N.A.: Not Applicable

Figure 12: Mediation statistics interaction scientific- and commercial network on revenue- and

employee growth
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4.6.4.3. Hypothese testing

The above models tests the hypothesis:

H6: Other factors being equal, the larger the interaction of scientific and commercial networks,

the greater their product innovativeness, which leads to stronger growth of this spin-off

On the basis of the above analysis, it can be stated that the interaction-effect between scientific-
and commercial knowledge in the period 2001 - 2003 had no effect on product innovativeness
in the period 2005 - 2007. In addition, it can be stated that product innovativeness has a positive
effect on revenue- and employee growth of academic spin-offs but in the period 2008 - 2010
(significant). But since the interaction effect has no impact on product innovativeness, it can be
said that there is no indirect effect of the interaction between scientific and commercial
networks, on revenue and employee growth, through product innovativeness. An overview of

the effects of the above analysis is shown in Figure 13.

Product innovativeness

V 2005-2007 i‘
Scientific*Commercial

network 0
2001-2003

Revenue growth
2008 -2010

\ 4

Product innovativeness

/ 2005-2007 \

Scientific*Commercial Employee growth
network 0 2008 2010
2001-2003 > B
+++ _— Strong positive/negative relationship (p<.01)
++ —— Fairly strong positive/negative relationship (p<.05)
+ — Positive/negative relationship(p<.10)
0 No relationship (p>,10

Figure 13: Long term effect of scientific*commercial network on growth
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4.7 Conclusion

First of all, this chapter looked at the influence of scientific and commercial networks on
product innovativeness within the spin-offs. After testing these hypotheses, it appears that
scientific networks have a significant effect on product innovativeness within USOs. In
addition, testing the hypotheses shows that commercial networks do have a positive effect on
product innovativeness within spin-offs, but that this effect is not significant. Finally, the
interaction effect is discussed. This shows that an interaction effect between scientific and
commercial networks has a negative effect on product innovativeness within spin-offs (not

significant).

Subsequently, the indirect effect of scientific networks on growth was examined. First, the
analysis once again shows that the scientific network has a positive effect on product
innovativeness. In addition, it appears that there is a positive (not significant) effect of the
scientific network for both revenue- and employee growth. For hypothesis 2, it must therefore
be concluded that there is an indirect positive effect of the scientific network on growth within

spin-offs.
T

he effect of commercial networks on growth within spin-offs is examined. This analysis showed
that product innovativeness has a positive significant effect on revenue growth within USOs. It
is significant in revenue growth, but there is no significant effect of commercial networks on
product innovativeness. It can be stated that the use of commercial new brands has no indirect
positive effect on revenue growth within spin-offs. When looking at employee growth, there is
no significant effect on product innovativeness or growth, so it is stated here that there is no
effect of a commercial network on employee growth.

Finally, the interaction effect of scientific and commercial networks on growth is examined. As
has already emerged in hypothesis 5, there is a negative influence of the interaction effect on
product innovativeness within spin-offs, but not significant. Product innovativeness itself has a
positive effect on both revenue- and employee growth. As a result, the analysis also shows that
there is no indirect effect of the interaction effect of scientific and commercial networks on
growth.
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5. Research completion

5.1 Introduction

This chapter focuses on the completion of the research. First, a short summary of the research
is given. Then answers are given to the questions that are central to the research. The answers
to these questions are then linked to the theory. Based on this link, recommendations are written

for possible follow-up research. Finally, the limitations are discussed in this chapter.

5.2 Research summary

This research examines the influence of scientific and commercial networks on growth within
academic spin-offs, through product innovativeness. In the literature, there are conflicting views
on this relationship. On the one hand, it is claimed that new knowledge from knowledge
institutions within spin-offs makes it possible to come up with breakthrough innovation earlier,
which results in faster spin-off growth. On the other hand, it is claimed that the use of one-sided
knowledge networks causes too little use of the commercial network and that growth stagnates
due to a lack of knowledge about needs from the market. This research, therefore, examines the

influence of these networks on the growth of spin-offs through product innovativeness.

This is done by analyzing a survey sent to spin-offs from the Radboud University. The results
are analyzed using a univariate-, a bivariate- and finally a multivariate analysis (regression

analysis).

The results of this research show that the scientific network has a positive significant effect on
product innovativeness within spin-offs. In addition, the commercial network has a positive but
non-significant effect on product innovativeness. The interaction effect of both networks, on
the other hand, has a negative but non-significant effect on product innovativeness within spin-
offs.

Subsequently, the effect of the networks on growth is examined, which is divided into
revenue- and employee growth. This shows that there is a positive indirect effect of the
scientific network on both revenue and employee growth. When looking at the commercial
network, it can be concluded that there is no effect on revenue- and employee growth. When
analyzing the interaction effect, it must be concluded that there is also no effect on both

revenue- and employee growth of the participating spin-offs.
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5.3 Answering Research Questions
In this section, answers are given to the research questions that have been drawn up based on

the literature.

H1: Other factors being equal, the larger the scientific network of academic spin-offs, the

greater their product innovativeness.

This hypothesis is supported in this study. Based on the analysis it can be stated that scientific
networks have a positive significant influence on product innovativeness within academic spin-
offs.

H2: Other factors being equal, the larger the scientific network of academic spin-offs, the

greater their product innovativeness, which leads to stronger growth

This hypothesis is also supported in this study. Based on the analysis, it can be stated that
scientific networks have a positive indirect effect on both revenue and employee growth,

through product innovativeness.

H3: Other factors being equal, the larger the commercial network of academic spin-offs, the

greater their product innovativeness

The study shows that commercial networks have a positive influence on product
innovativeness, but this effect is not significant within the study. So this hypothesis is not

supported within this study

H4: Other factors being equal, the larger the commercial network of academic spin-offs, the

greater their product innovativeness, which leads to stronger growth

This hypothesis is not supported in this research. The analysis shows that commercial networks

have no influence on revenue- and employee growth.

H5: Other factors being equal, the larger the interaction of scientific and commercial networks

of spin-offs, the greater their product innovativeness

This hypothesis is not supported in this study. The interaction effect between scientific and
commercial networks has a negative non-significant effect on product innovativeness within

academic spin-offs.

H6: Other factors being equal, the larger the interaction of scientific and commercial networks,

the greater their product innovativeness, which leads to stronger growth of this spin-off
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This hypothesis is also not supported in this study. The interaction effect between scientific and
commercial networks has no effect on product innovativeness, as well as on revenue and

employee growth within academic spin-offs.

5.4 Linking results and theory
The literature claims that the use of network contacts leads to the development of product
innovativeness within spin-offs. This product innovativeness in turn lead to the growth of these

spin-offs.

Spin-offs are companies that use knowledge from knowledge institutions, which gives them
earlier access to new knowledge. This access to new knowledge can ultimately lead to
breakthrough innovations and thus growth (Czarnitzki et al., 2014). Sousa-Ginel, Franco-Leal,
& Camelo-Ordaz (2017) investigated the influence of knowledge networks on product
innovativeness, and subsequently the growth of academic spin-offs. They claim that there must
be regular contact with knowledge institutions to keep the knowledge up to date. In addition, it
is also concluded that no one-sided network should be used, but that various knowledge contacts
should be created. Based on these claims in the literature, the hypotheses of this study have
been formulated. This study shows that contacts with a knowledge network did indeed lead
significantly to product innovativeness within the spin-offs that participated in the survey. A
large proportion of the participating spin-offs have thus created innovations that were both new
to the company and new to the market. The link with breakthrough innovations is therefore also
made within the research. In addition, this research also shows that the implementation of
product innovativeness, in turn, has a positive effect on both the revenue and employee growth
of the participating spin-offs. So, there is a positive indirect effect of the scientific network on
the growth of spin-offs. It can therefore be concluded that the earlier access to new knowledge
of the participating spin-offs (2001 - 2003) led to product innovativeness in the period 2005 -
2007, which in turn led to growth of the companies in the period 2008 - 2010.

On the other hand, it is claimed that many spin-offs remain relatively small and thus fail to
exploit the growth potential. According to the literature (Piva & Colombo, 2015), this is because
spin-offs are too focused on the scientific network, so that the commercial network is not
considered. Research by Soltani et al., (2018) shows that maintaining customer relationships,
and gaining knowledge about competitors, leads to better identification of market needs. This
outline of market needs can then lead to opportunities for product innovativeness. This

successful depth of customer needs then leads to growth. The above research shows that the
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commercial network of the participating spin-offs indeed has a positive influence on product
innovativeness, but this is not significant. The reason for this can be that the participating spin-
offs are indeed too focused on the scientific network and therefore have not expanded the
commercial network. In addition, the indirect effect of the commercial network on the growth
of spin-offs is being examined. The analysis shows that of the participating spin-offs, the
commercial network nevertheless has a no indirect impact on revenue growth and employee
growth. The influence of the commercial network of the participating spin-offs was not
expected to have a significant impact on product innovativeness. This is also true, but it does
show that there is indeed a positive effect, so that when expanding this network it is expected

that a significant effect will be possible.

Finally, it is claimed in the literature (Mosey & Wright, 2007) that in addition to scientific
knowledge, commercial knowledge is also required to achieve growth within spin-offs. There
would therefore be an interaction effect of scientific and commercial knowledge, which leads
to product innovativeness and thus growth. Research has been conducted into this interaction
effect within this study and a conflicting conclusion can be drawn from this. The literature
suggests that the interaction between the two networks provides complementary knowledge and
thus a greater chance of product innovativeness and thus growth. However, the research
conducted shows that the interaction effect has a negative influence on product innovativeness
(not significant), and that it has no indirect effect on growth. It can therefore be concluded from
this that companies must either use scientific knowledge to achieve greater product
innovativeness and thus growth. Commercial knowledge, and a combination of scientific and
commercial knowledge together is not very compatible in this area.

5.5 Recommendations
The recommendations are split into recommendations for follow-up research, and

recommendations for companies in practice.

First, the recommendations for follow-up studies are discussed. First, it should be noted that the
intention was to publish a new survey this year among spin-offs from the Radboud University.
This survey could have asked questions that went deeper into the scientific and commercial
networks of the spin-offs. This would also produce a longitudinal analysis that was more
relevant than the one currently used (with outdated data). Unfortunately, this could not continue
due to the outbreak of COVID-19, because companies had to deal with other more important

things, which is of course understandable. A suggestion for follow-up research could therefore
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be to carry out such an analysis in the future, with a newly conducted survey. This makes it
easier to generalize the results to the present. In addition, spin-offs from other universities or
knowledge institutes could also participate in a new study. This compares whether the results

for spin-offs from other knowledge institutions show comparable results.

The recommendations for practice indicate the significance of the results of this research for
spin-offs. The analysis thus shows that the regularity with which spin-offs have contact with
knowledge institutes has a positive significant impact on product innovativeness and thus the
growth of these spin-offs. As a recommendation for practice, you could therefore say that spin-
offs should keep in regular contact with knowledge institutions to keep their knowledge up to
date. With this new knowledge, innovations can be implemented, which in their turn ensure the
revenue and employee growth of spin-offs. The claims in the literature stating that there is no
influence of the scientific network on growth can be rejected with the above research. In
addition, the analysis shows that the commercial network also has a positive influence on
product innovativeness, but this effect is not significant. There is, however, a positive effect, so
it will be interesting to see whether a significant effect can be found with a more extensive
commercial network. Based on this research, there is also something not recommended for the
spin-offs, namely the use of scientific and commercial contacts at the same time. The research
shows that interaction of these networks has a negative non-significant effect on product
innovativeness and both forms of growth. As a recommendation, it can therefore be stated that
the spin-offs can best invest in the scientific network, since they have a significant influence on
product innovativeness and thus growth. Using the commercial network separately, or using a
combination of a scientific and commercial network has no effect on product innovativeness

and thus both forms of growth within academic spin-offs.

5.6 Limitations

The reader should take into account that this research is based on spin-offs that originated from
Radboud University, Nijmegen. This means that the research is based on spin-offs from a single
knowledge institution, so that the external validity to the total population of spin-offs is

somewhat lower.

When reading this study, it must also be considered that a questionnaire from previous research
by dhr. Vaessen has been used. This means that the measurement of the variables "scientific

and commercial networks" is not as specific as planned. The intention was to generate a new
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questionnaire that went deeper into these concepts. However, this was not possible due to the
COVID-19 pandemic.

In addition, the number of cases for the analysis are not very high. The results show that for
revenue change N =31 and for employee change N = 42. This means that not many observations
have been included in the analysis. This means that an undisputed conclusion cannot be reached.

Finally, the survey only included spin-offs that have remained viable. Several spin-offs have
also gone bankrupt over the years, these have not been included in the investigation. In these
companies, revenue and the number of employees have obviously fallen sharply, but they have
not been included in the survey. The conclusion of this study can therefore give a distorted

picture because only companies that have remained viable have participated.
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1.

1a.

1b.

48,

De start
Bent u oprichter of betrokkan gaweest bi de oprichting van hst ¢p het voorblad ingavulde bedrif?

[f] mee
[ﬂ |, en ik was enige oprichier
E] j, lazamen met nog Y1u 2.1 L. andere cprichiers (asntal)

I welk jaar is bat bedrjf opgesichr? M.!..b,.:l.‘ oprichtingsjaar

Dehﬁdgostatusvanhetdootuopoorichhbedifrklwudmmmaathﬂmuswanwmm
m Hat bedrif is cvergenomen door of gafuseerd mat een andare ondememing of

organisatie ga door nawr waag 4
[2] Het bodrif is gehoel zetfstandig en volledig opesationsel
De bedrifsactivieiton zin stark verninderd en hat bsdrif = (nagenoeg) nactst }wwnw ;
[5] Mot bodriff is inmiddels opgeheven in Viw i) |earvanophefing /- bz

Inactieve en opgeheven bedrijven

7
In welke jaar was het badrijf nog cperationsel? -\-/—i'hrﬂ e joBr =3

Bamnfwoord a.u.b. in etk geval de vragen 4, 5, 12, 15en 16
(voar de laatste cparafionele (sren)

Do activiteiten en aard van het bedrijf
Betroft uw bedrif een:

[1] bednif of ondememing
m praklijk in het kadar van do wrije bercepsbeoelening, zoals (husjertsen, advocaten, notanssen,
psychotharapauten @.a.

] andoss, nameli: .co.ce. b S 2B b i B A L L T ek S IR VT

. Wit u de kemactiviteit{en) van uw badrjf hieronder 2o concrest mogedjk omschrijven.

Financiering

53. Mocveel ewro bedroeg hat startkapitaal van ¢t bedrif?

m < 10.000
[z] 10.000-25.000
[3] 25.000-50.000
[4] &0.c00-100.000
[5] =1c0.000
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8b, [oor wis is hel starkapiaal van dit bedrif gafinancierd? (mesndene armwoorden magalii)]

11 [] deoprichess)

[2] exeme financiers, namefjl:  ——i [1] tank Vsba_i_ 11
[3] nwt (geen startkapiaal) [Z] paipatie-anturefands '3 bar_ 1
[2] familistennissan V& beE_ =
ancders, namEiiE i

So.  Healtu latar, né de startfase, gebsk gemaakt van axtarme financiers voor continuering of groel van het bacdiif?

|I| i
[2] i el —— [1] bank WSC2_ 14
[z] participate-fvantursionds V5 e€q_ 3 1

familisfermissen VS CI_V_ i
.|_,|"__{"E_|'|I il EMHImmB{m"Ef"_ Fhaas, 21 1 — e i ; s ————

5d.  In welke mabe heaht u hot hijenbrangen van voideende francisla middalen als esn problecm envaren bil..

in zear in in zeer

gerings paringa in grole grola

[l iz] mats miaha mais
... gtart van ww bedrijf? m [z] [5] E
... i groed en onbaikkeling van uw badrjf? El [z] [3] [4]

G, Groeiplannen
Hoe groat i hel sirevan van uw bedriff om in de komende janan ta groslen’?

[1] ons streven is cm de groatste speles wordan
[2] ens streven is oo slenk ta grosian

ons streven is grosi
El ons séreven is ean gazonda badr|fsvoaring, eventusel met groel

[5] we strevan niet naar groei

7. Hoger opgeleldan, cciroolen en RED
Ta. Walk decl van di medewekers van uw badriff beefl ondansdjz op HEO- of WO-niveau genclen
WAL % van het tol=al aandal medewerkiers (U Zelf inbegrepan)

7h., Beschikt uw badijf ovar &in of meesdere geregistresnde oclreaien (incl lnpande actrooiaanyragen)?

2L E| nea : r-_j;l'l.

(2] ja.mameliice B2 faantal)
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i Te

10.

s €. andere onderzoeksinstelingen?

Zip in uw bedrijf bepaside medewerkers (u zelf incuis) speafiek belast met het anbaikkelen van nleuwa of hat
verbaleren van bestaande producten en processen (R&D)?

O] mee

[z] je e Innttien ja, hoeves| arbeidsiaren® zin dasrmee gemoeic?

«Aantal RAD-arbedsjaren ., V?.c....:z ..... Y
* aen voltidmedewarker die ele warktiid basfesdl asn RED falt voor édv arbeidsiasr. Een madawevker die in
dealtya werkt of niet alie wevitid bestead! san RAD slaciis meetalian voor een pedaaite van oen arbaldsiaarc
Bivoorbeald ean medewarker die fwee dagen per week bestaed! aan RED fell voar 0,4 avbeidsfaar
Nicuwe enfof verbeterde producten/diensten
Nieuw voor uw bedrijf: Haeft uw bedrijf de laatste dria jaar nisuws of verbaterde praducten of diznsten op de
markl gebracht?

nee
)
B ) —¢.137..1.._|! % van de omzet uit nieuwe of verbeterde producten of diensten

Nisuw voor uw afzetmarkt: Heeft uw bedrif de Iaatste drie jaar productanidiensten verkocht die voor uw
afzatmerkt nisuw of duidelijk veebetard waren?
(d.w.z. nist eerder door concurrantan cp de markt gebracht!)

nee
B a —»'l?b;.,.u% van de omzet uit producden of disnsten nieuw voor da markt

Marktverbrading in redelif
in gcdnoa slerko in slerke

niet mata
Healt u in de laatste drie jaar producien of diensten
geintroduceerd op afzetmarkten dia nieuw waren voor uw m @ E E]
beddj?
Contacten met kennisinstellingen
Hoe vaak zin er in de [satste drie jasr op enigerkel wize contacten® gewsest tussan uw bedriff en:

geean regel- 2per

condact  Incidenteel  matig vaak

a. de Radboud Universteit Nijmegen/'UMC SL Radboud? @ % % [«]

b. andere universiteiten?
2]

* ‘contacten’ 20 breed mogaljk opvatten (lezingen, gebruk faciifedon, sfaglairas, contaclen med madewearkars, in
dienst namen van afgestindearden, bbiloheskgsbruk 6.a.)



11,  Informatisbronnen

Hae befangrijk waren de faatsie dria jaar de volgeande informetiabron voor da inncvatls-activiteian van wa bedriji?

VT A e, Intemea bronnen binmen we bedrif of cancem
. Afnemers

software:

Andana unhersitet{en)
HBO-nstallingen

Conferenies, beurzen ol axpostios
publicatios

Barosps- en branchevarnanigingeda
Infesmiat

Hnelpunton

Leveranciers van apparafuur, malerialen, componenten of

Concurrand of andara badrijven in uw bedrijfztak
Radboud Univershss Mimegen/LIMEC 5t Radboud

Andana onderzoeksnsieling (2n) (THO, RIVM a.68.)
Consultants, commerciils RED-natiutan of leboratoria

Watenschappafjke lijdscheiftan an vak-technische

o gl on wass

onigszins Tapr bron mied

balangrijk  belargnjk  belangrijk | gebnakf
[1] 2] (3] <]
L1] 2] L2 4]
LL] L2 L2 4]
[1] 2] (=] 4]
L1 2] 12 4|
L1l 2] E3 4]
1] 2] (] 4]
L1 2] L2 4]
[1] 2] B [4]
1] 2] [a] []
L] 2] [2] [4]
1] [z] ] [
[1] (2] El [4]

Enelpum?

Geal gan of uw badrjf de: laatste dric jaar ben asnzien van da voigends

bedrijfzaspacten knelpuntan hesft arvaren

Opstalian goad businessplan
Geschidl conlaciennetwerk

Geachikihaid vesligings punibedrifsnimte
Medewarking van de bank, financiers
Verkrijgen subsidies

[fnancitle} administratie

Veal concumentie

Aanlredien geschikt parsonssl
Liguiditaiis positia

[Werbatering) rendement wan het bedrif
Flvim,

n. Andere balangrige knelpunten nk .
u.I.'.?..ﬂ..f‘-a‘....'l..,..’.‘l......... —

i3

a., Geef aan hoeveel de fotale omzat van uw bedrif bedroeg awer

dha jaren 2008, 2008 an 2010 (exclusial biw)
B, mv.Lwe haddan nog geen omeed

Verwerven nasmsbakendheidl po' communicatia
Inzicht in wonson wan (mogelijie) Klantan [mamrmkap

Ragels en wetlen (bv. arbekdsregelgeving, milewmselgeving)

T oI s TR TS _,, .
FRALH %' G‘W "'n#:h i *Aﬁ.‘:%hﬁﬁh 4"“ i
"2 Gee!unboeveddemdeanmmuwhdﬂj( Jaar Jaar 2002
over de jaren 2003 co 2002 (exclusict biw), 0 <€ 10.000 (u] <c 10.000
0 €10.000- € 25000 O €10.000 - €25.000
0 €25.000- € 50.000 0 €25.000- C 50.000
3 € 75.000 - € 100.000 0O €75.000- € 100.000
3O € 100,000 - € 150.000 0O € 100.000 - € 150.000
3O €150.000 - € 250.000 3 € 150.000 - € 250.000
& € 250000 - € 500.000 O €250.000 - € 500.000
3 € 500,000 - € 1.000.000 0 € 500000 - € 1.000.000
0 =€ 1.000.000, nl: 0 >€ 1.000.000, ni:
€ .. €
(B n.v.t. we hadden nog geen omzet @ nv.t we hsdden nog geen omaet
b. Ten opzichte van 2001 is onze omzet in 2003.., 0 gestegen met e %
O gelijk gebleven
3 gedasld met W
. Maakte uw bedrijfin m#winn of verlies? O verlies 0 @itte @ wit O nwt
Mzakte uw bedrijf in 2002 winst of verlies? 0 verlies O quitte O winst O avt
d. Geef aan hooveel medewerkers in uw bedeijf werkzaam o zea4 Juar 2002
waren in achtereenvolgens de jaren 2003 en 2002,
Totaal aantal medewerkers 9
Aantal medewerkers op basis van fulltime eenheden 4 /A.
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14, Netto bedrijfsresultaat | | V“’L,_“ Vet
Jaar 2008 Jaar 2009 Jaar 2010

nogatict K| 8] B

break even E] E
positiat ] [z]
vt [ [z]

Bl

15, edewerkers (u 26! Inbegrapen)

Geaf het gemiddekde aantal madawarkers in uw bedrif in
achtereanvolgens de jaren 2008, 2008 en 2010 (uzelf Inclivs) Jaar 2008 Jaar 2009 Jaar 2010

a. Totaal santal medewerkers LAk AT/t 3 IO L T

b, Aantal medewarkers op basis van fulllime seaheden wisbta VS, Skl .

c vt het badsjl was nog niet opgericht £l [2] 5]
/15 lql. VIS Vl?(_'&’,l

16. Persoonsgegevens en achtergrond ondernemer
16a. Watis uw geboortedatum? . M1 .

16b. Watis uwgesiacht? Vo by

[1] vrouw
[z] man

16c. Bent u 2tudent aan da RU Nimegen/UMC St. Radboud of bent u dat In hat veriaden gewsast?

[3] nee. noot gewaest il Rt §
[2] Io. goweest — afgestudesrd in: ......... (oatste studisjaae) ... L0 6= 2 P! facultoit {naam)
G log —p ML Ra v faculteit {nsam)

7. Beot u na bedindiging van uw studia in loondienst werkzaam geweest?
[1] mee = nee (ga door naar vrasy 20)

] i

18, Werkgevers
Vemeld per bedrif of organisatia waar u na bedindging van uw oplekding aan RUAIMC warkzaam bent gaweast.
Neam organissbalwerkpaver | Plasts Jsaralin | Janetal ut dienst type organisatia
danst (fokx vy
profit | mon-profit
vV B T vifdaa_u wi¥at o | VodagTas 3] 2] vl
IR AT ‘!*'?b1 u) U:'pb"‘ 1) V'l?h!.qoy ! Ldl__"“
IR de i_ U Urdes =21 AL/ ST 20 WMoy oy L &_ Vi
wif ey vedds o Bl iR . u_r_ﬂ_v t
Vu?ll-l' v'pii‘_!' 'l-p!: ol de du._z Eﬂ |:|
vrd e ot fa mP‘I'_u g ~;°‘n . [,l I:I
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19

21.

et

e N
'

—-Fen~papoTw

Bent u medewerker van de RU Nijmegen/UMC St. Radboud of bent u dat in het verdeden geweast? Zo ja bij
walka facultelt/dienst?

[3] nee
[z] = — bijfaculeiticienst . .,'l.,‘..’!.iv.n.,t.ev srpisinpiiisinsioay: (IR

Fulltime of parttime ondernemer
Bent u in uw eigen bednjf fulltima werkzeam of parttima?

[G] runtioa

[2] parttime

Kansen veor contacten met Radboud Universiteit:
De Radboud Universiteit wil da relatie versterken met ondememers met een verladen aan RIWUMC, Kruls asn of
uw bedriff in de toelomst gabruik wil maken van ondarstaande diensten.

nee ja
. Contacten met onderzoekers van RWUMC. E E
Informatie over resaarch op uw vakgebled. E] E
Vakgerichta mastar classes 6n workshops. E (2]
Werkshops ondememen en managamant, E
Newerk mat andornsinof nd O [
Rol als menfosicoach voor jonge start ups. m 2
Stageplaateen bij uw bedrif voor studenten. E] E
Onderzoek/advies door RU-welenschappars. m 2
Gebruik van faciliteiten, zoals laboratoria. E] E
Locatle op campus: Universitair Badrijvancantrum {UBC JMercator Sciance Park. E] E



Appendix 2: Output variables composition
2.1 Scientific Networks

+ Reliability
Scale: ALL VARIABLES

Case Processing Summary

I %
Cases  Malid 16856 333
Excluded? ch bl 66,7
Total 466 100,0

a. Listwise deletion based on all
variables inthe procedure.

Reliability Statistics
Cronbach's
Alpha M of ltems
701 3
Item-Total Statistics
Scale Corrected Cronbach's
Scale Mean if Yariance if [term-Total Alpha if ltem
[termn Deleted [termn Deleted Carrelation Deleted
via Hoevaak zijn erin de 1,67 2,014 467 700
|aatste drie jaar op
enigerlei wijze contacten
geweesttUssen uw
hedrijffen a de Radboud
LIniy
vib andere 2,08 2,163 637 471
universiteiten?
vic andere 197 2,449 478 G50
onderzoeksinstellingen?
Scale Statistics
Mean YVariance  Std. Deviation M of [tems
2,86 4 356 2,087 3
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Appendix 3: Univariate Analysis

3.1 Descriptive Statistics all variables

Descriptive Statistics

M Minimurm  Maximum Mean Std. Deviation Skewness Kurtosis

Statistic Statistic Statistic Statistic Statistic Statistic Stdl. Error - Statistic Std. Error
omz08_10 Ontwikkeling 112 1,00 5,00 31518 1,35041 -,281 228 -, 936 453
omzet tussen 2008 en
2010
wzp0B_10 Ontwikkeling 157 -1,00 1,00 1210 62378 -89 154 -, 452 385
wzp tussen 2008 en 2010
v11e_h04 gebruikvan 136 1,00 3,50 1,5037 65968 1,067 208 76 413
wetenschappelijke
kennishronnen in 2004
v11h_04 informatiebron 136 1 4 2,60 1,071 - 188 208 -1,198 413
afnemer
v11d_04 informatiebron 137 1 4 1,87 JBEE6 402 207 -,800 411
concurrent
vI1c_04 informatiebron 134 1 4 1,60 B3 1,320 209 680 A6
leverancier
pi_08 productinnovatie 133 1,00 3,00 1,9549 BB64T 089 210 -1,732 AT
2005-2007
v15a03 totaal aantal 148 A0 80,00 6,8905 1266518 3,261 189 12,032 396
mdwers 2003
vic_04 ré&d 136 1 2 1,29 457 414 208 -1,183 413
Valid N (listwise) 26

3.2 Descriptive Statistics Product innovativeness

Statistics
productinnovatie 2008-2007
I Walid 133
Missing 333
Mode 1,00
Range 2,00
Minimum 1,00
Maximum 300
productinnovatie 2005-2007
Cumulative
Frequency Percent  “alid Percent Percent
Valid geen productinnovatie a5 11,8 41,4 41,4
productinnovatie alleen 24 62 21,8 63,2
nieuw voor het hedrijf
productinnovatie ook 44 10,6 36,8 100,0
nieuw voor de marlkt
Total 133 285 100,0
Missing  System 333 71,8
Total 466 100,0
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Appendix 4: Multivariate Analysis

4.1 Relation scientific- and commercial networks with product innovativeness

4.1.1. Linearity and homoscedasticity

Scatterplot
Dependent Variable: productinnovatie 2005-2007
2
o
'_5 © %o
T o
s
o . @ [}
3 2 )
1]
z o %
- o
'.;g % =
5 : ?
g Q()‘27 o
2 11
o ® O
& o
] o
2]
T T T T T
3 2 -1 0 1 2 3

Regression Standardized Predicted Value

4.1.2 Independent errors

Residuals Statistics®

Minimum  Maximum Mean Std. Deviation M
Predicted Yalue G043 34869 1,8333 JG6983 42
Residual -, 81063 88451 ,aonon 55261 42
Std. Predicted Value -2167 2,802 Ra[ui] 1,000 42
5td. Residual -1,544 1,686 ,aon 837 42

a. DependentVariable: productinnovatie 2005-2007

4.1.3. Normally distributed errors
Histogram

Histogram
Dependent Variable: productinnovatie 2005-2007

Mean = -4 51E-16
6 — Std.Dev. = 0,837
N=42

Frequency

2 N

T
2 E 2

Regression Standardized Residual

Scientific Network Commercial Network (narrow)
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productinnovatie 2005-2007

Partial Regression Plot

Dependent Variable: productinnovatie 2005-2007
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gebruik van brede commerciele netwerken in 2004

Scientific*Commercial Network

innovatie 2005-2007

ducti

pro

Partial Regression Plot
Dependent Variable: productinnovatie 2005-2007

4.1.4. Model statistics

Partial Regression Plot
Dependent Variable: productinnovatie 2005-2007

1504 o
o o
o o
100 & o
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o
B s
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& ) o
@
g o 8 7 g
H o
2
£
S
50
3 © &
H o o
&
® 8 o °

i o

1,00 s

1504

T T T T T T
100 -50 fud 50 100 150
use of scientific networks in 2004

ANOVA?
Sum of
Model| Squares df Mean Square F Sig.
1 Regression 12.507 4 3127 6.150 .oogP
Residual 25.420 &0 A08
Total 3r.azv 54
2 Regression 12.669 ) 2,534 4 916 001°®
Residual 25.258 49 A15
Total 3r.az7 54
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a. Dependent Variahle: productinnovatie 2005-2007

h. Predictors: (Constant), number of employees in 2003 (founder(s) included,
informatiebron afnemer, gebruik van wetenschappelijke kennishronnen in 2004, r&d

¢. Predictors: (Constant), number of employees in 2003 (founder(s) included,
informatiebron afnemer, gebruik van wetenschappelijke kennishronnen in 2004,
r&d, interaction termv11b_04 v11e_h04




Coefficients®

Standardized

Unstandardized Coefficients Coeflicients

Madel B Stil. Error Beta 1 Sig.

1 (Constant) 5488 386 1.551 27
réd 032 229 017 138 891
informatiebron afnemer 125 081 62 1.3749 74
gebruikvan h35 165 394 3.248 0oz
wetenschappelijke
kennisbronnen in 2004
numkber of employees in 78 077 285 2,322 024
2003 {founder(s)
included

2 (Constant) 608 389 1.664 124
réd 006 235 003 025 Aaa0
informatiebron afnemer A 092 AET 1.320 1493
gebruikvan AED 72 M3 3.261 ooz
wetenschappelijke
kennishronnen in 2004
numkber of employees in 182 078 .28 2.346 023
2003 (founder(s)
included
interaction terrm v11b_04 -.0492 63 -.068 -.561 ATT
v11e_h04

a. Dependent Variable: productinnovatie 2005-2007
. a
Coefficients
Standardized
Unstandardized Coefficients Coefficients

Madel B Std. Errar Beta 1 5ig.

1 (Constant) 845 A80 1.878 067
r&d 074 241 .0 304 T62
informatiebron afnemer 131 02 A72 1.283 206
informatiebron -0 136 -.001 =011 Rk
leverancier
informatiebron concurrent -1145 132 - 116 -.a72 388
informariebron consultant -.070 44 -.064 -.483 631
gehruik van A40 A72 A0 3145 003
wetenschappelijke
kennishronnen in 2004
number of employees in 185 0ez2 315 2.364 022

2003 (founder(s)
included
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4.2 Indirect effect of science networks on growth
4.2.1 Linearity and Homoscedasticity ‘omz08 10’

Scatterplot
Dependent Variable: Ontwikkeling omzet tussen 2008 en 2010

Regression Standardized Residual
=
1

Regression Standardized Predicted Value

4.2.2 Independent errors ‘omz08 10’

Residuals Statistics®

Minimum  Maximum Mean Stal. Deviation I
Predicted Value 28478 403349 31613 33442
Residual -2 G97a8 214224 ,a0000 1,66819
Std. Predicted Yalue =808 2609 m
Std. Residual -1,702 1,352 ,aon 883

a. Dependent Variahle: Ontwiklkeling omzettussen 2008 en 2010
4.2.3. Normally distributed errors ‘omz08_10’
Histogram

Histogram
Dependent Variable: Ontwikkeling omzet tussen 2008 en 2010

Mean = -8 33E-17
Std. Dev. = 0,983
M=31

Frequency

-1 1 2

Regression Standardized Residual
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Normal P-P Plot of Regression Standardized Residual

Dependent Variable: Ontwikkeling omzet tussen 2008 en 2010
10

oo
)
o
0,5
000
oo
'§ o
LT <
g
oocoo
[&)
-
2 o
[+
o 04
o
o
it}
oo
0.2 o
coo
00
g
0,0 T T T T
0,0 02 04 06 08

Observed Cum Prob

10

4.2.4 Linearity and homoscedasticity ‘wzp08 10’

Scatterplot
Dependent Variable: Ontwikkeling wzp tussen 2008 en 2010

o

Regression Standardized Residual

Regression Standardized Predicted Value

4.2.5 Independent errors ‘wzp08_ 10’

Residuals Statistics®

Minimum  Maximum Mean Std. Deviation I
Fredicted Value -,0338 5593 0952 5687 42
Residual -1,30508 1,033480 ,aonon 63650 42
Std. Predicted Value -,823 2,858 200 1,000 42
5td. Residual -2,025 1,604 0oo 588 42

a. Dependent Variable: Ontwikkeling wzp tussen 2008 en 2010

4.2.6 Normally distributed errors ‘wzp08 10’

Histogram
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Histogram

Dependent Variable: Ontwikkeling wzp tussen 2008 en 2010

1571
Mean = -1 11E-16
Std. Dev. = 0,988
M=42
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P-Plot

Normal P-P Plot of Regression Standardized Residual
Dependent Variable: Ontwikkeling wzp tussen 2008 en 2010
1.0

o}

Qo
o

000000000000
[elelels]
slels}
[elele}

Expected Cum Prob

oo T T T
00 02 04 08 08 10

Observed Cum Prob

4.2.7. Process Output ‘omz08 10’
Run MATRIX procedure:
*HRFxA I KA x KK xAkxxkx PROCESS Procedure for SPSS Release 2.13 ***xkxskxdkxixx

Written by Andrew F. Hayes, Ph.D. www.afhayes.com
Documentation available in Hayes (2013). www.guilford.com/p/hayes3

KRR AR R A A A A A A AR A A AR A AR A AR A AR A AR A AR A AR A AR A A KA A A A AR A A AR AR A AR A AR AR A A AR A A A A A AR ARk K

Model = 4
Y = omz08 10
X = vlle h04
M = pi 08
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Statistical Controls:
CONTROL= v7c_04 v15a031n

Sample size
31

KK AR A AR A A A A AR A AR A A A A A A A A A A I A A KA AA KA A IR A A IR A A I A A I AR I AR I AR I A I A AR A A I A A A A A AR Ak K

Outcome: pi 08

Model Summary

R R-sg MSE F df1l df2
p
, 7183 , 5159 , 3759 9,5913 3,0000 27,0000
,0002
Model
coeff se t P LLCI ULCI
constant , 2845 , 3697 , 7694 ,4483 -,4742 1,0431
vlle h04 , 7531 ,1827 4,1221 ,0003 , 3782 1,1279
vic_04 , 2556 ,2823 , 9053 , 3733 -,3237 , 8349
v15a031ln ,1228 ,1021 1,2028 , 2395 -,0867 , 3324

KK AR A A AR A A A A A A A AR A AR A A A A AR A A A A A A A IR A KA A I A A I A A I A A I AR A AR A AR A AR A AR A A A AR KA KK

Outcome: omz08 10

Model Summary

R R-sq MSE F df1 df2
p
, 6586 , 4338 1,6594 4,9792 4,0000 26,0000
, 0041
Model
coeff se t P LLCI ULCI
constant 3,1484 , 7852 4,0096 , 0005 1,5343 4,7625
pi 08 1,4406 ,4043 3,5630 ,0014 , 6095 2,2718
vlle h04 -,2827 , 4899 -,5769 , 5690 -1,2898 , 7245
vic_04 -1,7167 , 6021 -2,8512 ,0084 -2,9544 -,4791
v15a031n -,0861 , 2202 -,3911 , 6989 -,5388 , 3666

kAkkkhkkkhkkkhkhkkkhkkkkrkkhkkkkkk*k DIRECT AND INDIRECT EFFECTS kAR khkkkhkhAkkhkhkhAkk kA khkkrkkhhkkrkhkkx*%

Direct effect of X on Y
Effect SE t P LLCI ULCI
-,2827 , 4899 -,5769 , 5690 -1,2898 , 7245

Indirect effect of X on Y
Effect Boot SE BootLLCI BootULCI
pi 08 1,0849 ,3826 , 5128 2,0050

kA Kk khkhkrk kA hkhkkrxkhkkxkxk*k ANALYSIS NOTES AND WARNINGS Ak Ak khkhkrhkkhk Ak khkrhkhkhkrxkhkxkk*x*x
Number of bootstrap samples for bias corrected bootstrap confidence
intervals:

1000

Level of confidence for all confidence intervals in output:
95,00

NOTE: Some cases were deleted due to missing data. The number of such

cases was:
301
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4.2.8. Process Output ‘wzp08 10’

Run MATRIX procedure:
Xxxxxx*x*AAKKKKKKK* PROCESS Procedure for SPSS Release 2.13 **xkkkkkkokkdkdx

Written by Andrew F. Hayes, Ph.D. www.afhayes.com
Documentation available in Hayes (2013). www.guilford.com/p/hayes3

KK AR A AR A AR A AR A AR A A A A A A A A A A I A A KA AA KA A KA A I A A I A A I AR I AR I AR I A I A AR A A I A A A A A A A KK

Model = 4
Y = wzp08 10
X = vlle h04
M = pi 08

Statistical Controls:
CONTROL= v7c_04 v15a031n

Sample size
42

KA R A AR AR AR A A A A A A A A A A A AR A A A A A AR A AR AR KA A AR A KRR AR AR A A AR A A A AR A A AR A AR ARk kA A kA Ak Ak k%

Outcome: pi 08

Model Summary

R R-sg MSE F dfl df2
p
, 5636 , 3176 , 5011 5,8952 3,0000 38,0000
,0021
Model
coeff se t P LLCI ULCI
constant ;9421 , 3618 2,6038 ,0131 , 2096 1,6745
vlle h04 , 5761 , 1967 2,9292 , 0057 , 1779 , 9742
vic 04 -,0382 ,2862 -,1334 , 8946 -,6176 , 5413
v15a031n ,2384 , 0926 2,5759 , 0140 , 0510 ;4258

AR A AR A A A A A A A AR A A A A A A A A A A AR A AR A A A A A AR A AR AR A AR AR A A AR A A A A A A A Ak hk Ak Ak Ak Ak Ak Ak kK k%

Outcome: wzp08 10

Model Summary

R R-sqg MSE F dfl df2
P
, 3969 , 1575 ,4012 1,7294 4,0000 37,0000
, 1643
Model
coeff se t P LLCI ULCI
constant -,2825 , 3514 -,8038 , 4267 -,9945 ,4296
pi 08 , 3189 , 1451 2,1971 ,0344 ,0248 , 6130
vlle h04 -,0514 ,1948 -,2636 , 7935 -,4461 , 3434
vic_ 04 ,0103 , 2562 ,0401 , 9682 -,5088 , 5293
v15a031n -,1667 ,0898 -1,8571 ,0713 -,3485 ,0152

AKhkKAkKhkhkAkhkhkkhkkk kA Ak ki h kK k% DIRECT AND INDIRECT EFFECTS KAk AAKAIKAA XA AA XA AR A AR A XXk kK
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Direct effect of X on Y
Effect SE t P LLCI ULCI
-,0514 ,1948 -,2636 , 7935 -,4461 , 3434

Indirect effect of X on Y
Effect Boot SE BootLLCI BootULCI
pi 08 , 1837 , 1005 , 0355 , 4523

LR I R I S b I S b I S b I S 2 I S b 3 ANALYSIS NOTES AND WARNINGS BRI e S b S b I S b I S b I Sb db I S db I I 4

Number of bootstrap samples for bias corrected bootstrap confidence
intervals:
1000

Level of confidence for all confidence intervals in output:
95,00

NOTE: Some cases were deleted due to missing data. The number of such
cases was:
290

4.3 Indirect effect of commercial networks on growth
4.3.1. Linearity and Homoscedasticity ‘omz08 10’

Scatterplot
Dependent Variable: Ontwikkeling omzet tussen 2008 en 2010

2

Regression Standardized Residual
i

T T T T T
-2 El 0 1 2

Regression Standardized Predicted Value
4.3.2. Independent errors ‘omz08 10’

Residuals Statistics®

Minimum  Maximum Mean Std. Deviation M
Predicted Value 24412 3,7654 31613 36362 31
Residual -2,76542 236962 ,aooao 1,558163 31
Std. Predicted Yalue -1,880 1,661 000 1,000 31
Std. Residual -1,762 1,602 .0oa 983 31

a. DependentVariable: Ontwikkeling omzettussen 2008 en 2010
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4.3.3. Normally distributed errors ‘omz08 10’

Histogram

Histogram
Dependent Variable: Ontwikkeling omzet tussen 2008 en 2010

Mean = 3 40E-16
| 1 Std. Dev. = 0,983
N=31

4

Frequency
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Regression Standardized Residual

P-Plot

Normal P-P Plot of Regression Standardized Residual
Dependent Variable: Ontwikkeling omzet tussen 2008 en 2010
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4.3.4. Linearity and Homoscedasticity ‘wzp08 10’

Scatterplot
Dependent Variable: Ontwikkeling wzp tussen 2008 en 2010
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4.3.5. Independent errors ‘wzp08_ 10’

Residuals Statistics®

Minimum  Maximum Mean Std. Deviation I
Predicted Value 0083 ,2005 0852 05387 42
Residual -1,14557 93678 Q0000 A5332 42
Std. Predicted Value -1,614 1,854 000 1,000 42
Std. Residual -1,732 1,416 000 988 42

a. Dependent Variable: Ontwikkeling wzp tussen 2008 en 2010

4.3.6. Normally distributed errors ‘wzp08 10’
Histogram

Histogram
Dependent Variable: Ontwikkeling wzp tussen 2008 en 2010

Wean = -4 86E-17
254 Std. Dev. = 0,988
N=42

204

Frequency
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P-Plot

Normal P-P Plot of Regression Standardized Residual

Dependent Variable: Ontwikkeling wzp tussen 2008 en 2010
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4.3.7. Process output ‘omz08 10’
Run MATRIX procedure:

Kx KKK KKK KA K xx Kk kA x PROCESS Procedure for SPSS Release 2.13 *Hxxxkkdkxxikksx
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Written by Andrew F. Hayes, Ph.D. www.afhayes.com
Documentation available in Hayes (2013). www.guilford.com/p/hayes3

KK R AR R AR A A A A A A A A A A A A AR A AR A AR A AR A AR A A AR AR A A A A A A AR A AR A AR A AR A A A A AR A A AR AR A Ak kK

Model = 4
Y = omz08 10
X = vllb 04
M= pi 08

Statistical Controls:
CONTROL= v7c_04 v15a031n

Sample size
31

KK AR A A AR A A A A A A A A A A AR A AR A AR A A A A A A A IR A A IR AA KA A I A AR A A A AR A AR I AR A AR A AR A AT A AR KA KK

Outcome: pi 08

Model Summary

R R-sqg MSE F dfl df2
p
, 4973 , 2473 , 5845 2,9574 3,0000 27,0000
, 0502
Model
coeff se t ) LLCI ULCI
constant , 6418 , 4971 1,2912 , 2076 -,3781 1,6618
vllb 04 , 1422 ;1250 1,1375 , 2653 -,1143 , 3986
vT7c 04 , 6260 , 3315 1,8881 , 0698 -,0543 1,3062
v15a031n ,1010 , 1278 , 7906 , 4361 -,1612 , 3633

KK AR A A AR A A A A A AR A A A A AR A AR A AR A A A A AR A A A A A A A A A A I A A IR A A I A A A AR A AR AR A AR A A A AR A A XA KK

Outcome: omz08 10

Model Summary

R R-sg MSE F dfl df2
p
, 6818 ,4648 1,5684 5,6453 4,0000 26,0000
,0021
Model
coeff se t P LLCI ULCI
constant 3,5768 , 8390 4,2630 ,0002 1,8521 5,3015
pi 08 1,3876 , 3152 4,4017 , 0002 , 7396 2,0356
vllb 04 -,2859 , 2096 -1,3641 ,1842 -,7167 , 1449
vic_04 -1,7086 , 5778 -2,9571 , 0065 -2,8964 -,5209
v15a031n -,1039 , 2117 -,4908 , 6277 -,5392 , 3313

KA AKA KR AKX AR A KA Kk *k*%k DIRECT AND INDIRECT EFFECTS KA A KA KR AKX A AKX AR AR A KK A * Kk kkh kK%
Direct effect of X on Y
Effect SE t P LLCI ULCI
-,2859 , 2096 -1,3641 ,1842 -,7167 , 1449
Indirect effect of X on Y
Effect Boot SE BootLLCI BootULCI
pi 08 , 1973 , 1660 -,0955 , 5678

Ak Ak Kk khkrh kA hkhkkkxkhk*xKxk*k ANALYSTIS NOTES AND WARNINGS Nhkkhkdrh kA hkhkkhkrhkhkhkhkhkkhkrxkhkkxxk*xx*x
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Number of bootstrap samples for bias corrected bootstrap confidence
intervals:
1000

Level of confidence for all confidence intervals in output:
95,00

NOTE: Some cases were deleted due to missing data. The number of such

cases was:
301

4.3.8. Process output ‘wzp08_ 10’
Run MATRIX procedure:
KRk kKX KK KKKk kxxx% PROCESS Procedure for SPSS Release 2.13 **kkkxxxkkdkkx

Written by Andrew F. Hayes, Ph.D. www.afhayes.com
Documentation available in Hayes (2013). www.guilford.com/p/hayes3

KK AR A AR A A A A A A A A A A AR A AR A AR A A A A A A A A AA KA A I A A I A A I A AR AR I AR A AR A AR A AR A AT A AR A A KA KK

Model = 4
Y = wzp08 10
X = vllb 04
M = pi 08

Statistical Controls:
CONTROL= v7c_04 v15a031n

Sample size
42

AR A AR A A A A A A A AR A A A A A A A A A A AR A AR A A A A A AR A AR AR A AR AR A A AR A A A A A A A Ak hk Ak Ak Ak Ak Ak Ak kK k%

Outcome: pi 08

Model Summary

R R-sg MSE F dfl df2
p
, 4565 ,2084 , 5813 3,3339 3,0000 38,0000
, 0294
Model
coeff se t P LLCI ULCI
constant 1,0121 , 4344 2,3299 , 0252 , 1327 1,8916
vllb 04 ,1587 ,1081 1,4673 , 1505 -,0602 , 3776
vic 04 ;2914 , 2787 1,0459 , 3022 -,2727 , 8555
v15a031n ,1951 , 0984 1,9833 , 0546 -,0040 , 3943

R IR R I S R I S R I Sb b I S b I S b S S b S S S S S dE S b S b I Sb b I S b I Sb b I b b I S b S Sb b S S e S db I Sb db I Sb b I Sb b b Sb db 3 S 3

Outcome: wzp08 10

Model Summary
R R-sqg MSE F dfl df2

P
;4106 ;1686 ;3959 1,8762 4,0000 37,0000

, 1352
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Model

coeff se t P LILCI ULCI
constant -,4264 , 3832 -1,1126 , 2731 -1,2029 , 3501
pi 08 , 2792 , 1339 2,0855 , 0440 , 0079 , 5504
vllb 04 , 0689 ,0917 , 71517 , 4570 -,1169 , 2548
vic_04 -,0244 , 2332 -,1047 , 9172 -,4970 , 4482
v15a031ln -,1548 , 0853 -1,8153 , 0776 -,3276 ,0180

LR I R I S b I S b I S b I S 2 I S b 3 DIRECT AND INDIRECT EFFECTS BRI e S b S b I S b I S b I Sb db I S db I I 4

Direct effect of X on Y
Effect SE t P LLCI ULCI
, 0689 ,0917 , 71517 , 4570 -,1169 , 2548

Indirect effect of X on Y
Effect Boot SE BootLLCI BootULCI
pi 08 ,0443 ,0447 -,0088 ,1838

kAhkhkhkkhkkhkrkkkhkhkkrkkhkkhkrkhkkkk*k ANALYSIS NOTES AND WARNINGS khkkhkhkkhkhkhkhkkhkkhkrxkhk khrhkkhkkhkrxkhk kkkk*xx%x
Number of bootstrap samples for bias corrected bootstrap confidence
intervals:

1000

Level of confidence for all confidence intervals in output:
95,00

NOTE: Some cases were deleted due to missing data. The number of such
cases was:
290
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4.4 Indirect effect of interaction between scientific- and commercial networks on
growth

4.4.1.

Regression Standardized Residual

Linearity
Scatterplot

and

Dependent Variable: Ontwikkeling omzet tussen 2008 en 2010

Homoscedasticity

0,5+

0,09

0,54

2 o 000
o oo o
o]
o] o
o o
2 o oo o o

Regression Standardized Predicted Value

4.4.2. Independent errors
Residuals Statistics”
Minimum  Maximum Mean Std. Deviation I
Predicted Yalue 2,98096 3,2844 31613 06642 )|
Fesidual -2, 23787 1,94570 00000 1,50229 )|
Std. Predicted Value -2 585 1,853 ,000 1,000 K} |
Std. Residual -1,382 1,201 000 83 N
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a. DependentVariable: Ontwikkeling omzettussen 2008 en 2010

‘omz08 10’

‘omz08_ 10’



4.4.3. Normally distributed errors ‘omz08 10’

Histogram

Frequency

Histogram

Dependent Variable: Ontwikkeling omzet tussen 2008 en 2010

104

4

™~

P-Plot

Dependent Variable: Ontwikkeling omzet tussen 2008 en 2010
10
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Normal P-P Plot of Regression Standardized Residual
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Mean = 8 87E-17
Std. Dev. = 0,983
N =31



4.4.4, Linearity and Homoscedasticity ‘wzp08 10’

Scatterplot
Dependent Variable: Ontwikkeling wzp tussen 2008 en 2010
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4.4.5. Independent errors ‘wzp08_ 10’

Residuals Statistics®

Minimum  Maximum Mean Stdl. Deviation M
Predicted Yalue 0023 2184 852 044045 42
Residual -1, 16663 934954 ,aoooo 65367 42
Std. Predicted Yalue -1,879 2,440 ,aon 1,000 42
Std. Residual -1,748 1,420 ,aoa 988 42

a. DependentVariable: Ontwiklkeling wzp tussen 2008 en 2010
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4.4.6. Normally distributed errors ‘wzp08 10’
Histogram

Histogram
Dependent Variable: Ontwikkeling wzp tussen 2008 en 2010
Mean = -2,78E-17
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— N=42
20
g
S 15
3
o
2
L
10
-
.
o 1 T T T
-2 -1 a 1 2
Regression Standardized Residual
P-Plot
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4.4.7. Process output ‘omz08 10’
Run MATRIX procedure:
*ERFx AKX KKK KX KX xxx PROCESS Procedure for SPSS Release 2.13 x**xkxskxdkxdxx

Written by Andrew F. Hayes, Ph.D. www.afhayes.com
Documentation available in Hayes (2013). www.guilford.com/p/hayes3

KK AR A AR A AR A AR A A A A A A A A A A IR A A A A IR AA KA A KA A I A A I AR I AR I AR A AR A AT A AR A AT A AR A AR AR A KK

Model = 4
Y = omz08 10
X = vllb ho04
M = pi 08

Statistical Controls:
CONTROL= v7c_04 v15a031ln vllb 04 wvlle h04

Sample size
31

KA R A AR AR A A AR A A A A A A A A A A A A AR A A AR A AR AR A A AR AR A AR A A A A AR AR A AR A AR A A Ak A Ak Ak kA Ak Ak k%

Outcome: pi 08

Model Summary

R R-sqg MSE F df1l df2
P
, 7421 , 5507 ,3768 60,1281 5,0000 25,0000
,0008
Model
coeff se t P LLCI ULCI
constant , 0540 , 4252 , 1270 , 8999 -,8217 , 9297
v1llb h04 -,1507 , 1793 -,8405 ,4086 -,5200 , 2186
vic 04 , 2339 , 2867 , 8159 , 4222 -,3565 , 8244
v15a031ln , 1344 , 1030 1,3042 , 2040 -,0778 , 3466
vllb 04 ,1093 , 1007 1,0853 , 2881 -,00981 ,3166
vlle h04 , 7335 , 1835 3,9971 , 0005 , 3555 1,1114

KK AR A A AR A A A A A AR A A A A AR A AR A AR A A A A AR A A A A A A A A A A I A A IR A A I A A A AR A AR AR A AR A A A AR A A XA KK

Outcome: omz08 10

Model Summary

R R-sqg MSE F dfl df2
p
, 6980 , 4873 1,6278 3,8011 6,0000 24,0000
,0084
Model
coeff se t P LLCI ULCI
constant 3,7365 , 8840 4,2269 ,0003 1,9119 5,5610
pi 08 1,5095 , 4157 3,6313 ,0013 , 6515 2,3674
v1lb h04 -,2882 , 3779 -,7628 , 4530 -1,0681 , 4917
vic_04 -1,5769 , 6037 -2,6120 , 0153 -2,8229 -,3308
v15a031n -,1346 , 2213 -,6084 , 5486 -,5914 , 3221
vllb 04 -,2954 ;2141 -1,3795 ,1804 -,7373 , 1465
vlle h04 -,3024 , 4883 -,6194 , 5415 -1,3102 , 7054

R S b I S b I S b I S b I S g 3 DIRECT AND INDIRECT EFFECTS BRI A b I S b I S b I S b I b b I b b I i 4

Direct effect of X on Y
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Effect SE t P LLCI ULCI
-,2882 , 3779 -,7628 , 4530 -1,0681 , 4917

Indirect effect of X on Y
Effect Boot SE BootLLCI BootULCI
pi 08 -,2275 , 3129 -1,0241 , 3248

R e A b I dh b I S b I S R b b 3 ANALYSIS NOTES AND WARNINGS KA ARA AR A AR A A XA A XA A XA XK A KK

Number of bootstrap samples for bias corrected bootstrap confidence
intervals:
1000

Level of confidence for all confidence intervals in output:
95,00

NOTE: Some cases were deleted due to missing data. The number of such
cases was:
301

NOTE: Some bootstrap samples had to be replaced. The number of such
replacements was:

4.4.8. Process output ‘wzp08 10’

Run MATRIX procedure:
FrHxK A xx KKKk xx Kk kx PROCESS Procedure for SPSS Release 2.13 **xxxdokdkxxxkkxx

Written by Andrew F. Hayes, Ph.D. www.afhayes.com
Documentation available in Hayes (2013). www.guilford.com/p/hayes3

AR A AR A A A A A A A AR A A A A A A A A A A AR A AR A A A A A AR A AR AR A AR AR A A AR A A A A A A A Ak hk Ak Ak Ak Ak Ak Ak kK k%

Model = 4
Y = wzp08 10
X = v1lb h04
M = pi 08

Statistical Controls:
CONTROL= v7c_04 v15a031n vllb_04 vlle_h04

Sample size
42

KRR AR AR AR A A A A AR A A A A AR A AR A AR A AR A AR A AR A A A A A A A A A AR A AR A AR A AR A AR A A A A AR A A AR A ARk kK

Outcome: pi 08

Model Summary

R R-sg MSE F dfl df2
p
, 5919 , 3504 , 5036 3,8831 5,0000 36,0000
,0065
Model
coeff se t o) LLCI ULCI
constant , 6404 , 4276 1,4975 , 1430 -,2269 1,5077
v1lb h04 , 0130 , 1872 , 0694 , 9451 -,3666 ,3926
v7c 04 -,0553 , 2874 -,1925 , 8484 -,6383 , 5276
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v15a031n ;2379 , 0933 2,5509 ,0151 , 0487 ;4270
vllb 04 , 1366 ,1016 1,3451 ,1870 -,0694 , 3427
vlle h04 , 5550 ,1978 2,8052 ,0081 , 1537 , 9562

KK R AR R AR A A A A A A A A A A A A AR A AR A AR A AR A AR A A AR AR A A A A A A AR A AR A AR A AR A A A A AR A A AR AR A Ak kK

Outcome: wzp08 10

Model Summary

R R-sg MSE F dfl df2
P
,4668 , 2179 , 3937 1,6250 6,0000 35,0000
,1695
Model
coeff se t o) LLCI ULCI
constant -,3521 , 3897 -,9033 , 3725 -1,1433 , 4391
pi 08 ;2973 , 1474 2,0171 ,0514 -,0019 ;5965
v1llb h04 -,2422 ;1655 -1,4634 , 1523 -,5782 ,0938
vic_04 ,0171 , 2543 , 0671 , 9469 -,4992 , 5333
v15a031ln -,1742 ,0896 -1,9440 ,0600 -,3561 , 0077
vllb 04 , 0537 ,0921 , 5829 , 5637 -,1332 , 2405
vlle h04 -,0558 ,1931 -,2891 , 1742 -,4479 , 3362

AKAkkkhkkkhkhkkAkkkhkkAkkhkhAkkk kK kK**k DIRECT AND INDIRECT EFFECTS LR R S b S b I S b I S b I Sb db I Sb b I S 4

Direct effect of X on Y
Effect SE t P LLCI ULCI
-,2422 ,1655 -1,4634 , 1523 -,5782 ,0938

Indirect effect of X on Y
Effect Boot SE BootLLCI BootULCI
pi 08 ,0039 ,0705 -,1735 , 1321

R I e e I I b b b b I e e b b b b g ANALYSIS NOTES AND WARNINGS R I I b I b b I I e b b b b b b a4
Number of bootstrap samples for bias corrected bootstrap confidence
intervals:

1000

Level of confidence for all confidence intervals in output:
95,00

NOTE: Some cases were deleted due to missing data. The number of such

cases was:
290
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