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Preface

In June 996, two months before I started studying Human Geography at Utrecht University, 
my geography teacher suggested that I may one day write a dissertation. At my graduation from 
the Atheneum of the Regionale Scholengemeenschap ’t Rijks, he offered me a book in which he 
wrote ‘Within 7 years I will come to your Ph.D defence’. At that time, I had hardly any idea of 
what writing a dissertation implied. But thanks to that sentence I explored the various aspects 
of conducting research throughout my study, using the opportunity offered by the honours 
programme of the Faculty of GeoSciences, by becoming a research assistant at Regioplan in 
Amsterdam and working as a student assistant at Utrecht university. These experiences made me 
decide to embark on my dissertation, and immediately after graduating I started working on this 
study. Although it took me nine rather than seven years, my efforts resulted in this book.

In writing my thesis, I benefited enormously from remarks and support of many people. Firstly, 
I would like to thank my two supervisors: Ron Boschma and Ronald van Kempen. I found Ron’s 
enormous amount of ideas always inspiring, although they could not all be included in this 
thesis. Ronald made sure that the discussions and results presented in the thesis remained clear 
and understandable for people less familiar with the central debates in economic geography. The 
open attitude of both my supervisors made it possible for me to discuss all kinds of issues with 
them, which certainly made writing my thesis easier.

Secondly, I am grateful to the Netherlands Institute for Spatial Research for their financial 
support that enabled me to collect all the data necessary for the empirical study. I especially 
would like to thank Frank van Oort for his many useful comments and support. Furthermore, I 
am very thankful that I was offered the possibility to finish my thesis while already working at 
the institute.

Thirdly, I would like to thank my colleagues at Utrecht University for their support. From the 
section of Economic Geography, I especially would like to thank Koen Frenken, Erik Stam 
and Veronique Schutjens for their helpful comments and suggestions during the process. More 
specifically, I would like to thank Koen for his suggestion to join the ETIC doctoral course, 
which helped me to get a more specific focus in this study, combining insights from evolutionary 
economics with central issues in economic geography. Veronique helped me to organise and 
structure the whole process of conducting a disseration during the regular ‘AIO monitoring’ 
meetings, which have been a great help.

To me, writing a thesis was certainly not a lonely process. I enjoyed the many social contacts 
during the last four years. Specifically, I would like to thank my roommates Ivo and Michel. 
Although we were working on completely different topics, we started at almost the same time 
and, therefore, went through the same stages and frustrations. This made it clear to us that 
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whether you do field measurements in a river to design a model about the deposition of heavy 
metals, use large datasets and cellular automata to model urbanisation patterns or gather data 
using telephone questionnaires among firms, all types of research can be equally frustrating and 
enjoyable. Mainly during the lunches but also at other social meetings, I talked about the daily 
problems and joys of being a Ph.D student with especially Guido, Rebecca, Nikki, Javier, Sendy 
and Karien.

One of the main advantages of being a Ph.D student is the ability to visit conferences and 
doctorate courses. Those visits lead to many useful comments on my papers, but also to many 
social talks in the evenings with Ph.D students from different countries. From the staff, 
I especially would like to thank Bent Dalum for offering me the possibility to visit the IKE 
group in Aalborg, and his invitations to the ICT conference in Aalborg and the DRUID winter 
conferences. From the Ph.Ds, I especially enjoyed the talks with Christian Pedersen about the 
spatial concentration of ICT firms (not ‘clusters’!) and Kerstin Wolter about vampire movies.

Finally, I would like to thank Jeff and my friends for being so patient with me whenever I would 
start babbling about problems concerning my disseration and, during the last months, when I 
lacked the time to meet with all of you because I had to finish this book.

Anet Weterings
Zeist, October 2005
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1 Introduction

1.1 Background of the study

The benefits of spatial proximity between firms and other organisations are a central theme 
in economic geography. Marshall (890) and Weber (909) already mentioned so-called 
agglomeration economies, that is, the external economies from which a firm can benefit by 
being located near one or more other firms (Lambooy, 98). Since the end of the 980s, the 
benefits of spatial proximity have received renewed attention, not only in economic geography, 
but in economics, innovation studies and among policymakers as well. The success of regions 
such as Silicon Valley has given rise to a wide diversity of theoretical frameworks that emphasise 
the benefits of spatial proximity for the innovative performance of firms. Examples are new 
industrial spaces (Scott, 988), industrial districts (Becattini, 990; Dei Ottati, 994), innovative 
milieux (Camagni, 99), clusters (Porter, 990), and, more recently, learning regions (Morgan, 
997) and regional innovation systems (Braczyk et al., 998).

The main reason why it is assumed that spatial proximity stimulates the innovative 
performance of firms is that it facilitates the exchange of (tacit) knowledge (Feldman, 994). 
Some knowledge is difficult to articulate, because it is acquired through experience. The exchange 
of this so-called tacit knowledge requires regular (face-to-face) interactions, which is easier 
when organisations are located near one another (Gertler, 2003). Therefore, interactive learning 
processes are assumed to be more easily established between co-located firms, stimulating their 
innovative performance.

The assumed relevance of spatial proximity to the exchange of knowledge is especially 
interesting within the specific context of the Netherlands. The country’s small size, the 
widespread urbanisation, the well-developed infrastructure and the lack of regional differences 
in formal institutions make for a relatively uniform business climate (Wever and Stam, 999). 
This leads to the assumption that the Netherlands might be one urban field in which firms can 
perform well in every region (e.g., Pred, 977; De Jong, 987; Vaessen, 993). If these ideas are 
correct, the performance of Dutch firms is unlikely to be affected by spatial proximity to other 
organisations. They will find it easy to reach their business partners and distance is no obstacle.

In addition to existing doubts as to what role spatial proximity plays in the Netherlands, 
there is also a general lack of clarity surrounding the question why firms actually benefit from 
being located near other organizations (Malmberg and Maskell, 2002; Martin and Sunley, 
2003). Although many empirical studies have addressed this topic, most of them do not test the 
main assumptions underlying the benefits of spatial proximity and, thus, leave some important 
questions unanswered. How does spatial proximity to other organisations affect the performance 
of firms? Does spatial proximity mainly facilitate the interactions between organisations? And, 
very importantly, do firms that are located near each other really perform better? The central 
topic of this study is to test the effect spatial proximity between organisations has on the 
performance of firms within the Netherlands.
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1.2 Aim of the study

Until now, the effect of spatial proximity between organisations on the exchange of knowledge 
has mainly been examined in two types of empirical studies. This section provides a short 
critical overview of both types of studies that despite providing useful insights, each have their 
limitations as well. The aim of this study is to partly fill the research gap left open by those 
studies, as is explained at the end of this section.

The first type of studies is found in regional economics. These studies have linked variations 
in the spatial concentration of organisations to indicators of regional economic growth, often 
measured by employment growth or the number of patents per region (Glaeser et al., 992; Jaffe 
et al., 993; Henderson et al., 995; Anselin et al., 997; Feldman and Audretsch, 999). Using 
data aggregated to the regional level, these studies examine whether regional economic growth 
is higher in regions where more organisations are concentrated. Most studies test the effect 
of the spatial concentration, both among firms that are active in the same sector (localisation 
economies) and among a diversity of firms and organisations (urbanisation economies). These 
studies are open to criticism in three areas.

Firstly, they do not investigate what the mechanisms are that may cause the beneficial effect 
of spatial proximity between organisations, because they rely on aggregated data. Although they 
offer a number of theoretical assumptions about the ways spatial proximity may facilitate the 
transfer of knowledge, the use of aggregated data makes it empirically difficult to understand the 
reasons behind the positive relation between the spatial concentration of industries and regional 
economic growth (Martin and Sunley, 2003). Further insights in the mechanisms through which 
knowledge spills over between firms are necessary.

Secondly, studies focusing on the regional level tend to treat firms as black boxes, treating 
organisations and internal processes as given and having no direct bearing upon spatial patterns 
of production (Vaessen, 993). However, knowledge is transferred between firms, or, more 
specifically, between actors within firms, which would imply that the characteristics of firms are 
likely to affect knowledge transfer and learning processes. Firms that do not have considerable 
innovation potential cannot generate notable innovations, even in a region where innovation 
conditions are favourable (Sternberg and Arndt, 200). Consequently, the characteristics of firms 
should be taken into account when the relation between the co-location of organisations and the 
performance of firms is tested.

The third criticism is that most studies in regional economics use administrative boundaries 
to define the regions in which organisations are concentrated and that they limit themselves 
to a single spatial scale. According to Parr (2002) and Van Oort and Atzema (2004), this 
implies that such studies select a spatial scale of agglomeration economies beforehand, without 
asking themselves at what special scale agglomeration economies are mainly related to regional 
economic growth. The distances over which agglomeration economies take place are likely to 
vary between sectors: in some cases, like the retail sector, they may very well be limited to a few 
streets within a city, while in the case of business services they may take place on a much higher 
spatial scale. Consequently, the spatial scale on which agglomeration economies take place 
should be derived empirically.

The second type of empirical studies is part of the economic geographic literature (Scott, 
988; Saxenian, 994; Keeble et al., 999; Henry and Pinch, 2000; Bathelt et al., 2004). Unlike 
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the studies in regional economics, they focus on describing the mechanisms through which 
knowledge spills over between organizations. Mainly following the work of Saxenian (994), 
various mechanisms have been described as important, such as long-term, trust-based 
relationships between firms, labour market mobility, informal contacts between employees of 
different firms, and spin-offs. Focusing on specific regions where industries are concentrated 
(‘clusters’), these highly descriptive studies often emphasize that the transfer of knowledge is 
facilitated by the specific cultural and institutional factors of regions where industries are 
concentrated.

The main problem with these studies is that they do not test the relations between spatial 
proximity, knowledge spill-over mechanisms and firm performance. Spatial proximity is assumed 
to facilitate the interactions between organisations and, therefore, stimulate the exchange 
of knowledge. This assumption is often mentioned as the underlying reason why industries 
continue to be concentrated in certain areas. However, most studies do not test the relation 
between spatial proximity and face-to-face interactions. Furthermore, despite the fact that these 
studies describe in detail how different knowledge spillover mechanisms may function, they do 
not test the effect those mechanisms have on the performance of firms, nor do they indicate 
which types of mechanisms are most important. Finally, although these studies assume that 
firms gain economic benefits from being located near other organisations, they do not examine 
whether firms located in regions where organisations are concentrated perform better than firms 
operating outside those regions.

It may be clear that there are still gaps in our understanding of the effect of spatial proximity 
between organizations on firm performance. Therefore, the general purpose of this study is to gain 
further insight into the potential benefits firms may gain from being located near other organisations. 
To fill some of the research gaps identified above, we have gathered firm level data from firms 
located all over the Netherlands. Those data allows us to actually test several of the assumptions 
made in the regional economics and economic geography literature. With this study, we make 
five contributions to the existing studies on how spatial proximity between organisations affects 
the performance of firms:
• Rather than randomly selecting a spatial scale beforehand, we examine at what scale 

agglomeration economies mainly play a role. Using spatial econometrics, we are able to test 
the relation between the spatial concentration of organisations and regional economic growth 
for different spatial scales and regimes. This analysis provides insight into the distances across 
which firms in the Netherlands benefit from being located near other organisations.

• We test the assumed positive effect of spatial proximity between organisations on face-to-
face interactions. In other words, we conduct empirical tests to examine the main assumption 
concerning the beneficial effect of spatial proximity on the performance of firms.

• We examine the relevance of two potential knowledge spillover mechanisms in greater depth: 
inter-organisational relationships and knowledge inheritance through the establishment of 
new firms by former employees. For both mechanisms, we test whether they are affected 
by spatial proximity between firms and to what extent they contribute to the innovative 
performance of firms.

• We examine whether firms located in regions where organisations are concentrated actually 
perform better than firms located elsewhere, while controlling for differences between 
firms. Using firm level data obtained from firms located in different regions within the 
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Netherlands, we compare their performance and control for differences in size, age and 
innovation strategy.

• Finally, we further open the black box of the firm. Most studies in economic geography and 
regional science focus so strongly on the external relationships and environment that they 
tend to overlook the importance of differences that exist between firms. In this study, we 
empirically test the relevance of a firm’s internal organisations for its ability to develop new 
products or services, while controlling for the effect of external relationships.

1.3 Selecting the software sector

To gain a better understanding of the potential benefits of spatial proximity, we decided to limit 
our study to a specific sector. Examining the relevance of spatial proximity among firms that 
belong to different sectors could lead to unobserved heterogeneity among the research population, 
which may contaminate the results. There tend to be differences between various sectors in terms 
of knowledge spill-over mechanisms and innovative processes. Certain knowledge spill-over 
mechanisms, like localisation economies and spin-off dynamics, are industry-specific (Feser, 
2002). Localisation economies occur where there are concentrations of firms that are involved in 
similar activities, and spin-offs are assumed to be successful because of the prior work experience 
of founders at incumbents.

Previous studies show that there tend to be differences between the various sectors when 
it comes to innovation processes, which makes it difficult to compare them (Pavitt, 984; 
Tether, 2003a). Although innovation is generally defined as the development of new products 
or processes that are successfully introduced to the market, entrepreneurs working in different 
sectors are likely to have a different perception as to what constitutes an innovation. The 
likelihood that that perception is unanimous is higher when the entrepreneurs are active in 
the same industry. By focusing on one sector, we ensure that the results of this study are not 
disturbed by differences between sectors.

The sector on which we focus in this study is the software sector. The reason for selecting 
this sector is that it is often mentioned as being an important part of the knowledge-intensive 
industries. We expect knowledge to be such an important asset for software firms that their 
performance is likely to be affected by their access to external knowledge. If there is evidence that 
spatial proximity does affect the innovative performance of Dutch firms, we are more likely to 
find it among these knowledge-intensive software firms. The software sector is one of the main 
knowledge-intensive sectors in the Netherlands, since high technology manufacturing is not a 
highly developed sector and business services dominate the economy in this country (Statistics 
Netherlands, 2003). It forms a major part of the computer services sector, which in most western 
countries has become the largest knowledge-based activity in terms of the number of firms and 
employees during the 990s (Coe, 998).

1.4 Research questions

In this study, we examine to what extent spatial proximity to other organisations contributes to 
the performance of firms. In the largest part of this study, we use the innovative performance 
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of software firms as an indicator for their success, because we expect that the exchange of 
knowledge between organisations mainly contributes to their innovative performance. Through 
inter-firm knowledge spillovers, firms obtain access to external knowledge, which they might 
integrate in their own knowledge base, potentially leading to new products or processes. The 
central research question of this study can be formulated as:

In what way and to what extent does spatial proximity to other organisations affect the innovative 
performance of software firms in the Netherlands?

We have divided the central research question into four research questions that are each 
addressed in a different chapter. We present these research questions below. At the end of 
this section, figure . shows a schematic presentation of the various relations between spatial 
proximity, knowledge spill-over mechanisms, and the innovative performance of software firms 
that are tested by addressing the four research questions of this study.

Research question :
1a How has the spatial pattern of the computer services sector in the Netherlands developed between 

1981 and 2002?
1b To what extent are different kinds of agglomeration economies related to the regional differences in 

employment growth in the Dutch computer services sector between 1996-2002?
1c At what spatial scale do agglomeration economies best describe the regional differences in 

employment growth in the Dutch computer services sector between 1996-2002?

Before turning to the firm level, we first use data from the regional level to describe the sector’s 
spatial pattern and to explore on which spatial scale benefits of spatial proximity mainly occur. 
In recent years, there has been no detailed empirical study into the spatial pattern of the 
software and computer services sector in the Netherlands (examples of four older studies are 
Koerhuis and Cnossen, 98; De Jong and Lambooy, 984; Drenth, 990; Bleichrodt et al., 992). 
Therefore, no recent information is available on the tendency of this sector to concentrate in 
certain regions. Furthermore, the spatial scale on which agglomeration economies mainly relate 
to employment growth in this sector has not yet been empirically examined. Using spatial 
econometrics, we explore the effect of different kinds of agglomeration economies over different 
distances (spatial proximity) and between spatial configurations such as labour market areas and 
national core-periphery distinction (spatial heterogeneity). In this way, we can explore to what 
extent the Netherlands can be seen as a single urban field with regard to the computer services 
sector. With this analysis, we also provide initial insight into the relationship between the spatial 
concentration and the performance of firms for the Dutch software sector.

These analyses are mainly based on the dataset on employment growth (LISA). In this 
dataset, sectors are distinguished by the industrial classification code (NACE). Until 2004, these 
codes did not distinguish between computer services in general and firms producing software. 
This means that we could not limit this part of our study to software firms, but instead had to 
focus on the entire computer services sector. For similar reasons, the years over which we can 
describe the spatial pattern of the sector and conduct the spatial econometric analysis vary. The 
latter analysis requires data on the municipal level, which is only available for the period between 
996 and 2002. For the other years, we only have data relating to 40 labour market regions.
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The other three research questions of this thesis focus on the firm level to examine the effect 
of spatial proximity between organisations on the innovative performance of software firms. 
In addition to economic geographic literature, this part of the thesis is inspired by insights 
from evolutionary economics (Boschma and Lambooy, 999). Although the benefits of spatial 
proximity between organisations are not a central issue in this approach, it provides better 
understanding of the mechanisms firms use to exchange knowledge. Following from this 
approach, it can be argued that knowledge is unlikely to spill over between firms simply because 
they are located near one another, but will only do so if they are able to identify, exploit and 
integrate external knowledge into their own knowledge base. In other words, a certain level of 
absorptive capacity is required (Cohen and Levinthal, 990). Interactive learning processes only 
occur through effective mechanisms that bring together complementary pieces of knowledge 
that are dispersed among various actors (Nooteboom, 2000).

Two such knowledge spill-over mechanisms are examined in this study: inter-organisational 
relationships and knowledge inheritance processes. We have gathered the data required to 
answer the following three research questions in a telephone survey among 265 software firms. 
We could not use existing datasets because they do not provide data on all the different topics 
that we address in this study. Due to time-related and financial constraints, we decided to focus 
on knowledge spill-over mechanisms that can be measured by interviewing entrepreneurs. We 
do not account for the effects of other potentially relevant knowledge spill-over mechanisms, like 
labour market mobility or informal contacts between employees, as that would require detailed 
information both at the level of firms and of their individual employees.

Research question 2:
2a To what extent are inter-organisational relationships an important source of innovation for Dutch 

software firms compared to other potential sources of innovation?
2b To what extent does spatial proximity of inter-organisational relationships affect the number of 

face-to-face interactions between software firms and their partners?
2c. To what extent do spatial proximity and face-to-face interactions with external organisations affect 

the innovative performance of software firms in the Netherlands?

Inter-organisational relationships are likely to serve as a knowledge spill-over mechanism, 
because firms learn about each other’s resources and competences, and discover ways to 
integrate that external information in their own knowledge base. Supporting this argument 
is the fact that customers and suppliers are often the main sources of innovation in different 
types of industries (Von Hippel, 988; Lundvall, 988; De Jong and Marsili, 2004). This is why 
we begin by examining the relevance of inter-organisational relationships as a knowledge spill-
over mechanism in the Dutch software sector. Although the economic geographic literature 
often emphasises that knowledge is most likely to be exchanged through long-term and trust-
based inter-organisational relationships, we have decided not to focus exclusively on those 
kinds of relationships beforehand. Instead, we start by examining what sources of innovation 
are mainly relevant in the Dutch software sector. We then select the relationships that are 
most important with regard to the innovation process and test whether they contribute to the 
innovative performance of software firms. In this analysis, we control for the characteristics of 
the relationships by including indicators for the intensity of contact and collaboration between 
organisations.
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By addressing research question 2 we test three assumptions on the relevance of spatial proximity 
between business partners. Firstly, we test whether being located near its business partners 
does indeed have a positive effect on the innovative performance of a firm. To examine to what 
extent this has to do with the fact that spatial proximity facilitates face-to-face interactions, we 
test whether software firms interact more often with business partners that are located in the 
same region, that is, a range of 50 kilometres surrounding the firm. In other words, the second 
assumption we test is that spatial proximity facilitates interactions between firms. Finally, 
we investigate whether spatial proximity merely has an indirect impact on a firm’s innovative 
performance, because it facilitates interactions, by including an interaction term. In this way, we 
test whether firms that are located in the same region and interact on a more frequent basis have 
a greater tendency to exchange knowledge, and as a result of that display a better innovative 
performance.

Research question 3:
3a To what extent does the prior working experience of founders affect the innovative performance of 

software firms in the Netherlands?
3b To what extent does a continued relationship with the previous employer of (one of ) the founder(s) 

affect the innovative performance of a software firm, and to what extent is this relation affected by 
spatial proximity to the previous employer?

The second knowledge spill-over mechanism that we examine in detail in this study are 
knowledge inheritance processes, that is, the transfer of knowledge between organisations 
through the establishment of new firms by former employees. In an earlier study on the 
computer services sector in Amsterdam, De Jong (987) found that most new firms are founded 
by people with prior working experience in the sector. Recent studies on organisational ecology 
and evolutionary economics argue that firms that were established by such experienced founders 
are likely to perform better (e.g., Klepper 2002, Agarwal et al., 2004). The founder uses the 
experiences and knowledge from their previous working environment in their new firms, which 
means that knowledge is transferred from the previous employer to the new firm.

The importance of this mechanism has thus far been tested for the survival rate and 
employment growth, but surprisingly enough the effect it has on the innovative performance 
has received little attention (Agarwal et al., 2004). This is especially surprising for sectors where 
a large portion of the knowledge base is embodied in employees, and one could argue that the 
establishment of new firms by former employees will almost inevitably lead to a transfer of 
knowledge between firms. Therefore, we examine the effects different types of pre-entry working 
experiences of founders have on the innovative performance of software firms.

Spatial proximity does not necessarily affect the knowledge transfer through pre-entry 
experiences, because the experiences and knowledge are embodied in the founder. Nevertheless, 
firms can also benefit from the relationships which the founder has established during previous 
jobs, or at least from the contacts with the previous employer (De Jong, 987; Brüderl and 
Preistendorfer, 998). With regard to these relationships, spatial proximity between organisations 
may also facilitate the regular face-to-face interactions required for the exchange of knowledge. 
Focusing on the relationship with the previous employer, we test two further assumptions with 
regard to the benefits of spatial proximity. First, we examine whether spatial proximity to the 
previous employer affects the innovative performance of the software firm. Again, this relation 
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may be indirect in nature because spatial proximity only facilitates the interactions necessary for 
knowledge exchange. Therefore, we also test the effect of spatial proximity on the relation that 
exists between having a relationship with the previous employer and the innovative performance 
of the software firm, using an interaction term.

Research question 4:
To what extent do agglomeration economies, knowledge inheritance processes, inter-organisational 
relationships and organisational capabilities affect the innovative performance of software firms in the 
Netherlands?

By addressing the final research question, we test the effect of agglomeration economies and the 
two knowledge spill-over mechanisms on the innovative performance of firms simultaneously. 
This analysis provides a unique opportunity to compare the effect of the different potential 
knowledge spill-over mechanisms and assess which mechanisms are the most relevant ones in 
the software sector. Furthermore, we also account for the potential effect of sheer co-location 
of organisations on the innovative performance of software firms, controlling for differences 
between firms. Do software firms benefit economically from being located near other 
organisations irrespective of their relationships? To answer that question, we include indicators 
for the degree of concentration of organisations in the regions where the firms are located. By 
doing so, we synthesise the analyses from research question , 2 and 3, since we account for 
agglomeration economies and the two potential knowledge spill-over mechanisms. Finally, we 
also account for the effect a firm’s organisational capabilities has on its innovative performance. 
Using indicators for its internal organisation, we partly open the black box of the firm to test 
how the internal organisation affects the firm’s capabilities to acquire external knowledge.

Figure . illustrates the three ways in which we examine the benefits of spatial proximity by 
answering the four research questions. First, we test the relation between the location of the 
software firm in a region where organisations are concentrated as well as their innovative 
performance (). In other words, we test whether a firm benefits from being located near other 
organisations without necessarily interacting with them. For instance, a concentration of similar 
firms may offer them benefits such as a large and specialised labour market or the possibility to 
observe or monitor competitors. These are benefits that have to do with the simple fact that firms 

Spatial concentration of organisations
(pure co-location)

Spatial proximity

Spatial proximity to business partners
(local interactions)

Interaction mechanisms:
1. inter-org. relationships
2. knowledge inheritance

(innovative)
performance
of the firm
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Figure 1.1 Schematic overview of the relations that are empirically tested in this thesis
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are located near one another and can be obtained without interacting with other organisations. 
This is tested both at the regional level (research question ) and at the firm level (research 
question 4).

Secondly, we examine the effect of spatial proximity to business partners on the innovative 
performance of software firms, irrespective of the type of region in which they are located (2). 
Exchanging knowledge requires a certain level of trust between partners, especially when it 
concerns firm-specific knowledge that largely determines the competitive strength of a firm. 
Business partners that are located in the same region are more likely to establish that trust. Not 
only can they develop trust through more regular interactions, they may also know each others 
reputation due to prior business interactions or from other partners. As we explained when 
discussing research question 2 and 3, we focus on the inter-organisational relationships and the 
relationship founders have with their previous employers (knowledge inheritance). Firms can 
have relationships with many different business partners, but examining all those relationships 
is beyond the scope of this study. Therefore, we will mainly focus on the relevance of the 
relationships that function as the main external source of innovation.

Finally, we examine whether spatial proximity has an indirect impact on the innovative 
performance of software firms through facilitating interactions between them. In other words, 
we test one of the main assumptions on the benefits of spatial proximity, namely that business 
partners that are located near each other meet one another face-to-face more often and, therefore, 
exchange more knowledge. Again, we focus on the two types of relationships selected under 
research question 2 and 3 and test this assumption in three steps. Firstly, we test directly whether 
there is indeed a positive relation between the spatial proximity between business partners and 
the (number of face-to-face) interactions between organisations (3). Secondly, we test whether 
those interactions with other organisations positively affect the innovative performance of the 
software firms (4). If spatial proximity only has an indirect impact on the innovative performance 
of firms, we expect that the direct effect of proximity to business partners becomes insignificant 
(2). Finally, we test whether spatial proximity between business partners has an indirect impact 
on the relation between the interactions and performance as a moderating effect (5).

1.5 Outline of the research

This study consists of seven chapters. Each of the empirical chapters consists of both a theoretical 
and an empirical part. In chapter 2, the spatial pattern of the computer services industry is 
described and the effect of different types of agglomeration economies on employment growth 
in this sector is tested (research question ). Chapter 4, 5 and 6 rely on the same dataset and, 
therefore, chapter 3 provides a description of the research design, method and data used in those 
chapters. Chapter 4 and 5 examine whether inter-organisational relationships (research question 
2) and knowledge inheritance processes (research question 3) respectively affect the innovative 
performance of firms and how these relations are affected by spatial proximity. In chapter 6, we 
test the effect of different knowledge spill-over mechanisms simultaneously (research question 
4). Finally, in chapter 7, the conclusions and recommendations following from this study are 
presented. Figure .2 provides a schematic presentation of the structure of the thesis and the 
links between the various chapters.
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2 Unravelling the spatial pattern of the Dutch 
computer services sector

2.1 Introduction

As explained in the introduction, one way in which we aim to get a better understanding of 
the benefits of spatial proximity is to test whether firms perform better when they are located 
in a region where there is a concentration of organisations. In other words, we test whether 
software firms benefit from agglomeration economies. In this first empirical chapter, to set the 
framework for that analysis we start with a detailed description of the spatial pattern of the 
computer services sector in the Netherlands. This description is intended to provide insight into 
the relevance of regional differences with regard to the Dutch computer services sector, and to 
explore at what spatial scale it is that spatial proximity to other organisations mainly plays a role 
for this sector. To that end we conducted three empirical explorations.

Firstly, we explore to what extent the Dutch computer services sector is spatially concentrated 
by describing the changes in the spatial pattern of this sector between 98 and 2002. Although 
some studies found that the firms in this sector tend to locate near one another (Koerhuis and 
Cnossen, 982; Drenth, 986; Bleichrodt et al., 992), no recent empirical study has described the 
spatial pattern of the Dutch computer services sector and, consequently, there is no information 
on its more recent development pattern. A description of the spatial pattern of the sector can 
provide an initial insight into the possible relevance of localisation economies with regard to this 
sector.

The second analysis of this chapter is designed to explore in what type of regions the 
computer services sector has mainly grown between 996 and 2002. Between 996 and 2002, 
the number of computer services firms in the Netherlands grew by more than 34%, against 
an average overall growth of only 27% (based on data from Statistics Netherlands, 2003). 
The question is whether that growth mainly took place in regions where there was already a 
concentration of organisations. In other words, are there indications that agglomeration 
economies play a role in the Dutch computer services sector? We address this question using 
an empirical analysis that is to a large extent comparable to the ones used in studies in regional 
economics on the relation between agglomeration economies and regional economic growth 
(Glaeser et al., 992; Henderson et al., 995). Although an analysis of this kind cannot explain 
that relation, it can help us explore whether there is a match between the regional differences in 
the concentration of organisations and regional employment growth in the computer services 
sector.

Thirdly, rather than selecting a spatial scale beforehand, we specifically explore at what spatial 
scale it is that agglomeration economies mainly affect the regional employment growth of the 
computer services. There is a lack of consistency with regard to the spatial scale on which studies 
have examined the relation between agglomeration economies and regional growth, which 
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has led to much discussion about the spatial scales on which agglomeration economies matter 
(Parr, 2002). With respect to computer services, several descriptive studies have suggested that 
agglomeration economies occur at the regional rather than the local level (Coe, 998; Sivitanidou, 
999). In this chapter, we use spatial econometrics to explore the relation between the spatial 
concentration of organisations and regional employment growth in the Dutch computer services 
sector for different spatial scales and regimes (compare Anselin et al., 2000; Van Oort and 
Atzema, 2004). This analysis provides us with insight into the distances over which firms in the 
Netherlands benefit from being located near other organisations.

These three empirical explorations lead to a detailed description of the spatial pattern of 
the computer services sector in the Netherlands that helps us gain an initial insight into the 
likelihood of these firms benefiting from being located in a region where there is a concentration 
of organisations and, more importantly, at what spatial scale such benefits may occur. We address 
the following research questions:
1a How has the spatial pattern of the computer services sector in the Netherlands developed between 

1981 and 2002?
1b To what extent are different kinds of agglomeration economies related to the regional differences in 

employment growth in the Dutch computer services sector between 1996-2002?
1c At what spatial scale do agglomeration economies best describe the regional differences in 

employment growth in the Dutch computer services sector between 1996-2002?

This chapter is organized as follows. Section 2.2 provides an overview of the literature on 
agglomeration economies and pays attention to the potential effect of the specific characteristics 
of the computer services sector and the context of the Netherlands. Section 2.3 provides an 
overview of the data and research method. In section 2.4 we describe the spatial pattern of the 
sector between 98 and 2002 at the COROP (40 labour market regions) and municipality level. 
Section 2.5 presents the empirical results of the spatial econometric models. Finally, in section 2.6 
we present our conclusions and discuss the results.

2.2 Theoretical perspectives: agglomeration economies

In this section, we provide an overview of the various types of agglomeration economies that 
have been distinguished in the broad literature on this topic. Using insights from literature 
on (knowledge-intensive) business services, the relevance of certain types of agglomeration 
economies to the computer services sector is specified. Furthermore, we briefly discuss the 
potential effect of the specific Dutch context.

2.2.1 Various types of agglomeration economies
Within industrial location theory, agglomeration economies have gained a great deal of 
attention. The central question is in what ways an agglomeration of firms contributes to the 
competitiveness of the individual firm. To date, this question has been studied for over a century, 
starting with the early studies by Marshall (890) and Weber (909). In general, two main types 
of agglomeration economies have been distinguished: localisation economies and urbanisation 
economies. Localisation economies follow from the spatial concentration of similar or related 
firms, in other words, firms that are part of the same sector. These economies were introduced by 
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Marshall (890), and arise from three sources: labour market pooling, the creation of specialised 
suppliers, and the spill-over of knowledge between firms involved in similar activities.

Urbanisation economies are available to all firms in a certain region irrespective of their 
sector, and arise from urban size and density. Firms located in larger urban areas benefit 
from the large labour pool, the abundance of potential customers and suppliers, and a well-
developed infrastructure. Locations that are relatively more populated are also more likely to 
house universities, industry research laboratories, trade associations and other organisations. The 
presence of these organisations supports the production and absorption of know-how, stimulating 
innovative behaviour and contributing to the differential rates of interregional growth (Harrison 
et al., 996). The benefits of urbanisation economies may disappear when the city size becomes so 
large that the costs involved in congestion, commuting and living become prohibitively high.

Since the end of the 980s, a distinction is being made between so-called static and dynamic 
externalities, emphasizing the various types of benefits associated with being located near other 
firms and organisations (Glaeser et al., 992; Henderson et al., 995; Feldman and Audretsch, 
999). Initially, agglomeration economies studies focused on cost benefits to individual firms. 
The shorter distances between suppliers and customers reduce transportation costs and firms can 
share the costs involved in infrastructural developments. Furthermore, the spatial concentration 
of industries may lead to a more specialised labour market and attract specialised suppliers. This 
approach to agglomeration economies fitted in the static allocation mechanism of Weberian 
location theory. Agglomeration economies were viewed as a location factor that lowers the 
production costs of firms. Nowadays, these cost benefits are called static externalities.

More recently, studies on agglomeration economies have started to look at dynamic 
externalities. Dynamic externalities are knowledge spill-overs that occur when an innovation or 
improvement implemented by one firm increases the performance of another firm without the 
latter having to pay (full) compensation (Van Stel and Nieuwenhuijsen, 2004). These externalities 
follow from a prior accumulation of information within the region. A history of interactions and 
cultivated long-term relationships leads to the build-up of knowledge (‘local trade secrets’) that 
is only available to local firms (Henderson et al. 995). The spill-over of knowledge stimulates 
learning processes and thus affects regional employment growth or innovative activity.

In his early work, Marshall already mentioned knowledge spill-overs as one of the elements 
of agglomeration economies. However, the economic change from an industrial economy 
attempting to reduce transportation costs to an information economy dependent on knowledge 
led to a growing emphasis on knowledge spill-overs (Ter Hart and Lambooy, 989; Glaeser, 
998). Due to developments in transportation and communication technologies, transportation 
costs became less relevant to agglomeration. Based on these developments some authors 
predicted the ‘death of distance’. The new technology would make the friction of space obsolete, 
firms and households would be able to interact all over the world using the new communication 
technologies (Cairncross, 997). However, especially economic geographers have argued that 
geography was still relevant to knowledge spill-overs (Scott, 988; Storper, 997). The exchange 
of certain types of information and knowledge requires a regular interaction between people that 
can be more easily established when people are located near one another. As Glaeser et al. (992) 
put it: “Intellectual breakthroughs must cross hallways and streets more easily than oceans and 
continents” (p. 27).
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Also, with respect to dynamic externalities, a distinction has been made between localisation 
and urbanisation economies. Dynamic localisation externalities are called MAR (Marshall-
Arrow-Romer) externalities (Glaeser et al., 992), because this idea is introduced by Marshall 
and further developed by Arrow (962) and Romer (986). In this literature, it has been argued 
that knowledge is predominantly industry-specific and, therefore, employment growth is the 
highest in regions where firms are co-located. Dynamic urbanisation economies are called Jacobs’ 
externalities, since it was Jacobs (969) who suggested that knowledge is most likely to spill over 
between different industries. Many ideas, machinery or software that have been developed in 
one industry can be applied in other sectors as well. Firms that are located near firms active in 
other sectors will learn faster about the developments in those other sectors. Therefore, firms 
that are located in regions with a more diversified industry mix are likely to have easier access to 
knowledge and experience higher growth. Table 2. provides an overview of the various types of 
agglomeration economies.

2.2.2 Specific context of the computer services sector
In section 2. we suggested that, because entry barriers are very low, the computer services 
sector is unlikely to concentrate in specific regions. Nevertheless, this sector has four specific 
characteristics that may imply that the sector does benefit from being located in regions where 
there is a concentration of organisations:
• The industry much resembles a new industry;
• Most computer services firms not only produce software but offer services as well;
• Computer services to a large extent rely on a highly educated workforce;
• Knowledge spill-overs are highly important for this knowledge-intensive sector.

Each of these characteristics is described in further detail below. Although the computer 
services sector already exists for several decades, it continues to have the hallmarks of a new 
industry (Coe, 998). It is a highly dynamic industry that has undergone tremendous changes 
in the 990s and that has become an increasingly important economic activity since the end of 
the 980s. The rapid diffusion of IT across a wide variety of sectors combined with the rise of 
the Internet created many new markets and opportunities (Steinmueller, 2004). Many products 
and services offered today did not exist a decade ago. As a result the industry has some of 

Table 2.1 Various examples of static and dynamic externalities

Localisation economies Urbanisation economies

Static elements Accessibility to: Accessibility to:
Highly specialised labour market Diversified and large market for end 

products
High number of firms active in the same 
industry

Diversified and large input market 

Specialized suppliers Diversified and qualified labour market
Scientific environment (universities, research 
centres)
Wide range of information

Dynamic elements Accessibility to accumulated industry-
specific knowledge spill-overs (MAR)

Accessibility to accumulated knowledge 
spill-overs irrespective of industry (Jacobs)

Source: Elaboration of Capello, 2002
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the characteristics of a new industry, such as a lack of standards or dominant design and low 
entry barriers. According to the incubation hypothesis (Hoover and Vernon, 962; Leone and 
Struyck, 976), it is mainly new and small firms that benefit from being located in central urban 
areas. Such regions can offer these firms rentable production space, a diversity of inputs, and a 
large and diversified labour market. In case of problems, it is easy to switch suppliers and the 
communication lines between the firms and their customers and suppliers are short, which 
makes it easy to discuss new product or service developments with either group. In addition to 
providing a large potential workforce and a host of customers and suppliers, urban areas are also 
considered information rich environments. The assumption is that this provides entrepreneurs 
with easier access to information about new (potential) opportunities, which makes it more 
likely that they will innovate. A dynamic sector like the computer services is likely to benefit 
from urbanisation economies.

The second characteristic of computer services that is likely to affect the spatial pattern 
of this industry is that most firms combine software development and consultancy activities. 
Empirical studies on knowledge-intensive services indicate that access to a large market is key to 
understand the spatial concentration of these firms (Keeble and Nachum, 2002). Services firms 
need to interact on a regular basis with customers, because they develop customised products 
and are often involved in solving problems from or improving the efficiency of their customers. 
To be able to integrate the information provided by customers into the firm’s existing knowledge 
base, the firm needs to be in frequent contact with those customers (Drejer and Vinding, 2005). 
Spatial proximity between provider and user facilitates the necessary interactions, because it 
reduces the high transaction costs of meeting regularly, both in terms of money and time (Illeris, 
996).

Thirdly, knowledge-intensive services firms require a highly educated workforce (Illeris, 996; 
Isaksen, 2004). Although services can to some extent be standardised by formulating manuals 
or developing software packages, implicit knowledge continues to be a significant element of 
most services (Gallouj, 2002). Consequently, the experience, skills and knowledge of services are 
often “embodied” in a firm’s employees (Keeble and Nachum, 2002). This means that they benefit 
from being located near a large labour market and close to similar or related firms (Haug, 99). 
A relatively large share of the highly educated workforce is located in urban areas, because most 
people stay where they have studied or prefer to live in residential environments that offer a large 
diversity of quality-of-life aspects (Florida, 2002). On the other hand, if the computer services 
sector is concentrated in specific regions this may lead to the development of a large specialised 
labour market and, in that case, localisation economies may take over.

Finally, knowledge spill-overs are likely to affect the spatial pattern of computer services, 
because access to external information is highly important to them (Illeris, 996). The activities 
of knowledge-intensive firms have been described as the production of knowledge and 
the implementation of new knowledge in an existing knowledge base. Therefore, dynamic 
externalities are likely to be important. However, previous studies suggested that most knowledge 
input in the computer services industry is likely to come from customers or employees (Haug, 
99; Sivitanidou, 999). There are hardly any direct contacts between computer services firms 
and universities (Wever and Stam, 999), and suppliers are not considered an important source 
of knowledge (Isaksen, 2004), which is confirmed by the results of this study as presented in 
chapter 4.
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Another potential knowledge spill-over mechanism involving similar firms may be the contacts 
that entrepreneurs and employees have with former colleagues or people with whom they 
studied (Isaksen, 2004). In this sector, cooperation typically rests upon corporate managers and 
office staff being members of a professional community. Grabher (2002) adds that the growing 
importance of project-based organisation for knowledge-intensive services may lead to a spatial 
concentration of these firms. More often than not, cooperation will have a temporary nature, and 
firms that work together in one project may not do so in the next. Being located near other firms 
reduces the various kinds of transaction costs, as well as providing access to a pool of resources 
and potential collaborators.

2.2.3 Specific context of the Netherlands: an urban field?
Although it seems to be generally accepted that being located near other firms has an effect on 
the performance of a firm, it is important to keep in mind the specific context of this study. The 
Dutch context has lead to much debate as to whether the limited regional differences within the 
country actually can affect the performance of firms. Some argue that the country’s small size 
and polycentric urbanisation pattern, combined with a well-developed infrastructure, makes it 
different from other Western European countries that have a more mono-centric urbanisation 
pattern (Van Oort, 2002). Furthermore, higher education centres and universities are distributed 
fairly evenly over the country (Wever and Stam, 999). All this has led some to argue that spatial 
proximity to customers and regional differences in the availability of employees has hardly any 
impact at all on the performance of computer services in the Netherlands.

There are different arguments with regard to the extent to which the Netherlands should be 
considered an urban field. Some consider the country to be one urban field. Friedman and Miller 
(965), who introduced this concept for the US, define an urban field as an area that stretches 
over a range of two and a half hours travelling time or a diameter of 00 miles. Following Pred 
(977) who suggested that this implies that the Netherlands forms one urban field, many started 
viewing the entire country as though it were a single economic entity (as discussed by Van 
Geenhuizen, 993; Vaessen, 993). In other words, regional differences are assumed to be so small 
that they do not affect the possibilities of firms to function more efficiently. Nevertheless, it is 
doubtful whether this assumption is correct. Differences between the Randstad, the economic 
core of the Netherlands with its polycentric urbanisation pattern and the more peripheral parts 
of the country with more mono-centric urbanisation patterns (e.g., the north with Groningen) 
are likely to be substantial. Therefore, concepts like urban zones or urban agglomerations that 
consist of a central city and the surrounding suburban regions are more likely to apply (Lambooy, 
98; Ter Hart and Lambooy, 989; Van Oort, 2002).

With respect to the spatial scale at which agglomeration economies may occur in the 
computer services sector, some studies have made certain suggestions. With regard to the 
UK, Coe (998) argues that, on the basis of his empirical results, theories that emphasize the 
importance of agglomeration economies derived from the proximity to clients may need to be 
considered at the regional, rather than the local level. In a similar way, the results of a study by 
Sivitanidou (999) on computer services in the U.S. suggest that evidence for external economies 
at a spatial scale finer than the metropolitan level is not overwhelming. These economies can 
be enjoyed at the metropolitan or even broader scales. However, the studies do not provide a 
definition of what constitutes the regional level and they offer evidence from different countries, 
so it is likely that there are differences with regard to the perception of distance. In other words, 
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we need to explore the distances over which computer services firms in the Netherlands may 
benefit from agglomeration economies.

2.3 Data and research method

In this section, we present the data that we have used to describe the spatial pattern of the 
computer services sector in the Netherlands between 98 and 2002, and to examine the relation 
between regional differences in the spatial concentration of organisations and the regional 
employment growth in the Dutch computer services sector between 996-2002. We present the 
composition of the dependent and independent variables for the spatial econometric analyses. 
Finally, we explain the research method we have adopted.

2.3.1 Data collection
The description of the spatial pattern over 98-2002 is based on two sets of data. To describe 
the spatial pattern in 98, we used data from the empirical study by Koerhuis and Cnossen 
(982), which is the first empirical exploration of regional differences in the Dutch computing 
services industry. The study is based on firm and employment data from the Register of the 
Dutch Chambers of Commerce as of May , 98. The data for 99 and 200 are taken from 
the dataset National Information System on Employment (LISA), which contains employment 
data of all sectors in the Netherlands at the firm level. Since the LISA dataset only includes 
information from the entire country since 996, the data for 99 were composed by combining 
LISA data with other datasets, mainly from Statistics Netherlands (for details see Van Oort, 
2002, pp. 385-387). With respect to the computer services sector, corrections were made mainly 
through verification of the spatial distribution of employment among municipalities from the 
LISA data against the data from the Chambers of Commerce Register. Furthermore, all LISA 
data were also verified against the data from Statistics Netherlands with regard to the regional 
distribution of employment (Weterings and Van Oort, 2004).

A potential problem in comparing these data is that the industrial classification codes were 
changed in 993. The LISA data for 99 have been corrected for this, but the research population 
of the Koerhuis and Cnossen study was selected using the 972 classification. Nevertheless, 
the authors restricted their research population to firms with computing services as their main 
economic activity, which they verified through written questionnaires among those firms. 
Therefore, these data can be used to compare the spatial patterns of the computer services sector 
in 98, 99 and 200 at a higher spatial scale.

The description of the spatial pattern only included firms with one or more employees. 
Both Koerhuis and Cnossen (982) and the LISA dataset distinguish between firms with zero 
employees and firms with one or more employees. Because firms without employees are often 
merely administrative registrations and are not economically active (Bleichrodt et al., 992), we 
decided to exclude them from our analysis. Koerhuis and Cnossen (982) have estimated the 
number of employees of the firms that were registered with an unknown number of employees. 
They estimated the average number of employees of these firms at , because that was the 
average of all firms from which they had employment data. According to Drenth (990), this 
number is probably too high because, in general, especially small firms are registered incorrectly. 
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Therefore, we decided to include only the employment data of firms with a known number of 
employees, to avoid an overestimation of employment rates in 98.

As indicated in the introduction, we could not limit this regional analysis to software firms 
because the Dutch industrial classification code (which is largely similar to the European 
statistical classification of economic activities NACE) did not draw a distinction between 
computer services and software firms until 2004. To avoid too many differences between the data 
presented in this chapter and in the following chapters, we decided to limit our population to 
four NACE codes. The computer services sector (NACE 72) consists of software consultancy and 
supply activities, data processing, database activities and office machinery maintenance and repair 
(Statistics Netherlands, 2003). In this chapter, we limit the computer services sector to exclude 
the NACE codes 7240, 7250 and 7260, which contain database and maintenance activities and, 
therefore, are unlikely to include software producing firms. In the remaining part of this chapter, 
when we mention computer services we refer to the first four NACE codes of software and 
computer services activities.

The spatial pattern of computer services in 98, 99 and 200 is described at the COROP-
level, which is a regional level that corresponds to the international NUTS III classification of 
regions (see appendix B.3)1. Because the data provided by Koerhuis and Cnossen are not available 
at a lower spatial scale for the entire country, we begin by describing the changes in the spatial 
pattern over 20 years at the COROP level, followed by a description of the spatial pattern at the 
municipality level in 2002 to provide further insight into differences within those regions.

Between 98 and 200, several municipality boundaries were adjusted and some of those 
changes affected the COROP-division. The LISA data were corrected for these changes, but 
this could not be done for the data by Koerhuis and Cnossen since their data only refers to the 
COROP-level. Two major changes took place between 98 and 99. Firstly, in 986, the North-
East Polder, which used to be a part of the South-West Overijssel region, and the Southern 
IJsselmeerpolders merged to form Flevoland, the youngest province of the Netherlands. 
However, since the number of employees in computer services in the northern part of this 
province is very low, we expect that this change hardly affects the spatial pattern presented 
here. Another administrative correction that may have affected the spatial pattern much more 
is that the municipality Woerden became part of the province of Utrecht instead of Zuid-
Holland in 989. Woerden, which is centrally located in the Randstad, the economic core of the 
Netherlands, houses a relatively large share of employment in computer services. Unfortunately, 
we cannot correct for this change in boundaries, which means that it should be kept in mind 
while interpreting the changes in the spatial pattern of the computer services sector described in 
section 2.4.

The econometric analysis that connects various regional characteristics to employment 
growth in computer services is also based on two sets of data. Most data are taken from the 
LISA datasets between 996-2002. To examine the relation between agglomeration economies 
and employment growth, we used data at the municipal level. Such low-scale data can be 
aggregated into various spatial ranges and configurations and, therefore, is required to test the 
relation between agglomeration economies and employment growth at various spatial scales (Van 
Oort, 2002). The independent variables ‘employment level’ and ‘population density’ are based 
on data from Statistics Netherlands (see Raspe et al., 2004). The other independent variables 
are also based on the LISA dataset. Although we realize that using the same dataset for the 
dependent and independent variables might cause endogeneity problems in our models, LISA 
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is the only dataset that contains both data at the firm level and specified up to 5-digit industrial 
classification. Such specific data are necessary to examine the spatial pattern of a specific industry 
on a low spatial scale.

2.3.2 Dependent and independent variables
The dependent variable in the econometric analysis is employment growth in computer services 
(limited to NACE codes 720, 7202, 7220 and 7230) between 996 and 2002. In the following 
empirical chapters, we use the innovative performance of the firms as the dependent variable 
because we expect external knowledge spill-overs to contribute in particular to the potential of 
firms to develop new products or services. However, existing datasets do not provide information 
on innovation that can be limited to a specific sector and at the same time contains enough 
information for each municipality2. Besides CIS data, some studies have used the Senter R&D 
database to estimate the innovation of sectors per region (e.g., Van Oort, 2002). Senter is a 
government organisation that provides subsidies to firms for the development of innovations. 
The data from Senter can be divided further into specific sectors and a detailed regional level, 
but this dataset mainly contains information about technological innovations. A large part of the 
activities in the computer services sector consists of services and, therefore, non-technological 
innovations are likely to play an important part. Consequently, using the Senter data may lead to 
an underestimation of the innovative performance of the computer services firms, which is why 
we decided to use the employment growth in this sector as an indicator for the performance of 
computer services, assuming that firms that introduce new products and services to the market 
are also more likely to grow.

A problem that occurred when composing the dependent variable ‘employment growth’ 
was that in 996 there were a number of municipalities without any employment in computer 
services. Therefore, we decided to measure employment growth by dividing the average number 
of employees per municipality in 996 and 997 by the average number of employees in those 
NACE codes and regions in 200 and 20023. The same problem occurred with the independent 
variables specific for computer services and, therefore, these variables were also based on the 
average stock of 996-997.

To estimate the effect of agglomeration economies on employment growth in computer 
services, we composed three independent variables. Similar to Glaeser et al. (992) and Henderson 
et al. (995), we used the base year method and estimate the effect of regional conditions in 996 
on the employment growth over the next ten years. Changes in the number of employees are 
often incremental, and, therefore, the effect of different regional conditions on the spatial pattern 
of an industry will become clear over time. We used three independent variables to measure the 
effect of agglomeration economies:
• Concentration 1996-1997: this variable is measured by location quotients4 that indicate regional 

differences in the share of firms in the computing services sector compared to the national 
average. Regions with a score above  have an overrepresentation of computer services firms, 
while a score between 0 and  indicates an underrepresentation. Similar to previous studies 
(Glaeser et al., 992; Henderson et al., 995; Feldman and Audretsch, 999), we used this 
variable to measure the effect of localisation economies. Note that this variable is based 
on the number of firms instead of the employment in computer services. The correlation 
between the location quotient for employment and the initial employment in 996-997 was 
very high (p = 0.8), which may cause problems of multi-collinearity.
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• Lack of diversity 1996: this variable is measured by the Hirschman-Herfindahl index 
(HHI)5 for employment in all industries and in each region in 996 (compare Beardsell and 
Henderson, 999). HHI is the sum of squares of each of 55 two-digit NACE code industry 
shares of the overall local employment (excluding the computer services sector). Lower 
values of HHI indicate that employment is more distributed across the economic sectors of 
a COROP region. Therefore, a negative sign of this variable would confirm the assumption 
that diversity has a positive impact on employment growth in computer services. This 
variable is an indicator for Jacobs’ externalities.

• Population density 1996: this variable is included to capture general urbanisation economies 
that follow from the concentration of firms and organisations in certain regions (compare 
Fingleton et al., 2004). In regions with a higher population density, computing services may, 
for instance, benefit from faster Internet connections, since the availability and costs of these 
connections depend on the number of people in a region that will use them.

Although there were several empirical studies on agglomeration economies that followed 
Glaeser et al. (992) in including competition as an indicator for agglomeration economies, there 
are reasons that made us decide not to include it in our analyses. Firstly, there is a great deal of 
discussion as to what it is that this variable actually measures. Competition is measured as the 
number of establishments per worker in the industry per region divided by the establishments 
per worker in the industry in the entire country. According to Glaeser et al. (992), this variable 
indicates whether the average firm size is larger or smaller in a certain municipality compared 
to the national average, assuming that competition is more intense among a larger number of 
smaller firms than among a smaller number of large ones. Combes (2000) argues, however, that 
this indicator is more likely to measure internal diseconomies of scale, while Rosenthal and 
Strange (2000) assume that it measures broader aspects of industrial organisation. The second 
problem with competition is that it is an indicator that may be inappropriate in cases where 
there is competition from outside the local area (Van Oort, 2002). It is very doubtful whether 
computer services firms only compete with similar firms located in the same municipality.

As explained in section 2.2.2, we expected that the spatial pattern of the computer services sector 
may be affected by regional differences in the education level of employees and the demand 
for computer services. Because the possible effect of the fact that the computer services sector 
resembles a young industry that benefits from knowledge spill-overs is already captured by the 
indicators for agglomeration economies, we composed only two other independent variables:
• Education level per municipality 1991-1997: this indicator is measured as the weighted sum of 

three levels of education as measured by Statistics Netherlands (the so-called Standardised 
Education division SOI)6. Each level indicates the number of working individuals that 
have had an education at a specific level. The average education level is calculated per 2-
digit industry. Each industry has a specific score in which the average education level varies 
between  and 3. After calculating the average education level per industry, the weighted 
education level per region is composed (corrected for sector diversity in the region). This 
leads to a standardised score between  and 3 for each municipality (z-scores). Note that this 
variable is based on where people work, not where they live.

• Concentration of other business services in 1996 (excluding computer services): this variable is 
also measured by location quotients, for NACE codes 60 to 67 (financial services) and 73 to 
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75 (R&D and other business services). Since many computer services firms develop products 
and deliver services to other business services firms, we have included this variable to test 
whether growth in the computer services sector mainly took place in regions with a high 
concentration of business services.

The relatively small size of the Netherlands provides a natural control for location-specific 
heterogeneity (Van Oort, 2002). Cultural differences, variations in taxes, environmental 
regulations between locations in the Netherlands are relatively small. Wages mainly differ 
between sectors, but no so much within sectors. There is little need to control for those 
differences in our model, unlike studies that focus on the U.S. (e.g., Henderson et al., 995). 
Nevertheless, similar to Henderson et al. (995), we do control for the initial conditions in the 
computer services sector per municipality:
• Initial employment 1996-1997: this variable measures the average absolute employment figures 

in the computer services sector per municipality in those years. By including this variable, we 
examine whether the effect of localisation economies follows from regional differences in the 
absolute employment levels in the computer services sector in the base year.

Descriptive statistics of the dependent and independent variables have shown that the variables 
‘lack of diversity’, ‘concentration of business services’, ‘employment 996-997’ and the dependent 
variable ‘employment growth’ had a skewness score above . Therefore, we included log 
transformations of these variables in the analyses.

2.3.3 Research method: spatial econometric models
In this chapter, we used spatial econometric models to estimate the relation between various 
types of agglomeration economies and the regional employment growth in computer services. 
This method allowed us to test whether the estimation of employment growth in computer 
services is affected by spatial dependence or spatial heterogeneity (Anselin, 995b; Anselin et 
al., 2000; Van Oort, 2002). This kind of analysis benefits from being able to use data at a low 
spatial scale because the data can be aggregated to test the effects of spatial dependence across 
various distances and ranges, in addition to which the effect of independent variables in different 
types of regions can be compared. In other words, we can explore what the predominant spatial 
scale and configurations are in which agglomeration economies affect employment growth in 
computer services. In this section, we further explain how we tested for spatial dependence and 
heterogeneity.

Firstly, we examined the potential effect of spatial dependence between municipalities and, 
thus, were able to estimate whether the employment growth in a certain municipality may be 
affected by the scores of neighbouring municipalities. Spatial dependence can be caused by the 
dependent as well as the independent variables. Regions may have a higher employment growth 
when they are surrounded by regions that also have a higher employment growth, in which case 
the spatial lag of the dependent variable has a positive significant effect. The employment growth 
in regions may also be affected by how surrounding regions perform with regard to independent 
variables. For instance, regions may have a higher employment growth when they are adjacent 
to a region with a high concentration of computer services. This is called cross-regressive spatial 
dependence.
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The spatial dependence of municipalities can be measured for various spatial ranges or distances. 
Therefore, we are able to explore at what spatial scale there is a match between regional 
differences in the spatial concentration of industries (agglomeration economies) and the regional 
employment growth in computer services. Two types of matrices can be used to examine spatial 
dependence. Firstly, we can measure whether employment growth in a region is affected mainly 
by the situation in regions adjacent to the region or by the situation in regions further away 
(effect of the neighbours’ neighbours). This matrix consists only of  or 0 scores, whereby a  
indicates which municipalities are adjacent to one another. Secondly, we can also examine the 
effect of surrounding municipalities using distance decays, that is, the effect of the scores of 
other regions becomes less over greater distances. The matrix shows the distances between the 
various municipalities. The advantage of distance matrices is that the size of municipalities does 
not affect the results (Fingleton et al., 2004), which may be relevant since municipalities in the 
Randstad region are generally much smaller than those in the east or north of the Netherlands.

In appendix A., we provide a further explanation of how spatial autocorrelation is tested 
using Moran’s I statistic and we present the scores of the Moran’s I for the dependent and 
independent variables of our analysis. Both the full distance weight matrix and contiguity matrix 
are shown for three different distances. The results of the analysis indicate that the first order 
distance weights matrix, that is the matrix with the longest distance decay, shows the highest 
significance in spatial autocorrelation. Furthermore, because the dependent variable ‘employment 
growth’ is statistically significant only for the first order distance matrices, we decided to use this 
weight matrix to analyse the relevance of spatial dependence, the results of which are presented 
in section 2.5.

Secondly, we also measure the effect of spatial heterogeneity using spatial econometric models 
(Anselin et al., 2000). In that analysis, we test whether the effect of the independent variables 
on employment growth varies between spatial regimes like municipalities that function as 
central cities compared to the more peripheral municipalities. In addition to the benefits of 
spatial proximity, regions also differ with respect to quality of life aspects, regional labour 
markets, specialised networks and city size. Several studies suggest that these factors might also 
be relevant to the employment growth in computer services (e.g., Atzema, 200; Van Oort et 
al., 2003), which is why we examine whether the relation between employment growth and the 
various independent variables is different when we compare the three types of spatial regimes.

Following Van Oort and Atzema (2004), we composed the following three regimes, which are 
also presented in figure 2.:
 Three national zoning regimes: the Randstad core region, the Intermediate Zone and the 

National Periphery. This regime is composed using a gravity model of the total employment 
in 997. The Randstad region includes the economic core areas Noord-Holland, Zuid-
Holland and Utrecht, the Intermediate Zone mainly consists of the provinces Gelderland and 
Noord-Brabant, while the National Periphery includes the northern and southern regions of 
the country. We control for this regime, because the Randstad region is traditionally thought 
to have better economic potential for development (Van Oort, 2002).

2 Connectedness regime, which distinguishes between highly connected municipalities 
(core city), suburban areas and non-connected municipalities. This regime reflects the 
labour market areas in the Netherlands. The classification is based on the dependency of a 
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municipality’s population upon employment and services proximity and accessibility using 
municipality data between 990-999. Urban core areas have an important employment 
function, in that they attract more than 5,000 persons commuting on a daily basis. 
Municipalities where more than 20 per cent of all residents commute to central core 
locations are labelled suburban. All other municipalities are considered to be not connected 
to any core areas. Most studies indicate that, generally speaking, urban areas that fall within 
the connected regime have higher economic growth and innovation rates than areas in the 
non-connected regime (Anselin et al., 2000).

64
98

Randstad

Intermediate Zone

National Periphery

Core Area

Suburban Zone

Non-connected
Area

> 200,000 inhabitants

45,000 - 200,000 inh.

< 45,000 inhabitants

Figure 2.1 The three spatial regimes: macro-zoning, connectedness and urban size respectively. 
Source: Van Oort and Atzema, 2004
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3 Urban size regime, which distinguishes between municipalities on the basis of the degree of 
urbanisation. Following Dutch standards, we used cut-off population thresholds of 200,000 
and 45,000 inhabitants to distinguish between large- and medium-sized cities, and small 
cities and rural municipalities.

2.4 The changing spatial pattern of the Dutch computer services sector

This section provides a detailed description of the spatial pattern of the computer services 
sector in the Netherlands. Firstly, the changes in this spatial pattern between 98 and 200 
are described on a higher spatial scale (COROP-level). Secondly, we present the differences in 
number of employees, location quotient for employment and employment growth in computer 
services between the three regimes presented in section 2.3. Finally, the spatial pattern of 2002 is 
presented at the municipal level to obtain further insight with regard to the municipalities where 
the computer services sector is concentrated and has grown between 996-2002.

Between 98 and 200, the computer services sector in the Netherlands grew very rapidly in 
terms of employment7. Table 2.2 shows a slightly more than eight-fold increase in employment 
in absolute numbers between 98 and 200. Also, the share of the computer services industry in 
the overall employment figures in the Netherlands has clearly increased within those 20 years.

Using location quotients, we compared the regional differences in the share of employment in 
the computer services industry to the national average to see in which regions the industry is 
relatively over- or underrepresented (see figure 2.2). In general, the computer services industry 
is concentrated in the Randstad, the economic core area of the Netherlands in the western and 
middle part of the country where Amsterdam, Rotterdam, the Hague and Utrecht, the four 
largest cities, are located. However, during the last 20 years, the concentration of the industry 
has clearly shifted within the Randstad. At the beginning of the 980s, most employment in the 
computer services sector was concentrated in Amsterdam and Zuid-Holland. During the 990s, 
however, the industry started to concentrate in Utrecht, the fourth largest city of the Netherlands 
located in the centre of the country.

Until 98, the computer services sector mainly developed in the two most urbanised 
provinces of the Netherlands, Noord- and Zuid-Holland (Koerhuis and Cnossen, 982). A 
little over 8% of all computer services employment in the Netherlands was concentrated in the 
Amsterdam and the Hague regions. At that time, only 9.4% of all employment in the computer 
services sector was located in Utrecht. While the industry was already beginning to develop 
relatively well in the south of the Netherlands, there was hardly any employment in computer 

Table 2.2 Employment in the computer services industry in the Netherlands

Year N Percentage of total employment

1981  12,739 0.31
1991  56,775 1.06
2001  123,828 1.84

Source: Koerhuis and Cnossen, 1982; Weterings and Van Oort, 2004
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services in the north. The three northern provinces Groningen, Friesland and Drenthe together 
represent slightly more than % of the overall national employment in computer services. Three 

Location quotients of the employment in
the Dutch computer services sector in 2001
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Figure 2.2 Location quotients of the employment in the computer services industry in 40 
COROP-regions, 98, 99 and 200. Source: Koerhuis and Cnossen, 982; Weterings and Van 
Oort, 2004
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COROP-regions in these provinces (Delfzijl, North- and South-East Drenthe) did not develop 
any activities at all in this industry in 98.

During the 980s, the computer services industry clearly diffused across the Netherlands. 
The highest relative employment growth took place in the national Periphery, especially in the 
north of the country, where the industry also started to develop (Drenth, 990). As the 99 map 
shows, several regions outside the Randstad developed a relatively large share of employment 
in the computer services industry, while the initial employment in 98 was very low. Most 
of these regions are urban areas outside the Randstad, such as Eindhoven, Groningen and 
Arnhem-Nijmegen. The pattern appears to illustrate a filtering down process as described by 
Thompson (968), whereby an industry slowly diffuses from the urban areas in the economic 
core of the Netherlands to cities in more peripheral regions. Nevertheless, in 99 the industry 
remained concentrated in the Randstad (Drenth, 990). Within the Randstad, the relative share 
in computer services employment in the Hague dropped to 8%, while Utrecht had improved its 
position to 5%, the same percentage as Amsterdam.

The period between 99 and 200 is characterised mainly by a further concentration of the 
computer services sector in Utrecht and some adjacent regions. During the 990s, the difference 
in relative share of employment between Utrecht and Greater Amsterdam became much larger 
(see table 2.3). In 200, 23.2% of all jobs in the sector were located in the COROP-region Utrecht, 
with only 6.8% in the Greater Amsterdam region. In absolute numbers, that difference is almost 
8,000 jobs. In all other COROP-regions, the employment in computer services increased or 
decreased with only % between 99 and 200.

In table 2.4, the national zoning regimes (Randstad, Intermediate Zone, National Periphery) are 
combined with the connectedness regime to gain further insight into the type of regions where 
employment in computer services is located. We present the total employment in computer 
services in 200-2002, the average location quotient per region and the index growth between 
996-2002. Table 2.5 presents the same information for the combination between the zoning 
regimes and the urban size of the municipalities.

Table 2.3 The Top 7 regions with relative concentration of employment in the computer services 
industry (measured by location quotients)

1981 1991 2001

Corop-region Lq Corop-region Lq Corop-region Lq

East Zuid-Holland 3.61 Delft & Westland 1.98 Utrecht 2.83
The Hague 2.96 Utrecht 1.97 Greater-Amsterdam 1.66
Flevoland 1.99 East Zuid-Holland 1.80 Gooi & Vechtstreek 1.58
Greater-Amsterdam 1.78 Greater-Amsterdam 1.53 Groningen 1.48
Utrecht 1.37 Flevoland 1.42 East Zuid-Holland 1.43
Arnhem/Nijmegen 1.23 Groningen 1.35 South-West Gelderland 1.43
South-West Gelderland 1.15 South-East Noord-Brabant 1.34 South-East Noord-Brabant 1.20

Source: Koerhuis and Cnossen, 1982; Weterings and Van Oort, 2004
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Employment in computer services is overrepresented (indicated by the location quotients with 
a score above ) in the Randstad region, core areas and both the large and medium-sized cities. 
This suggests that the industry does tend to concentrate in more urbanised regions, possibly 
due to the benefits of urbanisation economies. However, the pattern within the Randstad 
region does not confirm this assumption completely. Table 2.5 shows that, in this region, the 
overrepresentation of computer services employment is higher in medium-sized cities than in 
the four largest cities of the Netherlands.

Table 2.4 Employment in the computer services sector divided among the National zoning and 
connectedness regimes

Connected Zoning Randstad core 
region

Intermediate 
zone

National 
Periphery

Total

Core location Employment 2001-2002 41,323 17,271 12,252 70,847
Location quotient 2002 1.820 0.881 0.793 1.115
Index growth 1996-2002 1.843 1.927 2.213 2.002

Suburban Employment 2001-2002 27,122 14,882 2,734 44,738
Location quotient 2002 1.217 0.788 0.387 0.766
Index growth 1996-2002 2.753 2.438 2.945 2.686

Non-connected Employment 2001-2002 4,972 9,704 5,392 20,068
Location quotient 2002 0.960 0.697 0.251 0.456
Index growth 1996-2002 2.419 2.901 3.137 2.994

Total Employment 2001-2002 73,417 41,857 20,379 135,652
Location quotient 2002 1.206 0.756 0.319 0.634
Index growth 1996-2002 2.569 2.596 3.033 2.795

Source: LISA, 2003

Table 2.5 Employment in the computer services sector divided over the National zoning and 
urban size regimes

Connected Zoning Randstad core 
region

Intermediate 
zone

National 
Periphery

Total

Large (>200,000) Employment 2001-2002 32,695 – – 32,695
Location quotient 2002 1.488 – – 1.488
Index growth 1996-2002 1.916 – – 1.916

Medium-sized
(45,000–200,000)

Employment 2001-2002 26,681 24,167 13,195 64,043
Location quotient 2002 1.785 0.974 0.585 1.103
Index growth 1996-2002 1.982 2.019 2.714 2.220

Small (<45,000) Employment 2001-2002 14,041 17,690 7,184 38,914
Location quotient 2002 1.036 0.723 0.297 0.563
Index growth 1996-2002 2.763 2.684 3.060 2.881

Total Employment 2001-2002 73,417 41,857 20,379 135,652
Location quotient 2002 1.206 0.756 0.319 0.634
Index growth 1996-2002 2.569 2.596 3.033 2.795

– combination size and zoning non-existent
Source: LISA, 2003
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The index numbers indicating the employment growth in computer services between 996-2002 
show quite a different picture. The highest growth rates can be found in the national Periphery, 
in non-connected regions and in the smaller sized municipalities. It seems that the less central 
regions were catching up with the more traditional core areas between 996-2002. Nevertheless, 
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Figure 2.3 Employment in the computer services sector in 496 municipalities of the Netherlands. 
Source: LISA, 2003
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in absolute numbers (employment 200-2002), the sector remained still concentrated in the 
Randstad and the core locations.

Taking a more detailed look, figure 2.3 presents the maps of the average absolute numbers 
of employment in computer services over 200-2002, the location quotients for the same 
time period and the index growth of the sector between 996-2002. In absolute numbers, the 
larger proportion of employment in computer services is concentrated in the municipalities 
of Amsterdam (3,487) and Utrecht (0,797 employees), followed at quite some distance by 
Rotterdam (5,348). This map clearly reflects the general urban pattern of the Netherlands (for 
comparison see figure 2.).

However, when the absolute numbers of employment in computer services are corrected for 
the total employment per municipality using location quotients, a different pattern occurs. 
Again, the concentration of the computer services in the centre of the Netherlands shows 
up. Compared to the Utrecht region, Amsterdam and Rotterdam both show lower location 
quotients. Nevertheless, within the Utrecht region there are also differences between the 
various municipalities. It is not the city of Utrecht that has the highest location quotients, but 
the surrounding smaller municipalities (in number of inhabitants), such as Maarn, Maarssen, 
Bunnik, Nieuwegein, Zeist and Houten. In fact, a similar pattern was found in the UK, where 
computer services employment tends to concentrate in smaller cities and towns in the South 
East near London (Fingleton et al., 2004).

The map that presents the regional differences in employment growth between 996 and 2002 
shows that the growth occurred in regions that were quite different. The province of Drenthe, 
in the northern parts of the National Periphery, is clearly catching up. However, in absolute 
numbers the growth is not that high in these regions, as the map presenting the absolute number 
of employment in 2002 in these regions shows. The computer service employment levels in the 
northern part of the Netherlands are still considerably lower than in the central and southern 
part of the country. Despite the fact that some municipalities within the Periphery seem to be 
catching up, many others still have very low growth numbers. In several municipalities in the 
province Zeeland (south-west of the Netherlands) no growth at all has been recorded.

Within the Randstad and the southern provinces (Noord-Brabant and Limburg), the spatial 
pattern in growth is more mixed. Several regions experienced a high growth in computer services 
employment. However, the index growth is relatively low in regions where there was already 
quite a high concentration of employment in computer services.

In sum, the spatial pattern of the computer services sector in the Netherlands has clearly changed 
during the last 20 years. Between 98 and 200, the computer services industry shifted from the 
western parts of the Randstad to the centre of the Netherlands. Nevertheless, the tendency of 
the computer services sector to concentrate in specific regions should not be exaggerated, despite 
the relatively high score of the COROP-region Utrecht with regard to the location quotient 
for employment in this sector. The map representing the absolute numbers shows that the 
employment in computer services is spread fairly evenly across the country, mainly reflecting 
the urbanisation pattern of the Netherlands. Furthermore, the employment growth in the sector 
between 996-2002 mainly took place in less urbanised regions in the Periphery, suggesting that 
less central regions are catching up. Within the Randstad, the sector tends to concentrate in less 
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urbanised municipalities surrounding the larger cities. A possible explanation for this pattern 
is that these regions are better accessible by car, but are at the same time close enough to the 
cities to provide the associated benefits. These results suggest that agglomeration economies 
may indeed occur at a level that transcends the city level. To examine the spatial pattern of 
the computer services sector further, in the following section we describe the results of the 
spatial econometric models estimating the relation between regional differences in the spatial 
concentration of industries and regional employment growth in the Dutch computer services 
sector.

2.5 Characterising the regions where computer services have grown

In this section, we present the results of the econometric models we used to address research 
question b, to what extent are different kinds of agglomeration economies related to the regional 
differences in employment growth in the Dutch computer services sector between 996-2002, 
and c, on what spatial scale do agglomeration economies best describe the regional differences 
in employment growth in the Dutch computer services sector. Using the results of the models 
presented in this section, we explore whether there is a match between the regional differences in 
the concentration of organisations and the regional employment growth in the computer services 
sector. In other words, can we find any indications that agglomeration economies may play an 
important role in the Dutch computer services sector and, if so, on what spatial scale?

In table 2.6, the results of the econometric models are summarised. Below the table the 
technical explanation of the models is provided. Six independent variables are included in the 
models based on the definitions given in section 2.3. In appendix A.2, the descriptive statistics 
and correlation matrix of these models are presented. Except for the correlations with the 
variable ‘initial employment 996-997’, none of the correlations exceeds 0.5, suggesting that as 
far as those variables are concerned there are no multi-collinearity problems. The variable ‘initial 
employment’ correlates quite strongly with the variable ‘concentration of computer services 
firms’. However, when we tested whether excluding the initial employment from the model leads 
to significant changes in the results, such as a change of signs or loss of significance, we found 
that this is not the case. Therefore, we decided to keep this variable in the model to control for 
the initial conditions in the base year (as suggested by Henderson et al., 995). Heteroscedasticity 
does not emerge as a problem in any of the models, which is shown by the non-significance of 
the LM (BP) statistics in the tables.

Firstly, we have estimated an Ordinary Least Squares (OLS) model for employment 
growth in computer services (column  in table 2.6). This model shows the significance of all 
the explanatory variables we included. The results of the indicators for agglomeration economies 
mainly appear to confirm the assumptions made by Jacobs. The lack of diversity is negatively 
related to employment growth, indicating that employment growth is higher in regions with 
more diversified economic activities. Municipalities characterised by a higher population density 
also show a higher employment growth, suggesting that urbanisation economies are beneficial. 
The indicator for localisation economies, the ‘concentration of computer services firms’, is 
negatively related to employment growth in this sector. In other words, employment growth was 
less strong in regions where the computer services sector was already concentrated in 996.
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The other variables we included are also statistically significantly related to employment 
growth in computer services. Similar to the location quotient, the variable measuring the initial 
employment in 996 has a negative effect. Nevertheless, the concentration of other business 
services is positively related to employment growth in computer services. The sector mainly 
grew in regions where business services are concentrated, which may be caused by the demand 
for computer services. As expected, the education level per municipality also has a significant 
and positive effect on employment growth, suggesting that the availability of a highly educated 
workforce is relevant.

The test statistics LM (ρ) and LM (λ) reveal the presence of spatial dependence in the model 
shown in column  (table 2.6). Therefore, we estimated models with a spatial lag and spatial error 
specification. In these models we use maximum likelihood estimation techniques, in which the 
explained variance is no longer an adequate measure for model fitting. However, despite the fact 
that both the tests for spatial lag and for spatial error dependence were significant, the fit of the 
models hardly improved when these estimations were added (see appendix A.3). Including the 
spatial coefficient in the model led to an increase in the likelihood based measure (ML) of only 2 
(from -694 to -692) and including the lambda to an increase of 7 (from -694 to -687) compared 
to the OLS. Further testing showed that the model fit improved much more when spatial lags 
(using W_) of the independent variables are included. In other words, it is especially cross-
regressive spatial dependence that affects the model. In other words, the employment growth in 
certain regions is affected mainly by the scores on independent variables of surrounding regions. 
Column 2 in table 2.6 shows the model including the spatially lagged independent variables8. 
In this model, the test statistics LM (ρ) and LM (λ) are no longer significant, indicating that 
spatial lag and error specifications are redundant.

Including the spatially lagged independent variables in the model leads to a more complex 
picture of the relation between the regional differences in the spatial concentration of industries 
and the regional employment growth in computer services. The concentration of computer 
services remains statistically significant and negatively related to employment growth in this 
sector. However, the spatial lag of the concentration variable is positively related to the growth. 
In other words, employment in computer services appear to have grown mainly in municipalities 
surrounded by municipalities where the computer services sector was concentrated in 996, 
while employment growth was relatively lower in municipalities where there was already a 
higher concentration of the sector. This suggests that localisation economies mainly stimulate 
the growth of computer services employment on a higher spatial scale, that is, in municipalities 
located near others where the sector was already concentrated.

The effect the lack of diversity in economic activity has on employment growth also changes. 
The negative effect of the variable itself is no longer statistically significant, while the spatial lag 
of this variable is negatively and significantly related to employment growth. This suggests that 
employment in computer services did not grow mainly in municipalities that are characterised 
by diversity in economic activities, but in the municipalities that surround them. In fact, this 
result appears to reflect the spatial pattern that we found for the region Utrecht in section 2.4. 
Based on the results of the regression, we can say that this effect is not limited to the region of 
Utrecht, but that the sector in general has grown mainly in less urbanized municipalities near 
other regions with a diversity of economic activities.
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The spatial lag of the variable population density is also significant. As we expected, employment 
growth is higher in regions characterized by higher population density. This result remains 
significant when the spatially lagged variable of population density is included in the model. 
However, the spatial lag of this variable shows that the employment growth in a given 
municipality is lower when it is surrounded by municipalities characterised by a high population 
density. This may reflect the relatively high index growth of the computer services sector that 
took place between 996 and 2002 in smaller municipalities (as illustrated by table 2.5).

The effects of the variables ‘concentration of other business services’, ‘the initial employment in 
computer services’ and ‘education level’ remain unchanged and the spatial lags of these variables 
are not significant.

To examine the potential effect of spatial heterogeneity, we have used three models with the 
spatial regime estimations that allow for structural change of coefficient estimates between 
spatial regimes. When we tested the effect of all three spatial regimes discussed in section 2.3, 
we found that only the regimes distinguishing between two types of regions with different 
levels of labour market connectedness (connected and non-connected) and between three macro 
zones (Randstad, Intermediate Zone and Periphery) improved the model fit. The connectedness 
regimes with three categories and the urban size regime did not offer a valid description of the 
pattern of employment growth. These latter models are not very different, with relatively low 
scores on the Chow-Wald test, and there were also problems with heteroscedasticity, as shown by 
test statistic LM (BP). The results of these models are presented in appendix A.4. Here, we focus 
on the results of the models with the connectedness and national zoning regimes. The results are 
shown in column 3 and 4 of table 2.6 respectively.

As column 3 in table 2.6 shows, the effect of five independent variables is significantly 
different between the connected and non-connected municipalities (those are printed in bold). 
The effect of the spatial lag of concentration of computer services shows that the effect of this 
indicator is significantly stronger in non-connected municipalities than in connected ones. This 
suggests that in those areas, it was especially municipalities that are located near others where 
the sector was already concentrated in 996 that had a high employment growth. The effect of 
the variable ‘initial employment’ suggests a similar pattern. The effect of diversity shows opposite 
results for connected and non-connected municipalities. Non-connected municipalities with a 
diversity of economic activity have grown faster, while the employment growth in connected 
municipalities is only affected by diversity in surrounding municipalities. The effect of the 
concentration of business services is only positive and significant in connected regions, while 
the effect of education level is limited to non-connected regions. A possible reason for the effect 
of education level is that regional differences in the level of education are larger in less central 
regions where fewer education centres are located and, therefore, do affect the employment 
growth in computer services. In connected regions, on the contrary, enough potential employees 
may be available.

Column 4 shows the differences between models for the three national zones: Randstad, 
Intermediate Zone and Periphery. For these regimes, there appear to be variations between the 
three regions especially with regard to the effect of localisation economies. In the Randstad and 
the Periphery, employment growth was lower in regions where the computer services sector is 
concentrated, which was not true for the Intermediate Zone. The model shows that the negative 
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effect is significantly stronger in the Periphery. In other words, in that part of the Netherlands 
the sector mainly grew in municipalities that did not yet have a high concentration of computer 
services in 996, again indicating that the Periphery was catching up. The effect of the spatial lag 
of diversity also varies between the three national zones of the Netherlands and shows a similar 
effect. Especially in the Periphery, municipalities that have grown where located near ones that 
are characterised by a diversity of economic activities.

The initial employment of computer services is only significant in the Intermediate Zone and 
Periphery. In the Randstad the industry was already quite well-developed in 996 and, therefore, 
differences between municipalities with regard to initial employment were less pronounced in 
that region. Another interesting result of model 4 is that, again, education levels have a positive 
effect on employment growth only in the Periphery, while they are not significant in the other 
two regions. This effect is relatively weak, however, as indicated by the fact that there are no 
significant differences between the three regions when we look at the Chow-Wald test.

In sum, the results suggest that the regional employment growth pattern in computer services is 
indeed related to the regional differences in the spatial concentration of industries, but that such 
a relationship exists mainly on a higher spatial scale than that of the municipality. The computer 
services sector did not seem to have grown mainly in regions where the sector was concentrated, 
or where there was diversity of economic activities, but rather in the municipalities surrounding 
them. These results seem to illustrate a filtering down effect as suggested by Thompson (968). 
The municipalities where employment growth was higher have neither a strong concentration 
of computer services nor a wide diversity in economic activities, but they are situated near 
municipalities that do have these characteristics. Although the effect of the two variables that we 
assumed to be specifically relevant for computer services (education level and the concentration 
of business services) is positive, as we expected, it is limited. While the concentration of business 
services is only significant in connected municipalities within the Randstad, education levels 
affect employment growth only in non-connected and more peripheral municipalities.

2.6 Discussion and conclusions

The purpose of this chapter was to obtain insight into the relevance of regional differences to 
the Dutch computer services sector, and to explore on what spatial scale spatial proximity to 
other organisations mainly seems to play a role for this sector. Firstly, we have described how 
the spatial pattern of the computer services sector in the Netherlands developed between 98 
and 2002 (research question a). During these years, the sector slowly started to concentrate in 
the centre of the country. Within the Randstad, the sector is mainly concentrated in smaller 
towns and villages surrounding the central cities. This pattern is especially clear in the COROP-
region of Utrecht, where the main city Utrecht has a relatively lower concentration of computer 
services than several surrounding municipalities. Nevertheless, the spatial concentration of this 
sector in specific regions should not be exaggerated. Not only is the employment in this sector 
fairly evenly spread over the Netherlands, but between 996 and 2002 the highest growth in 
employment mainly took place in less urbanised, more peripheral municipalities. It appears that 
these regions are catching up, although in absolute terms employment remained low in 2002.
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Secondly, we used spatial econometrics to further examine what characterises the regions 
where most of the employment growth in computer services took place between 996 and 2002 
(research question b). Are those regions characterised by a spatial concentration of computer 
services or other kinds of organisations? Furthermore, we examined on what spatial scale it is 
in particular that there seems to be a relation between the spatial concentration of organisations 
and the employment growth in computer services (research question c). The results of those 
models did suggest that there is a relation between the regional employment growth in computer 
services and regional differences in the concentration of computer services, and the diversity 
in economic activities. In other words, we found indications that the employment growth in 
computer services sector is affected both by localisation economies and by Jacobs’ externalities.

The positive relation between the regional differences in the spatial concentration of 
organisations and employment growth in computer services does seem to occur over quite 
long distances. Using Moran’s I statistics for spatial autocorrelation, we found that the highest 
order full distance weight matrices (W_ matrix) showed the highest significance in spatial 
autocorrelation. Further analysis indicated that the employment growth in municipalities was 
mainly affected by the scores on independent variables of surrounding regions (in this case, 
mainly a lack of diversity and concentration of computer services). In other words, employment 
in computer services appears mainly to have grown in municipalities that are near other 
municipalities characterised by a concentration of computer services firms in 996 and near 
municipalities with a quite diversified economic structure. As mentioned in appendix A., it is 
not possible to measure exactly over what distance the scores of municipalities affect one another. 
However, since we found that the spatial pattern in employment growth is best described using 
the highest distance weight matrix, we can conclude that it appears that the employment 
growth in computer services is affected by the spatial concentration of organisations not only 
in their direct neighbouring municipalities, but also by the scores on those indicators from the 
neighbours of the neighbours.

The spatial regimes provided an even further detailed insight in the spatial pattern of the 
employment growth in computer services. It was especially in municipalities in the Periphery 
where there was not a high concentration of computer services in 996, but which are located 
near municipalities that had a high score for computer services or a diversity of economic 
activities, that growth took place. It would appear that they were catching up with these other 
regions between 996 and 2002. These results also suggest that the tendency of this sector to 
concentrate in specific regions should not be exaggerated, in light of the fact that the growth in 
employment is still spreading over the country.

These results suggest that, contrary to the assumption that the Netherlands is one urban field, we 
did find indications that the regional differences are still large enough to affect the performance 
of the computer services sector. Although we did find that the differences in education levels 
appear to be too limited to affect employment growth, the spatial pattern of employment 
growth in the computer services sector did not seem to be completely random. To some extent 
the pattern does match regional differences in the spatial concentration of organisations within 
the Netherlands. The results suggest that this potential beneficial effect of a location near other 
organisations certainly should not be considered at the municipality level, but on a quite high 
spatial scale consisting of a more central municipalities surrounded by several municipalities 
including ‘the neighbours of the neighbours’. These results seem to confirm the argument that 
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has been made for several decades that agglomeration economies are no longer limited to the 
major cities, but that they affect the performance of firms located in urban regions (Lambooy, 
98; Parr, 2002).

Furthermore, the detailed description of the spatial pattern of the Dutch computer services 
sector seems to suggest that the sector is slowly spreading out further across the Netherlands. 
The regions where most of the growth in the sector took place 996 and 2002 consisted of 
more peripheral and less urbanised municipalities, which appears to imply that a filtering down 
process is taking place. Nevertheless, it is highly doubtful whether this trend is strong enough to 
threaten the position of the COROP-region Utrecht. In this chapter, we measured growth with 
index numbers, which tend to exaggerate the growth in regions with low initial employment 
in absolute numbers. The index growth is relatively low in municipalities where the sector was 
already quite well established in 996, while less-developed municipalities show a high index 
growth. Furthermore, the high growth numbers in the more peripheral regions may also be 
caused by the high economic growth that the sector experienced in the period we examined. 
The high demand for computers and rapid emergence of the Internet stimulated the growth 
of the computer services, especially during the second half of the 990s. It would appear that it 
was especially the nascent entrepreneurs in municipalities where the sector had yet to develop 
that took advantage of that growth. However, they may also have experienced more problems 
during the slowdown that began in 2000, which may have resulted in a different spatial pattern 
of employment growth in computer services between 200 and 2005.

As mentioned in the introduction of this chapter, we used a regional economic analysis to 
provide insight into the potential relevance of the spatial concentration of organisations to 
the performance of a sector. However, as discussed in chapter , this analysis cannot provide 
an explanation for the positive relation that we found between agglomeration economies 
and employment growth. Because we used data aggregated at the regional level, we were 
unable to test which mechanisms may cause the beneficial effect of spatial proximity between 
organisations or account for differences between firms that may cause the regional effect. The 
question remains what it is exactly that stimulates regional employment growth. Localisation 
and urbanisation economies are container concepts that incorporate a wide diversity of potential 
knowledge spill-over mechanisms or more general benefits such as a specialised labour market 
or a well-developed infrastructure. To gain insight into which mechanisms actually stimulate the 
performance of software firms and to control for differences between firms, an empirical study 
at the firm level is required. Therefore, in the following chapters, we turn to the firm level and 
examine two potential mechanisms of knowledge spill-overs: inter-organisational relationships 
and knowledge inheritance processes. In chapter 6, we will again examine the question whether 
firms perform better when they are located in a region where organisations are concentrated. In 
that chapter, we test the effect of agglomeration economies on the innovative performance of 
software firms using data at the firm level. With such data, we can test whether firms do indeed 
benefit from the spatial concentration of organisations, or whether such a relationship follows 
from the two knowledge spill-over mechanisms or from differences between firms.
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Notes

 The COROP-division was devised in 97 and consists of 40 regions, which together cover the 
entire country. The aim of the division was to construct regions that consist of a central city and its 
surrounding market area.

2 Since 996, the Community Innovation Survey (CIS) has been collecting data on innovation in 
various European countries. In the Netherlands, the information is collected by Statistics Netherlands. 
Although the dataset provides a great deal of information on various aspects of the innovation process, 
the problem is that data are collected through a survey among a limited number of firms (almost 
50,000 firms between 996-998), which makes it more difficult to obtain sufficient information for any 
given sector at the municipal level.

3 Eight municipalities had 0 employment in computer services both in 996 and in 997 
(Schiermonnikoog, Ameland, Vlieland, Sas van Gent, Hunsel, Sevenum, Swalmen, Thorn). Such data 
actually require a Tobit model (see Henderson et al., 992). However, it is not possible to run a Tobit 
model with the programme that is required to conduct spatial econometrics: Spacestat .9. To measure 
the employment growth in these regions, we decided to use an average number of employees for those 
regions of 0.5 (0 in 996 and  in 997). Except for Schiermonnikoog, all these municipalities had gained 
at least one employee in computer services between 996 and 2002. To include Schiermonnikoog in the 
analyses, we use an employment figure of  in 996 as well as 2002, which resulted in an employment 
growth of 0.
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7 Since only data on the 2-digit level are available for the study of Koerhuis and Cnossen (982), the 

comparison at the COROP-level is based on the software and computer services sector as a whole 
(NACE 72).

8 Testing showed that none of the spatially lagged independent variables are correlated higher than 0.5 
to the original independent variables. Further testing also showed that the model fit did not improve 
further when other weight matrices (W_2 and W_3) were used to compose the spatially lagged 
independent variables.
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5

3 Firm-level study: research design, 
population and method

3.1 Introduction

In the second part of this study, we focus on the relation between knowledge spillovers and the 
innovative performance of firms. The purpose of this chapter, which consists of five sections, 
is to present the research design, population and method that we adopted to answer research 
questions 2, 3 and 4 as formulated in chapter . In the first section, we describe our research 
design and explain why we chose a cross-sectional telephone survey to gather the required data. 
Section 3.3 describes the selection of the research population and the representativeness of the 
sample we reached. Section 3.4 presents the data collection and general outline of the survey. 
There is still a great deal of debate on how to measure innovative performance, especially in 
services sectors. In section 3.5, we deal with this issue. Finally, the research method adopted to 
examine the research questions at the firm level is explained in section 3.6.

3.2 Research design: telephone survey

The purpose of the second part of this study is to provide further insight into the effect of 
knowledge transfer between firms on their innovative performance by using data at the firm 
level. As mentioned in chapter , there are two types of empirical studies that have examined 
knowledge spill-over between firms, each using a different research design and each suffering 
from some limitations. Comparable to the analysis in chapter 2, one group of studies examines 
the relation between the spatial concentration of industries and regional economic performance 
using statistical association (e.g., Jaffe et al., 993; Feldman, 994; Audretsch and Feldman, 996). 
Although these studies manage to compare regional performance levels, they are unable to 
explain what mechanisms cause those differences in performance due to the aggregation of the 
data to the regional level. Therefore, these studies suffer from problems of internal validation 
(Vaessen, 993). The second group of studies mainly uses case studies to examine why firms may 
benefit from being located near other organisations (e.g. Scott, 988; Camagni, 99; Storper, 
995; Cooke and Morgan, 998). However, these studies focus on individual regions and, as a 
result, cannot test whether firms that are located in regions where organizations are concentrated 
actually perform better than the firms outside those areas.

To deal with these limitations, we chose a research design that allowed us to gather detailed 
information about firms but which did not limit us to a single region: a telephone survey. There 
are two reasons why gathering data at the firm level through a survey was the best option. Firstly, 
it enabled us to gather data at the firm level and, consequently, to establish a direct link between 
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a firm’s access to the various knowledge spill-over mechanisms and its performance. Secondly, it 
allowed us to gather information on various types of knowledge spill-over mechanisms.

More specifically, we chose a telephone survey over a written questionnaire or face-to-face 
interviews for four reasons. The main reason was that answering our research questions required 
data on a wide range of fairly complex topics (inter-organisational relationships, knowledge 
inheritance processes and innovative performance). A telephone survey allowed us to provide 
additional information and repeat a question whenever either was needed (Dooley, 984). The 
second reason was that this type of survey made it possible to make sure that it was indeed the 
entrepreneur who answered the questions. This was necessary, because it was more than likely 
that he or she was the only person within the firm who knew about all topics, especially in larger 
firms. Thirdly, a telephone survey enabled us to approach a larger number of firms spread over 
the Netherlands. Face-to-face interviews would have been too costly because it would have taken 
a great amount of time to travel to all respondents to interview them (De Leeuw, 989). Fourthly, 
a telephone survey made it possible to control whether the firms we approached met the criteria 
for our research population.

Having said all of that, we acknowledge that a telephone survey also has some disadvantages, 
the main one being that respondents can only be asked more standardised questions. Also, 
respondents may be less inclined to talk about more sensitive issues than they would be during 
face-to-face interviews (Dooley, 984). To deal with these disadvantages in part, we used a 
combination of closed and open questions. In some cases, respondents were asked to illustrate 
or explain their answer. For instance, we asked respondents to describe how external contacts 
contributed to their innovation process, and to indicate the type of contact they had with the 
previous employer of (one of ) the founder(s).

The data were gathered through a telephone survey at one point in time, in other words, we 
used cross-sectional data (Dooley, 984). This implies that we can only make generalisations for 
the population and situation at the moment the survey took place. We were unable to collect 
longitudinal data to answer all of our research questions mainly due to time-related and financial 
restrictions. Furthermore, there is a lack of existing longitudinal datasets with firm-level data on 
all the topics we wanted to examine. To gain some insight into the changes that took place over 
time we asked respondents questions about the situation as it existed three years after the start 
of the firm as well as about the situation at the time of the survey (compare Oerlemans, 998). 
These questions mainly address the changes in the inter-organisational relationships.

3.3 Sampling

Using a survey to collect data often implies that a sample should be drawn. In most studies, it is 
too costly (both financially and in terms of time) to interview all the respondents that meet the 
research population criteria. Even in cases where that is possible, studies still face non-response 
because (potential) respondents cannot be reached or refuse to cooperate (Dooley, 984). In 
this section we explain how the sample of this study was constructed using the Register of the 
Dutch Chambers of Commerce (2002), the most complete database of firms in the Netherlands 
(Schutjens et al., 998; Stam, 2003).
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Initially, we limited our research population using three main criteria:
 A firm should have two or more full-time employees;
2 A firm should be independent and privately held (subsidiaries or branch plants were not 

included);
3 The main activity of the firms should be software development and the software should be 

developed at the site where the person being interviewed was located.
We decided not to include one-man businesses, because previous studies have shown that 

most one-man businesses in the sector we were investigating are only active on a part-time basis, 
and that many entrepreneurs also work at other firms or the firms never become economically 
active (Bleichrodt et al., 992). We limited our research population to independent firms because 
one of the central aims of our study was to measure the effects of pre-entry experiences and 
relationships on the innovative performance of firms (see chapter 5). We wanted to test whether 
firms also benefit from continued contacts with previous employers which whom they no longer 
had any legal relationship. The third criterion was chosen to avoid contamination of results by 
unobserved heterogeneity among the respondents (compare Brüderl and Peistendörfer, 998; Lee 
et al., 200).

To select the sample we had to use two telephone surveys. The first survey was necessary to 
select the research population (see appendix B.). The criterion that the main activity of the firms 
should be the development of software made it impossible to select the research population in 
an existing dataset. These datasets differentiate between sectors based on the Dutch industrial 
classification system (similar to the European Union’s NACE codes up to 4-digits). Until 
2004, the activities of ‘software development’ and ‘software consultancy’ were listed under one 
code: 7220, which meant that it was impossible to select software firms exclusively beforehand. 
That was the reason we selected this group through a telephone survey. We approached 4,44 
computer services firms of which ,608 firms participated and 67 fulfilled the criteria for our 
research population. In the second survey, these 67 firms were approached again to collect the 
data we needed to answer the research questions. This time 265 firms responded, which is 43% of 
the research population.

To select the research population we used probability sampling to select half of all firms 
that are independent, have two or more fulltime employees and that are registered under NACE 
codes 720 (system developers), 7202 (consultants concerning automation), 7220 (consultancy 
activities for software and software development) and 7230 (data-processing activities) in the 
Register of the Dutch Chamber of Commerce. In total 4,44 firms were selected. These firms 
were all approached for the first survey between November and December 2002. Probability 
sampling implies that we selected the research population in such a way that we made sure that 
the distribution of firms of different categories of NACE codes, number of employees and the 
location in COROP-regions in the Netherlands resembled that of the distribution in the total 
database (8,354 firms). This type of sampling has the advantage that the sample is more likely 
to be representative for the total group. We limited our research population to the four NACE 
codes listed above because firms that are registered under one of those codes are most likely to 
be engaged in the development of software.

From the first survey it became clear that many of the firms selected from the Chambers of 
Commerce database were not eligible. Almost 20% of the firms were not eligible, in most cases 
they either did not match one of the three selection criteria, had ceased their activities or had 
been taken over (see table 3.). Another 85 firms were not suitable because they had been listed in 
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the database more than once or had never actually become economically active. The non-response 
of the first survey was almost 52%. Non-response can mean that potential respondents cannot 
be reached, or it can mean that they refuse to take part. In this case, it turned out that 40% 
of potential candidates could not be reached by telephone, even after three attempts at various 
days and times. Previous studies using information provided by the Register of the Chamber of 
Commerce encountered similar problems (Bleichrodt et al., 992; Schutjens et al., 998; Stam, 
2003). Although almost every firm is registered in the database, the Register is not frequently 
updated, which means that firms that stopped doing business or have moved elsewhere may still 
be in the database. In the case of our survey, there is a possibility that the share of incorrect 
registrations was even higher. The computer services sector is a relatively young industry where 
entry barriers are low, which means that chances are high that a relatively greater proportion 
of the firms in the database has changed activities after registration. The percentage of firms 
refusing to take part in our survey was relatively low (.8%). In total ,608 computer services 
firms were interviewed in the first survey.

We tested whether the response to the first survey was representative for the database population. 
In appendix B.2, the results of the difference of means Z test and the Z test for proportions are 
presented. We could test the representativeness for the size of the firm, activity of the firm and 
location within the Netherlands, because those data are included in the Register of the Chamber 
of Commerce for all firms. The analyses show that the response is representative for the total 
population with respect to the number of employees of firms, the division over the 4 NACE 
codes and the spread of the firms over the 2 provinces of the country. Therefore, the response is 
similar to the total research population with a certainty of 95%.

The results of our initial survey showed that the third criterion of the research population, 
software development as the main activity, should be narrowed down even further. In general, 
there are three different kinds of software development (see box 3.). At the end of 2002, most of 
the firms were so-called enterprise software producers in the Netherlands. Most Dutch software 
producers develop sector-specific enterprise tools for small niche markets. They combine the 
development of software with providing services supporting the implementation and use of their 
software. To ensure that the firms in our sample were engaged in the same economic activity, we 

Table 3.1 Results of the first telephone survey to select the research population

N N of firms removed 
from database

%

Database population 4,144  100
Not eligible, of which  822 19.8
• one-man businesses  380
• ICT not the main activity  198
• activities ended, taken over  159
• double cases, empty firms etc.  85

3,319  100
No response  1,326 40.0
Refused to cooperate  391 11.9
Sample 1,608  48.5
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further limited our research population to enterprise software producers. This does not imply that 
we only examined firms developing customised software. There are differences between enterprise 
software firms with respect to the level of standardisation of their software products. After we 
further limited our sample to enterprise software firms the research population consisted of 67 
firms.

Box 3.1 Different activities in the software industry

In the software industry many different activities can be distinguished. First, a distinction 
should be made between platform suppliers and software producers. Platform suppliers 
deliver generic technology and tools that are the basis for developing software solutions 
(applications) by other firms (Isaksen, 2004). These firms are mainly large, global and US-
based corporations with subsidiary firms or branch offices in other countries. Important 
customers are other sections of the software industry that use the platform technology to 
develop their own products and solutions. Several of the dominating platform suppliers 
have developed standards early on that have formed the basis for the development of the 
software industry since the 980s. These firms attained a high market share, which makes 
it very difficult for new market entrants to challenge them.

Software producers are often firms that develop software for specific groups of users 
on the platforms developed by platform suppliers. Among this group of firms three types 
of activities can be distinguished: standard applications-based software, middleware 
software and enterprise software (Casper and Whitley, 2004). Firms that develop 
standard applications create software mainly for large markets such as software for 
graphic applications (CAD/CAM), multimedia or computer entertainment or software 
to run e-mail or groupware. Firms involved in middleware software develop secure 
payments systems (Internet banking, e-commerce) or search engines. These relatively 
young group of firms develop interfaces to link digital communication technologies to 
standard application software.

Enterprise software producers develop software platforms or modules that are 
extensively customised for individual customers (e.g., enterprise resource planning 
(ERP), customer relationship management (CRM) software or other sector-specific 
enterprise tools). Because entry barriers are so low, this sector consists of many relatively 
small firms. These firms generate complementary organisational capabilities such as 
assets needed to customise general technology platforms for specialised product niches 
(Casper and Whitley, 2004).

To complicate the picture further, many enterprise software producers combine 
their product development activities with consultancy activities (Isaksen, 2004). Firms 
differentiate in the level of standardisation of their products. Some firms develop 
standard software, others produce only tailor-made products, and most firms combine 
these activities. Firms specialise in specific markets for which they develop software, 
implement the software at the client’s office, train clients in using the product and, in 
some cases, also take care of maintenance (Torrisi, 999).
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For the second survey, we approached the selected 67 firms again in May and June 2003. Some 
of the firms selected earlier were no longer eligible (see table 3.2). In 2003, many computer 
services were faced with a highly reduced demand for their products and services. This led to 
many changes within the computer services industry. In total, 265 firms participated in the 
second survey, almost 46% of the eligible research population.

Again we tested whether this response is representative for the research population selected 
in the first survey, with respect to firm size, registration at NACE codes, and the location of 
the firms in the Netherlands. These results are also presented in appendix B.2 and appendix B.3 
shows how this sample is spread over the 40 COROP-regions. With respect to the size of firms, 
we decided to exclude one respondent from the research population, a firm that employs much 
more employees (6,000) than most other software firms in the Netherlands. The Dutch software 
industry consists of a large number of small firms and a few very large ones. Most of the larger 
firms refused to take part in our study. They only participate when written questionnaires are used 
and also we were not allowed to interview the entrepreneur, so we decided to exclude them from 
our study. Since it is highly likely that these larger firms have completely different organisational 
structures and interact with their external environment in ways that are different from smaller 
firms, we decided to focus our attention on small software firms to avoid contamination of the 
results by unobserved heterogeneity. In sum, our research population consisted of independent 
firms that had two or more employees and fewer than 250 employees, and were active in 
enterprise software development.

3.4 Data collection

The data necessary to answer the research questions were collected in the second telephone 
survey. To make sure that respondents understood the questions, we conducted pre-tests among 
three firms that were not part of the sample but that fulfilled the three criteria of the research 
population. The entrepreneurs of the three firms were interviewed face-to-face to allow us to 

Table 3.2 Results of the second telephone survey (sample of the study)

N N of firms removed %

Initial research population  1,608   
Not own software development/subsidiary   988  
Research population  617   100
Not eligible, of which  39   6.3
• one-man business   5  
• main activity not software development   17  
• business ended   14  
• head office outside the Netherlands   3  
Corrected research population  578   100
No response (after 3 calls)   41  
Refused to cooperate   272  
Response  265   45.9
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address difficult questions. Based on the results of the pre-tests, we modified the structure of the 
questionnaire and reformulated some of the questions.

An important finding of the pre-tests was the necessity to add a map to the survey that 
indicates the boundaries of the region where the firm is located. Several research questions aim 
to examine the potential importance of spatial proximity between firms for knowledge spillovers. 
Following previous studies (Vaessen, 993; Stam, 2003) and keeping in mind the results of chapter 
2, we decided to define the region of the firm by a 50 kilometre radius surrounding the firm. This 
area covers most of a firm’s labour market area and the entrepreneur’s daily contacts (Schutjens et 
al., 998; Stam, 2003). Many studies used administrative regions such as provinces or COROP-
regions to mark the region of the firm. The problem with these regions is, however, that a firm 
may have contacts that, although they are in close vicinity of the firm, are not included in the 
official region as defined by this approach.

Because the pre-tests indicated that many entrepreneurs perceive a distance of 50 kilometres 
to be much larger than it is in reality, we drew up maps with a circle indicating a 50 kilometre 
radius surrounding the location of the software firm interviewed (see appendix B.4). One of the 
disadvantages of conducting a telephone survey is that no additional information can be shown 
to respondents. We solved this problem by asking respondents who agreed to participate for their 
e-mail address and sent them a map with a circle indicating the 50 kilometre radius surrounding 
their firm. During the interview, respondents used that map to estimate the distance between 
their firm and other organisations.

The firms selected in the first survey were approached again in two steps. First, they received 
a personal letter announcing the second round of the research and inviting them to take part in 
a telephone survey of approximately 20 minutes. The entrepreneurs were assured that the survey 
would take place at a time that was convenient for them and that the results would be treated 
confidentially. Entrepreneurs could send an e-mail if they did not want to be approached again. 
In a second step, we approached the ones that did not send us an e-mail by telephone to ask 
them if they would like to participate in the survey and, if they agreed, to set a date for the 
interview and write down their e-mail address. Those we were unable to reach were called back 
several times at different times of the day and on different days of the week. If possible, we asked 
secretaries to indicate when the entrepreneur might have time.

The survey consisted of five sections (the complete survey is presented in appendix B.5):
• General characteristics of the firm: number of employees, year the firm was founded, level of 

standardisation and customisation of products;
• Knowledge inheritance processes: number of founders, type of working experience of 

founder(s) (sector and position), spatial proximity to the founders’ previous workplace and 
relationship with the previous employer after the start of the firm;

• Innovative performance of the firm: development of new products, services or processes 
between 2000 and 2003, importance of different sources of innovation, problems in the 
development of innovations;

• Relationships with other organisations (investors, customers, suppliers, competitors): 
characteristics of inter-organisational relationships three years after the start and in 
2003, percentage of other organisations in the region, problems with establishing inter-
organisational relationships;
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• Availability of employees and knowledge: how do firms obtain human capital and knowledge, 
problems with obtaining these inputs.
The questionnaire consisted of a combination of closed questions with answer categories and 

open questions. Respondents often gave similar answers to the open questions. Therefore, after 
the data-gathering stage, we were able to code these questions to include them in the analyses.

Using questionnaires to gather firm-level data has potential weaknesses with respect to the 
reliability and validity of the data. Entrepreneurs are asked questions, but it is difficult to verify 
whether their answers are indeed correct. Wherever possible, we have taken additional steps to 
validate our data. Parts of the reported data could be triangulated with secondary data from the 
firm’s website such as the type of products and the date the firm was founded. However, most of 
the information pertaining to this study was not publicly available, which means that it is not 
possible to provide independent corroboration of all the items dealt with in the questionnaire 
(other firm level studies have encountered similar problems, for instance Lee et al., 200).

3.5 Innovative performance as the dependent variable

The purpose of the second part of this study is to measure the effect of different knowledge 
spill-over mechanisms on the performance of firms. We chose the innovativeness of firms as 
performance indicator. In this section, we explain why we chose innovative performance and, 
more specifically, why we chose the three variables of ‘innovation input’, ‘innovation output’ 
and ‘innovation productivity’ and how we measured these dependent variables in our survey. 
Furthermore, we provide a brief description of the discussion on how to measure innovation in 
services like the software industry.

The main theoretical reason we selected innovative performance to measure the performance 
of firms is because we expected that the spill-over of knowledge between firms to have a positive 
effect on their innovative performance. The theory of industrial districts, the innovative milieux 
approach and regional innovation systems literature all emphasise that these knowledge spillovers 
in spatial agglomerations of firms stimulate learning and innovation processes (Malmberg and 
Maskell, 2002). Consequently, firms that are located in agglomerations are expected to be more 
competitive.

Innovation is increasingly considered an important indicator for the competitiveness of firms. 
Baumol (2002) suggests that innovation has replaced price as the rule of the game in a number 
of industries and Freeman and Soete (997) stated that for a firm not to innovate is to die (De 
Jong and Marsili, 2004). New entrants rely on innovation to establish a niche market, and 
established organisations need innovation to maintain their competitive position (Christensen, 
997). Policymakers also recognize the overriding importance of innovation, especially its ability 
to stimulate economic growth and employment (Kleinknecht et al., 2000). In fact, stimulating 
innovation in SMEs is one of the cornerstones of the European Union ‘s Lisbon strategy (De 
Jong and Marsili, 2004). Previous studies have also shown that there is a positive relation between 
innovation and other performance indicators (e.g., Davelaar, 989). However, in a more recent 
study, Oerlemans and Meeus (2005) found that firms should find a balance between developing 
totally different products and products that resemble existing products to such an extent that 
they are more easily adopted by the market. They argue that any firm that manages to find such a 
balance will invariably display a higher economic performance.
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3.5.1 How to measure innovation?
Although the common perception seems to be that innovative activities determine a firm’s 
competitiveness, there is an ongoing debate as to what is the best way to measure innovative 
activity (Tether, 2003b). Before introducing the indicators that we used to measure the innovative 
capabilities of firms that took part in our survey, we provide a short overview of that debate.

The traditional indicators of the innovative performance of firms are R&D expenditures and 
patents (Davelaar, 989; Kleinknecht et al., 2000). Both indicators are available in existing datasets 
and for longer periods. Nevertheless, the indicators are quite unsatisfactory, because they provide 
no information on the market introduction of the innovation. Although R&D investments 
provide a good indication as to the innovative potential of a firm, the efficiency of its innovation 
process can only be evaluated when information is available on the innovation output. Although 
patents can be seen as an innovation output, they are not always translated into commercially 
viable products (Laursen and Salter, 2004). Furthermore, many innovations are not protected by 
patents. And although the number of patents in the software industry is growing fast, many firms 
combine their products with services and continuously modify their product to meet customers’ 
needs. These types of products are difficult to patent (Chabchoub and Niosi, 2005).

To address these issues, two new indicators to measure the innovation output of firms were 
introduced in the 990s: new-product announcements in trade and technical journals and percentage 
of the total turnover due to sales of new products (Kleinknecht, 996; Kleinknecht et al., 2000). 
These indicators do measure whether newly developed products are introduced to the market. 
To measure the percentage of total turnover due to the sales of new products, firms have to be 
approached with a survey and asked whether they have developed new products (a distinction 
can be drawn between ‘new to the firm’ and ‘new to the market’, imitations and innovations 
respectively) and, subsequently, to estimate the share of new products in last year’s overall sales. 
Compared to product announcements, this indicator has the advantage that the success a new 
product has on the market is measured as well and that it can be applied to the services sector 
with only minor modifications (see Brouwer and Kleinknecht, 995).

Nevertheless, the new indicator percentage of the total turnover due to sales of new products has 
some weaknesses (Kleinknecht et al., 2000). Firstly, many firms can provide only ‘rough estimates’ 
of that percentage. Most firms do not differentiate their sales into different products or they 
find it problematic to do so because the sales of the new product are related to those of older 
products. Secondly, the shares in sales of innovative products may be sensitive to the business 
cycle. Branches with products that have shorter life cycles tend to have higher rates.

In this study, we use three indicators for the innovative capabilities of software firms: innovation 
input, innovation output and innovation productivity. All three variables are drawn from 
questions in the second survey. Firstly, firms were asked if they introduced any new products 
or services to the market between 2000 and mid-2003 (the time the survey took place). 
Respondents that answered this question in the affirmative were assumed to be innovative. We 
measured innovation input by asking what percentage of the total fulltime employment was 
spent developing new products or services. To measure innovation output, we used the new 
indicator described above, i.e. the percentage of turnover due to sales of new products. Since all 
of the firms in our sample were involved in the same kinds of activities, there was no need to 
control for the business cycles of products.
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We measured the third indicator, innovation productivity of firms, by dividing a firm’s innovation 
output by its innovation input. This variable indicates how capable a firm is in managing its 
innovation process (Klepper and Simons, 2000) and it, therefore, provides insight into the 
efficiency of that firm’s innovation process. As we mentioned earlier, innovation input can only 
be used to estimate the innovation potential of firms, it does not provide information on the 
efficiency of those investments. However, a similar comment can be given on the indicator for 
the innovation output of firms, i.e. the percentage of turnover due to sales of new products. 
A high output does not mean a firm is efficient when the investments outweigh the eventual 
revenues. This is why we focused on the extent to which firms were able to maintain a balance 
between their innovation input and output (compare Oerlemans and Meeus, 2005).

To avoid a bias we decided to exclude firms that at the time of our survey had existed three 
years or less (46 firms). The new products that are marketed by firms that are that young are 
often their first products, which means that in many cases the innovation input and output will 
be 00%. Of the 29 respondents that were left after we subtracted the younger firms about 8% 
could be said to be innovative. This percentage is relatively high, probably because the business 
cycle of software products is relatively short and enterprise software firms specialise in sector-
specific products aimed at small niche markets. From the point of view of the firms that operate 
in these markets, many newly developed products are new to the market, because they aim at 
very specific markets.

In the following three chapters, we selected innovation productivity as the dependent variable, 
because it incorporates both innovation input and output. To allow for a good interpretation of 
the results the models for innovation input and output have been included in the appendices. 
Of all the firms older than 3 years, 34 answered that they had not developed a new product since 
2000, while 8 firms reported that they were still working on a new product. The latter group was 
also excluded from our analysis because they could not yet provide data on their output. Another 
8 firms were excluded because they did not respond to one of the questions on innovation input 
or output. The total number of firms on which relevant data is available is 69.

3.5.2 Innovative activity in services
The software industry is part of business services. Although it is widely accepted that service 
firms do innovate, there is much debate about the extent to which innovations in the service 
sector are different from innovations in manufacturing industries (Drejer, 2004). The main 
question is whether innovation in services can be measured using the same concepts that are used 
for manufacturing. At the moment, there are three different approaches (Coombs and Miles, 
2000), the first one being the assimilation approach, which treats innovations in services similar 
to the ones in manufacturing (see Sirili and Evangelista, 998). Most of the studies using this 
approach use data that are collected through the Community Innovation Survey (CIS), which 
is conducted among firms across the European Union. This survey has been extended to include 
services with only minor adjustments.

The second approach is the demarcation approach, which argues that services innovations 
are distinctively different from innovations in manufacturing and which studies the distinctive 
features of innovation in services (Drejer, 2004). This approach is based on the assumption that 
the methods that have traditionally been used to measure innovation in manufacturing sectors 
can be applied to the service sectors to a very limited extent only. It holds that service innovations 
are specific for four reasons (Gallouj, 2002; Hollenstein, 2003; Tether, 2003b):
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• There is a close interaction between production and consumption that leads to continuous 
adaptations to customer requirements;

• The high information content of services make them highly intangible;
• There is a combination of ‘hard’ products like equipment or software, and ‘soft’ technologies 

like human skills or practices;
• Organisational change is very important.

These specific characteristics of innovation in services make it difficult to measure. Most 
solutions are tailor-made, which makes it difficult to distinguish a small change to a product from 
an actual innovation. Furthermore, most innovations in services focus on quality improvement 
rather than higher productivity (Steiner et al., 200). Consequently, most empirical studies on 
innovation in services use descriptive analyses (Djellal and Gallouj, 2000).

More recently, however, several authors state that the assimilation and demarcation 
approaches are not that different. The synthesis approach they advocate argues that there is a 
need to integrate both views on manufacturing and services innovation. The demarcation 
approach tends to confuse intentions or preparations to innovate with actual innovation (Drejer, 
2004). Besides, several of the characteristics that are claimed to be unique to services innovation 
apply, in varying degrees, to manufacturing as well. Recent empirical studies also find that 
innovations in services and manufacturing have a lot in common. When firms are classified 
on the basis of the characteristics of their innovation process, the different classes contain both 
manufacturing and services firms (De Jong and Marsili, 2004). Furthermore, there has been some 
convergence between services and manufacturing in recent years (Gallouj, 2002). On the one 
hand there is a clear service element to many industrial products, while on the other hand there 
are many services that have a manufacturing component. As a result, the gap between innovation 
in services and manufacturing is smaller than the variation between sectors (Tether, 2003a).

We decided to adhere to the synthesis approach and adopt an indicator for the innovativeness 
of firms that is often used in other surveys, namely whether a firm has developed any products or 
services that are new to the market, to determine whether firms are innovative or not. One of the 
potential problems in focusing on software firms is that some firms develop highly customised or 
tailor-made products, whereas others develop more standardised software. Firms that customise 
their software may be more likely to indicate that they are developing ‘new’ products, which is 
why we tested whether the percentage of products that is tailor-made by the firm was positively 
related to the development of new products or services. However, it turned out that this relation 
was not statistically significant. Although firms that develop more customised products have a 
slightly higher innovation input, i.e. they use more employees to develop new products, there 
were no differences in the innovation output or productivity of these firms.

3.6 Research method

In the following chapters, we attempt to answer research questions that address the extent to 
which different factors (agglomeration economies, inter-organisational relationships, knowledge 
inheritance processes, organisational capabilities) affect the innovative performance of software 
firms. Multiple regression analyses are most suitable for such questions, because they make it 
possible to test statistical association and control for the effect of other factors. In addition to 
regression analyses we used descriptive analyses to gain further insight into the relevance of 
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inter-organisational relationships and knowledge inheritance processes in the Dutch software 
industry in chapters 4 and 5.

The dependent variables we chose to measure the innovative performance of software firms 
are limited dependent variables, which means that they cannot take a value below 0 or above 
00. Ordinary Least Squares (OLS) regression models are not appropriate, because they assume 
that dependent variables can take on any value and may hence result in inconsistent estimators 
and predictive values below zero (McDonald and Moffit, 980). A Tobit model can handle such 
limited dependent variables (see Schwanen and Mokhatarian, 2005) and, therefore, that is what 
we used in the following three chapters.

Traditionally, a Tobit model is used to estimate the effect of independent variables on 
dependent variables consisting of two parts: the first one indicates whether or not a respondent 
has participated (in our case, has the firm developed a new product or not), the second one 
determines the extent to which the respondent has participated (in our case the innovation input 
or output of the firm). With one model, both aspects of the variable are estimated, assuming that 
the same set of variables affects both aspects in the same manner.

However, this type of model makes it difficult to determine which variables affect the 
likelihood that a firm has innovated and which ones affect its innovative performance (compare 
Schwanen and Mokhatarian, 2005). To deal with this, we first used a binary logistic regression 
model to test whether the variables we included affect the likelihood that a firm has developed a 
new product. However, as mentioned in section 3.5, about 8% of the firms older than three years 
indicated that they could be described as innovative. Therefore, the variance of this variable was 
very low and the effect of most variables included in the model was not statistically significant. 
We found that the number of employees is the only variable that shows a positive and statistically 
significant effect on the likelihood that a firm has developed new products.

Based on these results, and to clarify the results of the Tobit model, we decided to use the 
variables innovation input, output and productivity only with firms that had developed new 
products or services, i.e. that could be described as innovative. In other words, we did not use 
the Tobit model to estimate the likelihood of a firm being innovative, but only to measure its 
innovative performance. These variables remain limited dependent variables, since the innovation 
input of these firms cannot be higher than 00 and their innovation output cannot be below 0 or 
above 001. This is the reason we decided to use Tobit models. All models were estimated with 
maximum likelihood estimation in LIMDEP, version 8.0 (Greene, 2002). Since Tobit models do 
not include a R2, we used a modified version of the McKelvey-Zaviona2 statistic to calculate a 
pseudo R2, as recommended by Veall and Zimmerman (994).

Some of the hypotheses formulated in chapters 4, 5, and 6 require interaction terms or 
curvilinear effects to be added to the regression analyses. With interaction terms it is possible 
to test hypotheses that predict that the relation between an independent and dependent variable 
is weakened or strengthened under certain conditions (Aiken and West, 99). A moderator 
variable is the independent variable that affects the strength and/or direction of the association 
between another independent variable and the dependent or outcome variable (Bennett, 2000). 
Figure 3. illustrates this effect.

The moderator variable interacts with the independent variable of interest so that the 
independent variable’s association with the dependent variable is stronger or weaker at different 
levels of the moderator variable. Specifically with regard to this study, interaction terms are 
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required to test whether spatial proximity indirectly affects the relation between the interactions 
with other organizations and the innovative performance of software firms (relation 3 in figure 
.). In other words, we expect that spatial proximity as a moderator variable affects the relation 
between interactions with other organisations (independent variable) and the innovative 
performance of software firms (dependent variable).

To test for a moderator effect, an interaction term, that is, the product of two independent 
variables that are expected to interact, was included in the regression model. If the interaction 
term explains a statistically significant amount of variance in the dependent variable, a moderator 
effect is present. Often a hierarchical multiple regression analysis is used to estimate the effect of 
a moderator. In the first step, the independent variables are entered into the model without the 
interaction effect. In the second step, the interaction term is added. This approach, which is used 
in the following chapters, allows us to compare the main effects of the independent variables and 
the changes in the model when the moderator effect is added.

Other hypotheses point to the possibility that the relation between independent variables 
and dependent variables is curvilinear. The relation between the independent variable and the 
dependent variable is expected to be positive or negative up to a certain threshold after which 
the direction of the relation changes. In other words, the relation either takes a U-shape or an 
inverted U-shape. To test these effects, a squared term of the independent variable is added to 
the regression model (Aiken and West, 99).

In the regression models presented in the following chapters, at least three variables are 
always included to control for the effect of firm characteristics:
• Type of innovation: this variable is a -0 dummy coded variable which measures whether a 

firm has developed a totally new product or service (radical innovation) or whether the new 
product or service builds on existing products and services provided by the firm (incremental 
innovation). A value of  equals a strategy based on the production of radically different 
products. This variable is used to indicate the innovation strategy the firm has adopted. 
Following evolutionary economics, we expect that the development of an incrementally 
new product has a positive effect on the innovative performance. Over time, firms build 
up routines that affect their daily activities but are also likely to affect their strategy in the 
way they produce or develop new products (Nelson and Winter, 982). We expect firms to 
be more successful when they develop new products or services that build on their existing 
capabilities and experiences. Developing radically new products would require establishing 
new routines, which is a very difficult and time-consuming process.

• Size of the firm: this variable measures the fulltime employment of the firm. Following the 
two models presented by Schumpeter, the model on entrepreneurial innovation (I) and the 
model on large-firm managed information (II), two contrasting views have developed on the 
effect of size on a firm’s innovative capabilities (see Davelaar, 989; Kleinknecht, 996). Some 

Independent
variable

Dependent
variable

Moderator
variable 6498

Figure 3.1 Schematic presentation of a moderator effect. Source Bennett, 2000
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authors argue that larger firms are more innovative because they have more means to develop 
new products. Others argue, however, that smaller firms are more flexible and innovative. In 
our models, we include size to account for those possible effects.

• Age of the firm: this variable measures the number of years since the firm has been established. 
Although various models that estimate the innovative capabilities of firms include age as an 
independent variable (e.g., Tether, 2002; Laursen and Salter, 2004), it is not considered an 
important explanatory variable of a firm’s innovative capabilities. However, because it may 
affect the founder’s inter-organisational relationships and knowledge inheritance processes 
and have a moderator effect, we also control for the age of the firm in all models.
We have included innovation input as a control variable in the models that measure the 

effect on innovation output. Innovation input is an indicator of a firm’s R&D intensity, which 
is found to be positively related to the innovation output (Brouwer and Kleinknecht, 996). 
In general, the effect of these control variables on the innovative performance of firms will 
be statistically significant, because they have been found to be important indicators for the 
innovative performance of firms in previous studies. The reasons why we include them in the 
regression models is twofold. First, we want to check if these variables have the expected effect 
and, therefore, indicate that our results are to some extent similar to previous studies. Second, 
we want to control whether the indicators that are tested in this chapter add to the explanations 
already provided by the control variables. In chapter 6, in which we also account for the relevane 
of the internal organisation of the firm, we pay more attention to the effect of the variable ‘type 
of innovation’ as an indicator for the innovation strategy of firms.

The following three chapters present both the theoretical considerations and the empirical 
results for the research questions at the firm-level. Chapter 4 examines inter-organisational 
relationships as a knowledge transfer mechanism. Empirically, we test the effect of different 
characteristics of inter-organisational relationships with customers and the number of external 
sources on the innovation productivity of software firms. In chapter 5, the effect of the knowledge 
inheritance processes on the innovative performance is tested. Although this is an indicator 
of the internal capabilities, we also explain and test in what way geography may affect this 
mechanism for knowledge spillovers. Finally, chapter 6 presents the empirical results of testing 
the effect of agglomeration economies, knowledge inheritance processes, inter-organisational 
relationships and the organizational capabilities of firms on the innovation productivity of firms 
simultaneously. In this chapter, we answer two questions: ) to what extent do the effects of the 
knowledge spillover mechanisms on the innovative performance disappear when we control for 
the other mechanisms?, and 2) to what extent does the combination of these mechanisms affect 
the innovative performance of software firms?

Notes

 The innovation input variable was skewed because 24 firms showed a value of 00 (3% of the 84 firms 
that answered this question). The distribution of output was skewed because 2 of the 70 firms that 
replied to this question had a value of 0 and 4 firms a value of 00 (7.% and 8.2% respectively). We 
calculated the firms’ innovation productivity by dividing their innovation output by their innovation 
input, leading to a limitation of 0. Consequently, 2 of the 69 respondents showed a score of 0 (7.%).
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4 Inter-organisational relationships and the 
innovative performance of Dutch software 
firms: does spatial proximity matter?

4.1 Introduction

Through their relationships with business partners, firms can gain access to external knowledge. 
Innovation is increasingly regarded as an interactive learning process whereby actors from 
both inside and outside the firm are involved (Von Hippel, 988; Lundvall, 988). Therefore, 
interactions or co-operation with business partners are likely to serve as a knowledge spill-over 
mechanism between organisations. In economic geography, the general assumption is that such 
interactions between organisations are facilitated by spatial proximity (Torre and Rallet, 2005). 
This suggests that co-located organisations exchange more knowledge and, as a result, have a 
higher innovative performance.

However, both the importance of inter-organisational relationships with regard to the 
innovative performance of firms and the stimulating effect of spatial proximity have been 
criticised in more recent literature. The dominant approach in the literature on interactive 
learning processes, the network view of innovation, has been criticised for exaggerating 
the importance of external contacts as sources of innovation (Oerlemans et al., 998; Freel, 
2003). There is a tendency to overlook the relevance of the internal ability of firms to develop 
innovations and to benefit from the knowledge offered through external relationships.

Although many studies assume that spatial proximity between firms stimulates their 
innovative performance because it facilitates the regular and repetitive face-to-face interactions 
that are required to exchange knowledge, they do not actually test these relations. Empirical 
evidence supporting these assumptions would be useful, since several recent studies suggest 
that the relevance of spatial proximity for knowledge exchange can be questioned. For instance, 
the increased mobility of people and developments in information and telecommunication 
technology made that distance became less restrictive.

With regard to these criticisms, this chapter serves two purposes. Firstly, we examine to what 
extent inter-organisational relationships serve as an important source of innovation in the Dutch 
software firms. Also, we test whether interactions with business partners affect the innovative 
performance of firms. Secondly, we test the assumption that spatial proximity facilitates face-
to-face interactions between software firms and their business partners. To find out whether this 
also leads to a higher exchange of knowledge, we also examine the effect of spatial proximity and 
interactions on the innovative performance of software firms. This leads to the following three 
research questions:
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2a To what extent are inter-organisational relationships an important source of innovation for Dutch 
software firms compared to other potential sources of innovation?

2b To what extent does spatial proximity of inter-organisational relationships affect the number of 
face-to-face interactions between software firms and their partners?

2c To what extent do spatial proximity to and face-to-face interactions with external organisations 
affect the innovative performance of software firms in the Netherlands?

This chapter consists of six sections. Section 4.2 provides an overview of the recent literature on 
inter-organisational relationships and the need for spatial proximity. In section 4.3, we answer the 
first research question. Using descriptive analyses, we present the main sources of innovation in 
the Dutch software industry. Section 4.4 describes the variables that are used to answer research 
questions 2b and 2c and section 4.5 presents the results. The chapter ends with our conclusions 
and recommendations for future research.

4.2 Knowledge spillovers through inter-organisational relationships

This section provides an overview of the recent literature, with two purposes in mind. Firstly, we 
want to provide insight into the discussion on ways in which spatial proximity between firms 
contributes to the transfer of knowledge through inter-organisational relationships. Secondly, 
we want to have a better understanding of the way inter-organisational relationships can 
contribute to the innovative performance of firms. On the basis of this overview we formulate 
six hypotheses that are tested in section 4.5.

4.2.1 The relation between spatial proximity and face-to-face interactions
Spatial proximity between organisations is assumed to facilitate the exchange of knowledge for 
two reasons (Gertler, 2003). Firstly, it is assumed that firms that are located near one another are 
more likely to meet and, therefore, establish a relationship. Furthermore, co-located firms can 
more easily arrange face-to-face interactions and, in this way, allow knowledge to pass from one 
firm to another. Secondly, people that live or work in the same region are more likely to speak 
the same language, have common ‘codes’ of communication, shared conventions and norms, and 
personal knowledge of each other based on a past history of successful collaboration or informal 
interaction. Therefore, it is more likely that they establish a degree of trust that is required to 
exchange firm-specific knowledge and, in case of complex knowledge, that they are in a position 
to understand the knowledge that is being offered.

The assumption that spatial proximity is important for the exchange of knowledge mainly 
follows from the distinction that is made between codified and tacit knowledge (Brown and 
Duguid, 2000). Codified knowledge consists of messages or information that can be written 
down in articles or software routines and, consequently, can be exchanged over long distances. 
Tacit knowledge, however, is much more difficult to be expressed in an explicit form, because it 
cannot be written down, is partly unconscious, and defies easy articulation (Gertler, 2003). Such 
knowledge is best acquired through experience, demonstration and practice (learning-by-doing). 
This means that personal interactions are required, and spatial proximity is seen as facilitating 
the exchange of this type of knowledge.
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Although the assumption that spatial proximity facilitates the exchange of knowledge between 
firms and thus leads to a higher innovative performance is generally accepted, there has been 
criticism in more recent literature. There are three reasons to suspect that the relation between 
spatial proximity, regular face-to-face interactions and the innovative performance of firms is 
more complicated than is generally assumed:
 The need for regular face-to-face contacts for the transfer of tacit knowledge does not mean 

that individuals have to be located close to one another, but only that they meet on a regular 
basis;

2 It is likely that the need for spatial proximity to other organisations is reduced when a firm 
grows older because it requires fewer face-to-face interactions;

3 If there is too much spatial proximity between firms and too many interactions take place, 
the impact on the innovative performance of a firm may even be a negative one.

The fact that regular face-to-face interactions are needed to allow knowledge to be transferred 
does not automatically mean that firms have to be located near one another, it only implies that 
individuals meet frequently (Rallet and Torre, 2000). In many cases, face-to-face contacts can be 
arranged on a temporary basis, for example through business travel. In the last decades, people 
have become more mobile due to developments in transportation and telecommunication. 
This increased mobility has made it easier to establish a temporary spatial proximity between 
exchange partners. Many firms already use temporary spatial proximity, for instance, through the 
travelling sales representatives, consultant visiting and auditing a firm for several days, employees 
taking part in conferences or fairs, and so on (Gallaud and Torre, 2005).

Consequently, one may well wonder if spatial proximity between firms actually facilitates 
face-to-face interactions. Thus far, few empirical studies have actually tested this assumption. 
Therefore, we decided to test the assumption empirically in this chapter and formulated the 
following hypothesis:

Hypothesis : Spatial proximity between firms is positively related to the number of face-to-face 
interactions between those firms.

Another reason to put the relevance of spatial proximity for knowledge transfer into perspective 
is because the necessity for face-to-face interactions is likely to diminish when the firm grows 
older. Studies on this topic often lack a dynamic perspective. They simply assume that spatial 
proximity will invariably be beneficial to the innovative capabilities of a firm. However, the 
need for regular interactions is likely to diminish during the life cycle of the firm1, which means 
that the need for spatial proximity is reduced. Initially, new firms have to establish a reputation 
among suppliers, customers or other partners and need to obtain information about the market 
to ensure that their product matches customer demands. As the resource-based theory suggests, 
new firms have to gain access to resources, which means that “… the enterprise becomes an open 
systems interacting with others in the production environment” (Stam, 2003, p. 07). Over time, 
the need for external contacts with other organisations is likely to lessen for three reasons. Firstly, 
face-to-face interactions involve high costs, especially in terms of time, so it stands to reason 
that firms will attempt to reduce the number of interactions (Illeris, 996). Secondly, interactions 
between firms that have worked together on various occasions will become more efficient, which 
means that fewer contacts will be needed (Bathelt, 2005). Finally, firms may have established 
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trust-based relationships due to positive business experiences and these are likely to require fewer 
face-to-face interactions.

The latter reason contradicts the notion that trust-based relationships of firms are often 
characterised by higher numbers of interactions, as is mentioned in the embeddedness literature 
(Oerlemans, 998). According to this literature, regular personal interactions between exchange 
partners are needed to establish a certain level of trust. However, as soon as trust has been 
developed, people can rely on different channels of communication to exchange information 
or even knowledge. Face-to-face interactions may still be required at critical moments in the 
innovation process but, in between, communication through e-mail or telephone is sufficient 
(Gallaud and Torre, 2005). Consequently, the importance of external relationships is not 
necessarily related to the number of face-to-face interactions between firms. Furthermore, if the 
interaction frequency is high, it may even indicate a lack of trust (Freel, 2003).

Therefore, we assume that older firms have fewer interactions with their business partners 
than younger firms, and also that this reduction makes it less urgent for them to be located close 
to each other. This leads to the following two hypotheses:

Hypothesis 2a: The number of face-to-face interactions of firms with other organisations (e.g., 
suppliers, customers, or research institutes) per month is negatively affected by the age of the 
firm.

Hypothesis 2b: The number of face-to-face interactions and spatial proximity between firms are 
positively related, but the age of the firm weakens this relation.

Finally, both the number of personal interactions between firms and the number of spatially 
proximate relationships may have a negative impact on the innovation potential of firms 
(Boschma, 2005; Torre and Rallet, 2005). As explained above, it is assumed that firms that are 
involved in inter-organisational relationships characterised by a large number of face-to-face 
interactions have a better innovative performance, because they are more likely to exchange tacit 
knowledge. However, when the relationships become too close, a firm may suffer from so-called 
overembeddedness (Uzzi, 997). This may lead to a reduced awareness of the knowledge and 
developments outside the inter-organisational relationship. Firms that are involved in this kind 
of relationship may even feel morally obligated to stay loyal to their partner, and thus end up 
choosing a less efficient way of production (Uzzi, 997). In a similar manner, Grabher (993) has 
argued that firms that focus too much on local relationships become less aware of technological 
and market-related developments outside their region. Knowledge creation would require a 
balance of local and non-local connection, because non-local relationships bring variety and new 
impulses and ideas into the region (Bresnahan et al., 200; Asheim and Isaksen, 2002; Bathelt et 
al., 2004; Giuliani and Bell, 2005). Firms that are involved in relationships that are too tight or 
focus too much on their own region may find it harder to adapt to external changes, which may 
reduce their innovative capacity (Boschma, 2005). Hence, the third hypothesis:

Hypothesis 3a: The effect of spatial proximity between firms on the innovative performance of 
firms is positive but only up to a certain threshold (curvilinear relation taking an inverted U-
shape).
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Hypothesis 3b: The effect of the number of face-to-face interactions between firms on the 
innovative performance of firms is positive but only up to a certain threshold (curvilinear relation 
taking an inverted U-shape).

More in general, the literature also suggests that spatial proximity only has an indirect impact 
on a firm’s innovative performance (Howells, 2002; Torre and Rallet, 2005). Spatial proximity 
facilitates the face-to-face interactions between firms that are necessary for the exchange of tacit 
knowledge. It is those face-to-face interactions that lead to the higher innovative performance, 
not spatial proximity. Therefore, we also formulate the following hypothesis concerning the 
relation between spatial proximity and innovative performance:

Hypothesis 4: The positive effect of face-to-face interactions on the innovative performance of 
firms is strengthened by spatial proximity between the organisations.

4.2.2 Inter-organisational relationships and the innovative performance of firms
According to evolutionary economics, firms tend to develop firm-specific resources and 
competences. They are assumed to be subject to bounded rationality and, consequently, unable to 
gather and interpret all the information necessary for optimal decision-making. To deal with this 
uncertainty, they rely on routine behaviour, that is, stable patterns of behaviour that characterise 
organisational reactions to internal and external stimuli (Nelson and Winter, 982). To a certain 
extent those routines are tacit, since they are semi-automatic responses that have developed from 
experience. To reduce the uncertainty surrounding the search for new knowledge, firms tend to 
rely and continue to build on their existing knowledge base. As a result, knowledge accumulates 
incrementally within the firm, becoming a firm-specific resource.

Innovation often occurs when various firm-specific competences are combined (Nooteboom, 
999). Firms are likely to observe the behaviour of other successful firms and try to imitate that 
behaviour in the hope of improving their own performance. However, the tacit components of 
routines are hard to copy (Kogut and Zander, 996), which means that it is likely that merely 
observing the behaviour of another firm is not enough. Most firms rely on external connections 
to obtain access to the resources required for innovation. Especially for smaller firms, external 
connections play an important role in assessing complementary knowledge (Koschatzky and 
Zenker, 999). This is why nowadays innovation is considered to be an evolutionary, non-
linear and interactive process between a firm and its environment (Kline and Rosenberg, 986; 
Håkansson, 987; Von Hippel, 998; Lundvall, 988).

Nevertheless, studies on sources of innovation assume that inspiration for innovation can 
follow from four kinds of sources, only three of which are external contacts (De Jong and Marsili, 
2004):
 Feedback from internal R&D or learning-by-doing processes (Teece et al., 997);
2 Observational learning (Vicente and Suire, 2004), that is, inspiration obtained from 

observing and monitoring other firms, without direct contacts (Malmberg and Maskell, 
2002);

3 Information obtained through inter-organisational relationships. Business relationships can 
function as information-gathering, information-processing or screening devices that help 
determine promising developments and dead ends early on (Freeman, 99);
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4 Interactive learning through the collaboration with other organisations such as (lead) users, 
suppliers, competitors or research institutes (Tether, 2002).
This overview of potential sources of innovation shows that it is not only external 

organizations, but internal learning processes as well, that can function as a source of innovation. 
Both in economic geography, but also in innovation studies, it is often assumed that individual 
firms are rarely capable of innovating independently, and that they never innovate in a vacuum 
(Freel, 2003). However, in most industries, most of the innovation effort is still made by firms 
themselves (Nelson, 2000). Even when firms involve external partners in their innovation 
process, they very much depend on their own internal resources (Oerlemans et al., 998). If a firm 
is to exchange knowledge successfully, it needs to have a certain level of absorptive capacity: it 
needs to be able to identify, exploit and integrate the external knowledge into its own knowledge 
base (Cohen and Levinthal, 990). To some extent, the internal and external knowledge should 
be similar, if a firm is to value the potential relevance of the external knowledge. At the same 
time, the knowledge should not be too similar, because that would prevent firms from learning 
from one another. Therefore, understanding the innovative performance of firms requires insight 
into their internal capabilities as well as their external relationships.

The intensity or strength of inter-organisational relationships to a large extent determines to 
what extent firms exchange knowledge or information. Although firms can learn from each 
other by observing and monitoring each other’s strategies and new products, they are likely to 
learn more through interactive learning. Firms that work together on the development of new 
products are likely to exchange knowledge that is more tacit. This type of knowledge is often 
firm-specific and, therefore, determines the competitive strength of a firm. Firms that work 
together are likely to trust each other, which leads to a reduction in the uncertainty surrounding 
the exchange of knowledge (Pittaway et al., 2004). Therefore, we expect that firms that are 
involved in such relationships have greater access to external knowledge and, therefore, have a 
better innovative performance. Hence, we formulate the following hypothesis:

Hypothesis 5: The innovative performance of firms is higher when they collaborate with other 
organisations.

The basic motivation for a firm to work together with other organisations on innovation is to 
share knowledge and bring together complementary skills without having to make the high 
investments that would have been necessary if the firm had developed it internally (Tether, 2002). 
However, a wide variety of external organisations can function as a source of innovation for a 
variety of reasons (Belderbos et al., 2004). Many studies on sources of innovation have focused 
on the relationship between firms and research institutes, based on the assumption that scientific 
research is the main source of innovation (e.g., Klevorick et al., 995). There has been a great 
deal of debate, however, on whether most innovations occur from ‘technology push’ or ‘demand 
pull’ (Davelaar, 989; Kleinknecht, 996). Especially Smookler (966) stressed the importance of 
customers. Most recent studies find that customers are a more important source of innovation 
than research institutes, although especially smaller firms depend on the favourable demand 
conditions (Arvantitis and Hollenstein, 996).

In studies on interactive learning, the importance of user-producer interactions with regard 
to innovation has been regularly emphasised (Von Hippel, 988; Lundvall, 988). In most 
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industries, vertical relationships with (lead) users and suppliers are the key sources of innovation 
(Von Hippel, 988; Ragatz et al., 997; Romijn and Albu, 2002; Isaksen, 2004; Palmberg, 2004; 
Pittaway et al., 2004). Customers are often involved in the innovation process, because firms 
that regularly interact with customers have a better understanding of what their customers want, 
which increases the market potential of their products, and in addition they are more likely to 
discover new market opportunities in an early stage (Tether, 2002). Some firms rely on a few lead 
users that test new products in the early stages of the product development to ensure a quicker 
adoption. Involving suppliers in the innovation process can help firms signal new technological 
developments early, which allows them to improve their products.

In general, the willingness of firms to exchange knowledge with organisations outside 
the supply chain is limited. The literature on knowledge spillovers between similar firms or 
competitors focused mainly on the negative aspects of such spillovers (Belderbos et al., 2004). 
Firm-specific knowledge often determines the competitive strength of firms. When a firm’s 
knowledge spills over to competing firms, its relative market position may weaken. Therefore, 
firms are often reluctant to share firm-specific competences with competitors. Nevertheless, 
some firms do cooperate with competitors (Tether, 2002). Similar firms can cooperate to 
establish a common standard or to deal with common problems, often related to the regulatory 
environment. Many firms that work together with their competitors only do so in a part of their 
activities. They may have complementary strengths, which can be joined together to establish a 
specific product or service.

How can firms learn the most from external sources of innovation? In general, firms are 
assumed to be more innovative when they are more open to external sources of innovation 
(Ahuja, 2000; Becker and Dietz, 2004). Following evolutionary economics, firms that are more 
open to their external environment are more likely to find sources of variety that allow them 
to create new combinations of technologies and knowledge (Laursen and Salter, 2004). On the 
other hand, they may be involved in too many inter-firm relationships, which may curtail their 
ability to manage all the ideas that come their way, make it harder to decide which ideas can be 
useful for them, and leave them with too little time to fully exploit the various ideas. Therefore, 
firms are likely to benefit from their openness to external sources of innovation, but only up to a 
certain threshold.

A more efficient search strategy may be to focus on a few external sources of innovation. 
Firms may be better able to develop durable relationships when they have a few exchange 
partners, which increases the likelihood that they will exchange firm-specific resources. However, 
as we suggested in section 2., firms may perform less well when they rely too heavily on a few 
external sources of innovation. To maintain intensive relationships a firm requires many resources 
and attention, while it is difficult to determine in advance whether a relationship will be useful. 
Furthermore, a firm may experience a lock-in when it relies too much on the ideas of its partners 
and is no longer open to knowledge outside of its network (Uzzi, 997).

Despite the widespread assumption that external contacts are a source of innovation, it 
remains unclear what the structure of external connection is that contributes the most to the 
innovative performance of firms. Both the breadth (number of external sources) and depth 
(number of important external sources) of a firm’s external search strategy are assumed to 
contribute to its innovative performance, up to a certain threshold (see Laursen and Salter, 2004). 
Therefore, we test the following two hypotheses:
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Hypothesis 6a: The breadth of the external search strategy of a firm has a positive effect on its 
innovative performance, but only up to a certain threshold, after which the relation becomes 
negative (relation is curvilinear, taking an inverted U-shape).

Hypothesis 6b: The depth of the external search strategy of a firm has a positive effect on its 
innovative performance, but only up to a certain threshold, after which the relation becomes 
negative (relation is curvilinear, taking an inverted U-shape).

4.3 Sources of innovation in the Dutch software industry

The purpose of this section is to examine which sources of innovation have been used by software 
firms to develop new products or services between 2000 and 2003. As explained in section 
4.2.2, firms can be inspired to innovate both through internal and through external contacts. 
This definition shows a firm does not have to actually interact with other organisations to be 
inspired by them to develop new products or services. In the survey, respondents that indicated 
that they brought new products or services to the market between 2000 and 2003 were asked to 
list 0 sources of innovation and to indicate whether or not a particular source had inspired the 
firm during the innovation process. They were then asked to indicate, using a scale of 0-0, how 
important each of the sources had been in the innovation process and to describe what their 
contribution to that process had been. The results are presented in figure 4.. Using these results, 
we answer the first research question in this section: Which sources of innovation are important 
in the Dutch software industry and are inter-organisational relationship more important than 
intra-organisational contacts?

As figure 4. clearly shows, customers are the main source of innovation in the Dutch 
software industry. Most of the respondents mentioned customers as a source of innovation (95%) 
and they also gave them the highest average score (8). About 22% of the software firms have 
collaborated with their customers to develop the new products or services. However, the largest 
share of respondents (4%) indicated that customers function as a source of innovation because 
they were involved in discussions on product design. Regular contacts with customers help firms 
understand what their customers want, which inspires them to develop new products or services.

Intra-organizational contacts are the second most important source of innovation in the 
Dutch software industry. Internal learning processes are highly important for the development of 
products and services. Of all the firms that mentioned customers as a source of innovation, 80% 
also mentioned internal contacts. This would appear to confirm that, although customers often 
inspire software firms to develop new products or services, the actual development takes place by 
deploying internal competences (Isaksen, 2004). Furthermore, software firms use internal groups 
to diffuse knowledge inside the firm through meetings and websites.

In addition internal sources of innovation, public sources such as professional literature and, 
to a lesser extent, conferences and fairs are also mentioned by a high percentage of respondents 
as a source of innovation. The respondents indicated that they obtain ideas and inspiration 
for the development of new products or services simply by observing the products or services 
introduced by other software firms. In other words, they learn from other software firms without 
any personal interactions taking place (compare Malmberg and Maskell, 2002).
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About 57% of the innovative software firms state that competitors had been a source of 
innovation. However, the average score of this source is quite low, which indicates that, unlike 
customer demands, regular contacts with competitors are rarely a reason for software firms to 
initiate an innovation. Most software firms see other software firms not so much as competitors 
but as firms that are involved in complementary activities. The Dutch software industry consists 
of many small firms specialized in niche markets. Consequently, they only have a few direct 
competitors. Software firms interact with others for different reasons. Most firms have contacts 
with other software firms when they work together during projects (25%), to improve their 
products (6.9%) or exchange experiences (5%).

Unlike most other industries, only a small percentage of software firms stated that suppliers 
had been a source of innovation (see figure 4.). Compared to the relationships of software 
firms with their customers, their relationship with suppliers is much more market-based. The 
development of software requires little by way of material input. A computer and some other 
software is enough. About 56% of the software firms have regular contacts with suppliers mainly 
to obtain that other software. Some firms buy specific tools from other software developers, 
which they integrate into their own application or product. Other firms have a more intensive 
relationship with software platform suppliers (see chapter 3). The market for software platforms 
is dominated by a few multinationals. When they decide to change the platform, the smaller 
enterprise software firms are forced to adapt their products. Some firms attempt to affect this 
process by getting involved in a relationship with the major suppliers.

Most software firms have no direct contacts with universities or other research institutes2. The 
few firms that mention universities as a source of innovation above all see them as suppliers of 
high-educated employees3. One reason why software firms may not feel the necessity to interact 
with universities is that the required technological knowledge is relatively easily accessible 
in this sector. The knowledge needed to programme software is highly codified, because it is 
based on programming languages known all over the world. Software developers that have been 
trained in a specific programming language can find most additional technological information 
and solutions to practical problems in journals or on the Internet. Furthermore, they use forum 
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Figure 4.1 Main sources of innovation and the importance innovative firms attach to those 
sources on a scale of 0-0 (% of all innovative firms, n = 85). Source: own questionnaire, 2003
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or news groups on the Internet to discuss specific problems with other developers who are 
specialised in the same language.

To summarise and answer the first research question, customers are clearly the most important 
source of innovation in the Dutch software industry, followed by internal contacts and meetings. 
It appears that external contacts are neither more nor less important than internal contacts, but 
that a combination of both is necessary for a software firm to innovate. The ideas provided by 
customers appear to serve as an inspiration for new products or services, but firms need their 
internal capabilities to actually develop them. In the next part of this chapter, the relation 
between spatial proximity, face-to-face interactions and the innovative performance of software 
firms is examined. Considering the relatively high importance of customers compared to other 
external sources, we decided to focus primarily on this inter-organisational relationship to answer 
research question 2b and 2c.

4.4 Independent variables

In this section, the variables used to test the five hypotheses formulated in section 4.2 are 
described. As described in chapter 3, we have gathered firm level data in a telephone survey 
among software firms in the Netherlands. All respondents were interviewed about the sources 
of innovation that they used and about various characteristics of the relationship they had with 
their customers. The independent variables described in this section are all based on the answers 
respondents provided to those questions.

To characterise the relationship software firms have with their customers, we selected three 
different variables:
• Spatial proximity of the software firm to its customers: respondents were asked to indicate 

the percentage of customers located within a 50 kilometre range. This variable is based on 
the answers given to that question. Respondents have made a similar regional division of 
customers based on the share of customers within the total turnover. However, the differences 
between these questions are so small that we decided to use only one indicator.

• Number of face-to-face interactions with customers: this variable measures the average number 
of face-to-face interactions per month between the software firm and its customers. The 
higher the number of face-to-face interactions, the more intensive the relationship with 
customers. A few firms have a very high frequency of contacts with their customers. To 
ensure that the variable would be normally distributed, we excluded 0 firms that indicated 
meeting their customers more than 2 times per month.

• Collaboration with customers: this -0 dummy-coded variable measures whether the firm 
cooperates with (some) customers on the development of new products or services. All 
firms have been asked to characterise their relationship with the main customers, and one 
option was cooperation with new products and services. A value of  equals having such a 
relationship.

The second group of variables measure the openness of the firm’s external search strategy:
• External breadth of the search strategy: this variable measures the number of external sources 

that innovative firms indicated using in their innovation process. Innovative firms have been 
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asked to name 0 external sources4, and to indicate for each source whether or not it played 
a role in the development of the new products or services. Each of those sources are coded 
as a -0 dummy-coded variable, 0 when the firm did not use that source and  when the firm 
did use it. The 0 sources were then added up for each firm into the variable external breadth 
search. Firms that not use any external sources were given a score of a 0 and firms that used 
all sources scored a 0.

• External depth of the search strategy: this variable measures the number of important external 
sources that a firm used to develop new products or services between 2000 and 2003. All 
firms that indicated that they used a certain external source were also asked to score the 
source between 0 (not important) and 0 (highly important). However, when those scores 
were combined into one variable, the correlation between the variables external breadth and 
depth of the search strategy became too high, which gave rise to possible multi-collinearity 
problems. Therefore, we decided again to develop 0 -0 dummy-coded variables for each 
external source. Firms were given a value of  when they awarded the external source with a 7 
or higher, and a 0 when the score was below 75.

In addition to these explanatory variables, we also included four control variables that may affect 
the relation between spatial proximity and the number of face-to-face interactions with customers 
on the one hand and the innovative performance of software firms. Three control variables (age 
of the firm, size of the firm and type of innovation) are described in chapter 3. In this chapter, we 
add the customisation of products, which measures the percentage of customised products in the 
total turnover of the firm, as a control variable. Firms that develop more standardised products 
are likely to have fewer face-to-face interactions with customers. To control for this effect, this 
variable is included.

To test the hypotheses formulated in section 4.2, we used several regression analyses with 
different dependent variables. The first two hypotheses predict that spatial proximity facilitates 
regular face-to-face interactions and that age and product standardization reduce the need for 
regular interactions and, consequently, the need for spatial proximity. To test these hypotheses, 
both the variables number of face-to-face interactions with customers and the spatial proximity 
to customers were used as dependent variables in two regression analyses. The three other 
hypotheses predict the effect of the different characteristics of relationships with customers 
and the openness of the search strategy of software firms on their innovative performance. The 
dependent variable in this model is the innovation productivity.

By linking the characteristics of inter-organisational relationships to the innovative 
performance of firms, we assume that a positive relation indicates that firms have exchanged 
knowledge successfully. This indirect way of measuring the exchange of knowledge implies that 
we cannot distinguish between tacit and codified knowledge. In economic geography, it is often 
assumed that spatial proximity is only important for the echange of tacit knowledge. However, 
more recent studies suggest that tacit and codified knowledge are not two separate kinds of 
knowledge, but should be considered the two ends of a continuum (Cowan and Foray, 997; 
Amin and Cohendet, 999; Cowan et al., 2000; Lissoni, 200; Howells, 2002; Gertler, 2003). 
There is hardly any type of knowledge that can be completely codified and also the interpretation 
of codified knowledge requires a certain level of existing knowledge. Therefore, it can be assumed 
that spatial proximity is likely to affect most knowledge transfers between firms.
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4.5 Testing the relations between spatial proximity, inter-organisational 
relationships and the innovative performance of software firms

In this section, both the second and third research question are addressed by testing the 
hypotheses formulated in section 4.2. In the first part, we examine to what extent the spatial 
proximity of inter-organisational relationships affects the number of face-to-face interactions 
between a software firm and its partners. Section 4.5.2 tests the effect of a firm’s relationship with 
its customers and its openness to external sources on the innovation productivity.

4.5.1 Spatial proximity and face-to-face interactions
Using the results of two regression analyses, the relation between spatial proximity to customers 
and the number of face-to-face interactions with customers is further disentangled at the firm 
level. Table 4. presents the descriptive statistics for all the variables we used in that analysis.

The correlations in table 4. indicate that the models tested negatively for multi-collinearity, 
because the variables do not show too high statistical association. Most software firms have 
relatively strong relationships with their customers, considering the various characteristics 
of those relationships (see table 4.). On average, software firms meet their customers face-
to-face .6 times per month. The average percentage of customers within a 50 kilometre 
range surrounding the software firm is 36.4%. Nevertheless, the differences between firms are 
considerable, as indicated by the high standard deviations presented in table 4.. Somewhat over 
20% of all firms cooperate with their customers in the development of new products or services.

Hypothesis  predicts that spatial proximity between firms has a positive impact on the 
number of regular face-to-face interactions. To test this hypothesis, we conducted a Tobit 
regression analysis in which we controlled for the effect of other variables likely to affect the 

Table 4.1 Descriptive statistics and correlations of the variables used to estimate the relation 
between spatial proximity and face-to-face interactions

Mean S.D. Min Max N Correlations (one-tailed)

1 2 3 4

1 Number of face-to-face 
contacts customers1

1.63 2.14 0  12 237 1.00

2 Spatial proximity to 
customers

36.43 30.05 0  100 233 .18*** 1.00

3 Collaboration with 
customers

0.21 0.41 0  1 236 0.16*** -.04 1.00

4 Age of the firm 9.72 6.08 1  28 235 -.19*** -.10* -.05 1.00

5 Customisation of products 41.92 39.46 0  100 234 .19*** .33*** .04 -.23***

* p < 0.10; ** p < 0.05; *** p < 0.01
Notes: S.D. is standard deviation; Min is minimum; Max is maximum; N is number of observations.
1 To measure the correlations between the number of face-to-face contacts with customers and the other variables we used 
the log transformation of this variable to ensure the variable was normally distributed.
Source: own questionnaire, 2003
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number of face-to-face contacts with customers. The results of this analysis are presented 
in model  of table 4.2. Confirming the hypothesis, the percentage of customers within a 50 
kilometre range has a positive and statistically significant effect on the number of face-to-face 
contacts. However, the relation is less significant in the regression model than it is in the direct 
correlation (see table 4.), which suggests that the other variables included in the model partly 
overtake the effect of spatial proximity.

With the results of the first model, we can also test hypothesis 2a: the age of the firm is 
negatively related to the number of face-to-face interactions with other firms. The age of a firm 
does have a negative and statistically significant effect on the number of face-to-face contacts 
with customers. Older firms meet their customers face-to-face less often than younger firms do.

The negative effect of the age of a firm on the number of face-to-face interactions with its 
customers is likely to have an indirect impact on the spatial proximity to customers. As stated 
in hypothesis 2b, we expect that the age of a firm reduces the positive relation between face-to-
face interactions with and spatial proximity to customers. To test this hypothesis, we conducted 
another Tobit regression analyses with the spatial proximity to customers as the dependent 
variable6. In this model, we included an interaction variable between the age of a firm and the 
number of face-to-face interactions. The results confirm the hypothesis, since the included 
interaction term is statistically significant and has a negative value (see model 2). As a firm 
grows older, the frequency of interactions with customers drops and, consequently, so does the 
percentage of customers located in the same region. The effect of the variable age itself is not 
statistically significant in model 2, not even when the interaction effect is left out of the model. 

Table 4.2 Estimation results of the number of face-to-face contacts with customers per month 
(model ) and the percentage of customers within a 50 kilometre range (model 2)

Model 1:
Log (face-to-face interactions)

Model 2:
Spatial proximity to customers

B S.E. B S.E.

 Constant 0.277*** 0.045 16.117** 6.757

 Log (n of face-to-face contacts) – – 36.176** 14.344

 % customers within 50 km 0.001* 0.001 – –

 Collaboration with customers 0.102** 0.042 -4.142 4.940

 Age of the firm -0.007** 0.003 0.663 0.508

 Customisation of products 0.001** 0.000 0.247*** 0.053

 Number of face-to-face contacts 
* age of the firm

– – -2.546* 1.346

 N 227 227

 -2 log likelihood 43.30 2071.18

 Sigma 0.26*** 29.78***

 Pseudo R Square 0.093 0.102

* p < 0.10; ** p < 0.05; *** p < 0.01
Notes: B is unstandardised coefficient; S.E. is standard error; N is number of observations
Source: own questionnaire, 2003
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This suggests that age does not affect the share of customers located near the software firm, but 
only the number of face-to-face interactions and this reduced need for interactions reduces the 
need for spatial proximity.

In model  as well as model 2, collaboration with customers and the customisation of products 
are included as control variables. The first variable has a positive and statistically significant effect 
on the number of face-to-face interactions between firms (see table 4.2). However, this variable 
has no statistically significant effect on the spatial proximity to customers. In other words, firms 
that work together with their customers do not have a significant higher number of firms located 
in the same region, despite the higher number of personal interactions with their customers.

Product customisation has a statistically significant and positive effect in both models. In 
other words, firms that develop a larger share of customised products meet their customers face-
to-face more often and have a higher percentage of customers that are located in the same region. 
We also expected that older firms are more likely to have standardised their products. However, 
the interaction term between customisation of products and age of the firm was not statistically 
significant. Therefore, we assume that older firms do meet their customers face-to-face less often, 
but this is not the case because their products are more standardised.

With regard to the research question to what extent spatial proximity of inter-organisational 
relationships affects the number of face-to-face interactions between software firms and their 
customers, our analysis confirms that spatial proximity between firms facilitates the number of 
face-to-face interactions. Even after controlling for characteristics of the relationship and firm 
characteristics that are likely to affect the number of personal interactions, the relation remains 
significant. Nevertheless, older firms do meet their customers face-to-face less often and this also 
has a negative impact on the percentage of customers that are located in the same region.

4.5.2 The effect of inter-organisational relationships on innovative performance
In this section, we address the third research question: to what extent do spatial proximity to 
and face-to-face interactions with external organisations affect the innovative performance of 
software firms in the Netherlands? Table 4.3 provides the descriptive statistics for the independent 
variables. As we mentioned earlier, we excluded ten firms that met with their customers more 
than 2 times a month. Information regarding innovation input and output was only available 

Table 4.3 Mean, standard deviation, minimum and maximum value for each variable

Mean Std. Dev. Minimum Maximum N

Number of face-to-face contacts customers 2.14 4.07 0  30 154

Spatial proximity to customers 35.55 29.71 0  100 168

Intensive relationships with customers 0.25 0.43 0  1 168

External search breadth 3.08 2.15 0  10 169

External search depth 1.37 0.96 0  5 169

Age of the firm 10.78 5.84 4  28 169

Radical innovation 0.26 0.44 0  1 169

Size of the firm 13.49 17.00 2  100 169

Innovation input 50.64 28.34 0.1  100 169

Source: own questionnaire, 2003
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for 69 firms and several independent variables have missing cases. Therefore, only 48 cases were 
valid in the analysis of innovation productivity. Appendix C. shows the correlation matrix of all 
independent variables. None of the independent variables has a correlation higher than 0.5 and, 
therefore, no multi-collinearity problems occur in our models.

Table 4.4 presents the estimation results of the Tobit regression models for innovation 
productivity. To clarify the effect of the independent variables on this ratio variable, the results 
for the same analysis for innovation input and output are presented in appendix C.2.

In the previous section, it became clear that the spatial proximity to customers indeed affects 
the number of face-to-face interactions between firms. But how do the two characteristics 
of a firm’s relationship with its customers affect its innovative performance? In section 4.2, two 
hypotheses were formulated on this relation. Hypothesis 3a and 3b predict that spatial proximity 
to and the number of face-to-face interactions with customers has a positive effect on a firm’s 
innovative performance, but only up to a certain threshold. To test these hypotheses, we included 
the variables ‘spatial proximity to customers’ and ‘number of face-to-face interactions with 
customers’, as well as the squared terms of these variables, in the model (see Aiken and West, 99).

Table 4.4 Estimation results of the Tobit regression model for innovation productivity of 
software firms in the Netherlands

Model 1 Model 2 Model 3

B S.E. B S.E. B S.E.

Constant 1.51*** 0.21 1.53*** 0.19 1.38*** 0.23

Log (number of face-to-face 
contacts with customers)

0.51 0.67 0.25 0.20 0.22 0.20

Log (number of face-to-face 
interactions) squared 

-0.29 0.73 – – – –

Spatial proximity to customers 0.009 0.01 0.01 0.01 0.01* 0.006

Spatial proximity to customers 
squared 

-0.0001* 0.00 -0.000* 0.00 -0.0001* 0.000

Spatial proximity * number of 
face-to-face interactions

-0.0002 0.01 – – – –

Collaboration with customers 0.03 0.11 0.05 0.11

Log (external search breadth) 0.25 0.25

Log (external search depth) 0.03 0.30

Radical innovation -0.40*** 0.11 -0.40*** 0.11 -0.38*** 0.11

Age of the firm -0.02* 0.01 -0.02* 0.01 -0.14* 0.01

Log (size of the firm) 0.30** 0.13 0.30** 0.13 0.29** 0.13

N 148 147 147

-2 Log likelihood 260.06 259.43 258.05

Sigma 0.56*** 0.56*** 0.56***

Pseudo R square 0.167 0.167 0.173

* p < 0.10; ** p < 0.05; *** p < 0.01
Notes: B is unstandardised coefficient; S.E. is standard error; N is number of observations
Source: own questionnaire, 2003



82

The squared term of spatial proximity to customers is statistically significant and has a negative 
value in model , while the variable itself has a positive, though not significant effect on the 
innovation productivity of firms (see table 4.4). This indicates that the relation between spatial 
proximity to customers and the innovation productivity of software firms tends to have an 
inversed U-shape, but that only firms that have too many customers within the region perform 
statistically significant worse than other firms. Nevertheless, when other variables are added to 
the model, the positive effect of spatial proximity to customers does become significant (see 
model 3).

Figure 4.2 illustrates the relation between spatial proximity and innovation productivity shown 
in model 3. The innovation productivity increases when more customers are located within a 
50 kilometre range up to the point where more than 55% of the customers are located in the 
same region. At that point, the effect of having more customers nearby becomes negative and 
the innovation productivity of software firms is reduced again. Nevertheless, firms that only 
have customers located in the same region still show a somewhat higher innovation productivity 
than firms that do not have any customers nearby. Firms appear to benefit from having some 
customers located nearby. This result confirms hypothesis 3b, the relationship between spatial 
proximity and the innovation productivity of firms does take an inversed U-shape, confirming 
hypothesis 3a. The variable ‘number of face-to-face interactions’ and its squared term are not 
statistically significant (see model  in table 4.4). Therefore, hypothesis 3b is rejected.

The fourth hypothesis predicts that spatial proximity to customers only has an indirect impact 
on the innovative performance of a firm because it facilitates face-to-face interactions with 
customers. In other words, we expect a statistically significant and positive interaction effect 
between spatial proximity and the number of face-to-face interactions on the innovative 
capabilities of software firms. Furthermore, the direct effect of spatial proximity to customers is 
assumed to be statistically insignificant. As model  in table 4.4 shows, however, we have to reject 
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this hypothesis. The interaction term between spatial proximity and face-to-face interactions is 
not statistically significant, while the direct effect of spatial proximity is. As shown in appendix 
C.2, the effect of this interaction term is only a significant and positive one in the model as far as 
the innovation input of firms is concerned. In other words, firms that have a higher percentage 
of customers located in the same region and that meet their customers face-to-face more often, 
use a higher percentage of their total workforce to develop new products. However, despite the 
extra investment, in the models that estimate the innovation productivity of firms the interaction 
effect is not significant. Therefore, we reject the fourth hypothesis: spatial proximity to customers 
does not reinforce the positive relation between the number of face-to-face interactions and the 
innovative performance of firms.

These results contradict the general ideas in the literature on the co-location of firms and 
innovative performance of firms. The frequency of face-to-face interactions appears not to 
contribute to the innovation productivity of the firms, not even when customers are located 
in the vicinity. Nevertheless, firms do perform better when they have some of their customers 
located nearby. In fact, the innovation process appears to be most efficient when a firm has 
contacts with customers located in the same region as well as customers located elsewhere.

Hypothesis 5 predicts that firms that collaborate with other organisations have a higher 
innovative performance. The number of face-to-face interactions only measures how often the 
firms have contacts, but it provides no information about the nature of the relationship between 
a software firm and its customers. Therefore, we have included a variable that indicates whether 
firms collaborate with customers on new products or services in model 2 (see table 4.4). However, 
this variable has no statistically significant effect on the innovation productivity of firms, but 
only contributes to the innovation input7 (see appendix C.2). In other words, although firms that 
collaborate with their customers use a larger share of their workforce to develop new products, 
this does not improve their innovative performance. Therefore, we reject hypothesis 5. The 
fact that the number of face-to-face interactions tells us nothing about the collaboration with 
customers suggests that having a more intensive relationship with customers has little impact on 
the innovative performance of software firms.

It is assumed that the openness of the external search strategy of firms stimulates their 
innovative capabilities up to a certain threshold. As table 4.3 shows, the respondents listed an 
average of 3 external sources of which .4 sources were awarded a score of 7 or higher. Although 
the respondents were given the opportunity to choose from 0 external sources of innovation, 
the highest number of sources that received a score of a 7 or higher is 5. So how does the number 
of external sources of innovation that a firm uses affect its innovative performance? In model 3, 
two variables are added to estimate this effect.

Hypothesis 6a predicts that the relation between external search breadth and the innovative 
performance of firms is curvilinear, taking an inverted U-shape, with hypothesis 6b showing the 
same relation for the external search depth. However, both the effects of external search breadth 
and depth are statistically insignificant (see model 3 in table 4.4). When we included the squared 
terms of these variables in the model to test if the relation is curvilinear, both the variables 
themselves and their squared terms turned out to be statistically insignificant. To examine the 
effect of external sources of innovation on the innovative performance of firms further, we also 
tested the effect of the separate external sources of innovation. Similar to previous empirical 
studies (Kaufmann and Tödtling, 2002; Freel, 2003), we included five -0 dummy-coded variables 
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that measure whether inter-firm connections with customers, suppliers, competitors, universities 
or consultants are highly valued sources of innovation. However, none of those variables has a 
statistically significant effect. We therefore reject hypothesis 6. Neither the external search 
breadth nor the depth affect the innovative performance of software firms.

All three control variables included in the models have a statistically significant effect on the 
innovation productivity of software firms. Firms that have developed a product that differs from 
the previous type of products have a lower innovation productivity. The development of a radical 
innovation reduces the innovation output of firms, as shown by the negative effect of the type 
of innovation in the model for innovation output (see appendix C.2). Age also has a negative 
effect, indicating that younger firms are more efficient in their innovation process. Size has a 
positive effect. In the software industry, the innovation productivity of firms is higher when they 
are larger. However, it should be kept in mind that the average size of software firms included in 
this analysis is only 3.5 employees (see table 4.3).

To summarize, the empirical results show that both collaboration with customers and face-
to-face interactions hardly affect a firm’s innovative performance, while spatial proximity to 
customers does affect the innovation productivity of software firms. The innovation productivity 
of software firms increases when a higher percentage of customers is located within a 50 
kilometre range, but only up to a threshold of 55%. In this section, we have mainly concentrated 
on the relationships between software firms and their customers, because customers are 
their main source of innovation. We also tested whether firms that had used more sources of 
innovation or that had used them more intensively showed a better performance. Our results 
showed that the innovative performance of software firms is not affected by the openness of 
their search strategy.

4.6 Discussion and conclusions

The purpose of this chapter was to provide empirical insight into the relevance of inter-
organisational relationships for the innovative performance of software firms, and to examine 
to what extent spatial proximity facilitates the knowledge transfer through inter-organisational 
relationships. We addressed three research questions. The first one was: to what extent are inter-
organisational relationships an important source of innovation for the Dutch software industry 
compared to other potential sources of innovation? Using the results of a telephone survey 
among software firms in the Netherlands, we found that the customers are the main source of 
innovation in this industry, followed by internal learning processes. Our results did not indicate 
that either external or internal contacts are more important as a source of innovation in the 
Dutch software industry. It appears that firms are inspired by contacts with customers, but that 
they also require internal learning processes to process the input provided by their customers. 
This result appears to confirm the importance of the ability of firms to recognize, evaluate, and 
incorporate external knowledge in their own knowledge base (Cohen and Levinthal, 990). In 
other words, firms that lack internal learning processes may find it harder to recognise and use 
external sources of innovation in their innovation process.

The second research question, to what extent does spatial proximity of inter-organisational 
relationships affect the number of face-to-face interactions between software firms and their 
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partners, was answered by focusing on the relationship between software firms and their 
customers. Since customers are the main source of innovation, we expected this relationship 
in particular to function as a mechanism for knowledge transfer in the software industry. Our 
results did show that firms with a higher percentage of customers located in the same region 
meet their customers face-to-face more often. This result confirmed the main assumption that 
spatial proximity facilitates regular interactions. Nevertheless, our results also suggest that the 
relation between spatial proximity and face-to-face interactions is more dynamic than is often 
assumed. The relation between spatial proximity and face-to-face interactions was negatively 
affected by the age of the firm. It would appear that older firms need to meet with their 
customers less often, perhaps because they have managed to some extent to standardise their 
inter-organisational relationships.

It is often assumed that firms need regular face-to-face interactions to exchange knowledge. 
That is the reason we addressed the third research question: to what extent do spatial proximity 
to and face-to-face interactions with external organizations affect the innovative performance of 
software firms in the Netherlands? Although spatial proximity is often assumed to facilitate face-
to-face interactions with other firms and, therefore, is expected to have an indirect impact on the 
innovative performance of software firms, we only found a positive and direct effect of spatial 
proximity to customers on innovation productivity. Both the number of face-to-face interactions 
and the interaction term with spatial proximity were statistically insignificant. Spatial proximity 
to customers has a positive effect on the innovation productivity of software firms, but only up 
to the point where 55% of the customers are located in the same region, after which the relation 
becomes a negative one.

These results have two implications. First of all, they indicate that, at least as far as the Dutch 
software industry is concerned, having face-to-face contacts or collaboration with customers 
does not improve the innovation productivity of software firms. Although it is true that the 
innovation input of these firms is higher, this does not lead to an increase in their output. Perhaps 
software firms do not need to have a strong relationship with their customers to find inspiration 
for innovation. In section 4.3, we found that customers are an important source of innovation. 
However, as discussed in section 4.2, it is not only those parties that a firm cooperates with, 
but also more general business relationships, that can serve as a source of innovation. Perhaps 
firms get all the information they need with regard to customer demands and technological 
requirements through market transactions, so no formal collaboration is required (Belderbos et 
al., 2004). A more in-depth study of customers as a source of innovation found that customer 
involvement is useful in the early stages, in terms of idea generation, but that it is less relevant 
during the development process (Conway, 995). This also seems to be the case in the Dutch 
software sector.

Secondly, the results also show that firms that have customers within their own region as 
well as elsewhere perform better. Firms that have more than 55% of their customers within a 50 
kilometre range have a lower innovation productivity. It may be that they receive insufficient 
information from other regions, which reduces their awareness of new developments as well as 
their flexibility to adapt to changing market demand or circumstances. Firms with about half of 
their customers located in the same region and half outside that region perform better. They can 
use the customers that are located nearby to test their new products without shutting themselves 
off from information from elsewhere.
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Our results suggest that the positive effect of spatial proximity cannot be explained by the 
higher number of face-to-face interactions between firms that are located in the same region. 
There maybe two other possible explanations for this effect, which our data does not allow us 
to test. Firstly, firms may benefit from being located near their customers through observational 
learning. A firm that is located near its customers may be more aware of potential changes in 
the market situation, which may allow it to respond to market changes more quickly. Secondly, 
spatial proximity may be an indirect indication of other characteristics of inter-organisational 
relationships that are required for knowledge exchange to take place (Howells, 2002). According 
to Breschi and Lissoni (2003), social relationships are the channels of knowledge diffusion that 
stimulate interactive learning, through a recombination of existing and new knowledge. Such 
social networks are often geographically concentrated, which means that it is possible that spatial 
proximity stimulates the exchange of knowledge, but that what is actually happening has more 
to do with the social connectedness of people.

Notes

 Note that the life cycle of the firm is not the same as the product or industry life cycle. The life cycle 
of firms refers to the process of the establishment, growth, and ‘death’ of a firm, while the product 
or industry life cycle focuses on the changes over time after a new product or technology has been 
introduced and on the way the industry or sector structure changes when the product is going through 
a standardisation process. It has been regularly suggested that in the start-up phase firms rely on many 
interactions with customers, suppliers and other organisations because the product design is not yet 
standardised. However, the need to interact is reduced after a product becomes standardises and (some) 
standard(s) are adopted (Vernon, 966).

2 Some studies suggested that customers are more important for firms that develop incremental 
innovations, while firms that develop more radical innovations use their contacts with suppliers 
or universities more often (see Kaufmann and Tödtling, 200; Freel, 2003). However, we found no 
statistically significant relation between the type of innovation that a software firm has developed 
and its indication of whether customers, competitors, suppliers or universities have been a source of 
innovation.

3 It should be noted, however, that especially enterprise software firms hardly have any contact 
with universities. Firms that develop embedded software are often involved in relationships with 
technological universities.

4 The ten external sources are: customers, suppliers, competitors, consultants, universities, technical 
institutes, government agencies, chambers of commerce, organisation that represents the software 
branch and organisation that represent the branch of the niche market.

5 With the exception of customers, most firms awarded the external sources they used an average score 
of 5. In this variable, we only want to include the sources that firms really considered to be important. 
Therefore, we have divided the scores into three groups: hardly important (0-3), of medium importance 
(4-6) and highly important (7-0). Only those firms that put an external source in the last category were 
given a value of  and these scores were added in the variable depth of the search strategy.

6 The percentage of customers within a 50 kilometre range surrounding the software firm is a limited 
dependent variable because the variable cannot take a value below 0% or higher than 00%. Therefore, a 
Tobit regression analysis with upper and lower censoring was used to estimate model 2.
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7 When the variable is limited to collaboration with customers on the development of products or 
services, the statistically significant effect on innovation input disappears, and the effect on output and 
productivity remains statistically insignificant.
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5 Inheriting knowledge and sustaining 
relationships: what stimulates the 
innovative performance of Dutch software 
firms?1

5.1 Introduction

As shown in chapter 4, the internal capabilities of the firm are an important source of innovation 
in the Dutch software industry. Those capabilities are partly formed by the prior working 
experiences of the founder and employees of the firm. During their job, employees develop 
relevant skills and knowledge about technologies, the organisation of the firm and, in general, 
the industry in which the firm operates through a learning-by-doing processes (Rosenberg, 
982). When employees decide to start their own firm or change jobs, they will take part of the 
knowledge or know-how established at the previous employer to the new firm. In this way, the 
establishment of new firms by employees is a knowledge transfer mechanism between firms 
(Agarwal et al., 2004). The knowledge of the previous employer is “inherited” by the new firm.

Both in organisational ecology (Hannan and Freeman, 986) and in the resource-based view 
on the firm (Knight, 989; Kogut and Zander 996; McGrath and MacMillan, 2000), a relation 
has been found between the prior working experiences of a founder and the performance of 
newly established firms. In recent years, an increasing number of empirical studies have also 
examined how the pre-entry working experience of founders affects the survival rate and 
employment growth of firms, often finding a positive effect (e.g., Brüderl et al., 992; Pennings 
et al., 998; Lee et al., 200; Klepper, 2002; Agarwal et al., 2004). Firms can benefit from the 
prior working experience of founders in two ways. Firstly, the working experience may provide 
founders with valuable information about possible business opportunities (Shane, 2000), 
knowledge about changes in products, technologies or customer demand (Helfat and Lieberman, 
2002) or organisational skills (Brüderl et al., 992). Secondly, founders may have established 
relationships with other organisations, such as potential customers or investors, while working 
for their previous employer (Pennings et al., 998; Sorenson, 2003). Through these contacts, firms 
may obtain financial support for their product developments or find initial adopters of their new 
products or services more easily.

Until now, the possible effect of such knowledge inheritance processes on the innovative 
performance of firms has received much less attention (Agarwal et al., 2004), which is surprising, 
since innovation is widely accepted as being an important determinant of a firm’s competitiveness 
(Baumol, 2002). Furthermore, the market insights and knowledge that an entrepreneur brings 
to a new firm are likely to contribute to the development of new products. In this chapter, we 
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examine the effect of knowledge inheritance processes on the innovative performance of software 
firms in the Netherlands.

In addition to measuring the effect of the pre-entry experiences of founders on the 
innovative performance of firms, this chapter contributes to the literature on pre-entry 
experiences in two other ways. Firstly, we examine empirically to what extent a continued 
relationship with the previous employer of the founder after the start of the new firm affects 
the innovative performance of software firms. In existing literature there are two opposing views 
with regard this effect (compare Agarwal et al., 2004). On the one hand, firms can benefit from 
continued contacts with previous employers, because they receive support and have better access 
to resources and knowledge. On the other hand, contacts with a previous employer may limit a 
firm’s awareness of other market-related or technological developments, lowering their innovative 
performance. Most empirical studies only examined the effect of having a legal relationship 
with a previous employer (Brüderl et al., 992; Agarwal et al., 2004). In our study, we examine 
what, if any, the effects of having continued contacts with a previous employer are on a firm’s 
performance. In other words, do new firms benefit from a continued interaction with a previous 
employer in cases where they do not have a legal relationship?

Secondly, we use empirical tests to determine what effect of spatial proximity between the 
location of the previous employer and the new firm is on the innovative performance of the 
new firm. The potential role of geography has only recently been addressed in the literature on 
the pre-entry experiences of founders (Klepper, 2002; Sorenson, 2003). A few empirical studies 
found that firms perform better when they are established in the same region as the founder’s 
previous workplace (Sorenson and Audia, 2000; Stuart and Sorenson, 2003). They suggest that 
these firms benefit from the local reputation or relationships with potential business actors 
that the founder has most likely established in the region where he or she used to work. In this 
chapter, we examine one possible explanation in greater depth. Focusing on the relationship with 
the previous employer, we test whether the innovative performance of a firm is higher when 
there is continued contact with the previous employer and when that employer is located near 
the software firm.

The following two research questions are addressed in this chapter:
3a To what extent does the prior working experience of founders affect the innovative performance of 

software firms in the Netherlands?
3b To what extent does a continued relationship with the previous employer of (one of ) the founder(s) 

affect the innovative performance of the software firm, and to what extent is this relationship 
affected by spatial proximity to the previous employer?

This chapter consists of six sections. Section 5.2 provides an overview of the theoretical 
considerations and empirical studies on the pre-entry experiences of founders. In the third 
section, the explanatory variables and control variables used in the empirical analysis are 
discussed. Section 5.4 and 5.5 present the empirical results. Section 5.6 contains the conclusions 
and recommendations for future empirical studies.
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5.2 Inter-firm knowledge transfer through the founding of new firms

This section provides an overview of existing literature with regard to the effect pre-entry 
experiences, pre-established relationships and spatial proximity to the founder’s previous 
workplace have on the innovative performance of firms. Firstly, we distinguish five different kinds 
of pre-entry experiences that may contribute to the innovative performance of a firm. Secondly, 
we discuss the potential effect of having a continued relationship with the previous employer as 
an example of pre-established relationships. Thirdly, we further explain the potential relevance of 
spatial proximity to the previous employer for the innovative performance. On the basis of this 
overview we formulate five hypotheses, which are tested in section 5.4 and 5.5.

5.2.1 Internalised pre-entry experiences
Pre-entry experiences of founders are technical, commercial, organisational and managerial skills 
and knowledge, which a founder has established through prior working experience. In general, 
the more qualified founders, that is, the ones with a more relevant working experience, are 
expected to perform better than firms that are established by less experienced founders.

Following the initial work by Becker (964) on human capital, a distinction is often made 
between generic and specific pre-entry experiences (Colombo and Grilli, 2005). Generic 
experiences refer to the general knowledge and skills acquired by founders through formal 
education and professional experience. Specific experiences are those capabilities that can 
be applied directly to the job in the new firm. Generic experiences are generally considered 
to be less relevant to business success. This is probably even more the case for the innovative 
performance of firms. To develop a successful new product, service or process requires insight 
into business opportunities, customer demand, and technological developments that are specific 
for the industry in which the firm operates. As Storey (994) puts it: “What matters is a real 
understanding of firm organisation and the specificities of the business environment in which the 
new firm operates” (p. 29). Therefore, in this chapter we focus on specific pre-entry experiences.

Two kinds of specific pre-entry experiences have been distinguished: industry-specific 
experience and organisational experience (see Brüderl et al., 992; Brüderl and Preistendörfer, 
998; Helfat and Lieberman, 2002). Industry-specific experience is specific for certain 
technologies and industries (‘how to develop a product’), whereas organisational experience 
relates to the organisational part of business (‘how to run a business’). Existing literature indicates 
that there are three kinds of industry-specific experiences and two kinds of organisational 
experiences.

The first type of industry-specific experience, which has received much attention in recent 
studies (e.g., Klepper, 2002; Tübke, 2004; Agarwal et al., 2004; Eriksson and Kuhn, 2004), 
are spin-offs, companies that are started by former employees of incumbent firms in the same 
industry (Klepper, 200; Agarwal et al., 2004; Dahl et al., 2003; Garvin, 983). The founders of 
these firms obtained industry-specific knowledge while working as employees in the industry. 
Compared to firms established by founders who lack this relevant knowledge base, spin-offs can 
have several competitive advantages (Agarwal et al., 2004). Prior working experience offers the 
founders of spin-offs insight into future business opportunities or niche markets (Shane, 2002) 
and incumbents are the main source of potential employees (Sorenson, 2003). Furthermore, a 
parent firm may serve as a blueprint for the new organisation (Klepper, 200) and the founder 



92

may have established a reputation in the industry, which increases the chances of obtaining start-
up capital from investors (Stuart and Sorenson, 2003).

Firms established by less experienced founders can access industry-specific human capital 
by recruiting employees with experience in the relevant industry. However, founders are 
assumed to be able to realise a more effective transfer of tacit knowledge to their organisation 
relative to hired employees (Agarwal et al., 2004; Hatch and Dyer, 2004). The degree to which 
the knowledge or routines of the new employee are integrated into the knowledge base of the 
recipient firm depends on its absorptive capacity. When the recipient firm is not open to the 
new knowledge then, despite the job mobility, no knowledge spill-over occurs. The founder has a 
more influential position and, therefore, a higher ability to transfer knowledge from the previous 
employer to the new firm. He or she is also more likely to have the incentive and motivation to 
share the knowledge, whereas employees may want to keep the knowledge to themselves or are 
discouraged from sharing it by their previous employer.

The second type of industry-specific experience of founders is the experience in a related 
industry, that is, working experience in an industry related to the industry in which the new 
firm operates. Klepper and Simons (2000) have shown that the TV receiver industry developed 
largely from the related radio industry. The experiences with the technology of developing radios 
could be easily applied to the new technology, giving firms that came from the radio industry an 
advantage over other entrants. The new firm does not qualify as a spin-off, but largely the same 
learning effects apply.

The third type of industry-specific pre-entry experience has been referred to as user 
entrepreneurs (Shah and Tripsas, 2004). Users of products and technologies are considered to 
be an important source of innovation (Von Hippel, 994). Although most users will inform 
suppliers about their ideas on how to adapt a product to improve its technical and commercial 
performance, in some cases users decide to start their own firm to exploit their valuable insights. 
These so-called user entrepreneurs have relevant industry-specific experiences because they 
have a better understanding of emerging consumer preferences. The knowledge of users is most 
valuable when it is difficult for manufactures to access because it is rapidly evolving or difficult 
to verify. In the initial phases of the product life cycle, for instance, user needs are constantly 
changing and manufacturers have difficulties in determining the most successful product design 
or niche markets. Compared to other entrants, users may be able to estimate demand or the 
willingness to pay for certain (new) products or services more accurately.

Spin-offs are often expected to outperform other types of entrants, because their founders 
have the most relevant experiences (Klepper, 2002). However, because we expect firms to benefit 
from all three types of experience, we formulate the first hypothesis as follows:

Hypothesis : The industry-specific pre-entry experience of a founder (spin-off, working 
experience in a related industry, or as a user entrepreneur) has a positive effect on the innovative 
performance of a firm.

In contrast to industry-specific experiences, founders gather organisational experiences by 
working in a certain position instead of in an industry. Organisational experience provides 
founders with skills such as delegating authority, designing incentives and controlling results. 
In general, this experience is likely to have a positive impact on a firm performance, because a 
large share of an entrepreneur’s job involves organising and managing a firm and its employees 
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(Brüderl et al., 992). With respect to innovative performance, industry-specific experience is 
important when it comes to determining opportunities for innovation. However, the development 
of new products or processes may still fail when the founder is unable to coordinate and manage 
learning processes within and between firms. In fact, managerial skills are considered a highly 
valuable organisational resource and the decision to allocate attention to particular activities is a 
key factor in explaining why some firms are able to adapt to changes in its external environment 
as well as introduce new products and processes (Ocasio, 997). Therefore, we predict that 
organisational experience improves the innovative performance of firms.

Founders can acquire organisational experience in two ways. Firstly, he or she may have 
been self-employed before and, consequently, have prior entrepreneurial experience. This kind 
of entrepreneur is referred to as the habitual entrepreneur (Westhead and Wright, 998; 
Westhead et al., 2003). Habitual entrepreneurs have a greater chance of succeeding than 
those entrepreneurs that lack entrepreneurial experience, because the trial-and-error process 
that took place during the prior self-employment episodes, successful or not, may be the best 
preparation for the entrepreneurial role (Brüderl et al., 992). The second way founders can 
obtain organisational experience is through leadership experience, as a manager or director. The 
empirical results of studies that examined the effect of organisational experiences on the survival 
rate of firms are fairly mixed. Whereas Brüderl et al. (992) found no significant relation between 
either entrepreneurial or managerial experiences and the survival rates of new firms, Colombo 
and Grilli (2005) found positive and significant effects of both indicators on employment 
growth. We expect that the organisational abilities of founders are likely to have an impact on 
their ability to organise both inter-organisational and internal learning processes. Therefore, the 
second hypothesis is:

Hypothesis 2: The previous organisational experiences of a founder, either as a manager or an 
entrepreneur, have a positive effect on the innovative performance of a firm.

5.2.2 External pre-established relationships
Another way new firms may benefit from knowledge transfer is through the relationships that 
the founder has established with other firms during his or her previous job (Sorenson, 2003). 
Those pre-established relationships may help the founder gain access to relevant knowledge, 
discover business opportunities or test new ideas on customers (Brüderl and Preistendörfer, 998; 
Lee et al., 200). One of the most likely external relationships that founders have directly after 
starting the firm is that with their former employers.

Although a continued relationship with the previous employer may affect the innovative 
performance of the firm, it is unclear in what way (see Agarwal et al., 2004). According to the 
embeddedness literature (Granovetter, 985), continued contacts with the former employer can 
have either a positive or a negative effect on the innovative performance of the firm. On the 
one hand, firms involved in such a relationship may have better access to tacit knowledge. The 
long-term relationship with the previous employer may have resulted in a trust-based social 
relationship. Trust is viewed as an important prerequisite for the exchange of tacit knowledge 
between firms and reduces the likelihood of opportunistic behaviour (Boschma, 2005). Therefore, 
employees that have parted on good terms with their previous employer, so-called virtuous 
spin-offs (Elfring and Foss, 997) might receive technological or organisational support or help 
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to establish an initial customer base, in which case a continued relationship with the previous 
employer may increase the innovative performance of a firm.

On the other hand, the innovative performance may be affected in a negative way if the 
relationship between the new firm and the previous employer is too close. The new firm may 
become ‘locked-in’, which may limit its ability to look for new ideas because new initiatives 
from outside are not stimulated. Other results may be a lack of autonomy or higher levels of 
bureaucracy, which may reduce a new firm’s ability to adapt to changes in demand or technology 
(Agarwal et al., 2004). Consequently, the innovative success of the firm may in fact be hampered 
by continued contacts with the previous employer.

The results of empirical studies that examined the way pre-established relationships of 
founders affect the performance of new firms are fairly mixed. Brüderl and Preistendörfer (998) 
found that firms perform better when the founder has pre-established business relationships, 
while two other studies that tested the effect of so-called affiliated (Brüderl et al., 992) or 
incumbent-backed firms (Agarwal et al., 2004) found a negative significant effect. Existing 
studies have thus far looked only at cases where there is a legal relationship with previous 
employers, such as franchise organisations or joint ventures. Founders of independent start-ups 
who still have contacts with the previous employer without any legal obligations are likely to 
have a less close relationship and, therefore, they may enjoy the benefits. These firms are more 
likely to receive voluntary support that is also beneficial to the previous employer (Elfring and 
Foss, 997). This leads to the following hypothesis:

Hypothesis 3: A continued relationship with a founder’s previous employer after the start of the 
firm has a positive effect on the innovative performance of the new firm.

5.2.3 The effect of spatial proximity between the new firm and the previous employer
Only recently, more attention is paid to the potential relevance of spatial proximity for 
knowledge transfer through the establishment of new firms by former employees. In general, it 
has been assumed that spatial proximity is unlikely to affect the transfer of knowledge through 
the working experience of founders. The knowledge and routines that the founder has acquired 
are internalised in the founder and, therefore, unaffected by spatial distance (Klepper, 2002). 
Nevertheless, we believe that there are two ways in which spatial proximity may affect the 
transfer of knowledge through knowledge inheritance processes.

Firstly, spatial proximity may facilitate the interactions with pre-established business 
relationships. As discussed in more detail in chapter 4, it is generally assumed that firms that are 
located near one another exchange more (tacit) knowledge because they can more easily establish 
the interactions that are required to do so. Although the results of chapter 4 of this study indicate 
that spatial proximity between organisations facilitates regular face-to-face interactions, we did 
not find any effect of those interactions on the innovative performance of firms, suggesting that 
firms do not exchange more knowledge. In this chapter, we examine whether firms interact more 
often with their founders’ previous employer when they are located in the same region and we 
look at how this affects their innovative performance.

The second way in which spatial proximity may affect knowledge inheritance processes is 
a more indirect one. Firms that are established in the region where the founder used to work 
are more likely to benefit from the founder’s reputation and pre-established relationships than 
firms that are established elsewhere. A number of recent studies found that spin-offs tend to 
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locate near their parent firms almost as a rule (Klepper, 2002). This may be due to the fact that 
employees who decide to start their own firm are subject to bounded rationality and, therefore, 
tend to locate in a place with which they are most familiar. However, maintaining business 
relationships with the previous employer or other actors (customers, investors or potential 
employees), might keep founders from moving out of their home region (Sorenson, 2003). Most 
people establish business relationships with others working in the same region through mutual 
schooling, overlapping memberships, or inter-firm mobility (Brüderl and Preistendörfer, 998; 
Pennings et al., 998). Furthermore, successful prior business transactions may have provided the 
founder with a good reputation in the region. The reputation and pre-established relationships 
can help a new entrepreneur in the development of innovations. For instance, investors may be 
more willing to invest in new product developments, and some initial customers may be prepared 
to test new products or services. Founders that start their firm outside their home region are 
less likely to benefit from such relationships (Stuart and Sorenson, 2003), as has been indeed 
suggested by several empirical studies (Sorenson and Audia, 2000; Stuart and Sorenson, 2003).

To summarize, spatial proximity can be relevant to knowledge inheritance processes. It makes 
it easier for firms to stay in touch with the previous employer, while the new firm may benefit 
from pre-established relationships with other business actors (e.g., potential employees, investors, 
customers). Our data enable us to measure whether spatial proximity to the previous employer 
does affect the relation between continued contacts with previous employers and the innovative 
performance of software firms. As we have no data on pre-established relationship with other 
actors such as customers or investors, we focus exclusively on the question whether firms perform 
better when they are established in the region where the founder used to work, without being 
able to test whether this is caused by reputation or by pre-established relationships. With regard 
to the spatial proximity between a new firm and its founder’s previous employer, we formulate 
the following two hypotheses:

Hypothesis 4: Establishing a firm in the same region as the previous workplace of its founder has 
a positive effect on its innovative performance.

Hypothesis 5: The relationship with a previous employer has a positive impact on the innovative 
performance of a firm and this relation is reinforced by the spatial proximity between the new 
firm and its founder’s previous employer.

5.3 Independent variables

To test the hypotheses we formulated in the previous section, we used firm-level data we 
collected in a telephone survey among software firms in the Netherlands. All independent 
variables and the dependent variable in this empirical study were taken from this survey. For a 
detailed description of the sample and data collection, see chapter 3.

The first group includes independent variables that are aimed at analyzing the role of pre-
entry experiences of founders. Although the traditional measurement of general human capital 
is based on the number of years of schooling and working experience (Brüderl et al., 992), we 
did not collect these data, because specific types of pre-entry experiences are much more likely to 
affect the innovative performance of the firm (see section 5.2.). We developed five independent 
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-0 dummy-coded variables to measure the specific pre-entry experiences of founders, three 
of which measure industry-specific experiences and two of which measure organisational 
experience.

To determine industry-specific experience we asked respondents in what type of industry 
the firm where the founder worked before starting the new firm was active. In other words, we 
only measured the working experience obtained immediately prior to the start of the new firm. 
Following from this question, we developed three independent -0 dummy-coded variables to 
measure the pre-entry experiences of founders in different industries:
• spin-offs: one of the founders of the firm used to work in the software industry;
• related industry experience: one of the founders used to work in the ICT industry;
• user entrepreneurs: one of the founders used to work in an industry that became part of the 

customer market of the new firm.
We measured the organisational experience of founders by looking at the position they held 

in their previous job. Based on this question, we developed two independent -0 dummy-coded 
variables:
• management experience: one of the founders was a manager in their previous job;
• habitual entrepreneur: one of the founders had entrepreneurial experience prior to starting 

this firm.
Firms are often established by more than one founder who may have different kinds of 

working experiences. Consequently, more than one type of working experience can affect the 
innovative performance of a firm. Therefore, firms were allowed a value of  for more than one of 
the five independent variables discussed above.

To test the effect of support provided by the previous employer of the founder, we constructed 
a -0 dummy-coded variable called relationship with the previous employer. When one of the 
founders of the firm has prior working experience, respondents were asked whether the founder 
continued to have business contacts with the previous employer directly after the start of the new 
firm. In a follow-up question, respondents were asked to characterise that relationship. Only the 
firms that had a relationship with the previous employer because that firm became a customer, 
a supplier or provided technological or organisational support were awarded a value of  in the 
variable relationship with previous employer. Firms whose founders did not have any prior working 
experience were awarded a value of 0 because they could not have benefited from support from 
any previous employer.

The two hypotheses about the effect of geography on the spill-over of knowledge through 
the founding of new firms are tested with the -0 dummy-coded independent variable location 
near the founder’s previous workplace. This variable measures whether the new firm is located 
within a 50 kilometre range surrounding the founder’s previous workplace. Following previous 
empirical studies, we expected most of the entrepreneurs’ daily contacts to take place within this 
region, which represents the area that also covers most of a firm’s labour market (Stam, 2003). The 
results of our survey indeed confirmed this for both contacts with customers and percentage of 
employees that lives within that range. The advantage of this location indicator is that limitations 
arising from administrative boundaries are avoided. Whenever a firm had been founded by more 
than one person, we focused on the distance to the nearest previous employer.
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We included four control variables that may also affect the innovative performance of software 
firms: innovation input, the type of innovation, and the size and age of the firm. The age of the 
firm may be especially important, because the effect of working experience and pre-established 
relationships of the founder is likely to become less important the longer a firm exists. The 
product will have been further standardised and the firm may have gathered all the resources it 
needs. Therefore, we also looked at interaction effects with regard to age to test for this potential 
effect.

In some studies, the number of founders is included either as an independent variable or as a 
control variable, as a proxy of the heterogeneity of founders’ competences (Colombo and Grilli, 
2005). However, since we gathered information about the relevant working experience of all the 
founders of a firm, we are able to construct separate independent variables that account for the 
different types of pre-entry experience. This implies that a firm that has been established by more 
than one founder can score a  on different indicators for working experience. Consequently, it is 
not necessary to include the number of founders in our analysis.

5.4 Pre-entry experiences and relationships in the Dutch software sector

Using descriptive statistics, we will provide a brief description of the various pre-entry 
experiences of the founders of software firms in the Netherlands and the relationships they 
have with their previous employers. Furthermore, we also test if it is more likely that there be 
a continued relationship between founder and previous employer when they are both located in 
the same region.

5.4.1 Pre-entry experiences of the founder
About 55 of all the software firms had been started by founding teams consisting of two or 
more persons (58%). The average number of founders is 2. Founding teams can bring various 
types of pre-entry experience to a firm, giving it a competitive advantage. However, only 4 of 
the founding teams were found to combine relevant industry-specific and user-entrepreneurial 
experience (9%). Most founding teams consist of two founders with similar industry-specific 
experiences (74 firms, or 48%) or have only one founder with relevant working experience (4%). 
A relatively large number of firms was established by two or more founders without any working 
experience or with other types of pre-entry experiences, such as at universities or in other 
industries (29%).

According to Colombo and Grilli (2005), firms are more competitive when their founders 
have both industry-specific and organisational experiences. Almost 39% of all software firms are 
established either by a single founder with both relevant industry-specific and organisational 
experience, or by two founders that each brings one of these experiences.

Figure 5. presents the percentage of firms among the total sample that benefit from their 
founders’ different industry-specific and organisational experiences. Note that firms can be 
included in more than one category of working experience. When a firm was founded by one 
person, he or she can have both industry-specific and organisational experience. When it was 
founded by a team, each of the founders can bring different pre-entry experiences to the firm.

Almost a third of the Dutch software firms consists of spin-offs (see figure 5.), based on 
the definition that at least one of the founders used to work in the software industry, either as 
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an employee or as an entrepreneur. The second largest group of firms is founded by at least one 
person with prior working experience in the ICT industry in general. In 33 cases, firms that 
are active in the software industry were founded by so-called user entrepreneurs. Spin-offs from 
research institutes hardly occur at all in this industry (4.%). The enterprise software sector is 
focused on customer demand rather than technological developments.

Although our results confirm the statement made by Garvin (983) that a spin-off is the most 
typical start-up type, the percentage of spin-offs in the Dutch software industry appears to 
be relatively low, compared to other industries. In a study investigating all existing firms in 
Denmark, Dahl and Reichstein (2005), using the same definition we use, found that 67% of all 
firms are spin-offs. It may be that the low percentage of spin-offs is caused by the low entry 
barriers of the software industry. All new entrants need is programming experience and a 
computer (Haug, 99). Most firms are so small that they hardly need any start-up capital or 
office space (Sivitanidou, 999). The steep rise in demand for computing services during the 
second half of the 990s may have encouraged many nascent entrepreneurs to enter the software 
industry. As figure 5. shows, there is a large number of founders without any relevant working 
experience whatsoever (38.9%), either because they have never worked before (2.%) or because 
they used to work in an industry unrelated to the current firm activity (26.8%).

With respect to prior organisational skills, more than one third of the entrepreneurs has 
experience as a manager (see figure 5.). About 8% of the firms are founded by so-called habitual 
entrepreneurs with existing entrepreneurial experience. In most cases, these founders are serial 
entrepreneurs that ended their involvement in other firms before starting up the new one.

5.4.2 Relationship with the previous employer and location near the previous workplace
Almost 40% of all software firms that had been founded by someone with prior working 
experience (233 firms) had a continued relationship with the previous employer of one of the 
founders immediately after the start of the new firm. In most cases the former employer was 
one of the first customers (68 firms) or the two firms worked together (3 firms). Financial, 
technological or organizational support was hardly important at all. Only five entrepreneurs 
indicated that their previous employer helped them out in one or more of these areas. Again this 
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Figure 5.1 Percentage of firms that benefit from their founders’ industry-specific and 
organisational pre-entry experiences (n = 265). Source: own questionnaire, 2003
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seems to illustrate that technological knowledge is relatively easily accessible in this industry. 
Four founders indicated that they had a continuing relationship with their previous employers 
because they were working on the development of products that had initially been developed 
by the parent company. In some cases, the founders of the new firm actually gave advice to the 
former employer, or temporarily continued to work for the former employer to finish some final 
projects (3 firms). These results suggest that the main reason people start a new firm in the 
software industry is because they spot a business opportunity.

In most cases the relationship with the parent firm became less important over time. Almost 
half of all the firms that initially maintained contacts with their founders’ previous employers 
indicated that the relationship had been terminated at the time we conducted our survey. 
Respondents that indicated that they still kept in contact with the parent firm were asked 
whether the relationship had changed. Only 3 respondents indicated that the relationship had 
become stronger over time. This seems to support the assumption that most founders use the 
relationship with their previous employer to overcome the lack of resources they face when 
starting the firm.

Our data confirm the assumption that the majority of entrepreneurs establish their firm near 
their previous workplace (Klepper, 2002; Sorenson, 2003). About 75% of all firms set up shop 
within a 50 kilometre range surrounding the founders’ previous workplace. The average distance 
between a new firm and its founders’ previous workplace is only 9 kilometres. Furthermore, 
when a new firm is established near its founders’ previous workplace, there is an increased 
likelihood that the new firm and the parent company will be in contact with each other (cramer’s 
v = 0.28 and p = 0.00). It would appear that spatial proximity between firms facilitates interaction 
between them.

5.5 Testing the effect of knowledge inheritance processes on the innovative 
performance of software firms

Five Tobit models were estimated to test our hypotheses. The first model includes the control 
variables and the independent variables that indicate the industry-specific pre-entry experiences 
of founders. In the second model, we added the variables that measure the pre-entry experiences 
of founders according to the positions they held. The third model includes potential effects of 
having a relationship with and being located near the previous employer. In the fourth model, 
we added several interaction effects between the independent variables. Hypothesis 5 predicts 
that spatial proximity to the previous employer has a positive impact on the relationship between 
continued contacts with the previous employer and the innovative performance of software 
firms. To test this effect, we included an interaction variable between spatial proximity to the 
previous employer and the relationship with the previous employer. We also controlled for the 
potential benefits of the combination of industry-specific and organisational experiences of 
several founders in one firm (Colombo and Grilli, 2005).

As explained in chapter 3, in the chapters using firm-level data innovation productivity 
is taken as the main dependent variable. However for the current chapter the effects of 
the independent variables on innovation productivity are relatively limited. With regard to 
innovation productivity, we found no significant effect either of the continued relationship with 
the previous employer or of spatial proximity to the previous workplace, although both variables 
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significantly affect the innovation output of the firms. Since the aim of this study is to provide 
further insight in the benefits of spatial proximity, we decided to focus the discussion with 
regard to the empirical results on the model that estimates the effect on the innovation output. 
Appendix D. presents the results of the models that estimate the effect on innovation input 
and productivity. If the effect of independent variables on the innovation output differs from the 
effect on the innovation productivity, this will be mentioned.

Table 5. provides the descriptive statistics for the variables we used. As mentioned in chapter 
3, we only have data on the innovative performance of 69 firms. In the third model, after the 
effect of the relationship with the previous employer and location near that firm have been added, 
the number of firms in the empirical analysis is further reduced to 64 firms. Six respondents 
failed to indicate whether or not they kept in touch with the founder’s previous employer or 
whether or not the new firm was located in the same region as the previous employer. Since 
fewer firms are included in the regression analyses, the mean of each variable mentioned in 
table 5. differs from the percentage of various types of pre-entry experience discussed in 
section 5.4. Appendix D.2 shows the correlation matrix of all independent variables. None of 
the independent variables has a correlation higher than 0.5 and, therefore, no multicollinearity 
problems occur in our models.

In table 5.2, the results of the Tobit models are presented. Model  tests the first hypothesis, 
which predicts that the industry-specific working experience of founders have a positive impact 
on the innovative performance of a firm. However, as table 5.2 demonstrates, none of the three 
variables that measure industry-specific experiences has a statistically significant effect on the 
innovation output of the firms. As shown in appendix D., the variable ‘spin-off ’ has a slightly 
positive effect on the innovation productivity of firms in the first model. However, this effect 
disappears when other variables are included in model 2. Therefore, we reject the first hypothesis: 
the industry-specific working experience of founders appears to be irrelevant to the innovative 
performance in the Dutch software industry2.

Table 5.1 Mean, standard deviation, minimum and maximum value for each variable

 Mean Std. Dev. Minimum Maximum N

Innovation output 41.11 31.31 0  100 169

Spin-off 0.31 0.46 0  1 169

Related industry experience 0.21 0.41 0  1 169

User entrepreneur 0.08 0.27 0  1 169

Management experience 0.31 0.46 0  1 169

Habitual entrepreneur 0.14 0.35 0  1 169

Relationship previous employer 0.32 0.49 0  1 167

Location near previous workplace of founder 0.59 0.47 0  1 165

Innovation input 50.64 28.34 0.1  100 169

Innovation type 0.74 0.44 0  1 169

Age 10.78 5.84 4  28 169

Size 13.49 17.00 2  100 169

Source: own questionnaire, 2003
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A possible reason for the absence of any effect of industry specific pre-entry experiences is that 
our sample includes software firms of different ages and is not limited to recently established 
firms. It may be that the previous experience of the founders of new firms is especially important 
in the early stages of their existence. To test this, we included an interaction effect between firms 
that are a spin-off and the age of the firm in model . However, it turned out that this interaction 
effect is not statistically significant. This result is not that surprising. Both Stinchcombe (965) 
and (Boeker, 997) have argued that the situation at the start of a firm has an imprinting effect 
on its future performance. The experiences of the founder form the knowledge base and dynamic 
capabilities of the firm, especially when it remains quite small. Our results suggest that, as far as 
the software sector is concerned, having industry-specific experience is not very important.

In addition to industry-specific experience, organisational experience is also assumed to 
contribute to the innovative performance of software firms (hypothesis 2). As model 2 shows, 
the variable that measures management experience is not statistically significant, although firms 
that have been established by habitual entrepreneurs do show a higher innovation output as well 
as a higher innovation productivity (appendix D.). Therefore, we can partly confirm our second 
hypothesis, which states that the organisational experience of founders increases the innovative 
performance of firms.

The third hypothesis predicts that firms that had a continued relationship with their 
founder’s previous employer show a better innovative performance. Contrary to our expectations, 
having a relationship with the previous employer after the start has a statistically significant but 
negative effect on the innovation output of software firms in the Netherlands (see model 3). In 
most cases where there was a continued relationship, the respondents indicated that the previous 
employer became one of the first customers. However, instead of helping the new firm, this only 
seems to limit the innovative performance of the firm. Even when a new firm is independent 
of its founder’s previous employer, the relationship seems to affect its innovative behaviour. A 
possible explanation for this negative effect may be that such firms are not stimulated to develop 
any new products or processes, and that they fail to respond adequately to changes in market 
demand because they have a guarantee that at least one customer, the previous employer, will 
keep buying their products.

Another explanation may be that a new firm adopts a similar organisational or technological 
structure as the previous employer and tends to be less open to new technological or market-related 
developments than firms that have no contacts with their founders’ previous employers. Klepper 
(2002) argued that the success of the previous employer largely determines the success of the new 
firm, because the new firm inherits the routines of the previous employer. Since we did not collect 
data on the performance of parent companies, we are not in a position to elaborate on this.

To test hypothesis 4, which predicts that firms perform better when they are established 
in the region where the founder used to work, we included the variable ‘spatial proximity to 
the previous workplace’ in model 3. However, we have to reject this hypothesis because model 
3 shows that this variable is not statistically significant. Furthermore, both the variables 
relationship with the previous employer and spatial proximity to the previous workplace do 
not have a significant effect on either the innovation input or on the innovation productivity of 
software firms (appendix D.).

In model 3, the effect of having experience as a habitual entrepreneur becomes insignificant (p = 
0.). This would suggest that the effect of this variable is not that strong, and also that the effect 
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of organisational experience on the innovation output of the firm is quite limited. Nevertheless, 
the effect on the innovation productivity remains significant (see appendix D.) and, therefore, 
the hypothesis that organisational experience contributes to the innovative performance of 
software firms can still be confirmed.

In model 4, we tested two types of interaction effects. Firstly, we hypothesised that being located 
near the previous workplace interacts with the relationship that exists between the relationship 
with the previous employer and the innovation output (hypothesis 5). When the new firm and 
the parent company are located in the same region, there is a greater likelihood that they will 
keep in touch and, therefore, the previous employer is more likely to support the new firm. 
Contrary to our assumption, however, the interaction between spatial proximity to and having 
a relationship with the previous employer has a negative effect on the innovation output (see 

Table 5.2 Estimation results for the effect of pre-entry experiences on the innovation output of 
software firms in the Netherlands

Variable Model 1 Model 2 Model 3 Model 4

B S.E. B S.E. B S.E. B S.E.

Constant 14.49 11.48 11.41 10.81 12.63 11.01 6.77 10.99

Spin-off 10.37 11.63 – – – – 4.71 6.62

Related industry exp. -2.74 5.87 – – – – – –

User entrepreneur 7.86 7.47 – – – – – –

Management experience – – 8.43 5.28 – – 6.44 6.35

Habitual entrepreneur – – 14.85** 6.77 9.56 6.89 20.83** 9.26

Relationship with previous 
employer

– – – – -9.41* 5.22 0.91 9.26

Location near previous 
workplace founder

– – – – 6.32 5.11 11.36** 5.67

Spin-off * age -0.75 1.04 – – – – – –

Location * relationship – – – – – – -17.85* 9.54

Spin-off * manager – – – – – – 4.46 10.38

Spin-off * entrepreneur – – – – – – -17.53 13.23

Innovation input 0.64*** 0.09 0.65*** 0.09 0.70*** 0.09 0.71*** 0.09

Radical innovation -17.05*** 5.38 -18.16*** 5.33 -16.17*** 5.53 -18.93*** 5.64

Age of the firm -0.79* 0.45 -0.61 0.43 -1.01** 0.42 -0.82* 0.43

Log (size of the firm) 5.99 7.35 3.36 7.29 6.85 7.18 5.14 7.13

N 169 169 164 164

-2 Log likelihood 1432.51 1429.14 1384.28 1376.03

Sigma 29.51*** 29.19*** 28.86*** 28.04***

Pseudo R square 0.249 0.262 0.277 0.305

* p < 0.10; ** p < 0.05; *** p < 0.01
Notes: B is unstandardised coefficient; S.E. is standard error; N is number of observations
Source: own questionnaire, 2003
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model 4). In other words, firms that are located near and still involved in a relationship with the 
previous employer have a lower innovation output than other firms. Since the direct effect of 
having a relationship with the previous employer is no longer statistically significant in model 4, 
it seems that it is mainly firms that are located near their previous employer that suffer from the 
negative effect of a continued relationship.

Nevertheless, by including this interaction effect in model 4, the direct effect of the variable 
‘location near the previous workplace of the founder’ has become positive and statistically 
significant, as predicted by hypothesis 4. Although firms may be limited by a relationship with 
the previous employer, being located in the same region does seem to have other benefits that 
contribute to their innovative performance. As we mentioned earlier, our data are too limited to 
explain the positive effect of establishing a firm in the region where its founder(s) used to work. 
All we can say is that the positive effect is not caused by the continued relationship with the 
previous employer, since that relationship has a restrictive rather than encouraging affect on the 
innovative performance of a firm.

In existing literature some possible explanations have been suggested for the fact that firms 
perform better when they are established in the region where their founder(s) used to work. The 
founder(s) may have established a reputation in that region that may, for instance, make it easier 
to find potential customers who are willing to test new products. In this way, the firm may be 
better able to develop products that meet the requirements of potential customers and, which 
may lead to a higher innovation output. Again, we emphasize that we found no significant effect 
of this variable or the interaction term with the continued contacts with the previous employer 
with regard to the estimates of the innovation productivity of firms (see appendix D.).

The second type of interaction effects we tested in model 4 is whether firms perform 
better when the founder has obtained both industry-specific and organisational experiences, or 
when a founding team combines both types of experiences. However, none of the interaction 
effects between the various types of working experiences are statistically significant (see model 
4)3. Furthermore, the innovation productivity of firms is also not affected by a combination 
of industry-specific and organisational experiences, as the results in appendix D. show. Our 
results suggest that in the Dutch software industry, having previous industry-specific experience 
does not affect the innovative performance of firms, not even through an interaction with 
organisational experience.

Three of the four control variables included in all four models have a significant effect on the 
innovation output. These results are similar to those of previous empirical studies. As table 5.2 
shows, innovation input has a positive effect on the innovation output of software firms. The 
positive sign indicates that whenever a higher share of the firm’s workforce is involved in the 
development of a new product or service, the percentage of the firm’s overall turnover attributable 
to that new product or service will also be higher. The development of an incremental innovation, 
a product or service that builds on existing experiences from the development of previous 
products and services, also leads to a higher innovation output. Although other empirical studies 
found similar results (e.g. Kleinknecht, 996), our results may be due to the characteristics of the 
dependent variable. The development of a radically new product takes more time and customers 
may initially be reluctant to accept the new product. Therefore, the initial share of the new 
product in the overall turnover may be small.
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The age of the firm has a negative effect on its innovation output, i.e., younger firms have a higher 
innovation output, and the effect of the size of the firm is not significant. Similar results were 
found in an empirical study on innovation in services that distinguished between various type 
of services (Tether, 2003). Although the negative effect of age contrasts with previous empirical 
studies on innovation in manufacturing industries, empirical studies on the innovativeness of 
computer services did encounter a similar effect. Generally speaking, the effect of the size of a 
firm on its innovative performance is weaker in services sectors than in manufacturing.

5.6 Discussion and conclusions

The purpose of this chapter was to examine the effect of the previous working experience of the 
founders of new firms in the Dutch software sector on their innovative performance, and to test 
whether spatial proximity to a founder’s previous workplace contributes to this knowledge spill-
over mechanism. We addressed two research questions. The first question was: to what extent 
does the prior working experience of founders affect the innovative performance of software 
firms in the Netherlands? The results suggested that the only type of working experience that 
has a positive effect on the innovation output of software firms in the Netherlands is general 
organisational experience. Contrary to what we expected, the sector-specific experiences of 
founders that used to work in the software sector or elsewhere in the ICT industry, or were 
software users had little or no effect on the innovative performance of software firms.

These results seem to confirm our findings in chapter 4 that, due to the highly standardized 
nature of software programming, technological knowledge is relatively easily accessible. 
Through the Internet, employees of software firms can obtain enough information to solve 
most technological problems. Furthermore, the results in this chapter suggest that a lack of 
technological experience of the founder hardly ever is experienced as a drawback when it comes 
to developing new products or services. Instead, the ability of entrepreneurs to collect and 
combine knowledge seems to be much more important. It may be that founders with a greater 
level of organisational experience are better able to obtain the technological knowledge and 
insight into market demand that they need and to organise their firm’s internal learning process. 
In this study, we only looked at the founder’s working experience immediately prior to the start 
of the new firm. We realize that this may explain the relatively limited effect of this variable, 
because it does not include any working experience founders may have acquired earlier on in 
their careers (see Harrison et al., 2004).

The second research question was: to what extent does a continued relationship with the 
previous employer of (one of ) the founder(s) affect the innovative performance of the software 
firm, and to what extent is this relationship affected by spatial proximity to the previous 
employer? The relationship with a previous employer does not appear to be an important source 
of relevant knowledge. Having a continued relationship with the previous employer of the 
founder had a negative impact on the innovation output of software firms. In most cases, the 
previous employer did not provide any support other than becoming the first customer of the 
new firm. Although in many cases this situation probably reduces the uncertainty surrounding 
the start of a new firm, it also appears to imply that firms are less motivated to develop new 
products or services.
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This chapter also provided further insight into the relevance of spatial proximity to other 
organisations with regard to the innovative performance of software firms. Firstly, we found 
that especially firms that are located close to and involved in a continued relationship with their 
founder’s previous employer perform less well. Founders are more likely to interact with previous 
employers when a new firm is established in the same region, which confirms the positive effect 
of spatial proximity on interactions between firms. However, these interactions reinforce the 
negative effect of having a continued relationship with a previous employer. In line with what 
we argued in chapter 4, the current chapter provides strong indications that more interactions do 
not imply that more knowledge is exchanged.

Secondly, starting a firm in the region where the founder’s previous workplace is located 
does contribute to the innovation output. In other words, firms that are established in the region 
where their founders used to work perform better. Although our data are too limited to explain 
this positive effect, we can conclude that this effect does not follow from support or external 
knowledge spill-overs due to the relationship with the previous employer.

The empirical analysis presented in this chapter suggests that the effect of a founder’s 
pre-entry experiences on the innovative performance of a software firm is fairly limited. Both 
a continued relationship with and spatial proximity to the previous employer only have a 
significant effect on the innovation output of software firms, and hardly seems to effect their 
innovation productivity. Because the respondents in our survey indicated that the support they 
received from their previous employers was minimal, we doubt whether the relationship with 
the previous employer serves as a knowledge spill-over mechanism. The founder’s internalised 
pre-entry experience (both as a habitual entrepreneur and as an employee in the software sector) 
does appear to serve as a knowledge spill-over mechanisms. Both types of experience have a 
significant and positive effect on a firm’s innovation productivity. Nevertheless, the effect of these 
two variables is neither very strong nor very stable.

In the following chapter, we examine the effect a founder’s pre-entry working experience 
has on the innovation productivity of a firm, in combination with the effect of agglomeration 
economies, inter-organisational relationships and organisational capabilities. This will enable 
us to test the relevance of a founder’s pre-entry working experience as a knowledge spill-over 
mechanism in the Dutch software sector compared to other potential mechanisms.

Notes

 This chapter is an elaboration of a paper by Weterings, A.B.R. and S. Koster (2005) Inheriting 
knowledge or sustaining relationships: what stimulates the innovative performance of firms? Paper 
presented at the DRUID winter conference, Aalborg, Denmark, January 2005 and the Fourth 
European Meeting on Applied Evolutionary Economics, Utrecht, The Netherlands, May 2005.

2 The same results occur when the variables for industry-specific experiences are composed in a different 
manner. When the different experiences are valued and each firm can only score one type of experience 
(spin-off being the most relevant experience and experience as a user the least important), all three 
variables are still statistically insignificant.

3 The effects of the interactions between having experience in a related industry or as a user entrepreneur 
on the one hand, and working experience as a manager or habitual entrepreneur on the other, are also 
tested in two other models. However, these variables turned out not to be statistically significant either.
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6 The relevance of external knowledge spill-
overs and the internal organisation of 
Dutch software firms to their innovative 
performance1

6.1 Introduction
In this final empirical chapter, we answer the fourth research question of this thesis: To what 
extent do agglomeration economies, knowledge inheritance processes, inter-organisational relationships 
and organisational capabilities affect the innovative performance of software firms in the Netherlands? 
This chapter synthesises the various insights of the previous empirical chapters into a single 
model. By doing so, it serves four main purposes.

The first purpose is to examine whether firms located in regions where there is a 
concentration of organisations actually have a higher innovative performance than firms that are 
located elsewhere. In other words, we examine whether firms benefit from being located near 
other organisations irrespective of their relationships. In chapter 2, we examined the relation 
between various types of agglomeration economies and the employment growth in the computer 
services sector. However, contrary to the information presented in that chapter, the analysis 
presented in this chapter is based on data at the firm level. This enables us to control for both the 
general characteristics of firms and their involvement in the two potential knowledge spill-over 
mechanisms examined in chapter 4 and 5. In other words, we account for the characteristics of 
software firms while testing the relation between the spatial concentration of organisations and 
the innovative performance of software firms.

Secondly, in this chapter we open the black box of the firm further. In the two previous 
chapters, we have included size, age and innovation strategy (incrementally or radically new 
products) as control variables in the analyses. In this chapter, we focus more on the potential 
relevance of the internal organisation of the firm to its innovative performance. In addition 
to obtaining access to external knowledge, firms need to be capable of understanding and 
integrating the new knowledge into their existing knowledge base. As this requires a good 
internal organisation, there are two factors that we examine in greater detail in this chapter. 
Firstly, we focus on the effect of the innovation strategy that software firms have chosen. 
Secondly, we add the effect of the problems that software firms have in dealing with market 
changes as an indicator of their organisational capabilities.

The third purpose of this chapter is to examine how agglomeration economies, the two 
knowledge spill-over mechanisms, and the organisational capabilities of software firms affect 
one another. The relevance of the various factors are compared using a hierarchical regression 
model in which indicators for all four factors are added one by one. This method allows us to 
test whether the effects of the various factors on innovation productivity remain statistically 



08

significant when other factors are included in the model. If the effect of one indicator is 
overtaken by the effect of a second indicator, this suggests that the second indicator is a more 
important mechanism for obtaining external knowledge in the Dutch software sector.

Finally, we test whether the various explanatory factors included in the model have a 
combined effect on the innovative performance of software firms. For instance, it is quite likely 
that in regions where the software sector is concentrated more founders may have pre-entry 
working experience in that sector. Therefore, localisation economies and knowledge inheritance 
processes may reinforce each other’s impact on the innovative performance of firms. Furthermore, 
as we mentioned earlier, we also expect the internal organisation of a firm to affect its ability to 
obtain external knowledge. Previous empirical studies confirm this assumption (Vaessen, 993; 
Harrison et al., 996). Therefore, using interaction terms, we examine empirically how the various 
factors may reinforce or weaken each other’s effect on the innovative performance of a firm.

This chapter is organised as follows. Section 6.2 provides a short overview of the theoretical 
assumptions on how organisational capabilities may affect the innovative performance of firms. 
Although in this chapter we also account for the effect of agglomeration economies, inter-
organisational relationships, and knowledge inheritance processes on the innovative performance 
of software firms, the theoretical assumptions regarding these topics have been already discussed 
in detail in the chapters 2, 4 and 5 respectively. In the empirical part, we test the effect of the four 
factors on the innovation productivity of software firms. Section 6.3 describes the independent 
variables that are used as indicators for each of the four factors and section 6.4 presents the 
results. Finally, some short conclusions are provided.

6.2 Internal organisation and innovative performance

Firms are likely to vary in their capacity to benefit from knowledge spill-overs. As explained in 
chapter 4, firms have firm-specific routines and competences that accumulate incrementally by 
building on an existing knowledge base. As Nelson (995) points out, some firms will never be 
able to learn. Firms that lack the innovation potential cannot generate notable innovations, even 
when they are located in a region that offers many knowledge spill-overs (Sternberg and Arndt, 
200). An effective transfer of knowledge requires a firm to be able to recognise, interpret and 
exploit the external knowledge to which it has access through knowledge spill-overs. In other 
words, firms should have a certain level of absorptive capacity (Cohen and Levinthal, 990).

The pre-entry experiences of the founder form the basis for the absorptive capacity and firm-
specific routines of a firm. Especially in the early phases of a new firm’s life cycle, its distinctive 
capabilities are closely related to the human capital of the founder (Lee et al., 200). The primary 
assets of a new firm are the skills and knowledge of its founder and therefore, the qualities 
of the founder determine the firm’s ability to select, mobilise and use tangible and intangible 
assets to perform tasks in a unique way (Winter, 987). However, the situation at the start is also 
assumed to have an imprinting effect on the ability of a firm to develop new products or services 
and obtain external knowledge (Stinchcombe, 965; Boeker, 997). The process of incremental 
accumulation of routines and competences implies that the firm continues to develop the 
organisational capabilities that the founder(s) initially brought to the firm.

The incremental accumulation of routines and competences of firms also has implications for 
their innovation strategy. The establishment of a firm-specific knowledge base implies that a firm 
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finds it difficult to understand and apply knowledge that lies beyond its own knowledge base 
(cognitively distant knowledge). Therefore, firms tend to develop new products or services that 
build on their existing knowledge base. In other words, the new products of a firm are to some 
extent similar to their existing products and, consequently, most firms innovate incrementally. 
The development of radically new products requires the successful integration of cognitively 
distant knowledge into one’s own knowledge base. That process is not only time–consuming, 
it is also surrounded by high levels of uncertainty, which leads to a reluctance when it comes to 
developing radical innovations. In chapter 3, we indicated that, based on this, firms developing 
incremental innovations are more likely to have a high innovative performance than firms 
developing radically new products. Keeping the balance between innovation input and output 
while developing radically new products is likely too be much harder.

Nevertheless, sometimes firms are forced to adapt their routines to changing market 
conditions or new technological developments. To ensure a continued capacity to absorb new 
knowledge, firms should have so-called dynamic capabilities. Teece et al. (997) have defined 
dynamic capabilities as “…the firm’s ability to integrate, build, and reconfigure internal and 
external competences to address rapidly changing environments” (p. 56). The firm-specific 
nature of routines and competences can be beneficial but also restrictive. They may enable the 
firm to exploit and further improve its competitive advantage, but they may also turn out to 
be an economic liability. Levitt and March (996) have described this as a competency trap: 
“becoming quite good at doing one thing reduces the organisation’s capacity to absorb new ideas 
and to do other things” (Lawson and Lorenz, 999, p. 3). Therefore, organisations need dynamic 
capabilities to ensure the successful implementation of new ideas.

Two key issues are at stake when organisations have to deal with rapid change. Firstly, the 
firm should have a certain level of absorptive capacity in order to understand new knowledge 
or evaluate new market demand. As mentioned earlier, knowledge accumulation in a firm may 
provide opportunities, but it also may make it more difficult to adapt. In a way, we have already 
covered this aspect, since both more experienced entrepreneurs (chapter 5) and firms with well-
developed inter-organisational relationships (chapter 4) may have better learning abilities.

Secondly, firms need organisational capabilities to exploit and implement the newly acquired 
knowledge or insights. To deal with change, firms may have to reorganise both their interactive 
and internal learning processes, for instance to be able to develop the required new skills through 
internal education or learning-by-doing. In such a situation, firms depend strongly on their own 
creative capacity. Firms with well-developed organisational routines may be better able to deal 
with those changes.

To summarise, the innovative performance of firms is assumed to be positively affected 
by an incremental innovation strategy and better organisational capabilities. Furthermore, the 
internal organisation of a firm is also likely to affect its ability to access and implement external 
knowledge. In other words, the effects of the internal organisation and agglomeration economies, 
and of the knowledge spill-over mechanisms on the innovative performance of firms, may also 
be felt simultaneously.
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6.3 Independent variables and research method

As indicated in section 6., the empirical analysis presented in this chapter integrates the various 
empirical analyses of the previous chapters, while adding the effect of the firm’s organisational 
capabilities. In short, we expect to find that the innovative performance of software firms is 
positively affected by being located in a region where there is a concentration of similar firms or 
a diversity of organisations due to agglomeration economies, knowledge inheritance processes, 
inter-organisational relationships and a firm’s organisational capabilities to solve problems 
when confronted with change. In our empirical analysis, we need to ensure that the effects of 
each factor are disentangled and separated analytically, to account for the effect of each factor 
on the performance of firms. Nevertheless, we expect that the various factors may also have 
an interrelated effect. To account for this, we add interaction effects between the independent 
variables in our estimation models.

All variables at the firm level have been composed with the data obtained in the telephone 
survey described in chapter 3. The indicators for the inter-organisational relationships and the 
knowledge inheritance processes are selected from the variables composed in chapter 4 and 5. 
However, measuring the effect of agglomeration economies requires data at the regional level. 
For this purpose, we again use fulltime employment data in NACE code 72 from the National 
Information System on Employment (LISA) of 2002. Contrary to chapter 2, however, these 
data are not aggregated at the municipality level but at the higher COROP level. Following the 
results of chapter 2, we expect that agglomeration economies mainly affect the performance of 
software firms on this higher spatial scale.

To measure the effect of agglomeration economies, we composed three independent 
variables (for further explanation on different types of agglomeration economies see chapter 2). 
For reasons explained in chapter 2, we decided not to include competition as an indicator for 
agglomeration economies (see section 2.3.2). Each individual firm is given the score assigned to 
the COROP-region where it is located:
• Localisation economies: location quotient measuring the share of the regional employment 

in the computing services and software sector (NACE codes 72) found in the specific 
COROP-region, relative to the industry’s share in the overall national employment in 2002 
(compare Glaeser et al., 992)2. To test the effect of localisation economies, we focused on the 
specialisation of the labour market, because highly educated and skilled employees are the 
main input of these firms.

• Industrial diversity: this variable indicates the industrial diversity per COROP-region 
to measure the effect of Jacobs’ externalities. The diversity is measured by computing the 
Hirschman-Herfindahl index (HHI)3 for employment in all industries in each region in 
2002 (see Beardsell and Henderson, 999). Lower values of HHI mean that employment is 
distributed more evenly across the economic sectors within a COROP-region.

• Urbanisation economies: the number of inhabitants per COROP-region in 2002 following 
data provided by Statistics Netherlands.
To measure the effect of knowledge inheritance processes, we included three variables in the 

models that have proven to affect the innovative performance of software firms (see chapter 5):
• Spin-off: this variable gets a value of  when one of the founders of the firm has prior working 

experience in the software sector.





• Habitual entrepreneur: this variable measures whether at least one of the founders of the firm 
has been an entrepreneur before.

• Relationship with the previous employer: this -0 dummy-coded variable measures whether 
there is a continued contact between the founder and the previous employer after starting 
the firm. If that is the case the variable has a value of .
The empirical analysis in chapter 4 showed that the effect of inter-organisational relationships 

on the innovative performance of software firms is limited. Nevertheless, in this chapter, we also 
account for the interrelated effect between the different factors. Therefore, we include three 
indicators to test the relevance of inter-organisational relationships to the innovative capabilities 
of software firms:
• Intensive relationship with customers: this -0 dummy-coded variable measures whether the 

firm cooperates with (some) customers in the development of new products or services. A 
value of  equals the collaboration between the software firm and (some of ) its customers.

• External breadth of the search strategy: this variable measures the number of external sources 
that innovative firms have used to develop new products or services between 2000 and the 
end of 2003. Firms that did not use any external source are given a 0 and firms that used all 
sources received a 0.

• External depth of the search strategy: this variable measures the number of important external 
sources that the firm has used to develop new products or services between 2000 and 2003. 
Firms are given a  when they have scored an external source with a 7 or higher, and a 0 
when the score is lower than 7. The scores are added in this variable.
We decided not to include the variable that measures the number of face-to-face interactions 

with customers, because this reduces the number of cases included in the models from 57 to 
23. As explained in chapter 4, those firms that show a very high frequency with regard to the 
contacts with their customers were excluded from the analysis. We have tested whether this 
variable would have a statistically significant effect on the innovative capabilities of software 
firms in one of the three full models, but this is not the case.

To measure the effect of the organisational capabilities of firms, we composed two independent 
variables. The organisational capabilities of software firms are measured in terms of how they 
cope with two recent changes in the market situation, rather than looking at whether or not 
they find it difficult to obtain new knowledge. Our survey has shown that Dutch software 
firms have relatively good access to technological knowledge. However, software firms in the 
Netherlands had to deal with dramatic changes in the market situation between the second half 
of the 990s and 2003. In the second half of the 990s, the demand for software grew enormously. 
During that time, an enormous shortage in supply of ICT skills occurred, and most firms were 
confronted with serious problems in attracting new employees to meet the overwhelming rise in 
demand. This situation completely changed after the year 2000. Many customers postponed their 
investments in new software packages due to the drop in economic growth that occurred after 
the Internet bubble burst. As a result, demand for software dropped dramatically. In this period, 
most firms had to change their strategy from finding employees to attracting enough customers. 
In the survey, entrepreneurs were asked whether they had problems finding new employees and 
enough customers. Furthermore, we also asked them if they had to develop a strategy to deal 
with these problems in order to determine the urgency of the problem. Based on these questions, 
we constructed two variables:
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• Problems attracting new customers: this -0 dummy-coded variable measures whether 
the software firm has problems finding customers. A value of  confirms that a firm did 
experience those problems and has pursued a strategy to overcome them.

• Problems finding new employees: this -0 dummy-coded variable indicates whether the firms 
had problems finding new employees. Again, a value of  means that the firm had to confront 
this problem and devised a strategy to cope with it.
In addition to the indicators for organisational capabilities, we again include the variable 

‘type of innovation’ (radical or incremental). In chapter 3, we explained how this variable is 
measured. Size and age of the firm are again included as control variables in the model.

In principle, this empirical analysis deals with a multilevel problem, because potentially relevant 
factors are measured at two levels of analysis. Agglomeration economies are measured at the 
regional level, while all other variables are measured at the firm level. Many studies treat such 
data by using individuals as the basic unit of analysis, and link variables at the regional level 
to the data for individual firms. However, this may violate the homoscedasticity assumption 
and result in biased regression coefficients and reduced variation. Because of deflated standard 
errors, explanatory variables may incorrectly show up as statistically significant, and erroneous 
conclusions may be drawn about their impact on the dependent variable (Snijders and Bosker, 
999). Therefore, we tested whether our data require a multilevel model using log likelihood 
tests. We calculated the differences between the –2 log likelihood of a Tobit regression analysis 
and of a random intercept-only model that accounts for multilevel differences. For our data, the 
difference between these two models was not statistically significant. The difference between 
the two –2 log likelihoods (respectively 306.93 and 307.33) was less than 3.84 with  degree of 
freedom. Consequently, we can conclude with 95% certainty that the differences between regions 
are not statistically significant and that a multilevel analysis is not necessary. Therefore, we have 
also used Tobit regression models in this chapter, linking the value at the regional level to the 
firm level.

6.4 Empirical results of the total model

This section of the paper describes the results of our empirical analysis on the effects of regional 
differences and firm characteristics on the innovation productivity of software firms in the 
Netherlands. In the first model, we only test the effect of different types of agglomeration 
economies. In the second, third and fourth model, we respectively add the effects of inter-
organisational relationships, knowledge inheritance processes, and organisational capabilities. 
In the fifth model, we test several interaction effects between the included variables. Using 
a hierarchical regression model, we add variables at every step to determine its effect on the 
dependent and independent variables. However, we decided to exclude the insignificant 
variables in the following step, because, in some cases, they keep other variables from becoming 
statistically significant. Table 6. presents the descriptive statistics of the variables we used.

All models have tested negative for multi-collinearity, because correlation analyses revealed 
that the variables included in the equations do not show too high a statistical association (see 
appendix E.). In table 6., we included ‘innovation input’ and ‘innovation output’ as variables, 
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because the dependent variable ‘innovation productivity’ is determined on the basis of these 
variables. We have also estimated the models for innovation input and output to provide further 
insight into the way the different independent variables affect the dependent variable. These 
models are presented in appendix E.2. Because in these two models interaction effects were not 
statistically significant, only four models are shown.

Table 6.2 presents the results of the five regression models to estimate the effect on the innovation 
productivity of software firms. In model , we assessed the effects of agglomeration economies on 
the innovation productivity of the software firms, by including the three indicators and three 
control variables. As shown in table 6.2, localisation economies have a significant and positive 
effect, similar to what we found in chapter 2 with regard to employment growth. However, in 
this model the indicators for both Jacobs’ and urbanisation economies are insignificant. Densely 
populated areas do not seem to offer an environment that enhances the innovative performance 
of software firms.

As expected, software firms located in a region with a relatively high percentage of computer 
services employment have a higher innovation productivity. When we take a closer look at the 
data, we find that this positive effect is caused by a negative correlation between the degree of 
computer services specialisation of the region and the percentage of employees working on new 
products, i.e. the innovation input (see appendix E.2 model on innovation input). In other words, 
software firms located in areas with a high level of computer services specialisation seem to be 
more efficient in their use of innovation inputs. However, the correlation between being located 

Table 6.1 Mean, standard deviation, minimum and maximum value for each variable 

 Mean Std. Dev. Minimum Maximum N

Innovation output 41.11 31.31 0 100 169

Innovation input 50.64 28.34 0.1 100 169

Localisation economies 1.14 0.73 0.22 2.71 169

Urbanisation economies 629,362 381,367 104,168 1,356,393 169

Industrial diversity 0.07 0.01 0.06 0.09 169

Spin-off 0.31 0.46 0 1 169

Habitual entrepreneur 0.14 0.35 0 1 169

Relationship with previous employer 0.32 0.47 0 1 166

Intensive relationship with customers 0.63 0.48 0 1 169

External search breadth 3.08 2.15 0 10 169

External search depth 1.37 0.96 0 5 169

Problems finding new customers 0.49 0.50 0 1 168

Problems finding new employees 0.54 0.50 0 1 163

Radical innovation 0.26 0.44 0 1 169

Size of the firm 13.49 17.00 2 100 169

Age of the firm 10.78 5.84 4 28 169

Source: own questionnaire, 2003
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in such an area and innovation output (percentage of turnover due to sales of new products) is 
not significant (p = 0.3), although it has a positive sign.

In model 2, we added three dummy-coded independent variables to test the effect of knowledge 
inheritance processes on the innovation productivity of firms. As table 6.2 demonstrates, 
both the variables ‘spin-off ’ (founders with experience in the software industry) and ‘habitual 
entrepreneurs’ are statistically significant and positive. In other words, firms founded by more 
experienced entrepreneurs have a higher innovation productivity than other firms. The firms 
that have been established by habitual entrepreneurs are capable of obtaining a higher share of 
turnover due to the sales of new products without investing more in the development of new 
products. This is shown in appendix E.2, where this variable is statistically significant only in 
the model for innovation output. These results are similar to the ones in chapter 5, where we 
presented the effect of these variables on the innovation productivity (see appendix D. of that 
chapter).

A possible reason why spin-offs show a higher innovative performance is that they may 
have received support from the previous employer of the founder, which is why we included 
the variable ‘relationship with previous employer’. However, this variable is not statistically 
significant. Similar to our results in chapter 5, the sign of the variable is negative, suggesting 
that continued contact with a previous employer hampers a firm rather than prove beneficial 
(see appendix D.). Our results tend to indicate that spin-offs and habitual entrepreneurs have a 
higher innovation productivity mainly due to the experiences and knowledge internalised in the 
founders.

As we already discovered in chapter 4 (see model 3), the inter-organisational relationships of 
software firms hardly affect their innovative capabilities. None of the three indicators included in 
model 3 is statistically significant. In other words, firms that have a close relationship with their 
customers, or firms that have more or more important external sources of innovation do not 
show a higher innovation productivity. The variables are also not statistically significant in the 
separate models for innovation input and output (appendix E.2).

As stated in the introduction, the second purpose of this analysis was to examine the effect 
of a firm’s internal organisation on its innovation productivity. In model 4, we added the two 
indicators regarding the way firms deal with market changes in the sector. Contrary to our 
expectation, however, the analysis shows that the effect of the organisational capabilities of a 
software firm on its innovative performance is very weak. Both the variables ‘having problems 
finding new customers’ and ‘having problems finding new employees’ have no statistically 
significant effect on the innovation productivity of software firms, although the variables 
are almost significant (respectively p = 0. and p = 0.4). The variables have opposite signs. 
This suggests that firms that find it difficult to find new customers do indeed perform worse, 
whereas firms that have problems finding new employees actually tend to perform better. In the 
description of the results of model 5 presented below, we will explain that result in greater detail.

Two of the three control variables included in the models have a significant effect. As table 6.2 
shows, the innovation strategy does influence the innovation productivity of firms. The negative 
coefficient appear to confirm our assumption that firms that adapt their products incrementally 
perform better than firms that introduce a radically different product. Other empirical studies on 
the innovation behaviour of firms found similar results (e.g., Kleinknecht, 996). However, this 
finding may also be caused by the characteristics of the dependent variable. Developing radical 
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and complex new products takes a long time and customers may be more reluctant to accept it, 
which may explain why new products represent a low share of a firm’s turnover. Table 6.2 shows 
that the age of a firm has a negative effect on its innovation productivity, which is statistically 
significant in model , but insignificant in the other models. In other words, younger firms 
perform slightly better. The effect of a firm’s size is not significant.

The third purpose of this analysis is to examine how agglomeration economies, knowledge 
inheritance processes, inter-organisational relationships and organisational capabilities 
simultaneously affect the innovative capabilities of software firms. The results of model 4 show 
that when the two indicators for the organisational capabilities are included, the effect of both 
types of pre-entry experiences of the founder becomes insignificant. This suggests that the 
different factors do have an interrelated effect.

This is why we tested whether the variables we included interacted with the relation between 
other variables and the innovation productivity of software firms in model 5 (see chapter 3 for an 
explanation on interaction terms). Three interaction effects have a significant effect and improved 
the model substantially. Furthermore, the effect of the explanatory variables included in the 
interaction term, except for the innovation strategy, become insignificant when the interaction 
effects are included in the model. This suggests that the explanatory factors included in the 
models are interrelated and it is mainly in this way that they affect the innovative performance 
of firms.

The first interaction effect is that being a spin-off has a positive impact on the relationship 
between developing a radical innovation and the innovation productivity of a software firm 
(see model 5). While, generally speaking, the introduction of a radically new product will have 
a negative impact on a software firm’s innovation productivity, experienced entrepreneurs with 
a background in the software sector (i.e. spin-off firms) seem to be able to develop a radically 
new product and still have a good balance between their innovation output and innovation 
input. It is possible that these entrepreneurs have a better understanding of market demand, 
or that they know how to organise the development of a radically new product. In addition, 
when the interaction term is included in the model, the effect of the variable ‘spin-off ’ becomes 
insignificant.

Secondly, the variable ‘having problems finding new customers’ also interacts with the 
relationship between the type of innovation and innovation productivity. However, this variable 
strengthens the negative effect developing a radically new product has on the efficiency of the 
innovative behaviour of a firm (see model 5). Thus, when a firm that has to cope with problems 
attracting new customers develops a radically new product, its innovation productivity is reduced. 
These software firms seem to lack good market information and develop products that do not 
match the demand of (potential) customers.

The third significant interaction effect shows that having problems with finding new 
employees interacts with the relation between localisation economies and innovation 
productivity. As shown in model 5, when a firm has problems finding new employees, its 
innovation productivity is higher when it is located in a region with a relatively high percentage 
of ICT employment. The effect of the relative specialisation of a region becomes insignificant 
when the interaction term is included. In other words, being located in a more specialised 
region is only relevant for firms that have problems finding new employees. We already found 
a negative correlation between being located in a region with a relatively high specialisation 
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in ICT employment and the innovation input. A similar correlation exists between having 
problems finding new employees and the percentage of employees involved in developing new 
products (p = 0.05 and correlation = -0.4). In other words, both factors seem to stimulate a 
more efficient use of employment in the development of new products. Consequently, a firm’s 
innovation productivity is higher when it is characterised by both factors.

All three interactions terms include at least one indicator for the innovation strategy or 
organisational capabilities of software firms. This result confirms our expectation that a firm’s 
internal organisation affects its ability to obtain external knowledge.

6.5 Conclusions

The main conclusion that can be drawn from this empirical study is that, while the separate 
effects of external knowledge spill-over mechanisms and the organisational capabilities of firms 
are fairly weak, a combination of the various factors severely affects their innovative performance. 
Testing the separate effects showed that inter-organisational relationships do not affect the 
innovative performance of software firms, as we already found in chapter 4. Software firms are 
more efficient in their innovative behaviour when they are located in a region with relatively 
high levels of computer services employment, when they are founded by people who previously 
worked in the software sector, and when they can deal with problems finding new employees. The 
strongest effect on the innovation productivity of Dutch software firms follows from interaction 
terms between localisation economies, a background in the software industry, innovation strategy 
and the organisational capabilities.

The findings concerning the impact of localisation economies throw an interesting light on 
the key question of how being located in a region where there is a concentration of similar firms 
is beneficial to a firm. We found that the positive effect of localisation economies is caused by 
the fact that firms that are located in such specialised areas employ a significantly lower share 
of their workforce on the development of new products (i.e., a lower innovation input). The 
correlation between regions with high ICT specialisation and the innovation output of the 
firm is not significant and, therefore, these firms are indeed economically more efficient. The 
question remains, however, what causes the lower innovation input. Can such firms develop 
similar innovations with fewer employees because they benefit from knowledge spill-overs 
from other firms located in that region? Or are ICT employees more specialised and skilled in 
more specialised ICT labour markets, resulting in higher productivity levels? To answer these 
questions, further empirical research is needed.

Contrary to the results of chapter 5, where we measured the effect of industry-specific 
experiences on the innovation output of firms, we did find that such experiences contribute 
to the innovation productivity of software firms. Firms that are established by founders with 
experience in the software sector are better able to develop radically new products. In section 
6.2, we argued that firms often have problems with developing products that do not build on 
their existing knowledge base. Confirming this assumption, we found that the development of 
radically new products has a negative effect on the innovation productivity of software firms. 
However, it would appear that more experienced founders have the organisational or dynamic 
capabilities to make a new product into a success.
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A final important result of this analysis is that a firm’s internal organisation has an effect on its 
ability to obtain external knowledge, either because of being located near other firms or due to 
the founder’s earlier experiences. These results confirm that, if we are to understand how firms 
obtain and integrate external knowledge, we need to look at their internal organisation (Martin 
and Sunley, 2003). In other words, we need to do more than examine the environment in which a 
firm operates, and take a closer look at what happens inside the black box.

Notes

 This chapter is an elaboration of Boschma, R.A. & A.B.R. Weterings (2005), The effect of regional 
differences on the performance of software firms in the Netherlands. Journal of Economic Geography, 
5/5, pp. 567-588.
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7 Conclusions and recommendations

7.1 Introduction

The main reason why we examined the effect of spatial proximity between organisations on 
the performance of firms is the widespread interest among economic geographers, regional 
scientists and policymakers in the benefits of the co-location of firms. There is a general belief 
that firms, one way or another, benefit from being located near other firms or organisations like 
universities or government agencies. The problem is, however, that it is often merely assumed 
that these benefits exist but that there existence is not actually tested. Therefore, there was a 
clear need to take a more systematic look at how and to what extent the performance of firms is 
affected by being located close to other organisations. To address that need, we have undertaken 
an empirical analysis of the Dutch software sector focusing on those questions. Unlike most 
previous studies on this topic, we have gathered data at the firm level to test some of the main 
assumptions regarding the benefits of spatial proximity. In all, we interviewed 265 software firms, 
a group that is representative of the large population of small software firms in the Netherlands.

In this final chapter, we discuss the effects that being located near organisations have on 
the innovative performance of firms, using the empirical results from the previous chapters. 
In section 7.2, we present the main conclusions from this study. Section 7.3 provides a critical 
reflection of our results and method as well as several recommendations for future studies. We 
are aware that we could only examine a part of the complex relation between spatial proximity 
and the performance of firms, and we therefore end this chapter by briefly suggesting three 
possible research directions that could be helpful in obtaining greater insight into the ways firms 
benefit from being located near other organisations.

7.2 The benefits of spatial proximity in perspective

In this section, we put the benefits of spatial proximity in perspective by aggregating the results 
of the previous chapters into the main conclusions of this thesis. The conclusions are structured 
by the main relations we examined (see figure . in chapter  for a schematic presentation). 
Section 7.2. describes the conclusions with regard to the ways firms may benefit from being 
located in a region where organisations are concentrated. Section 7.2.2 focuses on the benefits of 
spatial proximity between business partners and the importance of interactions between them. 
In addition to examining the effect of spatial proximity, we tested in what ways two different 
knowledge spill-over mechanisms affect the performance of firms. This analysis indirectly 
sheds light on the relevance of spatial proximity between organisations, because it discusses the 
importance of external relationships with regard to the innovative performance of firms. Section 
7.2.3 presents those conclusions.
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7.2.1 Benefits of the spatial concentration of organisations
One of the main assumptions, both in regional economics and in economic geography is that 
firms located in regions where many other organisations are concentrated perform better 
than firms located outside such areas. Firms that are located in each other’s vicinity benefit 
from agglomeration economies and, as a result, are more likely to benefit from the spill-over 
of knowledge. Many studies that have tested this assumption have used data pertaining to the 
regional level. However, it is important to control for firm characteristics, because the regional 
effect might be caused by differences between firms located in the various regions. Because we 
used data gathered at the firm level, we could actually test this assumption, while controlling for 
firm characteristics.

Before we could test this assumption, however, it was necessary to examine on what spatial 
scale agglomeration economies may have an influence on the performance of the software sector 
in the Netherlands (chapter 2). In general, there is much debate on the spatial scale on which 
agglomeration economies take place. For some decades it has been suggested that agglomeration 
economies are no longer limited to the major cities, but affect the performance of firms located 
in urban regions (e.g., Lambooy, 98). Furthermore, because of the small size of and widespread 
urbanisation in the Netherlands, an important question is to what extent regional differences 
continue to affect the performance of firms. Therefore, we used spatial econometrics to find out 
on which scale agglomeration economies best describe the spatial pattern of employment growth 
in this sector. In other words, we explored how proximate spatial proximity actually is in the 
Netherlands.

Based on our analyses we can draw two conclusions. Firstly, it is clear that, despite the specific 
context of the Netherlands, regional differences are large enough to affect employment growth in 
the Dutch computer services sector. There is a significant relation between localisation and Jacobs’ 
externalities on the one hand, and employment growth in this sector between 996-2002 on the 
other hand. In addition, we encountered significant differences in the effect of agglomeration 
economies between the various regions in the Netherlands. For instance, localisation economies 
had a negative effect on employment growth in the Randstad, while employment growth in the 
Intermediate Zone and Periphery was positively affected by a concentration of firms that were 
active in the computer services sector in surrounding municipalities. The analyses did show that 
the spatial scale at which the effect of agglomeration economies take place is relatively high, 
which indicates that the benefits are not limited to larger cities but spread over urban regions 
(cities with surrounding municipalities).

The second conclusion is that firms that are located in regions where there is a concentration 
of organisations do perform better than firms that are located outside those areas. In chapter 6, 
we tested the effect of both types of agglomeration economies on the innovative performance of 
software firms, while controlling for firm characteristics. This analysis showed that localisation 
economies indeed have a positive impact on the innovative performance of software firms, 
even when we control for differences between firms (the age, size and innovation input of the 
firm and the way they deal with changes in the market). In other words, software firms have a 
higher innovation productivity when they are located in regions where there is a relatively high 
concentration of other firms active in the computer services sector. In contrast to the analyses 
in chapter 2 on employment growth, Jacobs’ externalities do not have a significant effect on the 
innovative performance of software firms.



2

In conceptual terms, these results have serious implications for the assumption that the 
Netherlands as a whole forms one urban field. Due to the country’s small size, the widespread 
urbanisation and the lack of regional institutional differences, it is often suggested that the 
regional differences in business conditions in the Netherlands are relatively small (Wever and 
Stam, 999). This would lead one to expect that firms perform equally well, no matter in what 
region they are located. However, our results do not confirm this assumption. At the regional 
level, we found that there are significant variations in terms of the employment growth in the 
computer services sector between the Randstad, Intermediate Zone and Periphery, as well as 
between labour market areas and non-connected regions. More importantly, we found that the 
regional differences within the country are still large enough to affect the innovative performance 
of software firms when we controlled for differences between firms. These results suggest that 
even for a sector that is located across the entire country and only slightly tends to concentrate 
in a few regions, regional differences in concentration do matter.

7.2.2 Benefits of spatial proximity through interactions
In addition to testing in what ways firms benefit from being located in a region where 
organisations are concentrated, we looked at whether spatial proximity between a firm and its 
business partners affects its innovative performance. In other words, do firms benefit from being 
located close to the organisations with whom they interact? We have examined this with regard 
to the relationship a firm may have both with its customers and with the previous employer of 
(one of ) the founder(s). Generally speaking, we can conclude that software firms also benefit 
from being located near business partners. As far as being located near customers is concerned, 
we found that there is a positive impact on a firm’s performance, but only up to a certain point. 
Firms perform better when about half of all their customers are located in the same region, but 
this effect lowers when a larger share of the customers is located nearby (inversed U-shape). 
Being located near the previous workplace of the founder also has a positive impact on a firm’s 
innovative performance.

However, we can also conclude that higher levels of interaction are not the reason why 
spatial proximity has a positive effect on a firm’s innovative performance. One of the main 
reasons why spatial proximity between organisations is considered to be beneficial is that it 
facilitates the (face-to-face) interactions required for the exchange of more tacit knowledge 
(Feldman, 994; Gertler, 2003). Although this assumption is often mentioned in the literature, 
few studies actually have empirically examined it. In our study, we have tested this assumption 
in two steps by focusing on the relationship firms have with business partners. Firstly, we tested 
whether spatial proximity between business partners does indeed facilitate regular face-to-face 
interactions. Secondly, we examined whether firms that are located near one another and that 
interact more often show a higher innovative performance.

Our results indicate that spatial proximity does appear to facilitate interactions between 
organisations. We found a positive relation between the share of customers that is located in 
the same region as the software firm and the number of face-to-face interactions between the 
firms (chapter 4). Even when we controlled for other characteristics of the inter-organisational 
relationship that are likely to affect the number of interactions between firms, the positive effect 
of spatial proximity remained significant. However, further testing showed that this does not 
automatically imply that such relationships also stimulate a firm’s innovative performance. 
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Software firms that more often interact or even cooperate with their customers did not have a 
higher innovation productivity than firms that were not involved in such relationships.

When we look at the relationship that exists with the previous employer of (one of ) the 
founder(s), the results show a similar picture. In cases where there continued to be a relationship 
with previous employers firms performed worse, an effect that was increased when the two 
firms were located in each other’s vicinity. Again, this suggests that firms that are located near 
each other do indeed interact more often. Nevertheless, this case indicates that higher levels of 
interaction in themselves are not always beneficial, but can also increase the negative effect of 
having continued contacts with the previous employer.

The lack of proof that we found to support the assumption that a higher number of 
interactions between organisations leads to higher levels of knowledge exchange has implications 
for the relational geography. This approach emphasizes the importance of interactions between 
organizations for inter-firm learning processes (Bathelt and Glücker, 2003). Our results suggest 
that the relevance of interactions between organisations for knowledge spillovers should not be 
exaggerated. The fact that firms are located in the same area seems to be sufficient to affect the 
innovative performance of the software firms. Malmberg and Maskell (2002) suggest a possible 
explanation for that effect in a critical article on localisation economies. They argue that being 
located near firms that are similar to them offers firms the opportunity to see how others 
deal with problems that they themselves encounter, enabling them to distinguish successful 
experiments from less successful ones. Through imitation the successful strategies quickly diffuse 
among co-located firms. In other words, the benefits of spatial proximity go beyond merely 
facilitating interactions. In accordance with what Malmberg and Maskell argue, we found that 
imitating competitors is a major source of innovation in the Dutch software sector.

7.2.3 The relevance of external knowledge spillover mechanisms in perspective
In addition to looking at the potential benefits of spatial proximity, we also examined the 
relevance of various potential mechanisms that may provide software firms with access to external 
knowledge. We looked at two mechanisms in particular: inter-organisational relationships and 
knowledge inheritance through the establishment of new firms by former employees. Firstly, we 
found that, as far as the Dutch software sector is concerned, inter-organisational relationships do 
not really function as knowledge spill-over mechanisms. Despite the high scores the firms gave 
to customers as being their main source of innovation, firms do not show a higher innovative 
performance when they interact or even cooperate with customers more often. Furthermore, we 
also found no indication that firms perform better when they use a larger number of external 
contacts as a source of innovation. Secondly, prior experiences that entrepreneurs have can be 
seen as a knowledge spill-over mechanism. But although founders that have prior experience as 
entrepreneurs and within the sector find it easier to balance between their innovation input and 
output, arguing that this effect is highly significant would be an exaggeration. Furthermore, a 
continued relationship with previous employers only limited the innovation output of the new 
firm.

In chapter 6, we examined to what extent the above-mentioned mechanisms help explain 
the benefits firms have from being located in a region where organisations are concentrated. 
Following from these results, we can conclude that this is not the case. The effect of localisation 
economies was still significant. Interaction terms showed that that effect is not related to inter-
organisational relationships or knowledge inheritance, but seems to follow from differences in 
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the labour market situation. Firms that are located in a region where there is a relatively high 
concentration of computer services firms have a lower innovation input. In other words, although 
they seem to be capable of developing products with a smaller percentage of their employees 
actively involved in developing new products, the share of their total turnover due to sales of 
the new products or services remains the same. Therefore, these firms have a higher innovation 
productivity than firms located outside such concentration areas. These results suggest that the 
labour market situation in areas where there is a concentration of similar firms is better, at least 
as far as innovation is concerned.

Another important conclusion that can be drawn from the analysis in chapter 6 is that 
knowledge spill-over mechanisms and the characteristics of firms (indicators for the internal 
organisation) mainly have a combined effect on the innovative performance of firms. The 
direct effect of the knowledge spill-over mechanisms and agglomeration economies was quite 
limited, but through interactions terms they do seem to matter. Firstly, the working experience 
of founders in the software sector does contribute to the innovative performance of firms. In 
general, firms performed worse when they developed a radically new product, except when they 
were established by someone who used to work in the software sector. Possibly, these experienced 
entrepreneurs are better able to judge future market demand or technological developments. 
Secondly, the negative effect of developing radically new products is only increased when firms 
also had problems finding new customers. These entrepreneurs seem to be incapable to judge 
the needs of (potential) customers. Thirdly, firms mainly benefit from localisation economies 
when they have problems obtaining new employees. Especially during the second half of the 
990s, software firms found it hard to find new employees due to a high demand for labour. The 
innovation productivity of firms that were faced with these problems and that were located in 
regions where the sector was concentrated was actually higher. It is possible that they were able 
to organise the development of new products in a more efficient manner and, therefore, develop 
new products with lower innovation input.

These results confirm the importance of differences that exist between firms as emphasised 
in evolutionary economics. Both regional economics and economic geography tend to treat firms 
as black boxes. Our results show that the internal organisation and strategy of firms should be 
taken into account if we are to understand whether firms are able to obtain external knowledge. 
External contacts in themselves are not enough for firms to perform well, new products should 
match the market demand and firms should be able to deal with limitations on the labour 
market. Firms have different levels of absorptive capacity, that is, there are degrees in their ability 
to identify, exploit and integrate the external knowledge that is offered to them (Cohen and 
Levinthal, 990). Those differences between firms imply that the internal organisation of a firm 
affects its ability to use mechanisms for obtaining external knowledge.

To summarize, our research has shown that, although being located near other organisations 
has a positive impact on the innovation productivity of software firms in the Netherlands, this is 
not the result of the fact that it facilitates the (face-to-face) interactions between firms. Despite 
the fact that firms that are located near one another do indeed interact more, the higher number 
of interactions does not have a positive effect on their innovative performance. It seems that 
firms do not successfully obtain external knowledge through interactions. Instead, our results 
indicate that the successful development of new products or services depends on finding a good 
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match between a firm’s internal organisation or strategy and the mechanisms it adopts to obtain 
external knowledge.

7.3 Reflection and recommendations

As in every empirical study, answering the research questions gave rise to many new questions. In 
this section, we reflect on areas that deserve further examination in future studies and formulate 
several research recommendations.

One of the characteristics of this study is that it was limited to one of the knowledge-
based industries, the software sector, and it is possible that the results only apply to this 
sector. Nevertheless, we believe that the results can be (carefully) generalised to knowledge-
intensive business services in general. The software sector has many characteristics in common 
with business services, such as strong relationships with customers and the importance of 
organisational knowledge (compare Gallouj, 2002). However, it is possible that the effects of 
spatial proximity are different for knowledge-based industries that are more science-based, such 
as biotechnology firms. In these sectors, interactions with knowledge centres might be more 
important (Cooke, 2002). It is, however, questionable, that spatial proximity matters in these 
sectors. The firms rely on highly specialised technological knowledge and most scientists have 
contacts with colleagues from all over the world through international conferences (Katz, 994; 
Glas, 996). In future studies, the benefits of spatial proximity should be tested for other sectors 
and comparisons should be made between different types of sectors.

The second recommendation is that future studies should examine the relevance of spatial 
proximity for larger firms in the software sector. Our study was limited to small software firms 
(the largest firm included in this study only had 230 employees), while the Dutch software 
sector consists of a large number of small firms and a few very large firms with more than ,000 
employees. Our decision to limit ourselves to small firms may affect our results. The performance 
of the large firms is likely to be less affected by spatial proximity to other organisations (Vaessen, 
993; Freel, 2003). In general, one would expect large firms to be less dependent on external 
knowledge, because they can afford to establish their own R&D department (Kaufmann and 
Tödtling, 200). Furthermore, the larger software firms in the Netherlands have subsidiaries 
spread over the country and, therefore, one would assume that it is likely that they are less 
restricted by regional situations. Future studies should examine whether these assumptions are 
correct.

Thirdly, the relevance of pre-established relationships of founders for the performance of new 
firms should be further examined. Our study indicates that firms that have continued contacts 
with former employers, even when they themselves are independent have a lower innovative 
performance (see Agarwal et al., 2004). However, our data were too limited to be able to examine 
what causes this negative effect. We have only measured whether firms gained support from 
previous employers immediately after the start. We acknowledge that this is a relatively crude 
way of measuring inter-firm relationships, and that it fails to capture the quality and intensity 
of those relationships. The characteristics of the relationships may help us understand how they 
affect a firm’s innovative performance. It may be that only those firms that maintain an intimate 
relationship with their parent firm suffer from organisational inertia, a lack of flexibility and 
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an inability to embrace new initiatives, while firms that keep parent firms more at arm’s length 
actually benefit from the support they receive.

In addition to the relationship with previous employers, the positive effect that we 
encountered of establishing a new firm in the same region as where its founder used to work 
deserves further attention. Some studies have suggested that these firms benefit from pre-
established relationships with potential customers, employees or investors due to a better access 
to resources such as start-up or human capital (Sorenson, 2003). To examine these assumptions 
we need to look at the entrepreneur and the relationships he or she developed prior to starting 
the firm. Doing so probably requires an intensive research method, because those relationships 
may very well be highly complex.

The fourth recommendation has to do with our decision to measure a firm’s performance 
on the basis of its efficiency in the innovation process. Two remarks can be made here. Firstly, 
one may wonder whether firms that develop many new products or services also have a higher 
economic performance. The general assumption is that the competitive strength of firms 
improves when they are more innovative. However, a firm that fails to develop products that are 
successfully adopted by the market is also forced to bring new products to the market, in which 
case a high innovative performance provides an indication that the firm has problems establishing 
a market position. Also, from the perspective of the firm innovation might be more problematic 
than often assumed. Especially for small firms, developing new products is surrounded by high 
levels of uncertainty. Therefore, many firms, rather than using innovation as a conscious strategy, 
may only start an innovation process when they consider it to be necessary (reactive innovation). 
Future studies should further examine this topic by focusing on the potential differences in the 
innovation strategies adopted by smaller firms. We expect that the reasons why firms innovate 
differ substantially between quickly growing firms and firms that hardly experienced any growth 
in recent years. This is likely to affect the relation between their economic performance and their 
innovation performance as well.

The second remark has to do with the way the innovative performance of firms is measured. 
Unlike previous studies on innovation, we measured a firm’s innovative performance by their 
innovation productivity, as explained in chapter 3. This indicator provides information about 
the extent to which a firm is able to keep a balance between the innovation input and output. 
However, our empirical analyses showed that in some cases a higher innovation output does 
not lead to a higher innovation productivity even when the effect on input is not significant (for 
instance, the effect of spatial proximity to the previous workplace in chapter 5). The main reason 
for this is that the statistical association of the effect on either innovation input or output is 
almost significant. Nevertheless, those effects are difficult to interpret and should be examined 
more thoroughly in future studies to determine the usefulness of this indicator.

The fifth recommendation is that future studies should examine the effect of other potential 
mechanisms on the performance of firms and test to what extent spatial proximity to other 
organisations may affect those mechanisms. More specifically, the results from chapter 6 suggest 
that it is especially mechanisms at the employment level, such as labour market mobility or 
informal networks between employees, that may be relevant. Some studies found that employees 
exchange knowledge or ideas with former colleagues or schoolmates (Dahl and Pedersen, 2004) 
and that job mobility rates within spatial concentrations of firms are higher (Almeida and 
Kogut, 999; Power and Lundmark, 2004). Furthermore, a growing number of studies suggest 
that communities of practice consisting of employees are the key entities driving the knowledge-
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processing activities of firms (Brown and Duguid, 2000; Gertler, 2003). They argue that 
interactive learning processes mainly take place through networks between individual employees, 
and not between firms. In our study there were some indications that employee networks 
function as sources of technological knowledge. Employees establish contacts with employees 
of other firms on the Internet or at fairs and conferences. Future empirical studies should focus 
on the individual level to examine to what extent relationships between employees affect the 
innovative performance of firms.

7.4 Future research directions on the benefits of spatial proximity

Economic geography is a highly dynamic research field. Insights and methods from other 
fields such as organisational science, innovation studies and evolutionary economics are 
fruitfully applied to central issues in economic geography. In recent years, those developments 
have produced new perspectives that can help us gain a better understanding of the benefits of 
spatial proximity. Since those developments continued during the course of this study, we could 
not integrate all of them in our research design. Therefore, we end this dissertation with three 
research directions for future studies on the benefits of spatial proximity, which we expect will 
provide useful new insights.

The first research direction is examining how the network position of firms affects their 
(innovative) performance. In this study, we focused on the effect of the direct relationships 
between software firms and their business partners. We tested whether firms benefit more from 
having a higher number of external sources of innovation or from having a few very important 
sources (the breadth and depth of those sources). In recent literature, however, it has been 
emphasised that firms benefit from their position within a network of ties. Firms might find 
it easier to gain access to external knowledge when they are involved in many indirect ties, that 
is, the connections that are maintained by their inter-organisational relationships. When the 
partners of a firm are involved in many indirect ties, there is an increased likelihood that the firm 
receives useful information about technologies or markets at an early date. An important factor 
in this respect is the position of the firm within the network. The more central that position 
is, the more likely it is that a firm obtains knowledge spillovers. Other studies emphasise the 
importance of concentrating the network on structural holes, that is, gaps in information flows 
between organisations that are linked to the same firm, but not linked to each other (Ahuja, 
2000). These partners provide different kinds of information flows and, therefore, firms 
established on a structural hole have access to an information-rich network. In recent studies, 
methods have been suggested to examine the network position of firms (Breschi and Lissoni, 
200; Giuliani and Bell, 2005). It would be interesting to test how the position of a firm within a 
certain network affects its performance.

Secondly, a further critical examination of the actual relevance of spatial proximity between 
organisations for the exchange of knowledge is required. In this study, we examined the effect 
of spatial proximity and interactions between software firms and their customers, finding only a 
positive effect for spatial proximity. However, several authors argue that spatial proximity is not 
enough for interactive learning processes to take place (Lissoni 200; Howells, 2002). Concepts 
such as ‘learning regions’ and ‘innovative milieu’ create the perception that simply being located 
near other organisations is enough to obtain the knowledge that is ‘in the air’. In reality, however, 
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this requires other types of proximity such as organisational proximity (subsidiaries of the same 
firm), cultural proximity (similar cultural background) and, at least, cognitive proximity (sharing 
the same knowledge base). Spatial proximity may facilitate the other types of proximity. Future 
empirical studies should further examine to what extent spatial proximity actually affects 
knowledge exchange by disentangling the effect of the different kinds of proximity between 
organisations (Boschma, 2005).

In fact, examining the importance of cognitive proximity also leads to further insights into 
the relevance of the knowledge bases of firms for the exchange of knowledge. In section 7.2, 
we already suggested that heterogeneity between the knowledge bases of firms may be very 
important in understanding why firms only exchange knowledge in specific relationships. Most 
firms will only share firm-specific resources (such as knowledge or skills) when they can learn 
from their exchange partner and the relationship with that partner is based on a certain level 
of trust (Nooteboom, 999). In other words, when the exchange partners share some degree of 
cognitive proximity. This study already showed the link between the internal organisation of the 
firm and knowledge spill-over mechanisms. However, we only accounted for firm characteristics 
such as age, size and organisational capabilities. Future studies should focus on measuring the 
knowledge base of exchange partners to determine their cognitive proximity.

The third research direction is to examine the benefits of spatial proximity between 
organisations from a more dynamic, evolutionary perspective. The central topic of this study, 
the benefits of spatial proximity between organisations, is often suggested as an underlying 
reason for the spatial concentration of industries. It goes beyond the scope of this study, but it 
is certainly an interesting research direction to focus on why industries tend to concentrate in 
space. Currently, there is much debate on whether this concentration is caused by agglomeration 
economies. Doubts as to whether this is the case were already expressed in older approaches 
such as the behavioural location approach and new firm formation (Vaessen, 993). The uneven 
regional growth of firms may also be caused by non-economic reasons, such as spin-off dynamics 
and imitation behaviour. Recent empirical studies have focused on examining these kinds of 
processes, using longitudinal data on the entry and exit of firms (e.g., Klepper, 2002; Sorenson, 
2003; Boschma and Wenting, 2005). Taking an evolutionary approach, the changes in the spatial 
pattern of an industry are examined and linked to the industry life cycle. Such analyses may 
show that the benefits involved in being located close to other organisations may change in the 
course of the industry life cycle. In other words, they put the benefits of spatial proximity in a 
dynamic perspective.

This overview of future research directions illustrates the wide diversity of subjects that 
are currently being examined within the field of economic geography. At the moment, various 
disciplines show an interest in the relevance of spatial proximity and the spatial concentration 
of industries. Our study has shown that looking at general assumptions in economic geography 
from the point of view of other disciplines may yield new insights. Therefore, we believe that the 
three research directions described above should be used to further help us understand what the 
benefits of spatial proximity between organisations are, rather than merely assuming that those 
benefits exist.
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Samenvatting

Profiteren bedrijven van ruimtelijke nabijheid?
Een empirische studie naar het effect van ruimtelijke nabijheid op de prestaties van kleine 
softwarebedrijven in Nederland

1 Inleiding

In dit proefschrift staan de voordelen van ruimtelijke nabijheid tussen organisaties centraal. 
Zowel in de regionaal-economische als de economisch-geografische literatuur wordt vaak 
verondersteld dat bedrijven profiteren van nabijheid tot andere bedrijven of organisaties zoals 
universiteiten. Deze ideeën zijn verre van nieuw (het concept agglomeratievoordelen werd al 
begin vorige eeuw gebruikt), maar de interesse in de voordelen van ruimtelijke nabijheid is de 
laatste jaren sterk toegenomen. Sinds het einde van de jaren ’80 wordt het belang van innovatie 
en kennis voor de concurrentiekracht van bedrijven sterk benadrukt. Ruimtelijke nabijheid 
tussen organisaties zou het uitwisselen van kennis bevorderen. De voornaamste oorzaak hiervoor 
is dat bedrijven die in elkaars nabijheid gevestigd zijn gemakkelijker regelmatig (face-to-face) 
contact kunnen hebben. Zulke ontmoetingen worden verondersteld noodzakelijk te zijn voor de 
uitwisseling van vooral bedrijfsspecifieke of ervaringskennis.

Het veronderstelde belang van ruimtelijke nabijheid is met name interessant voor de 
specifieke Nederlandse context. De afgelopen decennia is regelmatig verondersteld dat regionale 
verschillen in het Nederlandse bedrijfsklimaat dusdanig beperkt zijn dat bedrijven overal even 
goed kunnen presteren. De kleine schaal van Nederland, het gebrek aan regionale verschillen in 
formele instituties en de wijdverbreide verstedelijking hebben er zelfs toe geleid dat Nederland 
getypeerd werd als een ‘urban field’. Als deze ideeën kloppen dan zou het presteren van 
Nederlandse bedrijven in feite niet beïnvloed moeten worden door ruimtelijke nabijheid tot 
andere organisaties.

Sinds het einde van de jaren ’90 is er een omvangrijke literatuur ontstaan waarin de aanname 
dat ruimtelijke nabijheid tussen bedrijven kennisuitwisseling bevordert zowel theoretisch als 
empirisch centraal staat. Toch bestaat er nog altijd veel onduidelijkheid over hoe en in welke 
mate ruimtelijke nabijheid tussen organisaties het functioneren van bedrijven beïnvloedt. Op dit 
moment bestaan er grofweg twee type empirische studies. Het eerste type studies onderzoekt het 
verband tussen de mate van ruimtelijke concentratie van organisaties in regio’s en het economisch 
functioneren van deze regio’s. Uit veel van deze regionale studies blijkt inderdaad een positief 
verband tussen de mate van concentratie van bedrijven en bijvoorbeeld de werkgelegenheidsgroei 
in die regio’s. Dit suggereert dat bedrijven profiteren van nabijheid tot andere organisaties, maar 
doordat de studies data geaggregeerd op regionaal schaalniveau gebruiken kunnen ze alleen 
veronderstellen dat dit de oorzaak is van dat verband. Het is onmogelijk te achterhalen wat 
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voor mechanismen het positief verband veroorzaken of te controleren voor verschillen tussen de 
bedrijven gevestigd in verschillende type regio’s.

Het tweede type studies bestudeert de voordelen van ruimtelijke nabijheid tussen organisaties 
juist gedetailleerd via case studies in regio’s waar veel bedrijven gevestigd zijn. Deze beschrijvende 
studies hebben geleid tot vele inzichten in de mogelijke mechanismen waarop kennisuitwisseling 
tussen bedrijven plaatsvindt. Voorbeelden hiervan zijn langdurige relaties tussen bedrijven, 
arbeidsmarktmobiliteit, informele contacten tussen medewerkers van verschillende organisaties 
of het starten van een eigen bedrijf door een medewerker. Het probleem van deze studies is 
echter dat ze niet toetsen hoe ruimtelijke nabijheid het aantal interacties tussen bedrijven 
beïnvloedt, of die mechanismen ook daadwerkelijk leiden tot meer kennisuitwisseling en of 
bedrijven gevestigd nabij andere organisaties ook beter functioneren dan bedrijven elders.

Dit overzicht van bestaande studies en hun beperkingen geeft weer dat er nog altijd 
onduidelijkheden bestaan over het effect van ruimtelijke nabijheid tussen organisaties op het 
functioneren van bedrijven. Daarom is het doel van dit proefschrift meer inzicht te krijgen in 
de mogelijke voordelen die bedrijven ondervinden van een vestiging nabij andere organisaties. Om 
in staat te zijn een aantal aannames over de voordelen van ruimtelijke nabijheid empirisch te 
toetsen, is er data op bedrijfsniveau verzameld.

Deze studie levert op vier manieren een bijdrage aan de bestaande literatuur. Ten eerste is 
bekeken op welk ruimtelijk schaalniveau agglomeratievoordelen met name een rol spelen, in 
plaats van vooraf één schaalniveau te selecteren. Ten tweede is onderzocht of bedrijven die in 
elkaars nabijheid gevestigd zijn inderdaad vaker face-to-face contact hebben. Ten derde is het 
effect van twee mogelijke mechanismen voor kennisuitwisseling op het innovatief gedrag van 
bedrijven getoetst (zakelijke relaties tussen bedrijven en het oprichten van nieuwe bedrijven 
door medewerkers). Hierbij is ook bekeken of ruimtelijke nabijheid dit stimuleert. Ten vierde 
is onderzocht of bedrijven die gevestigd zijn in regio’s waar organisaties zich concentreren 
beter functioneren dan bedrijven die elders gevestigd zijn, ook als er gecontroleerd wordt voor 
verschillen tussen bedrijven.

Dit onderzoek is toegespitst op de softwaresector, omdat deze sector een belangrijk onderdeel 
vormt van de kennisintensieve zakelijke dienstverlening. Vanwege de centrale rol van kennis in 
deze sector verwachten we dat softwarebedrijven sterk afhankelijk zijn van externe kennis en 
hierdoor waarschijnlijk profiteren van ruimtelijke nabijheid tot andere organisaties. De centrale 
onderzoeksvraag van deze studie is:

Op welke wijze en in welke mate draagt de ruimtelijke nabijheid tot andere organisaties bij aan het 
functioneren van softwarebedrijven in Nederland?

De voordelen van ruimtelijke nabijheid tussen organisaties zijn nader onderzocht in vier 
empirische analyses. Ten eerste is onderzocht in welke en wat voor type regio’s de software en 
computerservices sector is geconcentreerd in Nederland. Met behulp van data geaggregeerd op 
gemeentelijk schaalniveau is bekeken op welk schaalniveau agglomeratievoordelen met name 
een rol spelen voor de Nederlandse software en computerservices sector (hoofdstuk 2). Deze 
analyse kon niet beperkt worden tot alleen de software sector, omdat in dit hoofdstuk gebruik is 
gemaakt van bestaande datasets. Ten tweede is onderzocht of softwarebedrijven inderdaad vaker 
overleg hebben met bedrijven gevestigd in dezelfde regio (straal van 50 kilometer rondom het 
bedrijf ) en hoe dit het innovatief vermogen van deze bedrijven beïnvloedt. Dit is onderzocht 
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voor twee mogelijke mechanismen voor kennisuitwisseling: zakelijke relaties tussen organisaties 
(hoofdstuk 4) en de achtergrond van de oprichters van bedrijven (hoofdstuk 5). Tot slot is 
bekeken of softwarebedrijven die gevestigd zijn in regio’s waar organisaties geconcentreerd zijn 
daadwerkelijk innovatiever zijn dan andere softwarebedrijven (hoofdstuk 6). In tegenstelling 
tot de eerste analyse naar de computerservices sector, is deze analyse gebaseerd op data op 
bedrijfsniveau waardoor het mogelijk is om te controleren voor verschillen tussen bedrijven.

2 Ruimtelijk patroon van de Nederlandse computerservices sector

In hoofdstuk 2 is de eerste onderzoeksvraag beantwoord: Hoe heeft het ruimtelijk patroon 
van de computerservices sector in Nederland zich ontwikkeld tussen 1981-2001? In hoeverre 
zijn agglomeratievoordelen gerelateerd aan regionale verschillen in werkgelegenheidsgroei 
in deze sector tussen 1996 en 2002? Op welk schaalniveau is er met name een verband tussen 
agglomeratievoordelen en de werkgelegenheidsgroei in de sector? Over het algemeen worden twee 
type agglomeratievoordelen onderscheiden: localisatie- en urbanisatievoordelen. In het geval 
van localisatievoordelen profiteren bedrijven van een vestiging in een regio waar bedrijven actief 
in dezelfde sector geconcentreerd zijn. Voorbeelden zijn het ontstaan van een gespecialiseerde 
arbeidsmarkt of toeleveranciers. Urbanisatievoordelen zijn de voordelen die een regio biedt 
waar allerlei bedrijven geconcentreerd zijn, oftewel de grotere steden. In meer dichtbevolkte 
regio’s is vaak een beter ontwikkelde infrastructuur of concentratie van instanties zoals 
universiteiten, onderzoekslaboratoria. Sinds de jaren ’90 worden ook statische en dynamische 
agglomeratievoordelen onderscheiden. Statische agglomeratievoordelen zijn de kostenvoordelen 
die een vestiging nabij andere organisaties kan opleveren. Dynamische agglomeratievoordelen 
ontstaan door de kennisopbouw in regio’s waar bedrijven geconcentreerd zijn. In de loop der 
tijd ontstaan relaties tussen bedrijven waardoor ze gemakkelijker kennis uitwisselen en dit 
zou leerprocessen in die regio’s stimuleren. De kennis spillovers kunnen zowel voorkomen in 
regio’s waar bedrijven gespecialiseerd in dezelfde sector geconcentreerd zijn als in grotere steden. 
Volgens Jacobs (969) kan kennis uit de ene sector vaak succesvol worden toegepast in andere 
sectoren. Daarom zouden de meeste kennis spillovers plaatsvinden in regio’s waar diverse type 
bedrijven zijn gevestigd.

In dit hoofdstuk staat het ruimtelijk patroon van de computerservices sector centraal en niet 
de softwaresector. De reden hiervoor is dat deze analyses gebaseerd zijn op bestaande data uit 
een eerdere empirische studie (Koerhuis en Cnossen, 982) en het Landelijk Informatie Systeem 
Arbeidsvoorziening (LISA). Deze gegevens onderscheiden sectoren met behulp van de standaard 
bedrijfsindeling en hierin werd tot 2004 geen onderscheid gemaakt tussen softwarebedrijven en 
computerservices.

De beschrijving van het veranderende ruimtelijk patroon van de computerservices sector 
geeft weer dat de sector in eerste instantie tot ontwikkeling kwam in de grote steden in de 
Randstad (Amsterdam, Den Haag en Rotterdam). Gedurende de jaren ’80 verschoof het 
zwaartepunt echter meer naar het midden van het land richting Utrecht. Tegelijkertijd heeft de 
sector zich de afgelopen jaren in toenemende mate gespreid over de meer landelijke delen van 
de Randstad en Intermediaire Zone en de steden in de Periferie. Op gemeentelijk schaalniveau 
blijkt dat de sector zich binnen de provincie Utrecht, de regio waar de sector zich met name 
concentreert, vooral sterk heeft ontwikkeld in de kleinere gemeenten rondom de stad Utrecht.
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Met behulp van ruimtelijke econometrie is onderzocht welke agglomeratievoordelen een rol 
spelen voor de werkgelegenheidsgroei in de computerservices sector en met name op welk 
ruimtelijk schaalniveau van Nederland. Deze methode maakt het mogelijk om te bekijken welk 
ruimtelijk schaalniveau regionale verschillen in de concentratie van organisaties het beste het 
patroon van werkgelegenheidsgroei weergeeft en of er verschillen bestaan tussen ruimtelijke 
regimes in Nederland (Randstad, Intermediaire Zone en Periferie, stedelijk versus niet 
stedelijk en op basis van de positie van een gemeente in een arbeidsmarktregio). Localisatie- 
en urbanisatievoordelen hebben wel een positief effect op de werkgelegenheidsgroei in de 
computerservices sector tussen 996 en 2002, maar alleen op een hoger ruimtelijk schaalniveau 
(stad met omringende gemeenten). Deze uitkomsten suggereren dat de sector met name is 
gegroeid in gemeenten waar nog niet veel computerservices bedrijven gevestigd waren en die 
niet een zeer diverse economische structuur hebben. Dit wijst erop dat de sector zich langzaam 
verder over Nederland spreidt. Tegelijkertijd suggereren deze resultaten inderdaad dat het effect 
van agglomeratievoordelen niet beperkt is tot de centrale stad maar zich eerder uitstrekken over 
een urbane regio.

3 Data op bedrijfsniveau

Het toetsen van aannames over de voordelen van ruimtelijke nabijheid die nog niet systematisch 
in voorgaande studies zijn onderzocht vereist data op bedrijfsniveau. Deze data zijn verzameld 
met behulp van telefonische enquêtes, omdat op die manier data verzameld kunnen worden 
over vrij uiteenlopende en complexe onderwerpen onder een grote groep bedrijven gespreid 
over Nederland. Zoals aangegeven in de inleiding is deze studie toegespitst op de softwaresector 
in Nederland. Eerst is met behulp van een korte telefonische enquête de onderzoekspopulatie 
vastgesteld. Dit was noodzakelijk omdat tot 2004 de softwaresector niet een eigen code had in 
de standaard bedrijfsindeling. In totaal 4,44 computerservices bedrijven zijn benaderd met de 
vraag of ze hun eigen software ontwikkelen en of het een zelfstandig bedrijf is. 67 bedrijven 
voldeden hieraan en die bedrijven zijn opnieuw benaderd voor een uitgebreide enquête. In 
2003 zijn 265 softwarebedrijven telefonisch geënquêteerd. Zoals in de meeste landen bestaat 
ook de Nederlandse softwaresector uit een groot aantal kleine bedrijven en een beperkt aantal 
zeer grote bedrijven. Alhoewel de grote bedrijven in eerste instantie onderdeel waren van de 
onderzoekspopulatie bleek dat zij niet bereid waren deel te nemen aan telefonische enquêtes. 
Daarom is besloten deze studie te beperken tot de kleinere softwarebedrijven in Nederland. 
De steekproef van 265 bedrijven is representatief voor deze grote groep bedrijven wat betreft 
de gemiddelde omvang, type activiteit (naar standaard bedrijfsindeling) en spreiding over de 
Nederlandse provincies.

Via de enquête zijn data onder de bedrijven verzameld over innovatief gedrag, relaties met 
andere bedrijven en de locatie van die bedrijven, de werkervaring van de oprichter van het 
bedrijf, de problemen die bedrijven hebben met het vinden van nieuwe medewerkers of klanten 
en algemene bedrijfskenmerken. Op basis van de resultaten van hoofdstuk 2 en eerdere studies 
naar de ruimtelijke spreiding van de dagelijkse contacten van bedrijven is besloten de regio waar 
een bedrijf is gevestigd te definiëren als een straal van 50 kilometer rondom het bedrijf. In de 
meeste gevallen is daarom ruimtelijke nabijheid tussen het softwarebedrijf en hun zakelijke 
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partners gemeten door de respondent aan te laten geven of de partners wel of niet binnen die 
straal van 50 kilometer zijn gevestigd.

Het innovatief vermogen is gekozen als indicator voor het functioneren van softwarebedrijven, 
omdat het effect van de ruimtelijke nabijheid tussen organisaties op kennisuitwisseling centraal 
staat. We verwachten dat de uitwisseling van kennis tussen bedrijven vooral effect heeft op 
het ontwikkelen van nieuwe producten of diensten. De meeste innovaties ontstaan door het 
combineren van verschillende ervaringen of kennis. Door het verwerven van externe kennis 
en die te integreren met de eigen kennis kunnen nieuwe producten of diensten ontstaan. Het 
innovatief vermogen van bedrijven is gemeten als de innovatieproductiviteit van het bedrijf. 
Voorgaande studies meten vaak alleen de innovatie input of output van een bedrijf, maar die 
maten geven geen inzicht in de efficiëntie van het innovatieproces. De innovatieproductiviteit 
meet of een bedrijf de balans weet te houden tussen de investeringen en de omzet. Bedrijven zijn 
als innovatief beschouwd indien ze een nieuw product of dienst op de markt hebben gebracht 
tussen 2000 en 2003 (8% van de bedrijven ouder dan 3 jaar voldeed hieraan). Deze bedrijven 
is gevraagd hoeveel procent van hun totaal aantal medewerkers actief heeft meegeholpen bij de 
ontwikkeling van die nieuwe producten of diensten (input) en wat het aandeel is van het nieuwe 
product of dienst in de totale omzet van het bedrijf (output). De productiviteit is de output 
gedeeld door de input van het bedrijf. De onderzoeksvragen in hoofdstuk 4 tot en met 7 zijn 
allemaal beantwoord met behulp van Tobit regressie-analyses.

4 Ruimtelijke nabijheid en zakelijke relaties tussen bedrijven

Via hun zakelijke relaties kunnen softwarebedrijven toegang krijgen tot externe kennis. Uit 
vele studies naar de belangrijkste bronnen van innovatie voor bedrijven blijkt dat contacten 
met klanten en toeleveranciers verreweg de belangrijkste externe bronnen zijn. In hoofdstuk 4 
hebben we de volgende vragen beantwoord: In hoeverre zijn zakelijke relaties tussen organisaties 
een belangrijke bron van innovatie voor Nederlandse softwarebedrijven in vergelijking met andere 
bronnen van innovatie? In hoeverre leidt ruimtelijke nabijheid tot zakelijke contacten tot regelmatiger 
face-to-face overleg tussen de betrokken bedrijven? In hoeverre is er een verband tussen de ruimtelijke 
nabijheid en het aantal interacties tussen softwarebedrijven en hun zakelijke relaties en het innovatief 
vermogen van de softwarebedrijven?

De voornaamste reden waarom verondersteld wordt dat ruimtelijke nabijheid tussen 
organisaties bijdraagt aan kennisuitwisseling is omdat het eenvoudiger is veelvuldig 
persoonlijk contact te hebben als organisaties dichtbij elkaar gevestigd zijn. Toch wordt 
deze aanname in toenemende mate in twijfel getrokken. Het verband tussen ruimtelijke 
nabijheid, kennisuitwisseling en innovatief gedrag van bedrijven is waarschijnlijk complexer. 
Ten eerste is het niet noodzakelijk dichtbij elkaar gevestigd te zijn om elkaar regelmatig te 
ontmoeten. De toegenomen mobiliteit van mensen en ontwikkelingen in de Informatie en 
Communicatie Technologie hebben het steeds makkelijker gemaakt om elkaar ook over grotere 
afstand regelmatig te ontmoeten. Ten tweede neemt het belang van veelvuldige persoonlijke 
ontmoetingen waarschijnlijk af als het bedrijf ouder wordt. Nieuwe bedrijven hebben vaak veel 
contact met klanten of toeleveranciers omdat ze nog hun vertrouwen moeten winnen. Zodra 
dit echter tot stand is gekomen zullen bedrijven waarschijnlijk op zoek gaan naar andere 
mogelijkheden om kennis uit te wisselen, omdat het organiseren van regelmatige ontmoetingen 
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vrij kostbaar is, in elk geval in tijd. Tot slot kunnen bedrijven ook te sterke relaties ontwikkelen 
waardoor deze contacten het innovatief vermogen van de betrokkenen beperkt. Als bedrijven 
zich alleen maar richten op enkele zakelijke partners hebben ze minder oog voor andere externe 
ontwikkelingen.

Uit de enquête is gebleken dat klanten verreweg de belangrijkste bron van innovatie vormen 
in de Nederlandse softwaresector. Daarnaast noemen veel bedrijven ook interne bronnen en 
openbare bronnen (vakbladen, congressen en beurzen). Het imiteren van nieuwe producten 
van concurrenten speelt een belangrijke rol. Andere externe relaties dan die met klanten zijn 
veel minder relevant in deze sector. Op basis van dit resultaat is besloten om het verband tussen 
ruimtelijke nabijheid en overleg alleen te testen voor de relaties met klanten. Softwarebedrijven 
hebben inderdaad vaker face-to-face overleg met klanten als een hoger percentage klanten 
binnen een straal van 50 kilometer rondom het bedrijf is gevestigd. Dit verband blijft significant 
als gecontroleerd wordt voor het aandeel maatwerk dat het bedrijf uitvoert, samenwerking met 
klanten en de leeftijd van het bedrijf. Wel hebben oudere bedrijven minder vaak face-to-face 
overleg met hun klanten en dit is ook negatief gerelateerd aan het aantal klanten dat binnen een 
straal van 50 kilometer is gevestigd.

Alhoewel onze resultaten de aanname bevestigen dat bedrijven gevestigd in dezelfde regio 
vaker persoonlijk overleg hebben, duiden de regressieanalyses erop dat dit overleg niet bijdraagt 
aan de kennisuitwisseling. Bedrijven die vaker overleg hebben met klanten of zelfs met hen 
samenwerken zijn niet efficiënter in hun innovatiegedrag. Ook het aantal externe bronnen voor 
innovatie dat het bedrijf gebruikt voor de ontwikkeling van de producten draagt hier niet aan 
bij. Alleen het percentage klanten in dezelfde regio heeft een effect op de innovatieproductiviteit 
van softwarebedrijven. Dit verband is positief tot op zekere hoogte waarna het negatief 
wordt (een omgekeerde U-vorm). Met andere woorden, de innovatieproductiviteit van 
softwarebedrijven is lager als ze geen klanten uit hun eigen regio hebben, neemt toe als ze veel 
klanten in die regio hebben, maar als bedrijven teveel klanten uit dezelfde regio hebben daalt 
hun innovatieproductiviteit weer.

5 Achtergrond van oprichters en ruimtelijke nabijheid

De werkervaring die de oprichter van een bedrijf heeft opgebouwd voordat hij of zij een eigen 
bedrijf start kan ook functioneren als een mechanisme voor kennisuitwisseling. De oprichter 
neemt die ervaringen mee en zal ze indien mogelijk gebruiken in het nieuwe bedrijf. In feite 
wordt dus kennis van het ene bedrijf toegepast in het nieuwe bedrijf en is er op die manier 
sprake van kennisuitwisseling. In principe wordt dergelijke kennisuitwisseling niet beïnvloed 
door ruimtelijke nabijheid, omdat de oprichter die ervaringen en kennis met zich meedraagt. 
Toch kan ook in dit geval ruimtelijke nabijheid een rol spelen. Naast ervaringen en kennis heeft 
de oprichter mogelijk ook bepaalde contacten en zakelijke relaties opgebouwd tijdens vorige 
werkzaamheden, die nuttig zijn voor het nieuwe bedrijf. Op dezelfde wijze als in hoofdstuk 4 
zou de kennisuitwisseling via deze relaties vergemakkelijkt kunnen worden door ruimtelijke 
nabijheid. Dit is bekeken voor de relatie tussen het nieuwe bedrijf en de vorige werkgever van 
(één van) de oprichter(s). In hoofdstuk 5 zijn de volgende vragen beantwoord: In hoeverre is er een 
verband tussen de werkervaring van de oprichter en het innovatief vermogen van het softwarebedrijf? 
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In hoeverre is er een verband tussen contacten met de vorige werkgever en het innovatief vermogen van 
het bedrijf en wordt dat verband beïnvloed door ruimtelijke nabijheid tussen deze bedrijven?

Oprichters kunnen sectorspecifieke werkervaring hebben opgebouwd (ervaring opgebouwd 
in bepaalde sectoren), maar ook meer algemeen organisatorische ervaring omdat ze voorheen 
manager of reeds eerder ondernemer zijn geweest. In de Nederlandse softwaresector hebben 
ongeveer een derde van de oprichters ervaring in de softwaresector (spin-off ) en een zelfde 
aandeel als manager. De algemene aanname is dat oprichters met meer ervaring ook een beter 
functionerend bedrijf zullen hebben. In tegenstelling tot eerdere studies, is in dit proefschrift 
bekeken of de ervaringen van oprichters het innovatief vermogen van bedrijven beïnvloeden. 
De Tobit regressieanalyses laten echter zien dat in tegenstelling tot eerdere studies naar de 
overlevingskansen of werkgelegenheidsgroei in bedrijven, sectorspecifieke ervaringen amper 
bijdragen aan het innovatief vermogen van Nederlandse softwarebedrijven. Iets sterker is het 
positieve effect van oprichters die reeds eerder ondernemer zijn geweest. Organisatorische 
ervaring lijkt dus belangrijker in deze sector dan technologische ervaring.

Het effect van ruimtelijke nabijheid op de kennisuitwisseling via contacten van de oprichter 
is vrij complex. Het behouden van contacten met de vorige werkgever na de start van het 
softwarebedrijf draagt niet bij aan het innovatief vermogen van deze bedrijven, maar heeft juist 
een negatief effect. Eerdere empirische studies vonden ook al aanwijzingen voor de mogelijke 
beperkingen van voortgaand contact met de vorige werkgever. Dit negatieve effect geldt met 
name voor bedrijven die ook binnen een straal van 50 kilometer van de vorige werkgever zijn 
gestart. Tegelijkertijd heeft het vestigen van het bedrijf nabij de vorige werkplek van de oprichter 
in het algemeen een positief effect op het functioneren van het bedrijf. De bedrijven profiteren 
mogelijk wel van andere contacten of een bepaalde reputatie die de oprichter in die regio heeft 
opgebouwd tijdens voorgaande werkzaamheden. Overigens is in dit hoofdstuk innovatie-output 
als afhankelijke variabele gekozen. Uit de analyses is gebleken dat ruimtelijke nabijheid en 
relaties met de vorige werkgever alleen een significant effect hebben op de output van een bedrijf 
en niet op de innovatieproductiviteit. De organisatorische ervaring heeft een positief effect op 
beiden indicatoren.

6 Samenbrengen van externe kennisuitwisseling en interne organisatie

In hoofdstuk 6 hebben we de vraag beantwoord: In hoeverre is er een verband tussen 
agglomeratievoordelen, achtergrond van de oprichter, zakelijke relaties en het organisatorisch vermogen 
en het innovatief vermogen van softwarebedrijven in Nederland? Deze laatste empirische analyse 
heeft drie doelen. Ten eerste is, net als in hoofdstuk 2, het verband tussen agglomeratievoordelen 
en het functioneren van softwarebedrijven getoetst. In tegenstelling tot dat hoofdstuk, is deze 
analyse echter op bedrijfsniveau waardoor we kunnen controleren voor verschillen tussen 
bedrijven in algemene kenmerken maar ook hun betrokkenheid bij bepaalde mechanismen voor 
kennisuitwisseling. Ten tweede is ook het belang van de interne organisatie en strategie van 
bedrijven nader bekeken. In de economische geografie wordt vaak alleen gekeken naar de externe 
relaties van bedrijven, terwijl de interne organisatie van groot belang is voor de mogelijkheden 
die bedrijven hebben om externe kennis te verwerven en te benutten. In voorgaande 
hoofdstukken is steeds gecontroleerd voor algemene kenmerken van bedrijven zoals hun leeftijd, 
omvang en hun innovatiestrategie (incrementeel of radicaal). In dit hoofdstuk is ook bekeken of 
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bedrijven problemen ondervonden met de snelle veranderingen in de marktsituatie sinds 2000 
en hoe dit hun innovatief vermogen heeft beïnvloed. Bedrijven die dergelijke problemen hebben 
ondervonden worden verondersteld een minder goed organisatorisch vermogen te hebben. 
Tot slot is het effect van alle vier de verklarende factoren tegelijk getoetst om te controleren 
of bepaalde mechanismen het effect van anderen overnemen. Daarnaast biedt dit ook de 
mogelijkheid om te toetsen hoe de verschillende factoren gecombineerd het innovatief vermogen 
van softwarebedrijven beïnvloeden.

Wat betreft het eerste doel duiden de resultaten van de Tobit regressieanalyses erop dat de 
innovatieproductiviteit van softwarebedrijven inderdaad hoger is als ze gevestigd zijn in regio’s 
waar de computerservices sector is geconcentreerd. Een vestiging in een regio waar dergelijke 
bedrijven geconcentreerd zijn, heeft een negatief effect op de innovatie-input van deze 
bedrijven. Oftewel, deze bedrijven kunnen met een kleiner percentage medewerkers (input) een 
vergelijkbaar aandeel van nieuwe producten in hun omzet (output) verkrijgen, en daardoor dus 
een hogere innovatieproductiviteit genereren. Dit resultaat suggereert dat de concentratie van 
de sector leidt tot een beter functionerende arbeidsmarkt, in elk geval wat betreft innovatie. In 
tegenstelling tot hoofdstuk 2 vinden we geen significant effect van urbanisatievoordelen op het 
innovatief vermogen van softwarebedrijven.

Een opvallend resultaat van deze analyse is dat de verschillende mechanismen voor 
kennisuitwisseling en bedrijfskenmerken vooral een gecombineerd effect hebben op de 
innovatieproductiviteit van Nederlandse softwarebedrijven. Drie interactie-effecten zijn 
significant. Ten eerste is er wel een positief effect van de werkervaring van de oprichter in de 
softwaresector op de innovatieproductiviteit van softwarebedrijven. Over het algemeen zijn de 
bedrijven minder efficiënt als ze een radicaal nieuw product op de markt hebben gebracht. Als 
het bedrijf echter is opgericht door iemand met werkervaring in de softwaresector heeft het 
ontwikkelen van een radicaal nieuw product juist een positief effect op de innovatieproductiviteit. 
Mogelijk kunnen deze ondernemers beter inschatten wat de vraag in de markt is en wat de 
technologische mogelijkheden zijn om dit te realiseren. Ten tweede blijkt dat het negatieve 
effect van het ontwikkelen van een radicaal nieuw product versterkt wordt als het bedrijf 
reeds problemen heeft met het vinden van nieuwe klanten. Deze bedrijven lijken te lijden 
onder problemen met het inschatten van de behoefte van (potentiële) klanten. Tot slot bestaat 
er een interactie tussen het effect van localisatievoordelen en het hebben van problemen met 
het vinden van nieuwe medewerkers. Vooral in de tweede helft van de jaren ’90 hadden veel 
softwarebedrijven last van een tekort aan geschikte medewerkers. Uit deze analyse is echter 
gebleken dat bedrijven die met dergelijke problemen kampen en gevestigd zijn in regio’s waar 
de computerservices sector is geconcentreerd een hogere innovatieproductiviteit hebben. Dit 
suggereert dat de bedrijven in die regio’s in staat waren de ontwikkeling van nieuw producten 
efficiënter te organiseren en daardoor met minder medewerkers toch hetzelfde aandeel van 
nieuwe producten of diensten in hun omzet te creëren.

Deze resultaten duiden er ook op dat de interne organisatie en strategie van bedrijven 
inderdaad een belangrijke rol speelt bij het innovatieproces van softwarebedrijven. Het 
ondervinden van problemen met het aantrekken van nieuwe medewerkers of nieuwe 
klanten heeft geen direct effect op het innovatief vermogen van softwarebedrijven. Maar 
beiden indicatoren hebben wel een sterk significant interactie-effect met een van de andere 
onafhankelijke variabelen.
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7 Conclusies en aanbevelingen

Het doel van dit proefschrift was inzicht te geven in de mogelijke voordelen van ruimtelijke 
nabijheid tussen organisaties. Op basis van de empirische resultaten kunnen conclusies worden 
getrokken voor de drie verbanden die getoetst zijn in dit onderzoek. Ten eerste is onderzocht 
in hoeverre een vestiging in een regio waar meerdere organisaties zijn geconcentreerd bijdraagt 
aan het functioneren van softwarebedrijven. Met andere woorden, profiteert een softwarebedrijf 
van een locatie nabij andere organisaties ongeacht of het bedrijf directe contacten heeft met die 
andere organisaties? Op basis van de resultaten in hoofdstuk 2 en 6 kan geconcludeerd worden dat 
deze vraag wordt bevestigd. Uit hoofdstuk 2 is gebleken dat er een positief verband bestaat tussen 
zowel urbanisatie- als localisatievoordelen en de werkgelegenheidsgroei in de computerservices 
sector. In hoofdstuk 6 is gebleken dat het innovatief gedrag van softwarebedrijven gestimuleerd 
wordt door een vestiging in een regio waar computerservices bedrijven zijn geconcentreerd, zelfs 
als gecontroleerd wordt voor bedrijfskenmerken. Deze meer gedetailleerde analyse suggereert dat 
die bedrijven met minder medewerkers een product of dienst kunnen ontwikkelen dat evenveel 
oplevert aan omzet.

Conceptueel hebben deze resultaten met name gevolgen voor de veronderstelling dat 
Nederland een groot ‘urban field’ vormt. De regionale verschillen in Nederland zouden zo 
klein zijn dat bedrijven in feite overal even goed kunnen functioneren. De resultaten van deze 
studie bevestigen dat idee niet. Heel Nederland kan niet beschouwd worden als een ‘urban field’, 
althans voor wat betreft de softwaresector. Het effect van de agglomeratievoordelen lijkt zich wel 
over vrij grote afstand te spreiden en de softwaresector is niet sterk ruimtelijk geconcentreerd, 
maar toch lijken die regionale verschillen nog dusdanig te zijn dat het functioneren van bedrijven 
hierdoor wordt beïnvloed.

Ten tweede is onderzocht in hoeverre ruimtelijke nabijheid daadwerkelijk bijdraagt aan 
interacties tussen organisaties en of dit het innovatief gedrag van softwarebedrijven beïnvloedt. 
Uit de resultaten uit hoofdstuk 4 en 5 blijkt dat ruimtelijke nabijheid tussen softwarebedrijven 
en hun zakelijke relaties (klanten en vorige werkgever) wel positief bijdraagt aan hun innovatief 
vermogen, maar dat die voordelen van ruimtelijke nabijheid niet voortkomen uit meer interacties. 
Bedrijven die meer klanten in dezelfde regio hebben overleggen wel vaker face-to-face met hun 
klanten, maar die bedrijven hebben geen hoger innovatief vermogen. Ook lijkt het erop dat 
bedrijven wel intensiever contact hebben met de vorige werkgever van de oprichter als deze in 
dezelfde regio is gevestigd. Maar dat contact versterkt alleen maar het negatieve effect van die 
relatie op het innovatief vermogen van de softwarebedrijven.

Deze resultaten hebben met name implicaties voor de ‘relational geography’ een stroming 
binnen de economische geografie die de nadruk legt op het belang van interacties tussen 
organisaties voor kennisuitwisseling en innovatie. De resultaten van deze studie suggereren 
dat het belang van veel interacties tussen bedrijven voor de uitwisseling van kennis niet 
overschat moet worden. Ruimtelijke nabijheid kan ook bijdragen aan het innovatief vermogen 
van bedrijven zonder dat interacties plaatsvinden. Een mogelijke verklaring hiervoor is dat 
vergelijkbare bedrijven (in feite concurrenten) die in elkaars buurt gevestigd zijn elkaars gedrag 
en strategieën eenvoudiger kunnen observeren en in de gaten houden. Hierdoor zal het sneller 
bekend worden als een bedrijf een succesvol nieuw product heeft ontwikkeld en zullen de 
concurrenten dat al snel proberen te imiteren. Tegelijkertijd is het ook sneller duidelijk welke 
strategieën niets opleveren en voorkomt dit dat de bedrijven allemaal dezelfde fout maken.
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Tot slot is ook gekeken naar het effect van twee mechanismen voor kennisuitwisseling 
op het innovatief vermogen van softwarebedrijven. Een belangrijke conclusie die op basis 
van de resultaten in deze studie kan worden getrokken is dat het belang van externe relaties 
en mechanismen voor kennisuitwisseling niet overschat moeten worden. De resultaten van 
die analyses suggereren dat zakelijke relaties tussen bedrijven niet erg relevant zijn voor 
kennisuitwisseling. Contacten met klanten hebben geen effect op het innovatief vermogen 
van bedrijven, terwijl een relatie met de vorige werkgever het nieuwe bedrijf alleen maar 
beperkt. Zowel werkervaring als ondernemer en in de softwaresector helpen oprichters 
wel om een efficiënter innovatieproces op te bouwen, maar ook dit effect is vrij beperkt. Het 
innovatief vermogen van bedrijven lijkt vooral bepaald te worden door de combinatie tussen 
bedrijfskenmerken en het gebruik van externe mechanismen. Bedrijven moeten een goede interne 
organisatie en innovatie strategie hebben willen ze in staat zijn externe kennis te verwerven en te 
integreren in de eigen kennisbasis.

Een centraal aspect van de evolutionaire economie is het belang van heterogeniteit onder 
bedrijven. De resultaten van deze studie bevestigen dat belang. Niet elk bedrijf is even goed 
in staat om externe kennis te herkennen, op waarde te schatten of te integreren met de eigen 
kennis. Dit wordt de ‘absorptive capacity’ van bedrijven genoemd. De ‘absorptive capacity’ bepaalt 
in hoeverre een bedrijf in staat is externe kennis te betrekken op zo’n wijze dat het bijdraagt 
aan het innovatief vermogen van het bedrijf. In de economische geografie bestaat de neiging 
om vooral de externe relaties van het bedrijf of de kenmerken van de regionale omgeving te 
bestuderen. Het belang van ‘absorptive capacity’ maakt echter duidelijk dat een goed begrip 
van kennisuitwisseling tussen bedrijven ook inzichten in de interne organisatie van een bedrijf 
vereist, wat bevestigd wordt door de resultaten van deze studie.

Zoals in elke empirische studie leidde het beantwoorden van de onderzoeksvragen tot een aantal 
nieuwe vragen. Ten eerste is deze studie gericht op de softwaresector en is het de vraag of een 
studie naar een andere sector dezelfde resultaten zou hebben opgeleverd. De softwaresector 
is sterk vergelijkbaar met de zakelijke dienstverlening in het algemeen. Het grote belang van 
klanten en organisatorische kennis in deze sectoren leidt tot de veronderstelling dat het effect van 
ruimtelijke nabijheid op innovatie vergelijkbaar is. De resultaten zijn mogelijk wel anders voor 
sectoren waarin juist technologische kennis een centrale rol speelt zoals in de biotechnologie of 
elektrotechniek. Het is de vraag hoe relevant ruimtelijke nabijheid tussen organisaties is in deze 
sectoren, omdat die meer afhankelijk zijn van wetenschappelijke kennis die zich vaak verspreid 
via netwerken over de hele wereld. De eerste aanbeveling is daarom om een vergelijkbare studie 
voor andere sectoren uit te voeren.

De tweede aanbeveling is dat de relevantie van ruimtelijke nabijheid voor kennisuitwisseling 
nader moet worden onderzocht onder grotere bedrijven. Door te kiezen voor een telefonische 
enquête onder softwarebedrijven is deze studie beperkt tot de kleinere softwarebedrijven. 
Hierdoor is mogelijk het belang van ruimtelijke nabijheid sterker naar voren gekomen. Grote 
softwarebedrijven hebben vaak meerdere vestigingen verspreid over Nederland en zijn daarom 
minder afhankelijk van hun vestigingsregio. Daarnaast hebben die bedrijven vaak de middelen 
om een eigen R&D afdeling op te zetten waardoor er minder noodzaak bestaat om externe 
kennis te verwerven.

Ten derde zou het belang van relaties die een oprichter van een bedrijf heeft opgebouwd 
gedurende vorige werkzaamheden verder onderzocht moeten worden. Uit deze studie is gebleken 
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dat bedrijven weinig baat hebben van het houden van contact met de vorige werkgever van de 
oprichter. De verzamelde data zijn echter te beperkt om te kunnen achterhalen wat dit negatieve 
effect veroorzaakt. Toekomstige studies zouden met name de kenmerken van de relatie met de 
vorige werkgever nader moeten onderzoeken. In deze studie is alleen gemeten of er nog contact 
was na de start van het nieuwe bedrijf maar niet hoe sterk die relatie was. Daarnaast is ook 
gebleken dat bedrijven een hogere innovatie-output hebben als ze gestart waren in de regio waar 
de oprichter voorheen al werkte. In andere studies is gesuggereerd dat dit met name voordelig 
is omdat de oprichter in die regio contacten heeft opgebouwd met potentiële medewerkers, 
investeerders en klanten en mogelijk ook kan profiteren van een goede reputatie. Dit is echter 
nog niet onderzocht met behulp van meer kwalitatieve onderzoeksmethoden.

De vierde onderzoeksaanbeveling betreft het gebruik van het innovatief vermogen van 
bedrijven als een indicator voor hun functioneren. De afgelopen jaren wordt vaak verondersteld 
dat innovaties bepalend zijn voor de concurrentiekracht van bedrijven. Toch kan in twijfel 
worden getrokken dat het op de markt brengen van nieuwe producten in alle gevallen aangeeft 
dat een bedrijf goed functioneert. Over het algemeen wordt verondersteld dat bedrijven via het 
op de markt brengen van nieuwe producten hun marktpositie versterken. Maar bedrijven zijn 
ook gedwongen nieuwe producten te ontwikkelen als het ze maar niet lukt een marktpositie te 
verwerven. Ook vanuit het perspectief van de ondernemer is het niet waarschijnlijk dat bedrijven 
over gaan op het ontwikkelen van nieuwe producten als het bedrijf goed functioneert. Het 
ontwikkelen van nieuwe producten gaat gepaard met veel onzekerheid en ondernemers zullen 
er de voorkeur aan geven dit uit te stellen tot ze niet anders kunnen. De verwachting is dat er 
een groot verschil zit tussen bedrijven die innovatie als strategie gebruiken en bedrijven die een 
meer afwachtende houding aannemen. Toekomstige studies zouden dit verband nader moeten 
onderzoeken. Een andere onderzoeksaanbeveling over het innovatief vermogen van bedrijven is 
dat onderzocht moet worden hoe robuust het meten van innovatie via productiviteit is. Sommige 
resultaten lieten zien dat een indicator wel een significant effect had op de innovatie-input 
of output van een bedrijf, maar niet op de productiviteit. In veel gevallen komt dit omdat het 
effect op de andere kant van de innovatiebalans net niet significant was, maar het is lastig deze 
resultaten te interpreteren.

Ten slot zouden toekomstige studies het effect van andere mogelijke mechanismen voor 
kennisuitwisseling op het innovatief vermogen van bedrijven kunnen onderzoeken. In deze 
studie hebben we ervoor gekozen alleen de mechanismen te onderzoeken die met behulp van 
data verzameld onder de ondernemers getoetst kunnen worden. Mogelijk hebben medewerkers 
ook eigen netwerken en contacten (met oud-studiegenoten of collega’s) die functioneren als een 
mechanisme voor kennisuitwisseling. Ook arbeidsmarktmobiliteit speelt mogelijk een belangrijke 
rol, omdat nieuwe medewerkers nieuwe kennis en ervaring meebrengen. Onderzoek naar de rol 
van deze mechanismen vereist wel dat de data onder medewerkers wordt verzameld.

Uit deze studie blijkt dat ruimtelijke nabijheid tot andere organisaties inderdaad bijdraagt aan 
het innovatief vermogen van softwarebedrijven in Nederland, maar, in tegenstelling tot wat 
vaak wordt verondersteld, dat dit effect niet verklaard kan worden doordat er vaker interacties 
plaatsvinden tussen bedrijven die in elkaars nabijheid zijn gevestigd. Daarnaast is ook gebleken 
dat de interne organisatie een belangrijke rol speelt bij de mogelijkheden die bedrijven hebben 
om externe kennis te verwerven en om te zetten naar nieuwe producten of diensten. Door 
een aantal aannames over het belang van ruimtelijk nabijheid voor kennisuitwisseling tussen 
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bedrijven daadwerkelijk te toetsen heeft deze studie geholpen meer inzicht te krijgen in wat voor 
voordelen bedrijven hebben bij het gevestigd zijn in de nabijheid van andere organisaties.

Toch stonden in deze studie slechts een klein deel van de vele verschillende wijzen waarop 
ruimtelijke nabijheid kan bijdragen aan het functioneren van bedrijven centraal. De afgelopen 
jaren zijn er allerlei nieuwe perspectieven ontstaan op centrale thema’s van de economische 
geografie door kruisbestuiving met inzichten uit andere disciplines zoals de evolutionaire 
economie, organisatiewetenschappen en innovatiestudies. Op basis van deze ontwikkelingen 
kunnen drie nieuwe manieren worden onderscheiden waarop het belang van ruimtelijke nabijheid 
nader kan worden onderzocht. Ten eerste zou het belang van de netwerkpositie van bedrijven 
voor hun innovatief vermogen verder uitgezocht kunnen worden. Recente studies suggereren 
dat bedrijven niet zozeer profiteren van directe relaties met andere organisaties, maar vooral 
van hun positie in een totaal netwerk van relaties. Ten tweede wordt steeds meer betwijfeld dat 
ruimtelijke nabijheid voldoende is om kennisuitwisseling tussen bedrijven te laten plaatsvinden. 
Andere vormen van nabijheid zoals cognitieve, organisatorische of sociale nabijheid spelen een 
belangrijke rol, omdat die helpen het benodigde begrip en vertrouwen tussen de partners te doen 
ontstaan. Toekomstige studies zouden het belang van die verschillende vormen van nabijheid 
tussen organisaties uit een moeten rafelen. Tot slot zou het belang van ruimtelijk nabijheid meer 
vanuit een dynamisch perspectief onderzocht moeten worden. Het is waarschijnlijk dat er een 
link bestaat tussen bepaalde agglomeratievoordelen en de sectorlevenscyclus. Localisatievoordelen 
zijn bijvoorbeeld pas relevant op het moment dat een sector reeds is geconcentreerd in bepaalde 
regio’s en dat kan pas gebeuren als de sector uit een groter aantal bedrijven bestaat. Recente 
studies onderzoeken de mogelijke veranderingen in het belang van agglomeratievoordelen met 
behulp van longitudinale data over toetreders en uittreders in een sector.

Net als deze studie kunnen de inzichten van deze drie nieuwe perspectieven helpen meer 
inzicht te krijgen in de redenen waarom bedrijven profiteren van nabijheid tot andere organisaties 
in plaats van alleen maar aan te nemen dat bedrijven dit doen.
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Appendix A: 
Spatial econometric analyses

Appendix A.1 Measuring spatial dependence

This appendix heavily relies on the explanations provided by Van Oort and Atzema (2004) 
on spatial autocorrelation. Spatial econometric models allow us to account for possible spatial 
dependence of both dependent and independent variables over different distances, using 
matrices that contain the distances between the 496 municipalities in 2002 (W-matrix). Spatial 
autocorrelation can be defined as the coincidence of value similarity with locational similarity. 
Positive spatial autocorrelation occurs when high or low values of a random variable tend to 
cluster (agglomerate) in space. Negative spatial autocorrelation occurs when geographical areas 
tend to be surrounded by neighbours with very dissimilar values. The measurement of global 
spatial autocorrelation in this section is based on Moran’s I statistic, which is the most widely 
known measure of spatial clustering. For each year or period of observation, this statistic is given 
by:

It = –– ––––––––––––––––––––––
Σ Σ wij (xit - μt) (xjt - μt)

Σ ( xit - μt)2

n

S0

i j

i

xit = the observation in region i and year (period) t
μt = the mean of the observations across regions in year (period) t
n = the number of regions
wij = the interregional element of the spatial weight matrix W
So = a scaling factor equal to the sum of all elements of W

This matrix contains the information about the relative spatial dependence between the n regions 
i and j. The elements on the wii diagonal are set to zero whereas the elements wij indicate the way 
region i is spatially connected to region j. For row-standardised spatial weight matrices, which 
are the preferred way to implement the Moran’s I test statistic, the normalising factor So equals 
n, since each row then sums to  (see Anselin, 995a). The statistic then simplifies to the ratio of 
a spatial cross products to variance, making Moran’s I similar but not equivalent to a correlation 
coefficient; it is not centred around 0. The theoretical mean of Moran’s I is –/N-. The expected 
value is thus negative and is only a function of sample size (N). This mean will tend to zero as 
the sample size increases.

The theoretical variance of Moran’s I depends on the stochastic assumptions made. Either 
the assumption of a normal distribution of variables in question (normality assumption), or 
the assumption that each variable observed could equally likely have occurred at all locations 



52

(randomisation assumption), or a randomization approach using a reference distribution for I 
that is generated empirically (permutation assumption) can be tested. While all three variance 
assumptions were tested, only the results of the randomization assumption are presented since 
all three models gave very similar results. Inference is based on a standardized z-value of I 
that is calculated by subtracting the theoretical mean and dividing the result by the theoretical 
standard deviation. A positive and significant z-value for Moran’s I (as can be judged from the 
low probability values) indicates positive spatial autocorrelation. Similar values of the variable, 
either high or low, are more spatially clustered than might result form pure chance. In contrast, 
a negative and significant z-value for Moran’s I indicates negative spatial autocorrelation, the 
opposite of spatial clustering.

In table , the Moran’s I statistics for spatial autocorrelation are presented for the dependent 
and all seven independent variables selected in chapter 2. The results of the Moran’s I are to 
a large extent determined by the choice of the spatial weight matrix. In general, a pattern of 
decreasing autocorrelation with increasing orders of contiguity is typical of many spatial 
autoregressive processes. Table  shows the results for two types of matrices. The full distance 
weight matrices (W_matrix) measure the actual distances between municipalities. The largest 
distance is W_, W_2 is inverse of that distance and W_3 the inverse of W_2. The contiguity 
matrix (C_matrix) measures whether municipalities are adjacent and, therefore, only consists of 
 and 0 scores. C_ measures the effect of municipalities adjacent to the municipality examined, 
C_2 the effect of both the municipalities adjacent and their neighbours, and C_3 the effect over 
three municipalities. In table , both first (W_), second (W_2) as well as third (W_3) order full 

Table 1 Moran’s I statistics for the dependent and independent variables and for both distance 
and contiguity matrices (Netherlands, n = 496)

Moran’s I W_1 St. Dev. W_1 St. value W_1 St. value W_2 St. value W_3

Employment growth 0.0083858 0.003620 2.875 1.172* 0.812*
Intial employment 1996-97 0.0598069 0.003625 17.054 10.619 8.406
Concentration 1996-97 0.0898030 0.003620 25.369 14.548 11.554
Concentration other 
business services 1996

0.0571610 0.003625 16.325 8.615 6.444

Lack of diversity 1996 0.0173963 0.003619 5.365 2.030* 1.436*
Education level 1991-1997 0.0378714 0.003623 11.009 8.625 7.442
Population density 0.1002614 0.003629 28.186 12.776 8.620

Moran’s I C_1 St. Dev. C_1 St. value C_1 St. value C_2 St. value C_3

Employment growth 0.065124 0.027649 2.428* 2.559* 1.514*
Intial employment 1996-97 0.276863 0.027692 10.071 9.460 8.194
Concentration 1996-97 0.402712 0.027647 14.639 13.988 12.588
Concentration other 
business services 1996

0.189897 0.027691 6.931 8.039 9.379

Lack of diversity 1996 0.053946 0.027642 2.025* 3.586 1.486*
Education level 1991-1997 0.220041 0.027678 8.023 5.534 5.248
Population density 0.334237 0.027719 12.131 15.000 15.790

* statistics which are not significant at p=0.01 (all other statistics are)
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distance weight matrices and first (C_), second (C_2) as well as third (C_3) order contiguity 
weight matrices are used for spatial autoregressive modelling. With respect to the full distance 
weight matrices indeed first order distance weights show the highest significance in spatial 
autocorrelation. The results for the contiguity matrices suggest that the second order weight 
matrix has the highest significance in spatial autocorrelation. However, the dependent variable 
employment growth is only statistically significant in the first order distance matrices. Therefore, 
the latter weight matrix is selected for the analyses presented in section 2.5 (the distance over 
which this matrix affects the score of the municipality examined cannot be measured, but 
previous studies showed that it is somewhat comparable to C_2, in other words, the neighbours 
of the neighbours).

Spatial econometric models can provide an indication of spatial dependence in four ways:

 Spatial lag formulation of the dependent variable:
y = ρ W y* + Xβ + ε

 in which y denotes an Nx vector of spatially measured (sectoral) growth rates, elements of 
W would reflect distances between locations (not national employment shares of industries), 
and the spatial coefficient ρ would index the strength of employment growth linkages over 
space.

2 Spatial error formulation:
 An alternative specification to the spatial lag model is the spatial error specification:

y = Xβ + μ;  μ = λWμ + ε

 in which μ is interpreted as the outcome of a spatial autoregressive process involving a 
weight matrix (W) and a spatial autoregressive coefficient (λ). The distinction between the 
spatial lag and spatial error specifications is important because in the former case, growth 
in one location is linked to growth in other locations, whereas in the latter case, linkages 
between locations occur via the error generation process.

3 Spatial lag of independent variables (cross-regressive spatial dependence)
 Spatially lagged explanatory variables are thirdly called cross-regressive spatial dependence. 

This type of modelling does more explain the spatial dependence than just taking care of it 
in spatial lag and spatial error specifications.

4 Spatial heterogeneity through spatial regimes (Anselin et al., 2000; Van Oort and Atzema, 
2004).
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Appendix A.2 Descriptive statistics and correlation matrix for the OLS and spatial 
regime models of employment growth in the computer services in the 
Netherlands, 1996-2002

Table 1 Descriptive statistics

Mean Std. Dev. Minimum Maximum N

Employment growth computer services 2.79 3.14 0.10 32.00 496

Initial employment computer 1996-1997 143.81 540.94 0.50 7744.00 496

Concentration firms 1996-1997 0.86 0.55 0.02 3.53 496

Concentration other business services 1996 0.79 0.27 0.22 2.16 496

Lack of diversity 1996 0.09 0.04 0.05 0.42 496

Average education level 1991-1997 1.85 0.09 1.65 2.30 496

Population density 743.24 898.478 26.30 5510.79 496

Macro-zoning 2.28 0.75 1.00 3.00 496

Connectedness 1.50 0.50 1.00 2.00 496

Urban size 1.87 0.33 1.00 2.00 496

Table 2 Correlation matrix (n = 496)

1 2 3 4 5 6 7 8

1 Employment growth 1996-2002 1.00
2 Log Initial employment 96-97 -.280*** 1.00
3 Concentration firms 1996-1997 -.271*** .629*** 1.00
4 Log concentration other business 

services 1996
.018 .355*** .227*** 1.00

5 Log lack of diversity 1996 -.012 -.207*** .050 -.076* 1.00
6 Education level 1996 -.041 .544*** .371*** .381*** .135*** 1.00
7 Population density -.028 .571*** .352*** .265*** -.049 .500*** 1.00
8 Macro-zoning .037 -.373*** -.429*** -.303*** -.115*** -.221*** -.477*** 1.00
9 Connectedness .053 -.303*** -.323*** -.158*** -.050 -.269*** -.330*** .284***

* p < 0.10; ** p < 0.05; *** p < 0.01
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Appendix A.3 Spatial lag and spatial error models for (log) employment growth 
in the computer services in the Netherlands, 1996-2002 (n = 496,

Explanatory variables (1) OLS (2) Spatial lag (3) Spatial error

B T-values B T-values B T-values

Constant 0.028 0.645 0.015 0.341 -0.076 -0.216
Concentration 1996-97 -0.140** -2.519 -0.139** -2.529 -0.165*** -2.962
(Log) Concentration 
other business services 

0.104** 2.117 0.117** 2.399 0.130*** 2.614

(Log) lack of diversity 
1996

-0.082* -1.856 -0.070 -1.601 -0.058 0.044

Education level 1996 0.125** 2.182 0.117** 2.061 0.120** 2.044
Population density 1996 0.173*** 3.062 0.195*** 3.498 0.227*** 3.809
(Log) initial employment 

1996-97
-0.428*** -5.746 -0.433*** -5.875 -0.463*** -6.296

Spatial coefficient (ρ) – – 0.669*** 3.326 – –
Spatial coefficient (λ) – – – – 0.875*** 10.225

Sum statistics
N 496 496 496
R/ML 0.144/ -696.855 0.147/ -694.725 0.178/ -690.042
LM (BP) 9.127 (0.167) 19.322 (0.004) 19.069 (0.004)
LM (ρ) 4.921 (0.027) – –
LM (λ) 22.514 (0.000) – –
LR (ρ)/LR (λ) – 4.260 (0.039) 13.625 (0.000)
LM ρ (λ)/LM λ (ρ) – 37.57 (0.000) 0.008 (0.928)

* p < 0.10; ** p < 0.05; *** p < 0.01
Following Anselin et al. (1995), LM (ρ) and LM (λ) are statistics for the presence of a spatial lag in respectively 
the dependent variable and in the residual, with a critical value of 3.84 at the 5% level of significance. The 
spatial matrix used is W_1 (row standardised). LM (BP) tests for homoscedasticity of regression errors using 
the Breusch-Pagan Lagrange multiplier test for normal distributed errors. LR (ρ) tests for the significance of 
spatial dependence coefficient. LR (λ) tests for the significance of spatial dependence in the errors of the 
regression. LM ρ (λ) and LM λ (ρ) tests for additional spatial residual correlation (critical value 3.85 at 5% level 
of significance).
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Appendix A.4 Spatial regime models for (log) employment growth in the 
computer services in the Netherlands, 1996-2002 (n = 496)
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Appendix B: 
Data collection and telephone survey

Appendix B.1 First telephone survey (November-December 2002)
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Appendix B.2 Results of the Z-tests to estimate the representativeness of the 
response of the first and second telephone survey

1 First survey
Using the difference of means Z test and the Z test for proportions1, we tested whether the 
response of the first telephone survey was representative for the initial database in which the 
firms were selected with respect to three topics: the number of employees, the proportion of 
firms per region and the proportion of firms per type of ICT activity. Since our survey showed 
that almost 20% of the total database was not eligible for our research, we first corrected our 
sample to bring it in line with the initial database with respect to the spread over the four NACE 
codes, the number of fulltime employees and the spread of the firms over the 2 provinces of 
the Netherlands. We began by determining how many firms were not eligible for each of the 
categories and than removed that percentage from each category at random. The result was a 
total database of 6,594 firms. We determined the representativeness of the response (,608 firms) 
for that database.

Number of employees
Is the mean size of the firms of the respondents similar to the mean of the total number of firms? 
The mean number of full time employees per firm of all firms is 3.0, while for the respondents 
this is 3.5, with a standard deviation of 33.3. We assume that the mean of the response is the 
same as for the entire population (null hypothesis). This is tested with the difference of means 
Z test with a 0.05 level of significance. We found that the average number of employees per 
firm is 0.57 standard errors above the mean of the total number of firms. Since the Z-value of 
the test lies between the critical values of a 0.05 level of significance (-.96 <= Z => .96), the 
null hypothesis should not be rejected with a certainty of 95%. The conclusion is that the mean 
number of employees per ICT firm in the response sample does not deviate from that of the 
total research population.

Division over 12 provinces
The representativeness of the response was also tested by establishing differences in the 
number of firms per sector and region between the response group and the total database. Is 
the proportion of ICT firms of the response population located in the 2 provinces similar to 
that of the total number of firms located in these regions? This was tested with the Z test for 
proportions, and the results are shown in the table below. We can conclude that the proportion 
of ICT firms that in each region does not differ from the total database in all of the 2 provinces. 
For all regions, the Z-value lies between the critical values and we therefore do not reject the 
null hypothesis.

Division over NACE codes
Finally, we have tested whether the proportion of the response involved in various ICT activities 
differs from the proportion of ICT firms in the total number of firms. The results of these Z-
tests are presented in the table below. Again, all Z-values lie between the critical values of a 
0.05 level of significance (-.96 <= Z => .96), and the null hypothesis should not be rejected 
with a certainty of 95%. The conclusion is that division of the sample over the five codes does 
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not deviate from that of the total database. We can conclude that with a certainty of 95% the 
response is similar and, hence, that it is representative for the total database.

2 Second survey
The representativeness of the response of the second survey has also been tested for three topics: 
the number of employees, the proportion of firms per region and the proportion of firms per 
NACE codes. Again we used the difference of means Z test and the Z test for proportions. As 
explained in section 3.3, the research population consisted of 67 firms and the sample size is 265 
firms. Two firms were excluded from this analysis, because no data was available on their activity 
and number of employees from the Chamber of Commerce.

Number of employees
Is the mean size of the firms of the respondents similar to that of the total research population? 
The mean number of full time employees per firm of the total research population is 7.7, while 
for the respondents this is 9.9 with a standard deviation of 8.8. We assume that the mean of 
the response is the same as for the whole population (null hypothesis). This is tested with the 
difference of means Z test with a 0.05 level of significance. We found that the average number 
of employees per firm is -6.8 standard errors below the mean of the total research population. 
Since the Z-value of the test lies between the critical values of a 0.05 level of significance (-.96 
<= Z => .96), the null hypothesis should be rejected with a certainty of 95%. The conclusion 

Table 1 Representativeness of response per region in percentages and Z-values

Region Population average Sample average Z-value

Groningen 2.7 2.2 -1.24
Friesland 1.7 1.4 -0.41
Drenthe 1.5 1.3 -0.05
Overijssel 4.9 4.8 -0.04
Gelderland 10.5 11.9 0.94
Utrecht 11.8 12.0 0.25
Noord-Holland 19.2 21.7 1.01
Zuid-Holland 25.9 23.7 -0.62
Zeeland 0.5 0.6 0.57
Noord-Brabant 14.2 13.8 -0.11
Limburg 4.1 3.4 -0.54
Flevoland 3 3.1 0.06

Table 2 Representativeness per activity in percentages and Z-values

NACE code Population average Sample average Z-value

7220 48.4 48.0 -0.32
72101 14.1 15.1 1.15
72102 34.4 35.2 0.33
723001 0.2 0.22 0.57
723002 0.3 0.2 -0.21
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is that the mean number of employees per ICT firm in the response sample differs from that 
of the total research population. After examining the research population to find out why 
the sample is not similar, we found that one firm included in the research population had a 
much higher number of employees than all other firms (6,000 employees). The Dutch software 
industry mainly consists of many relatively small-sized firms and a few very large firms (a similar 
situation exists in other European countries, see for instance Isaksen, 2004 and Grimaldi and 
Torrisi, 200). To avoid too many differences between the firms we decided to exclude this large 
firm from our dataset. When we computed the Z-values again for the size of firms after the 
large firm had been excluded, the mean number of full time employees per firm of the total 
research population became 0.7. The Z-value indicates that the average number of employees 
per firm is –0.68 standard errors below the mean of the total research population. In this case, 
the Z-value of the test lies between the critical values of a 0.05 level of significance (-.96 <= Z 
=> .96) and, therefore, the null hypothesis should not be rejected with a certainty of 95%. The 
mean number of employees per ICT firm of the response does not deviate from that of the total 
research population.

Division over NACE codes
We have tested whether the proportion of the response involved in different ICT activities differs 
from the proportion of ICT firms in the total reached research population. The proportions of 
the total reached research population, the proportions of the response per code and the results of 
the Z-values are presented in the table below. All the Z-values lie between the critical values of 
a 0.05 level of significance (-.96 <= Z => .96) and, therefore, the division of the response over 
the five NACE codes is similar to the divisions of the total research population with a certainty 
of 95%.

Proportions per region
The representativeness of the response was also tested by differences in the number of firms per 
sector and region between the response group and the total research population. Is the proportion 
of ICT firms of the response sample located in the 2 provinces similar to the proportion of 
the total number of firms of the research population located in these regions? This was tested 
with the Z test for proportions and the results are presented below. Although table 5 shows 
that relatively fewer respondents answered the questionnaire in the Randstad. the Z-value lies 
between the critical values of a 0.05 level of significance (-.96 <= Z => .96). All other Z-values 
are also between these values. and we can therefore conclude that the distribution of the response 
to the second survey is similar to the one found in the total population with a certainty of 95%.

Table 3 Representativeness per activity in percentages and Z-values (n = 264)

NACE code Population average Sample average Z-value

7220 53.9 55.3 0.46
72101 14.1 14.4 0.14
72102 29.0 27.7 -0.47
723001 2.8 2.7 -0.10
723002 0.2 0 -0.73
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Table 4 Representativeness of the response per province in percentages and Z-values (n = 264)

Region Population proportion Sample proportion Z-value

Groningen 1.7 1.1 -0.75
Friesland 1.9 2.7 0.95
Drenthe 1.6 1.1 -0.65
Overijssel 5.2 7.2 1.46
Gelderland 13.4 15.9 1.19
Utrecht 10.6 9.5 -0.58
Noord-Holland 21.6 21.2 -0.16
Zuid-Holland 25.0 21.2 -1.43
Zeeland 0.5 0.8 0.69
Noord-Brabant 12.9 14.4 0.73
Limburg 2.3 1.1 -1.30
Flevoland 3.3 3.8 0.45

Table 5 Representativess of the response over three regions in percentages and Z-values

Region Population proportion Sample proportion Z-value

Periphery 21.2 23.9 0.96
Intermediate Zone 30.4 33.7 1.17
Randstad 48.3 42.4 -1.92

Notes

 Difference of means Z test: Z = (X - μ) / σ = ((X - μ) / s) * √n
 Ζ = Z value
 X = Mean
 δ = population standard deviation
 µ = population mean
 Z test for proportions: Z = (p - μ) / σ = (p - ρ) / √(ρ ( - ρ) / n)
 n = sample size
 p = sample proportion
 ρ = population proportion
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Appendix B.3 Map of the 40 COROP-regions in the Netherlands and the number 
of software firms of the research population per region (January 2003)
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Appendix B.4 Example of a map indicating a 50 kilometre radius surrounding a 
firm located in Utrecht
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Appendix B.5 Second telephone survey (May-June 2003)
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Appendix C: 
Regression analyses on inter-organisational 
relationships

Appendix C.1 Correlation matrix of OLS regression to estimate the number of 
face-to-face contacts with customers per month and the percentage of 
customers within a 50 km range (n = 169)

1 2 3 4 5 6 7 8

1 Log (N of face-to-face contacts 
with customers per month)

1.00

2 % customers within range of 50 km 0.15** 1.00

3 Intensive relationship with 
customers

0.20*** -0.14** 1.00

4 Log (n external sources of 
innovation)

0.06 -0.01 -0.08 1.00

5  Log (n important external sources 
of innovation)

0.04 -0.05 0.02 0.46*** 1.00

6 Innovation input 0.11* 0.13* 0.05 0.07 0.10 1.00

7 Radical innovation 0.15** 0.02 -0.06 -0.10* -0.08 0.10 1.00

8 Age of the firm -0.11* -0.13* -0.09 0.11* -0.03 -0.09 0.03 1.00

9 Log (size of the firm) 0.04 -0.16** 0.04 0.00 0.06 -0.43*** -0.14** 0.21***

* p < 0.10; ** p < 0.05; *** p < 0.01
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Appendix C.2 Estimation results of the Tobit regression models for the effect of 
inter-organisational relationships on innovation input (table 1). innovation 
output (table 2)

Table 1 Innovation input

Model 1 Model 2 Model 3

B S. E. B S. E. B S. E.

Constant 84.19*** 9.95 84.42*** 9.32 71.36*** 11.01

Log (n face-to-face contacts customers) 21.41 31.68 -15.86 14.76 -18.26 14.63

Log (n face-to-face contacts customers) 
squared

-42.48 35.32 -- -- -- --

Spatial proximity to customers -0.45 0.29 -0.14 0.13 -0.14 0.13

Spatial proximity to customers squared 0.001 0.001 -- -- -- --

Number to contacts * proximity to customers 0.81** 0.33 0.79** 0.35 0.82** 0.33

Collaboration with customers 7.29 5.44 7.68 5.39

Log (breadth of external sources) 11.88 11.81

Log (depth of external sources) 18.67 13.88

Radical innovation 0.94 5.17 1.30 5.26 2.91 5.25

Age of the firm 0.26 0.40 0.23 0.40 0.29 0.39

Log (size of the firm) -36.76*** 6.35 -37.41*** 6.39 -38.22*** 6.31

N 160 159 159

-2 Log likelihood 1369.10 1361.32 1356.48

Sigma 27.27*** 27.45*** 27.00***

Pseudo R square 0.212 0.210 0.231

* p < 0.10; ** p < 0.05; *** p < 0.01
Notes: B is unstandardised coefficient; S.E. is standard error; N is number of observations
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Table 2 Innovation output

Model 1 Model 2 Model 3

B S. E. B S. E. B S. E.

Constant -0.08 12.80 4.86 11.69 4.69 13.03

Log (n face-to-face contacts customers) -7.90 34.07 -0.72 10.33 -0.69 10.37

Log (n face-to-face contacts customers) 
squared

15.18 37.69 -- -- -- --

Spatial proximity to customers 0.33 0.31 -0.06 0.08 -0.05 0.08

Spatial proximity to customers squared -0.003 0.003 -- -- -- --

Number of contacts * proximity to customers -0.24 0.36 -- -- -- --

Collaboration with customers -2.96 5.78 -3.08 5.84

Log (breadth of external sources) -2.65 12.63

Log (depth of external sources) 5.46 15.28

Radical innovation -13.67** 5.63 -13.19** 5.71 -13.18** 5.78

Innovation input 0.76*** 0.10 0.75*** 0.09 0.74*** 0.10

Age of the firm -0.99** 0.42 -0.94** 0.42 -0.93** 0.42

Log (size of the firm) 14.78** 7.42 14.79** 7.47 14.66* 7.53

N 148 147 147

-2 Log likelihood 1254.64 1247.30 1247.17

Sigma 27.96*** 28.17*** 28.15***

Pseudo R square 0.291 0.285 0.285

* p < 0.10; ** p < 0.05; *** p < 0.01
Notes: B is unstandardised coefficient; S.E. is standard error; N is number of observations
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Appendix D: 
Regression analyses on knowledge inheritance 
processes

Appendix D.1 Results of the estimation models of the effect of knowledge 
inheritance processes on the innovation input (table 1) and innovation 
productivity (table 2) of software firms in the Netherlands

Table 1 Innovation input

Variable Model 1 Model 2 Model 3

B S. E. B S. E. B S. E.

Constant 82.79*** 7.82 82.97*** 7.58 75.96*** 7.99

Spin-off 0.17 5.06 – – – –

Related industry experience -3.70 5.60 – – – –

User entrepreneur 0.75 6.69 – – – –

Management experience – – -0.16 5.08 – –

Habitual entrepreneur – – -3.98 6.31 – –

Relationship previous employer – – – – 3.84 4.86

Location near previous workplace of the 
founder

– – – – 2.00 4.78

Radical innovation 4.42 5.04 4.63 5.04 4.87 5.10

Age of the firm 0.06 0.39 0.02 0.41 0.27 0.39

Log (size of the firm) -32.35*** 6.22 -32.11*** 6.33 -31.86*** 6.12

N 184 184 179

 -2 Log likelihood 1591.97 1592.10 1552.87

Sigma 29.29*** 29.30*** 28.69***

Pseudo R square 0.126 0.125 0.134

* p < 0.10; ** p < 0.05; *** p < 0.01
Notes: B is unstandardised coefficient; S.E. is standard error; N is number of observations
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Table 2 Innovation productivity

Variable Model 1 Model 2 Model 3

B S. E. B S. E. B S. E.

Constant 1.72*** 0.16 1.69*** 0.16 1.84*** 0.17

Spin-off 0.19* 0.11 0.15 0.10 – --

Related industry experience -0.02 0.12 – – – –

User entrepreneur 0.09 0.15 – – – –

Management experience – – 0.02 0.11 – –

Habitual entrepreneur – – 0.24* 0.14 0.25* 0.14

Relationship previous employer – – – – -0.11 0.10

Location near previous workplace of the 
founder

– – – – -0.02 0.10

Radical innovation -0.43*** 0.11 -0.44*** 0.11 -0.41*** 0.11

Age of the firm -0.01 0.01 -0.01 0.01 -0.02* 0.01

Log (size of the firm) 0.21 0.13 0.19 0.13 0.21 0.13

N 169 169 164

-2 Log likelihood 321.28 318.64 305.86

Sigma 0.60*** 0.59*** 0.59***

Pseudo R square 0.202 0.214 0.240

* p < 0.10; ** p < 0.05; *** p < 0.01
Notes: B is unstandardised coefficient; S.E. is standard error; N is number of observations
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Appendix D.2 Correlation matrix for the estimation of the effect of knowledge 
inheritance processes on the innovation output of software firms in the 
Netherlands (n = 169)
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Appendix E:
Regression analyses on total model

Appendix E.1 Correlation matrix for the Tobit regression estimating the 
innovation productivity of software firms
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Appendix E.2 Estimation results. explaining the innovation input (table 1) and 
output (table 2) of Dutch software firms

Table 1 Innovation input

Model 1 Model 2 Model 3 Model 4

B S.E. B S.E. B S.E. B S.E.

Constant 92.29*** 22.02 88.47*** 8.37 71.93*** 9.85 72.66*** 9.06
Localisation economies -6.63* 3.42 -7.19** 3.02 -6.26** 2.96 -6.33** 2.89
Urbanisation economies -0.00 0.00 – – – – – –
Industrial diversity -39.79 296.70 – – – – – –
Spin-off 1.39 4.79 – – – –
Habitual entrepreneur -4.69 6.25 – – – –
Relationship previous employer 2.84 4.69 – – – –
Intensive relationship customers 5.36 4.41 – –
External search breadth 10.97 11.47 – –
External search depth 21.00 13.80 – –
Problems attracting customers 2.95 4.23
Problems finding new employees -5.66 4.25
Radical innovation 4.02 4.97 4.59 5.06 4.63 4.92 6.93 4.86
Log (size of the firm) -30.36*** 6.18 -29.86*** 6.22 -32.51*** 6.09 -27.20*** 6.14
Age of the firm 0.07 0.38 0.12 0.40 0.12 0.37 0.11 0.36

N 184 181 184 177
Sigma 28.85*** 28.95*** 28.29*** 27.54***
-2 Log likelihood 1586.35 1558.92 1579.41 1534.12
Pseudo R square 0.145 0.142 0.174 0.167

* p < 0.10; ** p < 0.05; *** p < 0.01
Notes: B is unstandardised coefficient; S.E. is standard error; N is number of observations
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Table 2 Innovation output

Model 1 Model 2 Model 3 Model 4

B S.E. B S.E. B S.E. B S.E.

Constant 11.54 25.28 16.79 11.06 10.12 12.11 10.45 11.47
Localisation economies 1.91 3.69 – – – – – –
Urbanisation economies -0.00 0.00 – – – – – –
Industrial diversity 48.29 325.42 – – – – – –
Spin-off 2.66 5.12 – – – –
Habitual entrepreneur 12.27* 6.88 13.30** 6.66 8.00 6.99
Relationship previous employer -7.20 5.14 – – – –
Intensive relationship customers 5.38 4.81 4.73 4.88
External search breadth -2.21 12.31 – –
External search depth 8.36 15.35 – –
Problems attracting new customers -6.31 4.80
Problems finding new employees 4.15 4.78
Innovation input 0.66*** 0.09 0.66*** 0.09 0.64*** 0.09 0.65*** 0.09
Radical innovation -16.91*** 5.42 -19.39*** 5.54 -17.77*** 5.37 -17.68*** 5.47
Log (size of the firm) 5.60 7.36 4.70 7.33 4.65 7.29 7.84 7.46
Age of the firm -0.95** 0.41 -0.83** 0.43 -0.76* 0.41 -0.85** 0.41

N 169 166 169 162
Sigma 29.76*** 29.57*** 29.28*** 29.23***
-2 Log likelihood 1434.83 1403.42 1430.13 1369.58
Pseudo R square 0.242 0.262 0.260 0.254

* p < 0.10; ** p < 0.05; *** p < 0.01
Notes: B is unstandardised coefficient; S.E. is standard error; N is number of observations
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