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Abstract

Universities are increasingly seen as important players in the regional economy, among others through their
contribution to the rise of new high-technology companies and mechanisms of knowledeg valorization.
Regional-economic development and the creation of academic research clusters are becoming more and
more mutually intertwined dynamic forces. In this paper, we argue that diversity is a major supporting
condition to growth in knowledge valorization, particularly because of different needs in learning and
innovation. The focus of analysis is on the growth rate of incubators in a comparative study across the
developed world and on differences in growth rate between spin-off companies in a local contrasting study,
i.e. concerning Delft University of Technology in Delft in the Netherlands and NTNU in Trondheim,
Norway. The overall conclusion is that diversity matters in many ways in a positive sense. This holds
particularly for diversity in stakeholders in the incubation initiative and for diversity in social background
of partners in networks of spin-offs through which learning and innovation take place.

Despite a different incubator development in Delft and Trondheim, the growth patterns of incubated spin-
off firms turned out to be roughly similar. The social networks, however, turned out to be different in
structure and shape, i.e. relatively open, strong and more often outside the local in Delft, as opposed to
relatively closed, weak and local-oriented in Trondheim. One characteristic is similar, that is heterogeneity
in social background of partners. Of all four network characteristics studied, it is precisely this factor that
tends to influence growth in the same (positive) direction in both cities. An important difference is
concerned with strength of relationships: stronger relationships tend to hamper growth in Delft but tend to
stimulate growth in Trondheim. As far as the role of proximity in social networks is concerned, we gained
the result that employing networks over larger areas tends to enhance growth in Delft, not in Trondheim.
Based on the results, we may assume that spin-offs in Trondheim have adapted themselves in gaining a
quicker growth from locally available knowledge by efficiently using capabilities and support, and by
stronger relations with local partners compared to Delft’s spin-offs. All in all, we found more differences
than similarities between the two contrasting cities in impact of the social network profile. The only
similarity, however, stands clear and that is a positive influence of heterogeneous networks.
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1. Valorization of Knowledge
In the era of the knowledge-based economy no country or region can improve its innovation

performance and competitive position without well-performing education and research. Increasingly,

universities and research institutes are assigned a third mission, and that is the valorization of
knowledge. This means that universities and research institutes today are actively involved in bringing
their knowledge to market.

Until a few decades ago, the idea was that a science-driven education would create good students
who would apply the academic knowledge after the completion of their studies. Universities were
more or less solid bastions of independent research, not directly engaged in real world applications.
This traditional view on academic institutions is clearly reflected in various regional impact studies of
universities where the main regional-economic effects of universities were estimated on the basis of
multiplier studies related to expenditure patterns of universities’ staff and students (e.g., Armstrong
and Taylor, 2000). The commercial and industrial (‘generative’) effects, like the ones derived from
knowledge valorization, were often overlooked.

In recent years, we have witnessed a much more direct involvement of academic institutions with
commercialized knowledge acquisition and technology transfer (e.g. Hackett and Dilts, 2004).
Universities are no longer an oasis in a rapidly changing environment; they follow a tidal movement in
response to the request of society to offer not only societal relevance but also socio-economic and
technological returns (‘value for money’). The margins between the university systems and the
commercial system sometimes have become fuzzy and sometimes very thin (Leydesdorff, 2003;
Nowotny et al., 2001). At present, not only most US universities but almost all universities have
moved their mission and orientation towards commercialization of their knowledge. The reasons for
this development are manifold:

e Asshortage of funding from the side of public bodies.

e Accountability to policy-making bodies and the public at large.

o Insufficient utilization of results of publicly financed research at universities for commercial
applications (in the EU the “knowledge paradox™).

e Reduction in basic research in large corporate firms with the necessary consequence that publicly
financed universities are pushed in this vacant positions.

e Changes in the research system itself (e.g. biomedical technology) where academic inventions in
various key sectors incorporate a potentially high economic value which through Intellectual
Property Right (IPR) regulations may need to be protected and through subsequent licensing may
be translated in monetary revenues.

e The rise of a knowledge-based society causing academic institutions to be much more strategic
spearheads of accelerated economic growth, with the consequence that science-based clusters (e.g.,
science parks) around universities are arising .

As a result of all these changing circumstances, regional-economic development and the creation
of academic research clusters are becoming more and more mutually intertwined dynamic forces (Etzkovitz,
2002; Feldman, 2006; de Groot, 2004; Rothaermel and Ku, 2008). In this paper we will offer some
background observations, describe some empirical developments concerning the desired growth of spin-off
companies from universities, and provide some strategic policy lessons and future research paths.

2. Universities, spin-off processes and learning

Universities have a longstanding tradition as a knowledge creator, but not as a wealth creator. As
indicated above, this position of universities has changed. Indeed, universities are often nowadays involved
in what is named knowledge valorization, or in other words adding value to new knowledge in the process
of transforming it into a new product, process or organizational principle to be introduced to market
(PriceWaterhouseCooper, 2007). Although knowledge valorization as a process may inhibit cyclic
developments and sometimes chaotic characteristics, most authors to date use a chain model of valorization
activity. Accordingly, the chain starts with the idea of researchers to bring an invention to market and ends
— if successful - with the actual introduction in the market. Knowledge valorization is a relatively new term



covering activities that are basically not new (see, e.g. Charles and Howells, 1992 on the state of university
— business activity in the early 1990s in Western Europe). What is new today is that knowledge valorization
is increasingly recognized to be the third mission of universities including the establishment of budgetted
valorization centres or institutes, and that the actors involved recognize that knowledge valorization has a
multidimensional and complex character, and is differentiated in types of learning. The latter is connected
with the fact that knowledge may have various “carriers” like codified sources, labour force endowed with
skills and experience, patents, machines and instruments, etc. As a result, knowledge valorization deals
with manifold activity like contract-research commisioned by large firms, licensing of patented knowledge
to firms, activity of spin-off firms engaged in furher development and testing of a university invention, etc. ,
but also with the flow of graduates into the labour market (e.g., d’Este and Patel, 2007). One of the most
visible (not necessarily most important) modes of knowledge valorization is the establishment and growth
of university spin-off firms.
There are several reasons for a strong orientation of a university and city/region on potential benefits
from enhancing spin-off processes. Shane (2004) distinguishes the following elements:
e University spin-offs create local economic development (through innovation, application of
advanced technology and stimulation of an R&D climate).
e  Spin-offs generate economic value (through financial assets), accelerate access to commercialized
knowledge and the creation of a business climate.
e  Spin-offs create employment in terms of skilled labor, but also indirect labor market effects.
e Spin-offs induce private investments in university technologies (through commercial initiatives
such as patenting and licensing).
e Spin-offs call for new research initiatives (through a successful commercialization of an invention
there will be a call for new inventions in a competitive environment).
e Spin-offs are breeding ground for young talent (e.g., by offering internships and training facilities
to students).

It is thus evident that modern universities are nowadays operating in a completely different force field
compared to a few decades ago. Two aspects are noteworthy here. First, the orientation of university
research towards market value calls for a new regulatory system (witness the Bay-Dole Act in the US) in
which the new force field of publicly founded research institutions is set out. And second, the development
of a successful spin-off policy puts high demands on local and regional public authorities to orient regional
development initiatives (e.g., infrastructure, suprastructure, incubators) towards promising R&D initiatives
geared to the application of new knowledge in the area concerned. Overall, university-industry-government
relations, also named Triple Helix, can be seen as adaptive networks that change over time in response to
different dynamics in their environment. The networks fulfill three core functions, i.e. knowledge
production, wealth generation and governance (control). One of the clearest changes over time is a blurring
of the edges between the functions of each of the three actors. Thus, in Western Europe and North America,
universities have become more entrepreneurial, whereas large companies have started knowledge
production-based education in campuses hosting training in specific academic fields; and governments are
increasingly engaged in enhancing the knowledge-based economy by improving conditions for
entrepreneurial innovation. There seems no end in the above changes, meaning a continued integration and
hybridization of functions in the coming years, although the starting point and pace of changes may differ
across countries (Viale and Etzkowitz, 2005).

Regional development policies to enhance knowledge valorzation may be relatively general in aim by
encompassing different high-technology areas, like micro-electronics, optronics, nanotechnology,
informatics and computational science and biotechnology, or specifically focusing on one or two related
areas like biotechnology. But it needs to be mentioned that learning models are quite different between
sectors, leading to different needs of spin-offs in these sectors (Asheim et al., 2007). For example, in life-
sciences and material science learning deals with formal scientific models that can be universily applied
using highly codified knowledge. In contrast, in mechanical engineering (e.g. medical instruments and
mechatronics) the learning is mainly based on problem-solving using large amounts of tacit knowledge
(connected with practical skills) in a context-specific way.

We now turn to our empirical study to show how regional (local) initiatives to nurture academic spin-
off companies may differ in design and in results.



3. Incubators in a Global Comparison

Theoretical ideas

Incubators are perceived in this paper as organizations that create a supportive environment for firms to get
started and to survive the first years. Incubator organizations as part of a university usually employ one or a
few buildings in which they offer cheap and flexible rooms and supporting (secretarial) services, while
some offer rooms spread over various on campus faculty buildings. A new development is the networked
incubator, particularly the non-physical version or virtual incubator, merely working as an electronic
network organization (Hansen et al., 2000). By nature, incubators support start-ups on a temporary basis,
e.g. three or four years. We examine, based on results of a study of the literature, six factors that may
influence the growth rate of incubators, i.e. variety in the involvement of stakeholders, the overall
incubation strategy and the model of support, the age of the incubator as an organization, the
entrepreneurial culture in the area and the level of urbanization of the region.

Incubators differ in the kind of stakeholders involved in the establishment and management, leading to
differences in creative atmosphere and richness of resources. We may observe incubators mainly organized
by a university or research institute, as well as incubators that internalize the triadic relationships between
the university, government and industry and the hybridization of their roles (Etzkowitz, 2002; Leydesdorff,
2003). The involvement of different stakeholders — as opposed to the involvement of merely the university
— implies a potential access to more varied networks and resources and the ability to better respond to
heterogeneity in learning and needs for resources among incubated start-ups (Bglllingtoft and Ulhgi, 2005;
Druilhe and Garnsey, 2005). Thus, we may assume that the multiple stakeholder model brings about a more
dynamic growth compared with the single stakeholder model. The next two institutional factors represent
choices made by incubator organizations and their stakeholders, that is, the overall incubation strategy and
the model of support. Hannon and Chaplin (2003) identify two incubation strategies in the United
Kingdom, i.e. pure incubators and flagship models. The pure incubators are traditionally established by
universities and seek to exploit university potentials by nurturing firms that commercialize research results.
The flagship model, on the contrary, originates also from initiatives by local/regional governments, or real
estate developers, and tends to be more profit-oriented due to higher initial investment and running costs.
More recently, besides the flagship strategy, incubators are emerging that also employ a certain level of
profit-seeking and invite start-ups from outside the university to join the incubation program. We expect
the latter incubators to grow faster than the traditional ones, because they face an inflow of more varied
knowledge and face participation in more diversified networks. With regard to the model of support, we
argue the following. Conventional support mainly deals with the provision of tangible assets, e.g. room and
basic office services, laboratory facilities and financial support. However added-value support includes
support in connecting start-ups to relevant networks, like business angel networks, and new methods in
business mentoring and training to increase the spin-offs capability to survive. Value-added support may
also include help in exit strategies. We may assume that an emphasis on value-added support accelerates
the growth of incubated start-ups, thus increasing the number of incubated start-ups per year.

In managing an incubator, experience and professionalism in selection, monitoring and coaching of
start-ups seem critical (Smilor et al., 1988). A study in the US shows that it takes several years for
incubators to become mature, in terms of gaining the capability to organize themselves efficiently, access
the most fertile networks and produce independent and viable firms on a continuous basis (McKinnon and
Hayhow, 1998) Although learning is not a linear process, it increases with age. Accordingly, we may
assume that the growth of incubators is stronger with increasing age. With regard to influence of
entrepreneurial culture, we argue the following. An important dimension of entrepreneurial culture is
uncertainty avoidance (Hofstede, 1991). Countries facing high levels of uncertainty avoidance generally
show a tight regulation of entrepreneurship and an accepted resistance to enter new, risky avenues. By
contrast, in countries with low levels of uncertainty avoidance, there is room for differentiation,
experimentation and risk-taking in business operations. The latter entrepreneurial climate is also believed to
stimulate incubator organizations to be more active and creative in searching for new possibilities of
supporting their ventures. All this may lead to a more dynamic growth of incubators. The last factor to be
considered here is concerned with differences in the urban environment of the incubators, particularly the
spatial concentration of human capital and knowledge. Jacobs (1961) draws attention to metropolitan cities
in attracting and mobilizing talented and creative people. In a similar vein, a growing stream of more recent
research has focused on factors that attract talented people (Glaeser et al., 2001; Florida, 2002). This has
led to the understanding that metropolitan cities providing a high diversity in amenities, entertainment, art



facilities and lifestyle, have important advantages in attracting and keeping talented and creative people and
in strenght of entrepreneurial communities. Therefore, we assume that incubators in metropolitan cities
grow relatively fast; this in contrast with incubators in rural areas and peripherally located regions.

Note that — with regard to the model of incubators - capacity indicators like size of the buildings and
budgets of incubator organizations remain beyond our analysis because we focus on strategic factors. For
the same reason, operational details like access criteria and time-length of incubators’ support fall outside
the study.

A differentiated growth of incubators

The selection of incubators took three specific requirements into consideration. First, to be a technology-
related incubator; this type of incubators supports mainly technology-based start-ups and employs
institutional links with and/or is located close to a university or research center. Secondly, to face a similar
time-frame; incubators in the 1980s cannot be compared with those in the 1990s because of the potential
influence of different macro-economic factors. And thirdly, to face particular characteristics in one (or
more) of the six determining factors of growth of incubators. Our main data sources were paper journals,
conference proceedings, annual reports of incubators, and incubators’ websites. As a result of the above
selection process, we established a set of 40 incubators (base population) in various developed countries
For various testing procedures we have drawn 10 random samples from this population (see for more
details, Soetanto and VVan Geenhuizen, 2007).

The data concerning the incubators are largely qualitative in nature. Hence, a special statistical
technique is required to arrive at testable solid results. We made use of rough set analysis to identify the
strength of the above six factors in explaining differences in growth of incubators in various developed
countries. Growth, measured as an average number of new spin-offs (entrants) per year in the years 1998-
2002, varied between — 3.0 and + 7.0. The frequency distribution allowed for a division of the incubators
into two classes, i.e. those experiencing a relatively strong growth and those experiencing a relatively weak
growth.

Rough set analysis enables the transformation of an imprecise or incomplete (fuzzy) collection of data,
both quantitative and qualitative, into structured knowledge (Pawlak, 1991). Unlike conventional methods
that are based on statistical assumptions, this analysis makes the only assumption that the value of the
determining factors can be categorized. In particular, rough set analysis is able to incorporate different
measurement scales and different degrees of measurement accuracy, and proved proved to be successful as
a tool of analysis in different areas (e.g. Goh and Loaw, 2003; Nijkamp et al. 2002; Van Geenhuizen and
Nijkamp, 2007). In rough set analysis, the dependent variable is named the decision attribute (in our study,
growth of incubators) and the independent (explanatory) variables are named condition attributes (in our
study, model of stakeholders’ involvement, type of urban location, risk avoiding attitude, model of support,
incubation strategy and age of the incubation organization). Rough set analysis produces a set of decision
rules, presented in an “‘IF condition(s) ... THEN decision’’ format. Condition attributes that are in the so-
called core have the strongest explanatory power; these are indispensable in explaining the variation in the
decision attribute. All other condition attributes appear at a lower frequency in the rules. In general, a high
frequency rate of individual condition attributes in the decision rules means that these attributes stand out in
a more pronounced way than others. In addition, the coverage indicates the strength of the rules based on
the rate in which objects in a subset with the same decision attribute support the decision rule. In our study,
the rough set estimations were conducted using ROSE2 software (Predki and Wilk, 1999) (note 1). In our
analysis of 10 samples (each of approximately 25 incubators) derived from the base population of 40
incubators, seven strongest rules could be identified concerning a weak growth and five strongest rules
could be identified concerning a strong growth (Table 1). We used two measures in exploring the
explanatory power of the rules, (1) the frequency of individual condition attributes in the strongest rules
and (2) the frequency of the strongest rules in the samples.

With regard to the first measure, the frequency of each condition attribute in the strongest rule was
divided by the total number of strongest rules in that class of growth (weak or strong). For example,
regarding a weak growth, the model of stakeholders’ involvement (C1) faces a frequency rate of 43%

(3/7*100%).



Table 1. Frequency of individual condition attributes in the strongest rules*

Weak growth c1 c2 c3 c4 cs c6
(strongest rules)

Frequency of 43.0 29.0 43.0 57.0 43.0 14.0
appearance (%) (3/7) (217 (3/7) (417) (317) ar7)
Strong growth c1 c2 c3 c4 cs c6
(strongest rules)

Frequency of 60.0 60.0 20.0 0 40.0 20.0
appearance (%) (3/5) (3/5) (1/5) (2/5) (1/5)

* Condition attributes:

Cl1: Stakeholders’ involvement (1: single stakeholder involvement; 2: multiple stakeholder involvement).
C2: Position in the urban system (1: metropolitan areas 2: non-metropolitan areas/peripheral). C3:
Uncertainty avoiding attitude (index) (1: low; 2: high). C4: Model of support provided by incubators (1:
conventional; 2: value added). C5: Incubation strategy (1: research commercialization; 2: profit-focused).
C6: Age of the incubator organization (1: < 5 years old; 2: > 5 years old).

Decision attribute D: Average annual growth (1: relatively weak (< 1.25); 2: relatively strong (>1.25))

On the basis of these outcomes, various condition attributes have a strong classificatory power:

1. conventional support (C4) for weak growth (57%); this confirms our idea of a modest impact of
support that is merely tangible and fails to train individual start-ups in strengthening business
capabilities;

2. multiple stakeholders’ involvement (C1) for a relatively strong growth (60%); this also confirms
our expectations, in that the involvement of different stakeholders in steering the incubator
introduces a favorable diversity of resources, including networks and knowledge flows;

3. location in non-metropolitan areas (C2) for a relatively strong growth (60%); different from the
previous outcomes, this outcome cannot confirm our expectations.

There may be two explanations for the last, unexpected, result. First, in Europe, particular non-
metropolitan areas receive targeted regional development assistance from the EU and the country, causing
the establishment and operation of incubator facilities to be less costly, a situation that enables the supply
of a wider range and higher intensity of support to spin-offs. Secondly, in dense metropolitan areas the
incubation process may work rather spontaneously, particularly in older city quarters on the fringe of the
central business district with plenty supply of cheap accommodation, thereby reducing the role of
incubators and causing them being almost redundant. With regard to the remaining attributes - risk
avoiding attitude, incubation strategy, and age of the incubator organization — we note a minor importance
(Table 1).

Next, we examined the pattern of strongest rules as combinations of particular condition attributes. The
focus was on the frequency in which the strongest rules (top three for each sample) appear in the 10
samples. Two strongest rules appeared in more than three samples with one of them appearing in a majority
of the samples (6 out of 10) (Table 2). These rules include (1) the combination of the model of stakeholder
involvement (multiple) with urban conditions (hon-metropolitan areas) (C1 & C2), and (2) the model of
support provided to the start-ups combined with the type of incubation strategy (value-added support and a
limited profit-focused strategy) (C4 & C5), and refer both to strong growth.

Note that the validity of the outcomes of this analysis depends on how well the selected incubators
represent the different types of incubators in developed countries. In any case, the analysis is rather robust
because the prediction accuracy of the rules, measured as the share of correctly predicted cases using new
samples, turned out to be around 75% (Soetanto and Van Geenhuizen, 2007). We now move to a detailed
analysis of growth of academic spin-off companies, in two of the studied incubators, i.e. Delft University of
Technology (in the city of Delft, the Netherlands) as a slowly growing incubator and National Technical
Norwegian University (in the city of Trondheim, Norway) as a quickly growing incubator.



Table 2. Frequency of appearance of the strongest rules in the 10 samples

Strongest rules (a) Frequency in the 10 samples (%) Strong Weak
growth growth
Cl&C2 60.0 (6/10) 3 3
C4 & C5 40.0 (4/10) 2 2
C1&C5 30.0 (3/10) 1 2
C1&C6 20.0 (2/10) 0 2
C2 &C5 20.0 (2/10) 2 0

(a) C1-Cé6: The condition attributes (model of stakeholders’ involvement, level of urbanization, uncertainty
avoiding attitude, model of support, incubation strategy, and age of incubator).

4. Growth of Spin-offs in Two Contrasting Cities

Theoretical ideas

In general, the connection between the growth of incubators in terms of numbers of new entrants and the
growth of spin-offs in terms of employment lies in the fact that incubators grow more quickly in throughput
if the incubated firms grow more quickly and qualify for an early exit from the incubator (shorter stay). We
now turn to individual spin-offs in Delft and Trondheim to explore whether differences in growth can be
attributed to factors representing diversity in the business environment and in socioeconomic networks.

On the basis of the literature, we have focused on four socioeconomic aspects of knowledge networks:
tightness, strength, heterogeneity and spatial proximity of network partners. Note that the literature is not
conclusive on whether particular network characteristics (like rather loose relationships or a strong
heterogeneity of the social background of network partners) contribute to growth. For example, some
scholars adhere the idea that tight networks are beneficial for the transfer of complex and tacit knowledge,
development of trust and comfort, and joint problem solving ( Coleman, 1990; Uzzi, 1996). By contrast,
Granovetter (1973) argues that loose networks cause benefits from diversity in knowledge flow and
brokerage opportunities created by a lack of connections. In addition, Marsden (1987) shows that partners
integrating different spheres of society facilitate more efficient actions than partners that are similar in
background. In this latter respect, there is more or less consensus in the literature: the more heterogeneous
the partners, the more variety in the resources (including knowledge) captured by spin-off companies and
the better the performance.

With regard to spatial proximity in the networks, we may forward the following viewpoints. Local
(regional) networks, according to proximity approaches, yields the benefits of knowledge spillovers
(avoided costs of knowledge exchange) and local learning through frequent interaction in person and high
levels of trust (Audretsch, 1998; Maskell and Malmberg, 1999), but the dominant mode of learning and
innovation (scientific, engineering like and artistic) may play a role (e.g. Asheim et al., 2007). Following
Camagni (1991), it seems that close proximity between spin-offs and network partners supports the gaining
of new knowledge (reduction of uncertainty) thereby enhancing growth of spin-offs. On the other hand,
local networks may also produce the above-indicated disadvantage of strong ties preventing new
knowledge to be recognized and absorbed by the spin-offs.

Regarding the two different types of support (conventional support and value-added support combined
with conventional support, as discussed in the first part of this paper) we expect that spin-offs that
experience a balanced mix of conventional support and value added support grow quicker compared with
spin-offs that experience a poor mix. In the remaining section, we will explore and test the above ideas and
assumptions.

A similar growth, but different networks

The study draws on a survey of university spin-offs of TU Delft (Delft, the Netherlands) and NTNU
(Trondheim, Norway). We delineated the population of spin-offs on the basis of three criteria, i.e., located
in Delft or Trondheim or surrounding area, survived in 2006, an age not older than 10 years, and use of at
least one type of support from the university or incubation organization. We approached all firms in this
population and obtained a response rate of 78% for TU Delft (59 cases out of 76) and 55% for NTNU
Trondheim (41 cases out of 74). Data were collected using a semi-structured questionnaire in face-to-face
interviews with entrepreneurs. Our database only includes spin-offs that survived, meaning that non-
survivors fall outside the analysis, a common situation in this type of research. Of course, this situation



calls for an investigation of bias due to excluding non-survivors (e.g. through using Heckman selection
model) because the aim of the research is to identify factors influencing growth. However, in the European
Union in general, survival rates of university spin-off firms are rather high. Mustar et al. (2007) assess that
75% of the spin-offs are still alive after six years. In-depth interviews in Delft and Trondheim confirm the
findings by Mustar et al., indicating a rather small potential bias in the results due to excluding non-
survivors.

We measured the dependent variable, job growth, as average annual job growth in 1996-2005. Despite
the difference in incubator growth, the growth rate of individual spin-off firms from TU Delft and NTNU
Trondheim appear to be almost similar, i.e. modest over the past years (1996-2005). Almost 60%
experience a very small growth or fails to grow, i.e., 1 full-time equivalent (fte) or less per year. Only a
good 20% grow with >1.5 fte or more per year. Spin-offs from TU Delft and NTNU Trondheim face an
almost equal average annual growth, witness 0.87 and 0.90 fte respectively. This pattern fits into the
general slow growth in the European Union, i.e. 80% of survivors (after six years) have less than 10 jobs
(Mustar et al. 2007). Below, we explain how the factors influencing growth of spin-offs were measured.
The various independent variables representing the components of the growth model were measured as
follows (details are in Soetanto and VVan Geenhuizen, 2009).

- age as number of years since establishment;

- strategy, resources/capabilities, support: risk-avoidance in strategy as a composite indicator
reflecting differences in risks between manufacturing and services and different innovation
intensity; general capability as a composite indicator reflecting differences in pre-entry experience
of the entrepreneurs and in capacity related to the type of start (team start or single start); resource
deficiency as an indicator concerning the number of missing key resources, and richness of
support as an indicator reflecting the amount of value added support;

- networking: tightness (density) of network based on the amount of existing versus potential
relations; strength of relationship as a composite indicator reflecting frequency of interaction,
duration of the relationship and the quality of the relationship; heterogeneity of partners based on
the share of heterogeneous partners in all partners; and, spatial network orientation as the number
of external partners versus the number of local partners (E-I index).

In measuring networks we used the so-called ego-centric approach, by focusing on individuals (the
entrepreneurs) rather than on complete networks (sociocentric approach in network analysis). Accordingly,
the interviews served to identify and characterise the partners in networks qualified by the entrepreneur as
important in knowledge exchange and in learning on business matter.

Delft and Trondheim can be described as contrasting cities as follows. Delft is located in a highly
urbanized area in the western part of the Netherlands (Randstad), while Trondheim is in the centre of
Norway, at a distance of several hundred kilometres from other cities, like Bergen and Oslo. Delft has a
population of almost 95.000 and Trondheim of 162.000 (municipal level, in 2006). Delft is in-between the
agglomeration of The Hague (approximately 600.000 inhabitants), the administrative capital of the
Netherlands, and the agglomeration of Rotterdam (1.000.000 inhabitants), the international centre of port
activities and petro-chemical complex. Regarding the region, South-Holland is a service-economy with
specialization in trade and transport, business services, and administrative services. The economy of South-
Trendelag is also a service-economy, but its specialization is the public sector (education and research). On
a lower level, primary industries (fishing, forestry and energy) are also important. The support policies
concerning establishment and growth of spin-offs have been somewhat different in the past years (Note 2).

No big differences can be observed between spin-offs in Delft and Trondheim in terms of sector and
technology. A small share is involved in research/development in manufacturing activity, witness 18.7% in
Delft and 24.4% in Trondheim, including new materials, sensor technology, optronics and biotechnology.
With regard to services, a larger share in Trondheim is involved in informatics and engineering, testing,
optimization and simulation, etc. (63.4 versus 49.1%) and this seems related to the relatively strong energy
sector in the region (oil and gas, and sustainable energy).

Despite a broadly similar growth, there are clear differences in the profile of the social networks
employed. Spin-offs in Trondheim tend to perform in a tighter network than those in Delft, witness an
average score of 0.67 versus 0.51 (Table 3). Thus, in Trondheim a larger number of partners is connected
with each other, meaning that the networks are less open than those in Delft. At the same time, it appears
that the relationships with individual partners are stronger in Delft compared with Trondheim, witness a
score of 2.29 versus 1.92. Both differences are statistically significant. Remarkably, the two cities do not



differ in heterogeneity of partners’ background. Regarding the spatial orientation, Delft’s networks have a
relatively strong focus on external relations in the larger metropolitan area. The emphasis in Trondheim on
its city-region may be explained by the relatively high threshold for meeting face-to-face outside this region,
namely travelling by plane (e.g., to Bergen, Oslo or Stavanger).

Table 3 Profile of the social networks

TU Delft NTNU Trondheim Mann-Whitney
or Chi ? test
Mean SD Mean SD
Social characteristics
Tightness (network) 0.51 0.30 0.67 0.31 -2.50*
Strength (relationships) 2.29 0.33 1.92 0.38 5.08**
Heterogeneity (partners) 0.49 0.16 0.48 0.19 0.39
External (non-local) orientation -0.21 0.55 -0.47 0.39 -2.72%*
*p<0.05 ** p<0.01

The model developed in this study is tested using ordinary least square regression analysis. We discuss
the outcomes for the pooled data, Delft and Trondheim in the remaining section. Descriptive statistics of
the independent variables are in Annex 1. We mention the following similarities and differences for the
pooled data and for the two cities with regard to the effects of the various factors on growth (Table 4). With
regard to the control variables, we do not find a significant effect of age in the three models. Further, we
do not observe a significant influence of location in the pooled data. In contrast, we find that resource
deficiency has a significant and negative influence in the three models, indicating that this deficiency is a
relatively strong hampering factor for growth.

Table 4. OLS regression analysis on employment growth of university spin-offs

Beta coefficients a
Pooled data TU Delft NTNU Trondheim

Control variables

Age 0.04 (0.10) 0.11 (0.14) -0.01 (0.09)
Located in Delft (dummy) -0.03 (0.07)

Resource deficiency -0.20** (0.12) -0.14* (0.16) -0.19* (0.16)
Resources/capabilities/strategy

Riskprofile of strategy (dummy) 0.06 (0.05) -0.02 (0.09) 0.14 (0.07)
Capability level (dummy) 0.15** (0.06) 0.07 (0.09) 0.29** (0.08)
Richness of incubation support 0.19* (0.03) 0.09 (0.05) 0.24* (0.05)
Social network profile

Tightness -0.18** (0.08) -0.18* (0.12) -0.08 (0.13)
Strength -0.01 (0.24) -0.31** (0.24) 0.20* (0.27)
Heterogeneity of partners 0.30** (0.19) 0.19* (0.25) 0.28** (0.20)
External orientation 0.18* (0.07) 0.20* (0.07) 0.01 (0.13)
N 100 59 41

F 35.90** 28.54** 33.79**
R’ 0.78 0.77 0.84
Root MSE 0.23 0.21 0.19
*p<0.05 ** p<0.01

a) within brackets is the standard error.




A remarkable difference between the two cities is that the general capability level and richness of
support have a positive and significant effect on growth for Trondheim but not for Delft. This would mean
that particularly in Trondheim spin-offs benefit from diversity in experience and diversity in support.
Regarding the network profile, the largest difference between the two cities is concerned with strength of
relationships. The effect for Delft is negative and significant, whereas the effect for Trondheim is positive
and significant. This would suggest that stronger relationships hamper growth in Delft but contribute to
growth in Trondheim. In addition, tightness of networks and external orientation seem to work differently
in Delft compared to Trondheim (the same signs but only significant effects for Delft). The spatial
dimension reveals that employing more external networks enhances growth in the pooled data and Delft,
but not in Trondheim. In contrast, heterogeneity of partners works the same in all three models (a positive
and significant effect): the more heterogeneous the relationships the quicker the growth. All in all, the
above results would suggest that growth of spin-off firms in Delft is stronger influenced by the network
profile than growth of spin-off firms in Trondheim.

We may summarize the previous findings, particularly in view of impacts of diversity as follows:

- Two factors in the resources/capabilities/strategy set indicating benefits from diversity (capability
level and richness of support) are positive and significant for Trondheim, but not for Delft.

- Heterogeneity in partners’ social background is positive and significant in all models.

- Other diversity-related characteristics of the network profile work differently in Delft compared to
Trondheim.

5. Concluding Remarks

The empirical research of this study was carried out on two levels, 1) incubators in various countries
and 2) spin-off firms in two contrasting cities facing a different growth of incubators, viz. Delft in the
Netherlands and Trondheim in Norway. Our findings on the level of incubators suggest that a diversity of
stakeholders tends to contribute to fast growth of incubators, apparently due to a relatively high diversity in
resources disclosed by diverse stakeholders. In addition, incubators in non-metropolitan (peripheral/rural)
areas tend to grow more quickly than those in large metropolitan areas. This pattern points to more
favorable conditions in non-metropolitan areas, including benefits from national and/or EU policies.
Overall, the combination of a differentiated stakeholder involvement and location in non-metropolitan areas
turned out to produce the most powerful explanation of a relatively strong growth of incubators. In second
place, but clearly less strong in explanation (in this case of weak growth) was the combination of
conventional support and a focused strategy of the incubators (merely research commercialization)
representing low levels of diversity. Aside from the location of the incubator, the institutional aspects of
incubators as an outcome of Triple Helix processes tend to play a substantial positive role in growth.
Diversity and hybridization manifest themselves in a mix of stakeholders and hybrid activity, a certain shift
towards a profit-focused strategy, and extending conventional support with support to improve
entrepreneurial performance. These findings may be helpful in designing policies on technology incubators.

Despite the different incubator development in Delft and Trondheim, the growth patterns of incubated
spin-off firms turned out to be roughly similar. The social networks, however, turned out to be different in
structure and shape, i.e. relatively open, strong and more often outside the local in Delft, as opposed to
relatively closed, weak and local-oriented in Trondheim. One characteristic is similar, that is heterogeneity
in social background of partners. Of all four network characteristics studied, it is precisely this factor that
tends to influence growth in the same (positive) direction in both cities. An important difference is
concerned with strength of relationships: stronger relationships tend to hamper growth in Delft but tend to
stimulate growth in Trondheim. As far as the role of proximity in social networks is concerned, we gained
the result that employing networks over larger areas tends to enhance growth in Delft, not in Trondheim.
Futher, the outcomes indicate that spin-offs in Trondheim have adapted themselves in gaining a quicker
growth from locally available knowledge by efficiently using capabilities and support, and by stronger
relations with local partners compared to Delft’s spin-offs. All in all, we found more differences than
similarities between the two contrasting cities in impact of the social network profile. The only similarity,
however, stands clear and that is a positive influence of heterogeneous networks.
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Note 1. We followed two steps in the application of rough set analysis. First, we reduced the base-sample
of 40 incubators to 25 incubators by random sampling; the latter number can be handled more easily. We
worked with 10 samples of this size. Secondly, we measured accuracy connected with the decision rules as
a standard routine by ROSE?2 and as an additional step to assess the prediction power of the decision rules,
using samples not used before (prediction accuracy). The accuracy of the core attributes and of all
attributes turned out to be 75 and 76% respectively, and the prediction accuracy amounted to 73%.

Note 2. Delft University of Technology adopted a policy to support academic entrepreneurship in 1998.
The initiative was built on a national program named ‘Technostarters’ and provided a set of support from
which academic entrepreneurs could select, such as a loan (without interest), use of laboratory/office room
at the faculty building or other university premises. So far, the policy could be labelled as “low selective”
(Clarysse et al., 2005) meaning that it tended to create as many spin-offs as possible, and these were likely
to be less-innovative. To strengthen the initiative, in 2005, TU Delft established a close collaboration with
the Municipality of Delft and set up the incubator program YES!Delft. This program offers a broad set of
support, including a mix of conventional and additional value-added support, while using more stringent
rules for access. NTNU Trondheim never adopted an explicit policy in supporting university spin-offs.
However, through a collaborative effort between the university and a private company Leiv Eriksson
Nyfotek a business incubator named Gloshaugen Innovation Center (GIC) was established in 2000,
providing office space and shared services. Being incubated in this center entitles spin-offs to gain a grant
from the national support program (Innovation Norway). Besides providing basic support, GIC also offers a
range of services for somewhat lower prices than in the market, including business counselling, legal
service, book keeping, public relations, etc. GIC also employs experienced “network-connecting persons”
as managers of the incubators. It seems that NTNU used a more selective model than TU Delft.

Note 3 To check for multicollinearity, the so-called variance inflation factor (VIF) was used. High VIFs are
an indication for the presence of multicollinearity. In the regression analysis, the VIFs found in the
estimates ranged from 1.24 to 1.58, meaning that no multicollinearity problems occurred.

Annex 1 Descriptive statistics (independent variables)

Pooled data Delft Trondheim

Age of spin-offs, average (SD)

5.1 (3.02)

5.8 (2.97)

4.2 (2.87)

Risk-avoidance

0: 52 (52.0%)
1: 48 (48.0%)

0: 29 (49.2%)
1: 30 (50.8%)

0: 23 (56.1%)
1: 18 (43.9%)

General capability

0: 70 (70.0%)
1: 30 (30.0%)

0: 43 (72.9%)
1: 16 (27.1%)

0: 27 (65.8%)
1: 14 (34.2%)

Resource-deficiency, average (SD) 2.74 (1.43) 2.56(1.33) 3.00(1.55)
Richness of support, average (SD) 0.69 (0.87) 0.41 (0.62) 1.09 (1.02)
Tightness, average (SD) 0.58 (0.32) 0.51 (0.30) 0.67 (0.31)
Strength, average (SD) 2.14 (0.39) 2.29 (0.33) 1.92 (0.38)
Heterogeneity, average (SD) 0.49 (0.17) 0.49 (0.16) 0.48 (0.19)
External orientation, average (SD) 0.84 (1.09) 1.15(1.31) 0.40 (0.37)
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