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5  Social and Scientific Networks of Founders 
of Start-Ups at Leiden Bioscience Park1

Abstract
An idea generated in academia and exploited in industry travels along a complex pathway. 
Science Parks aim to help start-ups that exploit the skills and knowledge of fellow tenants in a 
Science Park and also further develop those that they acquired in previous research at the 
university. In this study, we analyse the technology development pathways of single-site start-ups 
located at Leiden Bioscience Park, and the access to resources in the physical and social environ-
ments that it requires. We conduct interviews with the founders of the start-ups, examining 
sources of social capital in developmental phases of the start-ups. We examine the social and 
physical proximity of the firm and firm founders to stakeholders inside and outside the Science 
Park, including the contextual origins and application spheres of the sources of social capital 
available to start-ups prior to, and after, their choice to locate within a Science Park. To examine 
the technology development pathways, we link the patent applications of the firms to the firm 
founders’ publications through the non-patent literature references that are most similar to their 
publication corpora. We find that the sample set of firms integrate new streams of academic 
research, primarily from their alma mater, into their technological output, in addition to continu-
ing, and expanding upon, their own research streams. The relationship with the local university 
(if different from its original affiliation) increase too. Apart from that, the social capital utilised by 
the firms comes from outside the Science Park with minimal involvement from the Science Park 
administration or other firms located within the Science Park. 

5.1 Introduction
From inception to exploitation, a quantum of knowledge follows a convoluted route. In the most 
simple of models, inputs lead to outputs through a black box of context, processes, skills and 
previous knowledge (see for example Autio et al. 2004), supported by the infrastructures required 
to host the processes and skills. The infrastructures derive from numerous policy, education, and 
innovation environments. The Science Park is one of these infrastructures.

Science Parks have entered the literature in waves with each crest bringing new ideas and 
theories as to their utility to science, innovation, and society. Studies on Science Parks most 
frequently use a variety of methods and approaches - including questionnaires, interviews, 
financial data, patent data, and more - to evaluate the utility of a Science Park (Dettwiler et al., 
2006), to compare Science Parks (Fukugawa, 2006), or to compare firms on and off Science Parks 
(Squicciarini, 2008). In most of these studies, the knowledge capture black box remains closed.

1   This chapter will be published as Gurney, T. et al. (2013) Access and utilisation of social capital in knowledge transfer 
In proceedings of Science and Technology Indicators (STI), Berlin, and as Gurney, T. et al. (2013) From inception to 
exploitation: research trails in biotechnology start-ups (2013) In proceedings of Science and Technology Indicators 
(STI), Berlin. This chapter has been submitted for publication by Technovation.
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The transformation from exploratory research to exploited artefacts, processes and services is the 
end-goal of the Science Park firm, and by extension, of the host Science Park. Without this 
transformation, all the economic, technological, scientific and social benefits a Science Park 
purportedly offers are moot. Finding out what actually happens around firms on Science Parks 
requires us to trace this process in detail, keeping in mind that the process of transformation 
starts before the firm has been incorporated and before it has located on the Science Park.

In this paper we examine in detail the knowledge capture and transformation mechanisms around 
firms on Science Parks from the very start to the very end. We trace the social and cognitive 
routes of knowledge generated in academia and exploited in industry by the firm founder a 
Science Park environment. The firms we examine are start-up firms based at Leiden Bioscience 
Park. The paper is structured as follows: the next section develops our conceptual framework in 
relation to existing literature. Following this, the specific aims and research questions are dis-
cussed in detail. We then discuss the methodology and present our results. Our conclusions and 
discussions follow, including implications for further analyses and policy.
 
5.2 Conceptual framework
Science Parks have been wielded as a policy tool for many years, and numerous policy initiatives 
such as the EU Framework Programmes and the Bayh-Dole Act (which signalled a change in the 
intellectual property regime in favour of universities) have incentivised the formation of Science 
Parks across the globe (Siegel, 2003). On a regional and national innovation level, the fear of 
being “left behind” in technological progress has in part led to policy being enacted and Science 
Parks being formed (Shearmur & Doloreux, 2000).

5.2.1 Science Parks
Identifying and studying the host of development and governing processes is difficult at best. 
From the highest level of aggregation, the Science Park, working down in scale to the academic 
researcher or soon-to-be firm founder, we can identify common threads linking the levels.

1.  No common definition: Science Parks, and the utility of Science Parks, have been extensively 
studied, yet common definitions are hard to come by. General descriptions of a Science Park 
amount to a property-based, technology-orientated agglomeration of firms of varying 
specialisations and sizes, with close links and opportunities - either cognitive, geographical, 
structural or commercial - between firms and to a higher education or research institution 
(Das, T.K. & Teng, 1997; Löfsten & Lindelöf, 2005; Quintas et al., 1992; Siegel et al., 2003). In 
Asia, the preferred nomenclature is ‘Technology Park’ whereas in North America ‘Research 
Park’ is preferred. Europe is the dominant user of the ‘Science Park’ term (Link & Scott, 2007).

2.  Unique origins: Each Science Park comes from unique origins. Kobe Science Park was 
developed as a regional rejuvenation effort after the 1995 earthquake. Silicon Valley was the 
result of commercial agglomeration effects. Hsinchu was established by the Taiwanese 
government to lure back all those who had previously opted for Silicon Valley. Each park has 
its own unique origins and context. Some have been developed for the infrastructure, 
whereas others have been developed to improve R&D innovation and production, or to 
provide intellectual development (Koh et al., 2005).
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3.  Host of motivations for Science Park formation: In terms of general motivations, the most 
cited reasons for Science Park formation are to foster the creation and growth of R&D-
intensive firms; to provide an environment for large firms to develop relationships with small 
firms; to promote formal and informal links between firms, universities and other small labs 
(Das, T.K. & Teng, 1997; Löfsten & Lindelöf, 2005; Siegel et al., 2003); to provide a contact 
space between “fast applied science” and “slow basic science” (Quintas et al., 1992); to 
promote foreign investment and accelerate transition from a labour-based economy to a 
knowledge-based economy (Koh et al., 2005); and to provide technological development and 
renewal on a regional or national basis (Castells & Hall, 1994; Felsenstein, 1994; Phillimore, 1999).

4.  A Science Park must seek tenants, regardless of the ulterior motives of the firm founder. The 
space within the park must be filled to provide the economic and social rate of return to 
investments expected from a Science Park (or any large-scale research infrastructure for that 
matter). As noted by Phan et al. (2005), all Science Parks essentially compete with each other 
to attract new firms to their location, as new successful firms form the life-blood of a Science 
Park. Firms choosing to locate on a Science Park come either in the form of a HEI spin-off/
start-up or as the subsidiary of an outside firm (without links to the HEI) that believes it is 
necessary to be located on a SP for various reasons.

5.  Different tenants seek different benefits. In the case of a university spin-off/start-up, support 
structures must be in place to ensure a profitable transfer of university-originated technology, 
be it through licensing or manufacturing (Clarysse et al., 2005). For university and non-univer-
sity originated firms, various location theories attempt to explain the behaviour of firms and 
the motivations they give. Neo-classical theory focuses on transport, labour costs, distances 
and agglomeration economies whereas behavioural theories address mediators, gatekeepers, 
information channels and reputational advantages. Structuralist theories deal with the 
innovative milieu as well as agglomeration effects due to the geographical characteristics of 
the locale (Westhead & Batstone 1998, Barney 2001).

Access to networks, touted by most proponents of Science Parks, can be seen as paramount for 
new firms locating to a Science Park. The network benefits of a Science Park can be described in 
terms of access to scientific and technical expertise, providing an environment for large firms to 
develop relationships with smaller firms, and to promote formal and informal links between firms 
and universities and other smaller labs (Das, T.K. & Teng, 1997; Löfsten & Lindelöf, 2005; Siegel 
et al., 2003). The benefits can also be financial, promoting access to investment (Koh et al., 
2005); commercial, providing access to potential clients within the park; and organisational, 
deriving from the Science Park administration itself and from the non-scientific and technical 
expertise and services that other firms may bring. 

Westhead and Batstone (1998) surveyed matched pairs of in-SP and off-SP firms on their motiva-
tions for choosing their location. Their results suggest that the traditional selling points cham-
pioned by the developers of Science Parks do not correlate well with the actual motivations of 
the firms who locate there. Science Park firms assign higher importance to the prestige of a 
Science Park, to car parking facilities and to the fact that the key founder lives locally than to the 
proximity of or links to a HEI. Moreover, they find that the typical firm entering a Science Park is 
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more likely to be an older, longer-established firm than a recently created spin-off. Other studies 
do find a more positive correlation between the close presence of a HEI - with the human capital 
it represents - and the motivation to locate to a Science Park (e.g. Dettwiler et al. 2006).

5.2.2 Resources and networks
The literature relating to the resources and networks available to firm founders is of particular 
interest. These derive from areas investigating human and social capital (Adler & Kwon, 2002; 
Audretsch et al., 2005; Cainelli et al., 2007; Lanciano-Morandat et al., 2009; Landry et al., 2002), 
strategic alliances (Das, T.K. & Teng, 2000; Deeds & Hill, 1996; Parise & Henderson, 2001) and 
entrepreneurial development (Ho & Wilson, 2007; Murray, 2004; Oliver, 2004). 

Social capital
The development of a firm founder’s social capital can best be described as a supplementary, 
enabling resource - in addition to the stock knowledge, financial capital and skills of an entrepre-
neur (Dubine & Aldrich, 1991; Greve & Salaff, 2001; Lin, 1999). It is argued that there are two 
forms of social capital: bonding social capital and bridging social capital (De Carolis & Saparito, 
2006). Bonding social capital refers to the ties within a network, and their effect on the norms and 
behaviour of the actors within that network (Adler & Kwon, 2002). Bridging social capital refers 
more to private benefits that an individual may gain through access to a network (Leana & Van 
Buren, 1999). It is the second definition of social capital that is of most interest to us in this paper. 

Entrepreneurial activity is often marked by the ability of a firm founder to mobilise such bridging 
social capital through their familial and social ties, as well as the professional relationships they 
develop upon entry to a field. Initially, the professional network of an academic firm founder is 
based upon his or her research and environment. For founders of academic spin-offs this equates 
to their contemporaries and host university. As a spin-off develops, its sources of social capital 
begin to evolve. The priorities of the firm founder in securing and mobilising social capital 
change depending on the development stage of the spin-off. Entering into new social or 
professional networks grants access to, and interactions with, a wider variety and number of 
potential stakeholders and support entities, which may increase the enabling aspect of social 
capital (Lanciano-Morandat et al., 2009)

For firms choosing to locate to a Science Park, social capital takes on a physical and market 
proximity aspect (Sorenson, 2003). Science Parks draw in firms from similar markets and potential 
requirements for a fledgling firm can be found in the experience and capacities of these more 
established firms. The nearby presence of a university also opens up the possibility of entraining 
available academic social capital (as well as the vast human capital that the university represents). 
If the university is the alma mater of the firm founder, the accrued social capital can be easy to 
access as the networks the founder was once part of are most likely to still be in place. 

A general model relating to social capital is that of Elfring & Hulsink (2003). According to Elfring 
& Hulsink, there are three dominant processes in developing social capital. The first, the dis-
covery of opportunities is affected by prior knowledge and information about the opportunity. 
Securing resources is the second process, in which the start-up accesses, mobilises and deploys 
resources. The last process, obtaining legitimacy, involves enhancing their visibility through affilia-
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tions, alliances and networks, but also through the development of the scientific ‘face’ that a 
company exposes to the market. This could include prominent links to universities, or noted 
professors on the advisory board. 

Knowledge capture
Access to resources, assets and capabilities (Rothaermel & Deeds, 2004) includes not only the 
contextual and network benefits of a Science Park but also the skills and knowledge of the 
personnel of the firm - the human capital. The human capital of the firm begins with, and is 
largely shaped by, the firm founder (Bozeman et al., 2001; Schartinger et al., 2002). The firm 
founder can be seen as the progenitor of the firm and its technologies, for the research conduct-
ed prior to the firm’s formation leads to the exploitation of that knowledge. The founder’s 
research decisions in the years prior to forming the firm have been influenced in two stages, first 
when the founder was an academic researcher, and second when the founder became an 
industrial researcher. 

The exploration-exploitation model (March, 1991) is applicable to all business activity and has 
been applied widely, including in biotechnology-orientated studies. The model generally 
describes the need to achieve a balance between a firm’s research activities (exploration) with a 
firm’s product development and sales (exploitation). Too much emphasis on exploration can 
potentially increase uncertainty and risk, whilst too much emphasis on exploitation leads to a 
reduction in knowledge variation. Important to the practices of the exploration-exploitation 
model are the precursors. The precursor to exploration is simple desire or curiosity, and the 
precursor to exploitation is the presence of applicable resources, be they financial, economic or 
human (Rothaermel & Deeds, 2004). Gupta et al. (2006) address what exactly is meant by 
exploration-exploitation: are they orthogonal or continuous processes? Should the practitioner 
be good at both, be excellent at one, or is there a punctuated equilibrium between the processes?

The interactions of the firm founder with other entities within the Science Park are governed by 
this model. The base knowledge stock, including the results of previous exploration activities, 
needs to be exploited. The decision to exploit this stock is complex, and becoming an “entre-
preneurial scientist” (Oliver, 2004) - managing the academic research as well as the development 
of the firm - is a difficult process. New concerns such as venture capital and intellectual property 
become more entwined with their research activities (Ho & Wilson, 2007). Whilst the scientist may 
not be new to the world of intellectual property or securing funding (albeit in an academic rather 
than a venture capital setting), from the scientist’s point of view the processes operate within a 
different incentive structure. 

Prior to the inception of a technology, the environment of the future firm founder is academia. 
Academia could ostensibly be called the ‘proving grounds’ of a start-up, where the knowledge 
required for the future technology and the firm (which is based on that technology) is explored 
and vetted. In the initial phases of research, the scientist is influenced by the reward system of 
science, as proposed by Merton (Merton, 1957, 1969). With a mind to the incentives structure, 
the scientist employs a number of strategic decisions (Horlings & Gurney, 2012), guided by the 
perception of the trade-off between field crowdedness, problem difficulty and potential reputa-
tional gains (Hagstrom, 1974; Zuckerman, 1992; Zuckerman & Cole, 1994).
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There are multiple threads of research collectively building on the reward system of science. 
These include the distinction between rank and file scientists and star scientists (most notably 
covered by Zucker and Darby (1996) and Zuckerman (1992)), the identification via output and 
productivity in terms of age (Costas et al., 2010), and at the academic institute level, the life cycle 
effect on productivity (Levin & Stephan, 1991) and the academic life cycle of university researchers 
(Horlings & Gurney, 2012). 

Exploration, or research for research’s sake, is generally uncommon in the realm of start-ups or 
spin-offs. The exploitation of such research is, however, a more common practice and with public 
and financial pressures on science and firms for meaningful results, very much a necessity. The 
eventual desired output of these complex processes may not even materialise, and the processes 
affecting each step can contribute to this uncertainty. 

5.3 Aim
We have previously developed methodological tools that describe the scientific and social aspects 
of knowledge capture mechanisms. The first describes the search phases of an academic researcher, 
included in Horlings & Gurney (Horlings & Gurney, 2012). In this model, researchers were found 
over the course of their career to work in a number of research trails and work simultaneously in 
different research trails. Also found were scientists’ roles in problem selection change with age 
and qualification and that entry and exit from research trails was linked to potential reputational 
gains. An extension of that model (Gurney et al., 2012) is that the exploitation (patenting) 
activities can be linked to previous research. This was done through the references cited by the 
patent applications, and how they link in context and scientific background to the work of the 
publishing and patenting output of the firm founder. With this model and extension, the develop-
ment over time of the scientific aspect of an idea generated in academia and exploited in 
industry was made visible, with regards to the selection processes and decisions of the researcher. 

For the social aspect, specifically related to firms located in Science Parks, we previously 
researched (Lanciano-Morandat et al., 2009) the development of the social networks of bio-
technology-oriented firm founders. In this study - in line with Elfring & Hulsink (2003) processes 
for developing social capital - we examined, through in-depth interviews with firm founders, the 
development of each firm through the lens of which entities (be they individuals, other firms, 
organisations, financial institutions and more) the founders made and maintained contact with 
over the current lifespan of the firm. This research compared the firm founders’ resource priorities 
(in terms of finding and securing resources) during the development of their firms, as well as the 
legitimacy benefits gained by collaborations with other firms. The analysis of the interviews 
involved categorising the responses from firm founders into five distinct contextual spheres, 
various actor-types, and three time phases in a firm’s development, which shall be expanded 
upon in the methodology section. 

Following the same methodology and with the theoretical models at hand, we aim to answer the 
following questions: What are the cognitive routes and developments of an idea generated in 
academia and exploited in industry? What relations support knowledge capture and transforma-
tion, particularly in regards to the social capital of firm founders? What is the role of Science Parks 
in facilitating these? With these questions and methodological tools, we focus on and investigate: 
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a.  The links between the firm founders’ knowledge stocks and their technological output 
including the scientific and technological links to higher education institutions and public 
research facilities.

b.  The continuity of research conducted by the firm founder - prior to, and at certain periods 
after, incorporation;

c.  The composition of academic and industrial collaborations of the firm and firm founder 
including the regionalism/internationalism of his/her collaborators;

d.  The social interactions in differing contextual settings between firm founder and stakeholders 
within, and outside, a Science Park;

e. The social interactions with, or mediated by, the Science Park administration. 

5.4 Data and Method

5.4.1 Science Park and firm selection
Leiden BioScience Park (LBP) is the subject of our analysis. LBP is a biomedical science cluster in 
the Netherlands. Since its foundation in 1984, the park has grown significantly and currently has 
close to 100 firms located on the premises. The grounds of the park include property of both 
Leiden University and the Leiden University Medical Centre. The Hogeschool Leiden (Leiden 
University of Applied Sciences) is also located on the same premises along with other knowledge 
institutions such as TNO and Top Institute Pharma.2 There is a park administration that actively 
searches for new firms to locate to the premises and is partnered with Biopartner, which manages 
the facilities at many of the premises, as well as providing advice and funding opportunities for 
firms located in the park. 

Firms were selected on 3 primary criteria: firm formation was within the last 10 years; the firm was 
founded by a university or knowledge institute researcher; and, lastly, the firm is from the life 
sciences and health sector. Following these criteria, we were able to interview and collect full 
patent and publication data for 9 firms. These criteria were deployed so as to ensure certain 
commonalities i.e. economic climate, scientific field, approximate qualifications of the firm 
founder and formation origins (specifically academic spin-offs rather than corporate spin-offs). 

5.4.2 Interviews
Interviews were conducted with the founders of the 9 firms based at Leiden BioScience Park. The 
overall aim of these interviews was to elucidate the communication linkages between the firm 
founders and various actor types from varying sectors. The interviews were semi-structured with a 
pre-determined list of topics to be discussed. If any of the topics were not discussed in the 
interview, they were asked as direct questions at the end of the interview. The topics revolved 
around the nature of interactions between the firm founder and stakeholders involved during the 
development of the firm. The topics and interview coding typology (from Lanciano-Morandat et 
al. (2009)) concerned:

2  For more information about Leiden Bioscience Park, www.leidenbiosciencepark.nl/fact_sheets
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1. The origins of the stakeholder:
 - Academia (e.g. universities, scientific advisors or students) 
 - Organisational and training groups (e.g. patient groups, consortia or professional networks), 
 - Finance (e.g. banks or venture capital firms), 
 - Commerce (e.g. customers, marketing firms or suppliers)
 - Industrial partners (e.g. manufacturers, other biotechnology firms or pharmaceutical partners)
 - Policy and regulation (e.g. lawyers, trial administrators/enablers or safety officials)
 - Science Park (e.g. Science Park administrators or facilities management).

2. The specific context of the interaction which included:
 - Scientific - the scientific knowledge involved in developing the firms’ products or processes;
 -  Commercial - the commercial or sales aspect of the products or processes offered by the 

firm;
 - Financial - the funding of research through venture capital or grants etc;
 -  Technical - the technical (including equipment) knowledge required for the functioning of 

research activities;
 -  Organisational - the regulatory and/or administrative requirements for product/process 

development or for firm operation.

3. The proximity of the interacting individual/institution of which the entity could be:
 -  Personally related - in which the entity is/was a family member, friend or close acquain-

tance known before the firm was founded;
 - Not personally related but within the physical confines of the Science Park;
 - Not personally related but from outside the physical confines of the Science Park. 

4. The interactions are classed according to phases in the formation of the firm, specifically:
 -  The pre-entrepreneurial phase (this includes the time before the firm was officially incorpo-

rated, to shortly after incorporation);
 -  Entrepreneurial phase (wherein the technology of the firm was believed to have passed its 

viability phase);
 - Managerial phase (where the duties of the founder as CEO have migrated to that of CSO).

Due to the content and depth of the issues discussed with the interviewees and in accordance 
with confidentiality agreements with the interviewees/firms, the results presented have been 
generalised with all identifying data removed. 

The interviews were transcribed and analysed through careful reading of the transcripts (along 
with notes taken during the interview). We categorised the entities with which the firm founder 
had contact according to their origin and the environment in which they operate. We noted the 
type and extent of any interactions between the founder and the entity, along with the period in 
the lifespan of the firm, to create matrices presenting the four typologies, presented above. 

5.4.3 Patents and publications
For patent data we use the PatSTAT database prepared and developed by the EPO. We extract-
ed all patent applications with the firm or firm founder listed as an applicant, or the firm founder 
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listed as inventor. Variations of the names used as search input were included and the results 
were manually cleaned. If any discrepancies remained, we put these directly to the firm founder.

For publication data, we used Thomson Reuters’ Web of Science (WoS) as our primary source, 
supplemented by CV data from the scientists involved. All publications by the firm founder were 
downloaded from WoS (all entries up to June 2012).

These base data were parsed using SAINT (2009) and managed in a relational database. Further 
data were collected from the patents, specifically:

1.  In-text non-patent literature references (IT-NPLRs) - citations to publications visible in the body 
of the patent. 

2. Bibliographic NPLRs (B-NPLRs).

Both NPLR sets were parsed and, as far as possible, their WoS publication equivalents retrieved. 
A manual check was performed to see whether the retrieved documents matched the original 
NPLR. If any discrepancies in metadata were found, we used the WoS version or the most 
common usage of the specific data point, but if any discrepancies remained, we did not use the 
records for any further analysis. Examples of modifications to metadata in this process included 
publications cited by patent applications using one year, but the matching publication in WoS 
using another year. In this instance, the data within WoS was taken to be the correct data. The 
verified documents were then parsed and processed separately for a firm-specific analysis and 
collectively for a group analysis. We coded the addresses found within the publication and patent 
application data by country of origin and type of entity, including individuals, university/public 
research organisations or industrial entities. 

Patent and publication visualisation and analysis
The patent applications and scientific publications were grouped together using  methods by 
Horlings & Gurney (2012) and Gurney et al. (2012). Publications were clustered by their shared 
combinations of title words and cited references (van den Besselaar & Heimeriks, 2006). The 
degree of similarity was calculated using the Jaccard similarity index. Clusters of publications 
were automatically assigned by a community detection algorithm (Blondel et al., 2008) within 
SAINT. This algorithm groups publications based on their degree centrality and the relative 
weights of edges between nodes.3 The NPLRs of the patent applications were included in the 
clustering of the publications and served the purpose of linking the NPLRs to the founder 
publications through their content and scientific background. 

Using NPLRs we can link publications to patent applications, thus establishing the scientific 
relevance (as determined by the applicant and examiners) of the patent applications to the 
corpus of publications of the founder. Even if the patent applications do not directly cite the work 

3   For a more detailed explanation of clustering algorithms in general, see Palla, G., Derényi, I., Farkas, I. & Vicsek, T. 
(2005). Uncovering the overlapping community structure of complex networks in nature and society. Nature, 
435(7043), 814-818. For a comparative analysis of Blondel et al.’s algorithm versus others see Lancichinetti, A. & 
Fortunato, S. (2009). Community detection algorithms: a comparative analysis. Physical Review E, 80(5), 056117.
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of the founder, the NPLR that are cited cluster within their corpus, inferring a link to the founder’s 
areas of expertise. These result in a tangible, visible, shared knowledge base between the patent 
and the publication. This allows us to observe and elucidate an indication of the degree of 
knowledge transfer from the research practices and results of the founder to their technological 
output.

5.5 Results

5.5.1 Social interactions between firm founder and other entities over time
The social interactions recorded allow us to determine from where the founder gathers which 
resources. These resources include scientific, technical, organisational and managerial expertise, 
funds (both private and public) and network partners. Each domain in which the founder interacts 
provides specific resources determined by their context and proximity.

Pre-entrepreneurial phase
The collective interactions of the nine firms interviewed at Leiden BioScience Park are presented 
below. Figure 1 corresponds to the firms’ pre-entrepreneurial phase (before incorporation). In 
terms of the firms’ average interaction count (left), the greatest part of the interactions are 
external, followed by personal interactions and those within the Science Park. For the types of 
interactions reported by firms, the only interaction to be mentioned by all 9 firms was to external 
financial actors. The interaction reported by the most firms was with industrial partners in the 
technical sphere external to the Science Park. 

The scientific sphere is the main origin of scientific and technical knowledge  for the firm founder, 
primarily from external actors. There are some personal interactions to academic actor-types, and 
these consist of mostly scientific advice to the firm founders during the pre-entrepreneurial 
phase.
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Figure 1 Leiden collective interactions during pre-entrepreneurial phase

In terms of funding sources, there are only incidental interactions with financial actor types in the 
scientific sphere, with those being small financial interactions (such as rent payments) with 
universities. The majority of interactions over funding resources come from the financial sphere, 
and are from internal and external interactions. 

In terms of proximity, personal interactions are primarily knowledge-based or financial, along with 
some interactions with industrial partners. External interactions are primarily related to funding 
sources, industrial partners and knowledge sources. 

Entrepreneurial phase
Figure 2 shows the interactions reported by the firms during their entrepreneurial phase. 
Compared to the pre-entrepreneurial phase, the distribution of actor-types is similar, but the 
addition of a new actor-type, specifically the Science Park as an entity, was reported. There was 
an increase in the number of commercial interactions, as firms were securing their first customers. 
An increase was also seen in the number of interactions with academic actor types within the 
technical sphere. This was reported by the firms to be the result of collaborations with industrial 
partners. 
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Personal

Science park

External

Scientific

FinancialTechnical

Organisational $

$

$

!

!

!

!
!

Commercial

Note: Size of node indicates average number of interactions per firm. Edge thickness signifies count of firms reporting 
interactions. Grey edges signify only one firm reporting interaction.
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Figure 2 Leiden collective interactions during entrepreneurial phase 

In terms of knowledge sources, most relationships (and the strongest of these) are with academia 
and are external to the Science Park in nature. In contrast to the pre-entrepreneurial phase, more 
firms report knowledge sources from the external relations in the financial sphere. More firms 
show stronger relations with policy/regulators and these interactions are concentrated in the 
technical and organisational spheres at all levels of proximity. Funding sources are external and in 
the financial sphere but some firms have acquired financial resources locally, in the Science Park, 
or through their personal network. Industrial partners are found at all levels, including the Science 
Park, and in all spheres; commercial partners are found outside the Science Park and the com-
mercial sphere appears to produce few resources. 

In terms of proximity, personal relationships are less significant; the occasional firm mentions 
funding or industrial partners and the most pronounced are relationships with academia. The role 
of the Science Park is more pronounced and diverse than in the pre-entrepreneurial phase, 
especially in the technical sphere. The Science Park itself appears as an actor in the organisational 
sphere and its main function seems to be to provide access to industrial partners. External 
relations are to knowledge sources in the scientific and technical spheres, and to industrial 
partners in the scientific, technical, and financial spheres. There are also, to a limited extent, 
emerging commercial relations.

$

$

$

$

$

!

!

!
!

!

!

Scientific

FinancialTechnical

Organisational

Commercial

Organisational Industrial partner Commercial

Financial Academia

Science park

! Policy/regulation$Firm

Personal

Science park

External

Note: Size of node indicates average number of interactions per firm. Edge thickness signifies count of firms reporting 
interactions. Grey edges signify only one firm reporting interaction.
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The overall intensity of interactions has increased in this period, as compared to the pre-entre-
preneurial phase. The overall number of firms reporting academic links in the scientific sphere 
also increases, with 8 companies compared to 7 over the previous period. The number of firms 
reporting interactions with venture capital (6) decreased from the previous period (9). This may be 
due to the firms becoming more financially sustainable as well as increasing efficiency in the use 
of their initial grant monies. 

Managerial phase
Figure 3 shows a further decrease in the number of interactions in the financial sphere. 
Interactions with the Science Park administration were again limited to one firm, but within the 
technical sphere as opposed to the organisational sphere in the entrepreneurial phase. In this 
instance, the Science Park facilitated a technical exchange between firms on the Science Park. 
Academic interactions with industry increased with each phase, as reported by an increasing 
number of firms per phase. The number of firms reporting personal interactions remains relatively 
stable across the phases. 

Figure 3  Leiden collective interactions during managerial phase

Relations with policy-makers/regulators are stronger than in preceding phases. Funding has 
become gradually less important in the networks of founders - mostly in the financial sphere and 
external - and the financial sphere is less prominent than before. In relation to network partners, 
the Science Park mainly serves to find industrial partners and these are found in all spheres, 
except the commercial sphere, but especially in the technical sphere. However, the intensity and 
count of interactions in the commercial sphere are low and sparse.

$
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$

$
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Commercial

Organisational Industrial partner Commercial

Financial Academia

Science park

! Policy/regulation$Firm

Personal

Science park

External

Note: Size of node indicates average number of interactions per firm. Edge thickness signifies count of firms reporting 
interactions. Grey edges signify only one firm reporting interaction.
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In terms of proximity, personal relations primarily draw on knowledge, industrial partners and 
occasionally, funding opportunities. Relations/contacts within the Science Park draw in industrial 
partners and little else, and as such the Science Park now has a role in the technical sphere. 
External interactions result in knowledge from the scientific and technical spheres, industrial 
partners and organisational relations.

Summary
Overall interactions are primarily external, with sustained levels of interactions within the scientific 
and technical spheres. On review of the interview data, this increase is due to the development 
of relationships with industrial partners and many firm founders cited an increased feedback 
between themselves and the manufacturers of their products. This feedback led to the firms’ 
improvement of their research and scientific practices.

Interactions mediated by the Science Park or with the Science Park administration directly, were 
minimal with only 1 firm reporting any significant interactions. Interactions with other firms within 
the Science Park were also minimal, with the few interactions being between the firm founders 
and their former academic supervisors, although many firms indicated that they would like to 
form commercial or scientific relationships with other firms in the Science Park. A reason cited by 
a firm founder - for their lack of interactions with other firms on the Science Park - was that either 
their services or products were not necessary to other firms, or other firms’ services or products 
were, in return, not needed. 

The external interactions reported by the founders were overwhelmingly international. Whilst all 
firms indicated they aimed to service the regional or national market, very few had found viable 
(in the firms’ eyes) customers in the Netherlands. 

The founders commonly reported interactions with universities or public research institutes. 
However, these interactions were the result of many of the firm founders serving as active faculty 
members within the universities named. Firm founders who were active faculty members whilst 
operating in the firm maintained a separation between the work they conducted at the firm and 
their research conducted in the university. 

5.5.2 Scientific and technological output

Technological and scientific relevance
Figure 4 illustrates the linkages between the technologies (patent applications) and scientific 
output (publications) of one of the firms in our set. It shows the research streams of this example’s 
founder, mapping out the evolution of research topics. The non-patent literature references cited 
by the patent applications have been included in the founder publication corpora. The example 
firm’s founder is a prolific publisher, covering multiple research streams. 



The Intellectual Salmon Run: Knowledge Transfer and Dynamics between Academia and Industry102

Research Stream

1
9
8
0

1
9
8
5

1
9
9
0

1
9
9
5

2
0
0
0

2
0
0
5

2
0
1
0

Fo
un

d
er

 p
ub

lic
at

io
ns

Fo
un

d
er

-a
ut

ho
re

d
 N

P
LR

N
o

n-
p

at
en

t 
lit

er
at

ur
e 

re
fe

re
nc

es
 (N

P
LR

)
P

at
en

t 
ap

p
lic

at
io

ns

In
co

rp
o

ra
ti

o
n
 y

e
a
r

1234567891
0

1
1

1
2

1
3

1
4

1
5

1
6

1
7

1
8

1
9

2
0

2
1

E
P

U
S

W
O 2
2

Fi
g

ur
e 

4 
 Ex

am
p

le
 fi

rm
 fo

un
d

er
 p

ub
lic

at
io

ns
, p

at
en

t 
ap

p
lic

at
io

ns
 a

nd
 N

PL
Rs

. 

N
ot

e:
 N

od
es

 h
av

e 
b

ee
n 

co
lo

ur
ed

 a
cc

or
d

in
g

 t
o 

so
ur

ce
 a

nd
 p

re
se

nc
e 

of
 N

PL
Rs

 in
 p

at
en

t 
ap

p
lic

at
io

ns
.

R
at

he
na

u 
In

st
it

uu
t



Rathenau Instituut 103

The founder applied for patents prior to firm formation, and in different patent authorities. The 
founder’s research may be considered directly relevant to the technologies patented as the 
references cited by the patent applications are clustered together with the founder’s publications 
and in many cases cite the founder’s publications. The NPLRs precede major research streams, 
suggesting that during the preparation of the technologies embodied by the patent applications, 
the firm founder recognised and developed the necessary research skills and content to develop 
further their technologies. 

All active research streams prior to formation remain active, suggesting continuity of research 
involving the founder. There were, however, only two new streams of research by the founder 
after formation where the firm has converged on what it considers the most viable research 
stream for its technologies.

Table 1 gives a summarised account of the research streams in all nine firms in the set. The 
publishing propensity and diversity differs by firm founder - as can be seen by the number of 
research streams, and the number of active streams in the incorporation year of the firm. The 
number of new streams of research after incorporation is minimal. However, two firm founders 
have increased the number of streams compared to the number of active streams at incorpora-
tion. The continuity of research involving the founder is low for all firms except one, as seen by 
the number of streams the founders were involved with in 2011. The number of active streams 
with NPLRs present in the stream, indicating a strong link with the patent applications is high for 
all founders with active research streams at incorporation.

Table 1 Founder publishing research streams

Number of Streams

FIRM ID Total
Active 3 years

after
incorporation 

Active in 
2011

1 9 5 0 5 3 1 5

2 20 10 2 9 7 8 7

3 7 1 1 1 0 0 0

4 7 3 1 3 3 1 3

5 14 3 1 2 0 0 0

6 4 0 2 0 0 1 0

7 2 1 1 1 1 2 1

8 3 0 0 0 0 0 0

9 10 1 2 1 1 3 0

Active at 
incorporation

with NPLR

Active 1 year
after

incorporation 

New after
incorporation 

Active at
incorporation 

Rathenau Instituut
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Academic and industrial collaborations
Figure 5 shows the publishing and patenting collaborations between the example firm founder, 
and academia and/or industry. The nodes are coloured according the degree of involvement of 
academic or industrial authors (publications) and assignees (patent applications). 
There has been, in comparison to the total number of founder publications, little collaboration 
with industrial partners. Prior to firm formation, repeated industrial collaborations with different 
industrial partners occurred frequently. After incorporation, there was only one repeat industrial 
collaborator. However, the number of unique industrial collaborators per publication increased, 
with, for instance, one publication featuring three unique industrial partners. 

The primary assignees on the example firm’s patent applications are the firm founder’s home 
university and public health laboratories. There are only two industrial assignees, and they are 
both on the same one application prior to firm formation. There are no patent applications with 
the firm as assignee.

Tables 2 and 3 present the results of the full set of firms. Table 2 shows that for most of the firms 
with active research streams at incorporation, the authors primarily come from academia. Firms 3 
and 9 have a large portion of their authors from industry, with Firm 9 showing a varied mix of 
academic and/or industrial authors. This may be due to the fact that the products on offer by 
Firm 3 require less regulatory supervision as the product “[…] cannot be tested on humans[…]” 
and animal testing is the only solution, and “[..] the product either works or doesn’t.” In the case 
of Firm 9, the development of the hardware utilised in their services, was conducted in conjunc-
tion with theoretical advances from academia and engineering advances from collaboration with 
their technical partners.

Table 2  Academic and industrial collaboration composition (%) of founder publishing research 
streams active at incorporation

FIRM ID Academic Predominantly
Academic

Academic and 
Industrial

Predominantly
Industrial Industrial

1 89 1 7 1 2

2 98 1 1 0 0

3 67 0 0 33 0

4 99 0 1 0 0

5 93 0 7 0 0

6 - - - - -

7 82 9 9 0 0

8 - - - - -

9 30 10 40 20 0

Rathenau Instituut
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Table 3 presents the assignee composition of the patenting efforts of all the firms. Firms 3, 7 and 
8 have industrial assignees exclusively, and Firm 9 has a vast majority of industrial assignees 
(94%). Firm 1 patents almost equally with academic and industrial assignees, whilst the rest of the 
firms tend to academic assignees. This again suggests that the products or services on offer from 
the firms are developed within a more technical environment, such as in the production methods 
of the product, or machinery required for the service.

Table 3  Academic and industrial collaboration composition of patent assignees pre- and 
post-incorporation

Local, regional and international academic collaborations
For our example firm, the number of publications which only have addresses in the Netherlands 
is consistent in all research streams still active after firm formation. The numbers of collaborations 
with EU addresses & NL addresses, and those with NL addresses & EU addresses & Rest of the 
World (RoW) addresses also remain consistent across research streams. There is no significant 
increase in the degree of academic internationalism after firm formation. Considering the 
scientific impact of the example firm, an increase in international collaboration from before the 
firm’s formation to afterwards indicates that the firm has retained its international scientific 
reputation. The firm benefits from the variety and exposure of publishing collaborations. 

The patenting activity of our example firm shown in Figure 6 has no EU academic partners (and 
only one Dutch academic assignee). There are multiple RoW partners, both before and after 
incorporation. 

Tables 4 and 5 show the academic collaborations of all the firms in our set. Table 4 indicates the 
geographic distribution of academic collaborators in the publishing streams of the firms. All the 
firms publish with at least one academic address in the Netherlands. Firm 7 publishes exclusively 

Assignee origin

Academic Predominantly
Academic

Academic and 
Industrial

Predominantly
Industrial Industrial

Firm ID Total application 
count Pre Post Pre Post Pre Post Pre Post Pre Post

1 67 16 14 0 0 19 0 3 2 9 4

2 13 7 5 0 0 0 0 1 0 0 0

3 6 0 0 0 0 0 0 0 0 4 2

4 16 8 3 0 0 0 0 0 0 2 3

5 7 - 0 - 0 - 0 - 0 - 7

6 30 - 0 - 0 - 9 - 1 - 20

7 10 0 0 0 0 0 0 0 0 2 8

8 9 0 - 0 - 0 - 0 - 9 -

9 45 3 0 0 0 0 0 0 0 34 8

Rathenau Instituut
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Active at 
incorporation

New after 
incorporation

Active 1 year after
incorporations 

Leiden

100

0

66.6

0

75

62.5

55.7

-

-

Other
Uni

100

0

16.6

0

62.5

18.7

27.1

-

-

FIRM
ID

1

2

3

4

5

6

7

8

9

Leiden

81.3

22

0

95.5

0

-

76.9

-

90.9

Other
Uni

7.3

23.5

20

2.7

0

-

7.7

-

9.1

KI

3.8

11.2

80

2.7

0

-

7.7

-

0

KI

-

0

0

0

0

0

0

-

20

Leiden

81.3

22

95.5

0

-

76.9

-

90.9

Other
Uni

7.3

23.5

20

27

0

-

7.7

-

9.1

KI

3.8

3.9

80

2.7

0

-

7.7

-

0

Active 3 years after 
incorporation Active in 2011

Leiden

81.3

9

-

95.5

-

-

76.9

-

90.9

Other
Uni

9.8

20.3

-

2.7

-

-

7.7

-

9.1

KI

3.6

3.9

-

2.7

-

-

7.7

-

0

Leiden

75.9

23.1

-

86.5

-

75

69.7

-

67.4

Other
Uni

12

22.2

-

2.7

-

25

15

-

21.1

KI

0

3.9

-

2.7

-

0

7.7

-

20

with Dutch academic partners and Firms 1 and 8 publish extensively with only Dutch partners. 
Firm 5 is more international in that it publishes almost exclusively with Dutch and RoW academic 
partners. 

Table 4  International composition (%) of academic collaborators of founder publishing 
research streams active at incorporation

Links with Leiden University are seen as an integral part of the Science Park, and are reported as 
such by all the firms in the set. Table 5 shows the composition of academic collaborations with 
Leiden University, and with other universities and  knowledge institutes in the Netherlands. 

Table 5 Composition (%) of Dutch academic collaborators of founders

 

Note: KI - Knowledge Institutes
Rathenau Instituut

FIRM ID NL only NL & EU NL & RoW NL & EU & 
RoW

1 71.3 14.3 6.4 8.1

2 36.2 21.5 36.9 5.5

3 50 16.7 33.3 0

4 31.7 57.1 4.1 7.2

5 0 0 95.4 4.6

6 - - - -

7 100 0 0 0

8 - - - -

9 80 0 10 10
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The Netherlands is a geographically compact nation, meaning that firms that are located at the 
Science Park are not limited to the closest universities for recruiting scientists. However, for firms 
with active research streams at incorporation, the vast majority of academic collaborations are 
with Leiden University. This is to be expected as many of the firm founders maintain active faculty 
positions at Leiden. There are also large numbers of collaborations with other Dutch universities, 
such as Firm 5, which had only published with other universities and knowledge institutes in the 
Netherlands prior to incorporation. Upon, and after, incorporation, all of Firm 5’s publishing 
collaborations were with universities in other countries. Firm 3 published most frequently with 
knowledge institutes rather than universities. All new research streams developed by the firms 
after incorporation involved Leiden University, and all streams active in 2011 feature a majority of 
participants coming from Leiden University. 

For all firms, the vast majority of their academic patent collaborators are from the Netherlands 
except for Firm 2 who collaborates with RoW academic partners on 30.8% of their pre-incorpora-
tion applications. Firm 5 collaborates with EU academic partners on 27.3% of their post-incorpo-
ration applications. For firms 3, 7 and 8, there are no academic collaborations at all either before 
or after incorporation.

Industrial collaborations
For the example firm, Figure 6 shows there was little industrial collaboration to speak of, with 
most collaborators being academic in nature. There are no patenting or publishing collaborations 
with any other firms within the Leiden BioScience Park nor any publications involving only Dutch 
industrial collaborators. There are also minimal collaborations with EU and RoW industrial 
partners. Whilst the minimal number of industrial partners may not be important, the lack of any 
Dutch industrial partners is. This suggests that scientific research conducted by the firm founder 
may have relevance to academia locally or elsewhere in the country (as seen in Results Figure 6), 
but little relevance for Dutch industry. 

Table 6 shows the international composition of the industrial assignees of the patent applications 
of the firms, before and after incorporation. Half the firms began to develop their patent stock 
prior to incorporation, and 3 of the firms developed over 80% of their knowledge stock after 
incorporation. All but 3 of the firms have only Dutch and/or EU industrial assignees. The patent 
stocks of the 3 firms with Rest of World (RoW) industrial partners were developed prior to 
incorporation. Significantly, there are no other firms from the Leiden BioScience Park listed as 
assignees in any of the  firms’ patent applications.
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Table 6  International co-assignees composition (%) of total assignees pre- and 
post-incorporation

5.6 Conclusions and discussions
We have examined in detail the social interactions and knowledge output of the founders of nine 
firms at Leiden BioScience Park, focusing on the following issues: (i) knowledge and knowledge 
capture, (ii) bridging social capital, (iii) the relationship between the two, and (iv) the role of the 
Science Park in facilitating access to social capital and aiding knowledge capture. 

In terms of (i) knowledge and knowledge capture, the firm founder begins, in most cases, as an 
academic researcher. The research processes and decisions in academia are governed by specific 
scientific and social search strategies. These strategies shape the eventual quanta of knowledge 
that go on to become a technology. Once this knowledge has been recognised as being exploit-
able, the idea for a commercial exploitation route is formed. Having recognised the exploitability 
of a particular research stream or area, the motivations, rules and norms of research in academia 
change, by necessity, to accommodate the increasing number and variety of stakeholders, as well 
as the supporting infrastructure found in a Science Park.

The firms were still employing the scientific research that they had conducted and the expertise 
that they had developed to their incorporation. Only one founder of the nine who had active 
research streams at incorporation did not publish after incorporation. Of those that did publish 
after incorporation, all but one founder engaged in new research streams after incorporation. 
This would imply that there are still active exploration efforts involving the founders at the firms. 
There is continuity of the founders’ research in all but 2 of the firms, with active streams at 
incorporation mostly still active at least 3 years after incorporation. 

NL only NL & EU NL & RoW NL & EU & RoW 

Firm
ID Pre Post Pre Post Pre Post Pre Post

1 62.2 13.5 18.9 2.7 2.7 0 0 0

2 0 - 0 - 0 - 100 -

3 0 28.6 28.6 0 42.9 0 0 0

4 40 40 0 20 0 0 0 0

5a - 100 - 0 - 0 - 0

6a - 100 - 0 - 0 - 0

7 0 80 20 0 0 0 0 0

8 5.3 52.6 42.1 0 0 0 0 0

9 81 19 0 0 0 0 0 0

Note: a All applications are with firm as only industrial assignee.
Rathenau Instituut
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March’s (1991) exploration and exploitation strategies were evident, as seen in the breakdown of 
publishing and patenting activities of the firms. Most firms struck balances between explorative 
activities and exploitative activities in punctuated equilibrium (Gupta et al. 2006). 

In terms of (ii) bridging social capital, the interactions of the firm founders before and after the 
incorporation of the firm demonstrate a clear trend in that they are primarily external to the Science 
Park. There were no significant scientific or technological interactions (and associated private 
benefits) reported by the firms with any other firms on the Science Park. One founder reported an 
interaction with another firm, but this was between the founder and his previous employer who is 
also located on the Science Park. There are significant scientific and technological interactions 
with industrial partners, with the interviewed firm founders stating that these inter-actions play a 
large role in the development of their respective technologies. For founders reporting international 
collaborations with industry, the primary reason stated is that the products or services they offer 
do not have any regional or national relevance. However, the interviewees in these cases stated 
that they would like to have commercial relations with customers in the same region and country. 

In terms of (iii) the combination of bridging social capital and knowledge creation and capture, all 
nine firms have patent applications that are related to the research conducted by the founder 
prior to applying for the patent(s). The academic and industrial composition of the patents 
reflected much of what was reported by the founders during the interviews. For those founders 
that were still serving as active faculty members at universities, the assignees of the patents were 
primarily their host universities. After incorporation, the presence of industrial assignees in-
creased significantly. For the founders with no patent applications before incorporation, most of 
the assignees were industrial partners, with few universities listed as assignees. This suggests that 
prior to firm incorporation, the university plays the largest role in the technologies, but after 
incorporation there is increased interest from industry in the services and products. 

For the firms interviewed, there appears to be an imbalance in the research they conduct in terms 
of their collaborators. Their scientific publications prior to incorporation strongly feature interna-
tional partners. After incorporation, only firms with founders still active at the university continue 
a high level of international academic collaboration. For firm founders who are not active faculty 
members, publishing activities become increasingly local, mostly with their alma mater and 
increasingly with the university affiliated with the Science Park, in this case Leiden University. The 
share of international collaborators in the scientific output of the founders is high to begin with 
for most of the firms. This could be considered an artefact of the founders’ previous collabora-
tions in a university setting where many of the collaborators were from universities in other 
countries. Although the number of international industrial collaborations varies across the firms, 
both in patenting and publishing, there seems to be no significant change to the internationalism 
of industrial partnerships in research. At the same time, most the founders interviewed found that 
customers for the products and services they provide are not found locally or even in the same 
region. Rather, they are mostly from elsewhere in the EU or further afield. This would suggest that 
whilst there may not be a local market for their products and services, the research conducted 
towards developing the products and services is strongly helped by the local education and 
industrial sectors.
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In terms of (iv) the role of the Science Park in facilitating access to social capital and knowledge 
capture opportunities, the sum of the reported interactions runs contrary to many of the stated 
goals of a Science Park. The most notable of these is that there be interaction between firms 
within the  Science Park and its administration, so that they exploit the network benefits of 
locating to a Science Park. The principal scientific and technological pull of the Science Park as 
reported by the founders was the proximity to the local HEI, a motivation also reported in Löfsten 
& Lindelöf (2003). 

We believe that the level of detail in our study outweighs the restrictive selection criteria. We add 
a new dimension to future studies on Science Parks, and academic entrepreneurs who choose to 
locate to Science Parks. We feel that previous research has too often neglected the core compo-
nents of a Science Park, and the firms located there. That is to say the effect on the technologies 
and research processes of the founders and their ability to mobilise social capital. The quantita-
tive aspect of our study can provide insight in further studies for policy-makers as to the historical 
development and level of collaboration between firms located on Science Parks and the interna-
tionalism of academic or industrial collaborations. Our qualitative approach can be of help to 
policy-makers when re-examining the purported benefits of a Science Park and whether a 
Science Park is in fact the ideal carrier for these benefits. 

The results of this paper add new weight to the need for a careful re-examination of the role of 
the Science Park in regional and national policy discussions. As the Netherlands is a geographi-
cally compact country, many of the logistical benefits may be moot. However, our results seem to 
suggest that the close association of start-ups with the local university and with national industrial 
partners lead to a more productive firm, both in terms of new research and associated output. 
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