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Extant research has established that firms engage in R&D collaboration and access
knowledge spillovers to enhance their innovativeness. We aim to take this conversation
in a new direction by seeking to answer the question, ‘How does engagement in R&D
collaboration with suppliers, customers, and competitors, both domestically and inter-
nationally, as well as access to knowledge spillovers from universities and other open
sources, influence a firm’s innovation?’ This is the primary goal of our study. The study
develops a knowledge-based view on knowledge collaboration and spillovers, explain-
ing how a firm’s decision to collaborate, as opposed to accessing knowledge spillovers,
shapes its innovation outputs and propensity to innovate. The theoretical utility of this
framework lies in elucidating how the distinct types of knowledge (basic or applied)
transferred to a firm when accessing external knowledge create different mechanisms
that influence innovation output. By analyzing data on knowledge spillovers and R&D
collaboration from the innovation survey of firms in the United Kingdom over the period
2002-2014, we demonstrate that in most instances of knowledge combinations, the cost
effect of knowledge sourcing exceeds the complementary effect of knowledge, leading to
a firm’s choice between R&D collaboration and spillovers. The study contributes to the
innovation and R&D management literatures by explaining why this pattern emerges
and demonstrating that these relationships are contingent upon the degree of collabora-

tion and the level of knowledge spillovers.
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1. Introduction

irm innovation and R&D management have

long been focal points of both research and
policy agendas (Chiesa and Piccaluga, 2000; Di
Minin et al., 2021), prompting several policy re-
sponses across the United States and Europe. The
emphasis has been placed on aspects such as R&D
collaboration, knowledge spillovers, and innova-
tion performance (Leyden and Link, 2015; Bernal
et al., 2022).

While many scholars view R&D collaboration
as a general source of innovation from various
perspectives (Kenney and Patton, 2005; Belderbos
et al., 2015), we define R&D collaboration as the
exchange of applied knowledge between two or
more directly engaged partners. This exchange
can encompass individual interactions, joint prac-
tices, and capability development (Caloghirou
et al.,, 2004; Agarwal et al., 2010; Nissen
et al., 2014; Bernal et al., 2022), often forming
a formal relationship between a firm and its sup-
pliers, customers, and competitors (Ritala, 2012;
Bouncken et al., 2020). We define knowledge spill-
overs as externally developed knowledge by other
organizations, which, being not entirely excludable,
can be freely accessed by third parties as a posi-
tive externality (Griliches, 1979; Jaffe et al., 1993;
Audretsch and Feldman, 1996; Cassiman and
Veugelers, 2006; Agarwal et al., 2010).

Despite the significant attention given to
the roles of R&D collaboration and knowledge
spillovers in innovation output, there remains
a lack of understanding regarding what deter-
mines the positive impact of R&D collaboration
(Chesbrough, 2003) and knowledge spillovers
(Audretsch and Feldman, 1996; Acs et al., 2009)
on innovation output. Additionally, recent research
on knowledge transfer and innovation calls for
greater clarity about the firm characteristics that
enable the cross-fertilization of collaborative
research projects to accelerate the innovation pro-
cess (Gonzdlez-Pinero et al., 2021) and to leverage
the limitations of knowledge transfers (Audretsch
and Belitski, 2020).

Past research on open innovation and knowl-
edge sourcing (Laursen and Salter, 2006, 2014;
Kobarg et al., 2019; Audretsch and Belitski, 2020)
has not effectively expounded on the mechanisms
of knowledge sourcing and types of knowledge
(basic vis-a-vis applied knowledge) (Leyden and
Menter, 2018, 2022). Nor has it explored the
complementary and substitutive effects of knowl-
edge spillovers and collaboration for innovative
firms under different conditions. Despite valuable

theoretical contributions, what remains unclear is
how a firm’s engagement in R&D collaborations
with different external partners and firms’ reliance
on knowledge spillovers to achieve its knowledge
creation targets influences innovation performance.
To address the above limitation, we combine
transaction cost approach by Williamson (1979)
related to the cost of knowledge creation and
knowledge-based view (Wernerfelt, 1984; Dyer
and Nobeoka, 2000; Barney et al., 2001; Grant
and Baden-Fuller, 2004) to develop a theoretical
perspective and explain how the interplay between
different sources of knowledge inputs shapes inno-
vation performance.

Thus, the objective of this study is to theoretically
discuss and empirically examine how does engage-
ment in R&D collaboration with suppliers, custom-
ers, and competitors domestically and internationally
as well as access to knowledge spillovers from uni-
versity and other open sources influence the firm’s
innovation and propensity to innovate. This study
will fill a significant theoretical gap in R&D man-
agement and innovation research by investigating
the extent to which a firm is constrained to choose
between knowledge spillovers and R&D collabo-
ration, and what combinations of knowledge could
be more or less beneficial for innovation activity
(Belderbos et al., 2010, 2015; Phelps, 2010; Bernal
et al., 2022; Audretsch et al., 2023).

This study explores the choices between R&D
collaboration and/or access to knowledge spill-
overs and how these choices can subsequently
change innovation output. The contributions of this
study is in R&D management and open innovation
literature as follows.

First, we theorize and empirically test the inter-
play between R&D collaboration with external
partners (such as customers, competitors, and sup-
pliers) (Mariani and Belitski, 2023; Audretsch and
Belitski, 2024) and knowledge spillover from uni-
versities, conferences, industrial standards, patents,
academic publications to understand how each type
of engagement related to basic and applied knowl-
edge shapes innovation outputs and the overall pro-
pensity to innovate.

Second, we explain the mechanisms driving the
complementary and substitutive effects between
R&D collaboration and incoming knowledge spill-
overs for firm innovation. The key premises of the
knowledge-based view (Dyer and Nobeoka, 2000;
Grant and Baden-Fuller, 2004) is that firms
are motivated to engage in R&D collaboration
because they need to leverage external knowledge,
expertise, and capabilities that cannot be found
internally (Chesbrough et al., 2006). Hence, by

532 R&D Management 55,2,2025  © 2024 The Author(s). R&D Management published by RADMA and John Wiley & Sons Ltd.

85U8017 SUOWIWIOD 8AITER.D 3|qed!|dde sy Aq pausenob afe ssjoie YO ‘@S JO Sa|nJ 10} Areid1 7 8UlJUO /8|1 UO (SUORIPUOD-pUR-SWBYW0D" A3 |1 Aelq 1 Buljuo//Sdny) SUORIPUOD PUe SWIS | 8Y} 89S *[S202/20/60] Uo Ariqiauliuo 8|1 ‘1881 AQ TT.ZT WPe/TTTT 0T/I0p/W00 8| 1M Akeiq1jput|uoy/:sdny wouy papeojumoq ‘Z ‘Z0Z ‘0TE6.9T



choosing R&D collaboration and spillovers, a firm
chooses how different types of knowledge (basic
and applied) will enable complementarities in col-
laborations or will lead to an increased transaction
costs (Williamson, 1979). Thus, both positive and
negative effects of joint access to knowledge spill-
overs and engagement in R&D collaboration are
sought.

Our results provide empirical evidence of the pos-
itive effect of incoming knowledge spillovers on firm
innovation and propensity to innovate. Moreover,
we demonstrate that both domestic and international
R&D collaborations bolster firm innovation and the
propensity to innovate. In a more dynamic view on
R&D collaboration and knowledge spillovers, we
argue that these strategies may be adapted by firms
over time depending on the value obtained from their
current combination of knowledge sources and types
of collaboration partners (Asgari et al., 2017; De
Leeuw et al., 2019).

This research contrasts previous works by
Bernal et al. (2022) and Koch and Simmler (2020)
in its approach to understanding the effects of var-
ious types of R&D collaboration and knowledge
spillovers on innovation. We normalize incom-
ing knowledge spillover, university spillover, and
R&D collaboration on innovation domestically and
internationally and compare the magnitude of the
effects on innovation performance and propensity
to innovate.

It extends robust literature on R&D collabora-
tion and alliances by Koch and Simmler (2020)
and Bloom et al. (2013), who have focused on the
role of knowledge spillovers and a firm’s decisions
to engage in collaboration versus other sources
of knowledge, much of this research often omits
an analysis of the nature and heterogeneity in
knowledge spillovers. They primarily consider the
transfer of basic knowledge and regard it as an inte-
gral part of the knowledge collaboration process
(Katz, 1986; d’Aspremont and Jacquemin, 1988;
Li and Bosworth, 2020). This perspective, how-
ever, differs from that of Koch and Simmler (2020)
and Audretsch et al. (2021). In this study, we offer
both a theoretical discussion and empirical testing
of these contrasting views.

The remainder of this article is as follows. The
next section reviews the literature on knowledge
spillovers and R&D collaboration and the interplay
between them to motivate and develop our research
hypothesis. Section 3 explains the data and empirical
methodology, while the results of the estimation are
discussed in Section 4. Section 5 provides multiple
robustness checks. Section 6 discusses and Section 7
concludes.

Knowledge spillovers or R&D collaboration?

2. Theoretical framework and
hypotheses

2.1. Knowledge spillovers and innovation

Knowledge spillovers are generated when a firm
accesses knowledge and information from a third
party such as university or open source — technical
reports, patent databases, conference attendance,
scientific publications, and open Internet informa-
tion. Research at universities often facilitates the
spillover of basic knowledge (Audretsch, 2014)
and its transfer to the industry where it can be
applied and commercialized. Koch and Simmler’s
recent work (2020) discusses potential local pub-
lic knowledge spillover channels, such as knowl-
edge transfer from local public institutions (e.g.,
patents, universities) to firms. In this context,
knowledge spillovers are built on basic knowledge
that can be accessed and used directly from the
source, such as patents, copyrights, trademarks,
textbooks, and case studies. This basic knowl-
edge can enhance the performance of companies,
a topic explored extensively in open innovation
literature (Chesbrough, 2003; Cassiman et al.,
2008). These properties make basic knowledge
decentralized and accessible beyond geographi-
cal boundaries. Koch and Simmler’s concept of
knowledge spillover (2020) posits that third par-
ties advance basic scientific knowledge and create
technological knowledge, which then spills over
to firms in close geographic proximity (Belenzon
and Schankerman, 2013; Guenther et al., 2023).
The authors also mention a second channel of col-
laboration between firms and public institutions
that allows firms not only to access knowledge via
spillovers but also to collaborate in creating new
knowledge.

Information from open sources such as academic
publications, conferences, technical know-how, and
patents is considered a useful source of information
on the technical characteristics of industry inven-
tions (Caloghirou et al., 2004). Therefore, spillovers
of specific knowledge produced by third public and
private organizations, but not commercialized, could
serve as a source of new knowledge and be com-
mercialized in a market by creating a new product
or establishing a new business (Acs et al., 2009;
Audretsch and Belitski, 2013).

While the benefits of knowledge spillovers are
often locally bound (Boschma, 2005), the devel-
opment of digital tools has changed the implicit
assumption that basic knowledge is geographically
bounded (Acs et al., 1992; Bloom et al., 2013;
Audretsch and Belitski, 2021). Developments in
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technologies such as fiber optics, which can man-
age more data traffic and more customers, includ-
ing 4G and 5G networks, as well as broader access
to broadband, reduce the cost of data maintenance
and transmission. This allows basic knowledge to
be transmitted beyond a firm’s physical location,
even through face-to-face communication plat-
forms like Zoom and Teams in real time. Thus, we
hypothesize:

H1. Firms that access knowledge spillovers will
increase their innovation output.

2.2. R&D collaboration and firm
innovation

Knowledge spillovers can catalyze innovation
activities, but firms that are unable to access such
spillovers or that need more applied knowledge
may turn to R&D collaborations (Caloghirou
et al., 2004; Belderbos et al., 2010, 2015; Helfat and
Martin, 2015).

There are several compelling reasons for firms
to pursue R&D collaboration. First, R&D collab-
oration, ‘crossing knowledge and technologies,
provides a way to enhance the competitive posi-
tion of partners when looking for a collaborative
advantage’ (Gonzdlez-Pifiero et al., 2021, p. 36),
increasing absorptive capacity through learning
effects garnered through R&D with suppliers, cus-
tomers, and competitors (Schamberger et al., 2013;
Ritala, 2012; Bernal et al., 2022). Second, strate-
gic know-how and competencies are developed and
shared within R&D collaborations and networks
(Lundvall and Johnson, 1994). Innovation research
positively correlates R&D collaboration between
organizations with improved innovation out-
comes (Belderbos et al., 2015; Kobarg et al., 2019;
Audretsch et al., 2023). Third, R&D collaboration
can focus on meeting specific industry needs and
societal demands, where applied knowledge is gen-
erated through personal contacts between knowl-
edge creators in various spaces (Audretsch and
Belitski, 2022). R&D collaboration often involves
co-creation and the sharing of experiences among
managers and technical staff, facilitated by for-
mal and informal interactions at work and through
the mobility of human capital between partners
(Kogut, 1988).

Finally, previous research shows that R&D col-
laborations allow firms to bring in new expertise and
applied knowledge and match them to their needs
(Ciborra, 1991). In this way, firms can exchange and
enrich applied knowledge, which can be product-,
industry-, and market specific, through close links

between different firms and managers. In today’s era
of rapid digitization, firms use various platforms and
digital tools to connect with multiple, functionally
diverse partners and engage in R&D collaboration
(Beers and Zand, 2014).

Besides the learning and co-creation benefits,
R&D collaboration can reduce a firm’s cognitive and
product development costs by facilitating the discov-
ery of new products and providing access to applied
knowledge that can be quickly integrated into the
value creation process (Lanzolla and Suarez, 2012).
It can also help distribute the organizational costs
of innovation between partners (Veugelers, 1998),
thereby reducing product development and innova-
tion production cycles (Hagedoorn, 1993).

Given the increasing complexity of knowledge
and market demands, firms are engaging com-
petitors, suppliers, and customers in R&D col-
laboration (Laursen and Salter, 2006; Frenz and
Ietto-Gillies, 2009; Beers and Zand, 2014; Kobarg
et al., 2019). This facilitates faster commercializa-
tion and development of new products. While applied
knowledge is traditionally thought to be localized
and more easily exchanged within close proximity
(Acs et al., 1992). Accordingly, we hypothesize:

H2. Firms that engage in formal R&D collabora-
tion domestically and internationally will increase
their innovation output.

2.3. Complementarity between basic and
applied knowledge for innovation

At the heart of knowledge spillovers lies basic knowl-
edge, which for a firm could translate into a reliance
on foundational knowledge and core university dis-
ciplines (Audretsch, 2014). While basic knowledge
plays a crucial role, the industrial application of this
knowledge necessitates its combination with applied
knowledge. This is typically obtained via linkages
between firms, managers, competitors, suppliers,
and customers with the objective of addressing spe-
cific technological, social, and economic challenges.
Applied knowledge primarily focuses on providing
solutions and applications for major issues confront-
ing society and industry. Basic knowledge needs to
be transformed into marketable products, hence a
R&D collaboration strategy that encourages cross-
fertilization of basic and applied knowledge could
significantly boost innovation outcomes and lead to
direct market commercialization in the form of new
products and services (see Leyden and Menter, 2018,
2022 for discussion).

We propose that the fusion of basic and
applied knowledge introduces a diverse range of
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competencies, capabilities, and skills to partner-
ships. Amid heightened competition for knowledge
and digitalization, firms aim to access basic knowl-
edge from the academic sector and complement
their applied knowledge, derived from internal
R&D efforts and external collaborations, to inno-
vate. Collaboration with competitors and suppliers
can conserve resources for innovation and ensure
that the critical mass of basic knowledge attained
via spillovers and internal R&D is augmented with
applied knowledge. Current research indicates
that there is pressure on firms to enter markets
(Ritala, 2012; Bouncken et al., 2020; Belitski and
Mariani, 2023) and that basic research in corpo-
rate laboratories and universities, which aims to
create new scientific knowledge, should be inte-
grated with applied research activities (Caloghirou
et al., 2004).

A positive outcome of combining R&D collab-
oration and spillovers is the knowledge comple-
mentarity effect. It is reasonable to posit that the
role of R&D collaboration is twofold for a firm’s
incentive to invest in such collaboration and spill-
overs. First, R&D collaboration allows the flow of
applied knowledge across different partners, while
also facilitating the understanding and assimilation
of external knowledge in the form of knowledge
spillovers. Second, applied knowledge simplifies
intra-firm learning, creating a stronger absorp-
tive capacity (Cohen and Levinthal, 1989), and
aids in transforming basic knowledge from spill-
overs into marketable solutions. This process is
partially explained by open innovation scholars
(Hagedoorn, 1993; Beers and Zand, 2014) and
can be condensed into three themes, associated
with the reductions in cognitive, transactional,
and organizational costs that encourage firms to
engage in both R&D collaboration (Cassiman and
Valentini, 2016). Firms will accelerate organiza-
tional learning and develop impactful and valuable
breakthrough inventions that enhance their perfor-
mance in collaboration (Belitski et al., 2023). By
supplementing R&D collaboration with spillovers,
firms may further filter out less promising com-
binations of knowledge partners and identifying
the most promising partner types (Fleming and
Sorenson, 2004).

Despite the importance of equipping a firm
with both basic and applied knowledge for innova-
tion, firms might not be able to access both types
of knowledge equally and to the extent they wish
to do due to major resource constraints and risks
(Williamson, 1979; Kobarg et al., 2019). Bernal
et al. (2022) found that the propensity to initiate

Knowledge spillovers or R&D collaboration?

or continue collaboration with business partners
(customers, suppliers, competitors) correlates with
whether firms already benefit from access to knowl-
edge resources, such as knowledge spillovers.
Increasing basic and applied knowledge transfer
from various external sources raises operational and
transaction costs, resulting in diminishing marginal
returns from combining knowledge spillovers and
R&D collaboration (Audretsch and Belitski, 2022,
2023; Saura et al., 2023). We refer to this negative
effect from combining R&D collaboration and spill-
overs as the cost effect.

Primary costs are adjustment and operational
costs, which may depend on the costs and extent
of existing collaborations, as every subsequent col-
laboration will entail less additional costs. While
adjustment costs will diminish as firms continue
to adapt to the existing and subsequent techno-
logical and scientific collaborations, using their
absorptive capacity (Cohen and Levinthal, 1989),
the ‘learning-by-collaborating’ process is not lim-
itless and will eventually contribute to operational
costs. Adjustment costs will operate similarly for
both R&D collaboration and knowledge spillovers.
Although the costs of absorbing every unit of new
information and knowledge are likely to be smaller
than those of absorbing existing knowledge, these
costs are nonetheless cumulative.

Therefore, the positive complementary effect of
combining knowledge spillovers and R&D collabo-
ration is constrained by the resource scarcity effect,
and a firm’s readiness to invest in both knowledge
transfer channels when faced with such a choice. We
hypothesize:

H3. The relationship between R&D collaboration
and knowledge spillovers for firm’s innovation is (a)
positive if the knowledge complementarity effect out-
weighs the cost effect and (b) negative if the cost effect
exceeds the knowledge complementarity effect.

The conceptual model we test is illustrated in
Figure 1.

3. Data and method
3.1. Sample

To test our hypotheses, we employed six pooled
cross-sectional datasets from the Business Structure
Database, also known as the Business Register, and
the UK Innovation Survey (UKIS) spanning from
2002 to 2014. Despite these two datasets originat-
ing from separate sources, they can be effectively
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Figure 1. The conceptual model. Source: Authors. [Colour figure can be viewed at wileyonlinelibrary.com]

paired. First, we compiled and matched six consec-
utive waves of the UK Innovation Surveys (UKIS
4 2002-2004, UKIS 5 2004-2006, UKIS 6 2006—
2008, UKIS 7 2008-2010, UKIS 8 2010-2012, and
UKIS 9 2012-2014), each conducted biennially
by the Office of National Statistics (ONS) in the
United Kingdom (UK). The surveys were orga-
nized on behalf of the Department of Business
Innovation and Skills (BIS). Second, we utilized
data from the Business Structure Database (BSD)
for the years 2002, 2004, 2006, 2008, 2010, and
2012, and matched these to the corresponding CIS
survey waves, using BSD data from the initial
year of the UKIS period. The Business Structure
Database includes information on firm legal sta-
tus, ownership (foreign or national firm), alliance
information (whether the firm belongs to a larger
enterprise network), export activity, turnover,
employment, industry at a five-digit level, and firm
location by postcode.

Given the available data on our two operation-
alizations of innovation, we created two samples to
test our research hypotheses. The first sample, called
‘innovative sales’, contains a total of 21,702 obser-
vations and focuses on the factors that impact sales
of new products, using the share of new product
sales as the dependent variable. Our second sample,
called ‘innovation output’, includes 26,908 obser-
vations with the binary dependent variable being
product innovation. The distribution of firms across
industries, regions, and survey years shows a 95%
overlap between the two samples. In our first sample,
consisting of 21,702 observations, we perform two
robustness checks by excluding firms in the Greater
London area (19,043 observations) and firms with
subsidiaries (18,434 observations). We also estimate
a sample with predicted values of knowledge spill-
over and collaboration to address endogeneity bias.
Tables 1 and 2 display the industrial and geographi-
cal split across the original sample of 89,518 obser-
vations as well as the ‘innovative sales’ and ‘product
innovator’ samples.

3.2. Variables

Detailed descriptions of dependent, explanatory, and
control variables are provided in Table 3, while their
summary statistics are in Table 4.

We use two dependent variables for innovation
output. The first variable, ‘innovation’, is opera-
tionalized as a firm’s turnover share from goods
and services that were new to the market and to the
firm over the past 3years. This variable signifies
whether a firm can invent new products and com-
mercialize them (Arora et al., 2016; Giovannetti
and Piga, 2017; Kobarg et al., 2019). An innovation
sales value of zero does not necessarily imply a lack
of innovation; instead, it may suggest that the inno-
vation has not been commercialized. This measure
has often been used to gauge knowledge commer-
cialization and innovation (Roper et al., 2008; Frenz
and Ietto-Gillies, 2009; Santamaria et al., 2009;
Leiponen and Helfat, 2010; Kobarg et al., 2019;
Audretsch et al., 2023). Unlike a binary variable,
this sales related variable displays the commercial
value of innovation (Negassi, 2004). Our second
dependent variable, ‘product innovator’, is defined
as one if a firm has reported a new product or ser-
vice creation over the past 3 years, zero otherwise.
This measure has been used as an indicator of
innovation and a firm’s ability to invent new prod-
ucts and services (Laursen and Salter, 2006, 2014,
Giovannetti and Piga, 2017; Roper et al., 2017;
Audretsch and Belitski, 2021, 2022). Both depen-
dent variables are sourced from the UKIS and are
available from 2004 to 2014.

Our independent variables relate to knowledge
spillovers and R&D collaboration. First, we opera-
tionalize incoming knowledge spillover, following
Cassiman and Veugelers (2002), Veugelers (1998),
Griffith et al. (2006), Audretsch et al. (2021), and
Bernal et al. (2022), as a sum of scores between
zero and three, which pertain to the importance of
various information sources for innovation activities.
The final score for incoming knowledge spillover
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Table 1. Three samples sector divisions (by SIC 2007)

Knowledge spillovers or R&D collaboration?

Innovative Product innovator
Sector divisions Baseline % sales % sample Y%
1. Mining and quarrying 486 0.65 175 0.81 186 0.69
2. Manufacturing basic 4,025 5.41 1,277 5.88 1,569 5.83
3. High-tech manufacturing 11,682 1570 4,218 19.44 4,946 18.38
4. Utility 780 1.05 170 0.78 205 0.76
5. Construction 7,370 9.90 2,229 10.27 2,640 9.81
6. Wholesale, retail trade 12,530 16.84 3,481 16.04 4,324 16.07
7. Transport, storage 4,792 6.44 1,195 5.51 1,501 5.58
8. Hotels and restaurants 5,400 7.26 1,174 5.41 1,418 5.27
9.ICT 4,441 5.97 1,434 6.61 1,787 6.64
10. Financial intermediation 2,651 3.56 850 3.92 1,337 4.97
11. Real estate and other business activities 10,728 14.41 2,682 12.36 3,471 12.90
12. Public admin, defense 8,305 11.16 2,196 10.12 2,742 10.19
13. Education 213 0.29 152 0.70 191 0.71
16. Other community, social activity 1,024 1.38 469 2.16 592 2.20
Total observations 74,427 100.00 21,702 100.00 26,908 100.00

Due to missing values on firm’s sector, the total amount of observations (once controlled for sectors) in the baseline sample is 74,427

observations.

Source: Department for Business, Innovation and Skills, Office for National Statistics, Northern Ireland. Department of Enterprise, Trade
and Investment. (2018). UK Innovation Survey, 1994-2016: Secure Access. [Data collection]. 6th Edition. UK Data Service. SN: 6699,
http://doi.org/10.5255/UKDA-SN-6699-6 (hereinafter UKIS — UK Innovation survey). Office for National Statistics. (2017). Business
Structure Database, 1997-2017: Secure Access. [Data collection]. 9th Edition. UK Data Service. SN: 6697, http://doi.org/10.5255/UKDA-
SN-6697-9 (hereinafter BSD — Business Structure Database).

Table 2. Three samples regional distribution (by 10 UK regions, Scotland, and Northern Ireland) and distribution over

survey waves

Innovative Product innovator
Baseline % sales Y% sample %
Regions
North East 4,731 5.28 1,171 5.40 1,582 5.88
North West 8,506 9.50 1,997 9.20 2,443 9.08
Yorkshire and Humber 7,142 7.98 1,758 8.10 2,217 8.24
East Midlands 6,708 7.49 1,749 8.06 2,134 7.93
West Midlands 7,562 8.45 1,890 8.71 2,301 8.55
Eastern England 7,776 8.69 1,946 8.97 2,446 9.09
London 11,369 12.70 2,064 9.51 2,615 9.72
South East 10,353 11.57 2,367 10.91 2,928 10.88
South West 7,229 8.08 1,813 8.35 2,266 8.42
Wales 5,203 5.81 1,432 6.60 1,806 6.71
Scotland 7,487 8.36 1,700 7.83 2,163 8.04
Northern Ireland 5,452 6.09 1,815 8.36 2,008 7.47
Total 89,518 100.00 21,702 100.00 26,908 100.00
Years

UKIS4 (2005) 16,445 18.37 12,557 57.86 11,334 42.12
UKIS5 (2007) 14,872 16.61 2,425 11.17 5,656 21.02
UKIS6 (2009) 14,281 15.95 1,454 6.70 4,273 15.88
UKIS7 (2011) 14,342 16.02 2,773 12.78 2,575 9.57
UKISS (2013) 14,487 16.18 1,174 5.41 1,362 5.06
UKIS9 (2015) 15,091 16.86 1,319 6.08 1,706 6.34
Total observations 89,518 100.00 21,702 100.00 26,908 100.00

BSD, Business Structure Database; UKIS, UK Innovation survey.
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Table 3. Description of variables

Variable (source)

Definition

Innovation (UKIS)
Product innovator (UKIS)

Incoming knowledge spillo-
vers (UKIS)

University knowledge
spillovers

R&D collaboration domestic
(UKIS)

R&D collaboration interna-
tional (UKIS)

Control variables
Age (BSD)
Employment (BSD)
Training (UKIS)

Organizational innovation
internal (UKIS)

Organizational innovation
external (UKIS)

Process innovation (UKIS)
R&D expenditure (UKIS)
Patents (UKIS)

Scientist (UKIS)

Exporter (UKIS)
Foreign (BSD)
Survival (BSD)

Reporting unit (UKIS)

Share of firm’s turnover from goods and services that were new to the market and new
to the firm over the last 3 years

Binary variable=1 if firm reports a firm has created product or service innovation which
was new to the market and a firm, zero otherwise

Sum of scores (0-3) of how important to innovation activities was information from:
conferences, trade fairs, or exhibitions professional and industry associations; techni-
cal, industry, or service standards; scientific journals and trade/technical publication.
The final score was normalized between zero and one. The individual variables are
described next

Sum of scores (—3) of how important to innovation activities was information from
universities normalized between zero and one

Sum of binary variables if a firm reported R&D collaboration on innovation with sup-
pliers, customers, and industry (competitors) regionally and nationally (within the
UK) that varies from zero to a maximum of six, for collaboration with a maximum of
three types of partners regionally and internationally. The final score was normalized
between zero and one

Sum of binary variables if a firm reported R&D collaboration on innovation with
suppliers, customers, and industry (competitors) in Europe and the rest of the world
that varies from zero to a maximum of six, for collaboration with a maximum of
three types of partners regionally and internationally. The final score was normalized
between zero and one

Age of a firm (years since the establishment)
Number of full time employees, in logarithms

Binary variable equal one if a firm invested in training for innovation of employees,
zero otherwise

Binary variable equals one if during the 3 years a firm has introduced new business
practices for organizing procedures (i.e., supply chain management, business re-
engineering, knowledge management, lean production, and quality management),
zero otherwise

Binary variable equals one if during the 3 years a firm has introduced new methods of
organizing external relationships with other firms or public institutions (i.e., first use
of alliances, partnerships, outsourcing, or sub-contracting), zero otherwise

Binary variable=1 if firm has introduced process innovation, zero otherwise
The amount of expenditure for internal Research and Development (000s) in logarithm

Binary variable=1 if firm has used patents as legal protection of its innovation out-
comes, zero otherwise

The proportion of employees that hold a degree or higher qualification in science and
engineering at BA/BSc, MA/PhD, PGCE levels

Binary variable=1 if a firm sells its products in foreign markets, O otherwise

Binary variable=1 if a firm has headquarters abroad, O otherwise

Binary variable=1 if a firm survived as an independent unit or as a part of a group until
year 2017, O otherwise

Number of local units (subsidiaries within the enterprise group, both in the country and
abroad)

Variables used to create incoming knowledge spillover

Associations (UKIS)
Standards (UKIS)
Conferences (UKIS)

Publications (UKIS)

538 R&D Management 55, 2, 2025

Knowledge spillovers component: how important to innovation activities was informa-
tion from: professional and industry associations (0 — not applicable to 3 — high)
Knowledge spillovers component: how important to innovation activities was informa-
tion from: technical, industry, or service standards (0 — not applicable to 3 — high)
Knowledge spillovers component: how important to innovation activities was informa-
tion from: conferences, trade fairs, or exhibitions (0 — not applicable to 3 — high)
Knowledge spillovers component: how important to innovation activities was informa-

tion from: scientific journals and trade/technical publications (0 — not applicable to
3 — high)
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Table 3. (Continued)

Knowledge spillovers or R&D collaboration?

Variable (source)

Definition

Variables used to create R&D collaboration domestically and internationally

Suppliers collaboration
domestic (UKIS)
Customers collaboration
domestic (UKIS)
Industry collaboration
domestic (UKIS)
Suppliers collaboration
international (UKIS)
Customers collaboration
international (UKIS)
Industry collaboration
international (UKIS)

Binary variable=1 if firm reports R&D collaboration with suppliers within a region or a
country, zero otherwise

Binary variable=1 if firm reports R&D collaboration with customers within a region or
a country, zero otherwise

Binary variable =1 if firm reports R&D collaboration with competitors within a region
or a country, zero otherwise

Binary variable=1 if firm reports R&D collaboration with suppliers in Europe and the
rest of the world, zero otherwise

Binary variable=1 if firm reports R&D collaboration with customers in Europe and the
rest of the world, zero otherwise

Binary variable=1 if firm reports R&D collaboration with competitors in Europe and
the rest of the world, zero otherwise

Variables used as instruments at the first stage regression

Incoming knowledge
spillover industry (UKIS)

University knowledge
spillover industry (UKIS)

R&D collaboration domes-
tic industry (UKIS)

R&D collaboration inter-

Mean of incoming knowledge spillover variable aggregated by all firms in three-digit
SIC2007 industry for each year

Mean of university knowledge spillover variable aggregated by all firms in three-digit
SIC2007 industry for each year

Mean of a sum of scores of R&D collaboration with suppliers, customers, and competi-
tors domestically aggregated by all firms in three digit SIC2007 industry for each year

Mean of a sum of scores of R&D collaboration with suppliers, customers, and competi-

national industry (UKIS)
year

Number of plants

tors internationally aggregated by all firms in three-digit SIC2007 industry for each

Number of plats (manufacturing and service units) of a firm

BSD, Business Structure Database; UKIS, UK Innovation survey.

was normalized between zero and one. Second, we
operationalize university knowledge spillover by
summing scores between zero and three, indicating
the importance of information received from local,
national, and international universities for innovation
activities. This variable was also normalized between
zero and one.

Third, to measure domestic R&D collaboration,
we used a sum of binary variables equal to one if a
firm has reported R&D collaboration on innovation
with suppliers, customers, and competitors within
the UK, and zero otherwise (Ciborra, 1991; Nissen
et al., 2014; Kobarg et al., 2019). Finally, to mea-
sure international R&D collaboration, we used a
sum of binary variables equal to one if a firm has
reported R&D collaboration on innovation with sup-
pliers, customers, and competitors outside the United
Kingdom, and zero otherwise (Faems et al., 2005;
Audretsch et al., 2021). This procedure enables a
continuous distribution of values between zero (min-
imum level of spillover or collaboration) and one
(maximum level), and normalization allows for the
comparison of marginal effects, which is vital for
policy advice and managerial policy implications.

Our control variables include R&D expenditure
in logarithms (Hall et al., 2013; Hall and Sena,

2017), the proportion of employees with a BA/BSc
degree or higher in science and engineering (Cohen
and Levinthal, 1989; Veugelers, 1998), training for
innovation (Belitski et al., 2020), and the effec-
tiveness of patents as a method for maintaining
or increasing innovation (Arora et al., 2016). We
control for firm age (number of years since estab-
lishment) squared, and the logarithm of firm size to
measure the potential non-linear effect of a firm’s
age and size on innovation (Santamaria et al., 2009;
Roper et al., 2017).

We also control for organizational innovation
related to internal process changes and external
collaboration practices (Helfat and Martin, 2015).
Furthermore, we account for the number of report-
ing units such as subsidiaries within the enterprise
group, which can proxy for the enterprise group size
and potential absorptive capacity of a firm (Cohen
and Levinthal, 1989). We also control for whether a
firm is a foreign-owned subsidiary with headquarters
abroad, and whether a firm engages in export activ-
ity, as these factors may influence firm performance
and innovation (Laursen and Salter, 2014; Audretsch
and Belitski, 2020). Finally, we control for survival
bias for a firm that has survived until 2017 since its
establishment.
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Table 4. Summary statistics for variables used in this study across four samples

Product
Baseline sample Innovative Innovative sales= innovator [0,1]
(collected by the sales=21,702 19,043 observations sample=26,908
Sample ONS)=89,518 obs. observations (excluding London) observations
Variables Mean SD Mean SD Mean SD Mean SD
Innovative sales 33,969 4.68 13.66 4.24 12.74 423 12.63 3.88 12.25
Product innovator 89,518 0.24 0.43 0.40 0.49 0.38 0.47 0.35 0.48
Incoming knowledge 89,518 0.19  0.27 0.32 0.27 0.31 0.26 0.28 0.27
spillover
University knowledge 89,518 0.19  0.27 0.15 0.25 0.14 0.25 0.13 0.25
spillover
R&D collaboration 73,435 0.13  0.34 0.08 0.18 0.08 0.18 0.07 0.17
domestic
R&D collaboration 89,518 0.09 0.29 0.05 0.13 0.04 0.12 0.03 0.12
international
Age 64,192 18.32 10.80 17.48 9.81 17.79 9.69 17.84 10.09
Employment 89,505 4.09 1.52 4.06 1.50 4.02 1.45 4.02 1.48
Training 89,505 0.37 048 0.47 0.50 0.46 0.49 0.43 0.49
Organizational innovation 89,518 024 043 0.25 0.43 0.24 0.43 0.23 0.42
internal
Organizational innovation 67,951 0.19 039 0.27 0.44 0.27 0.43 0.25 0.43
external
Process innovation 68,162 0.17 0.36 0.27 0.40 0.26 0.44 0.23 0.41
R&D expenditure 67,753 1.47 2.27 1.32 2.17 1.35 2.14 1.27 2.09
Patents 67,753 0.11 0.31 0.23 0.43 0.22 0.41 0.19 0.39
Scientist 66,559 6.79 16.26  7.18 16.81  7.10 16.65 6.94 16.56
Exporter 89,518 0.30 046 0.38 0.48 0.38 0.48 0.37 0.49
Foreign 64,211 0.33 047 0.47 0.50 0.45 0.48 0.42 0.49
Survival 89,518 049  0.49 0.56 0.50 0.56 0.49 0.58 0.49
Reporting unit 64,192 1.33 249 1.44 2.55 1.46 2.75 1.42 2.65
Variables used to create incoming knowledge spillover
Associations 89,518 0.61 0.93 0.92 0.96 0.91 0.96 0.89 0.97
Standards 89,518 0.65 098 0.96 1.03 0.96 1.02 0.95 1.03
Conferences 89,518 0.58 091 0.89 0.97 0.89 0.97 0.86 0.97
Publications 89,518 0.50 0.82 0.80 0.90 0.80 0.89 0.77 0.90
Variables used to create R&D collaboration domestically and internationally
Suppliers collaboration 89,518 0.05 0.23 0.07 0.25 0.07 0.25 0.06 0.24
domestic
Customers collaboration 89,518 0.07 0.26 0.08 0.28 0.08 0.27 0.08 0.26
domestic
Industry collaboration 89,518 0.04  0.17 0.04 0.19 0.04 0.18 0.03 0.18
domestic
Suppliers collaboration 89,518 0.04 0.19 0.05 0.22 0.05 0.21 0.03 0.19
international
Customers collaboration 89,518 0.05 0.19 0.05 0.21 0.05 0.20 0.04 0.21
international
Industry collaboration 89,518 0.02 0.12 0.03 0.15 0.02 0.12 0.02 0.12
international

Instruments used in first stage of IV Tobit estimation

Incoming knowledge 89,518 0.19 0.09 0.21 0.08 0.21 0.09 0.20 0.09
spillover industry

540 R&D Management 55,2,2025  © 2024 The Author(s). R&D Management published by RADMA and John Wiley & Sons Ltd.

85U8017 SUOWIWIOD 8AITER.D 3|qed!|dde sy Aq pausenob afe ssjoie YO ‘@S JO Sa|nJ 10} Areid1 7 8UlJUO /8|1 UO (SUORIPUOD-pUR-SWBYW0D" A3 |1 Aelq 1 Buljuo//Sdny) SUORIPUOD PUe SWIS | 8Y} 89S *[S202/20/60] Uo Ariqiauliuo 8|1 ‘1881 AQ TT.ZT WPe/TTTT 0T/I0p/W00 8| 1M Akeiq1jput|uoy/:sdny wouy papeojumoq ‘Z ‘Z0Z ‘0TE6.9T



Table 4. (Continued)

Knowledge spillovers or R&D collaboration?

Product
Baseline sample Innovative Innovative sales= innovator [0,1]
(collected by the sales=21,702 19,043 observations sample=26,908
Sample ONS)=89,518 obs. observations (excluding London) observations
Variables Mean SD Mean  SD Mean SD Mean SD
University knowledge 89,518 022 0.16 0.19 0.14 0.19 0.14 0.18 0.17
spillover industry
R&D collaboration 89,517 0.07 0.04 0.04 0.06 0.06 0.03 0.05 0.03
domestic industry
R&D collaboration inter- 89,518 0.03 0.03 0.08 0.02 0.02 0.03 0.03 0.02
national industry
Number of plants 89,518 093 095 095 0.92 0.93 0.90 0.92 0.91

BSD, Business Structure Database; UKIS, UK Innovation survey.

3.3. Method

We estimate the innovation production function
using a random-effects Tobit model with a dependent
variable y; (innovation sales) and an endogenous
variables @; (R&D collaborations and knowledge
spillovers):

Vi =Bo+ Bix; + 0,0, + u; (1

We can also call it structural equation to emphasize
that we are interested in f; and that the equation to be
measured as causal. Variables x; and ¢, are explan-
atory variables of firm’s innovation, including R&D
collaboration domestically and internationally and
two types of knowledge spillovers — industry and uni-
versity (Jaffe, 1989) and i; is an error term. x; is exog-
enous and not correlated with u;, while g; is likely to
be correlated with u; (Wooldridge, 2009, p. 517).

4. Results

4.1. Main hypothesis results

We initiated by estimating the innovation produc-
tion function via a random-effects Tobit model
(specifications 1-6, Table 5) using the initial
‘innovation sales’ sample of 21,702 observations.
Tobit estimation resolves issues with left-censored
observations (firms with zero product innovation)
by establishing censoring limits for all observa-
tions. Due to the panel element in the sample, we
requested a likelihood-ratio test comparing the
panel Tobit model with the alternative pooled Tobit
model. To account for unobserved heterogeneity,
we incorporated city region, industry, and time
fixed effects control into the estimation, which
spanned two-digit SIC industries (90), city regions
(128), and survey waves (6). These fixed effects
were suppressed to save space.

H1 is supported as the incoming knowledge
spillovers bolster innovation output. The marginal
effect of a one standard deviation change in the
sourcing of basic knowledge via industry spillovers
boosts innovation sales by 7.77 to 13.63 percentage
points ($=7.77-13.63, p<0.01) (specifications 1-3,
Table 5). Likewise, a one standard deviation change
in sourcing basic knowledge from universities via
spillovers augments innovation sales by 3.70 to 5.42
percentage points ($=3.70-5.42, p<0.01) (specifi-
cations 1-3, Table 5).

H2 is supported as both international and
domestic R&D collaborations amplify innovation
output. In economic terms, a one standard devia-
tion increase in the sourcing of applied knowledge
via domestic R&D collaboration enhances inno-
vation sales by 16.20 to 16.37 percentage points
($=16.20-16.37, p<0.01) (specifications 3-4,
Table 5). A one standard deviation increase in the
sourcing of applied knowledge via international
R&D collaboration escalates innovation sales by
4.05 percentage points (f=4.05, p<0.01) (specifi-
cation 4, Table 5).

H3b is supported, suggesting that the relation-
ship between R&D collaboration and knowledge
spillovers for a firm’s innovation is negative, and
a trade-off between both types of knowledge is
observable (Bernal et al., 2022). Our study indi-
cates that the cost effect of knowledge sourcing
outweighs the knowledge complementarity effect
from combining applied and basic knowledge. A
joint increase in incoming knowledge spillover and
domestic R&D collaboration reduces innovation
sales by 17.3 percentage points (f=11.02-28.32,
p<0.01) (specification 6, Table 5) — the cost effect
of knowledge. A joint effect of integrating basic
knowledge spillover and applied knowledge from
international R&D collaboration reduces innovation
sales by 4.01 percentage points (f=11.02-15.03,
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Table 5. Results of Tobit estimation for innovation for pooled sample (all firms). Dependent variable: Sales of new to
market products % in total sales

(1) () (3) ) Q) (6)

Variables Tobit Tobit Tobit Tobit Tobit Tobit

Incoming knowledge 13.63%** 9.55%%#% 7.77#%* 7.75%%% (1.30)  12.84%%** 11.02%#*
spillover (H1) (1.20) (1.30) (1.30) (1.50) (1.50)

University knowledge 5.42%%% 3.70%%* 3.60%** (1.20) 4.15%** 7.92%5%%
spillover (H1) (1.20) (1.20) (1.20) (1.20)

R&D collaboration do- 16.37%#%* 16.20%%* (1.60) 34.14%*%* 34, 19%**
mestic (H2) (1.60) (3.51) (3.50)

R&D collaboration inter- 4.05%%* (1.20)  17.47%%* 19.25%#:*
national (H2) (5.10) (5.10)

Incoming basic knowl- —36.29%** —28.32%%*
edge spillover x R&D (6.40) (7.10)
collaboration domestic
(H3)

University basic knowl- —20.35%** —11.76%**
edge spillover x R&D (8.40) (9.30)
collaboration domestic
(H3)

Incoming basic knowledge —15.03%**
spillover x R&D col- (5.60)
laboration international
(H3)

University basic knowl- —13.49%%*
edge spillover x R&D (6.00)
collaboration interna-
tional (H3)

Age —0.54%7%%* —0.62%%* —0.57%#%* —0.57*%* (0.14) —0.55%%%* —0.54 %%

(0.13) (0.13) (0.13) (0.14) (0.13)

Age squared 0.01%** (0.00) 0.01%** 0.01%%%* 0.01%%*% (0.00) 0.01%** 0.01%%*%*

(0.00) (0.00) (0.00) (0.00)

Employment —3.18%%%* —3.06%** =3.10%%* =3.12%%% (0.24) =3.11%** =31 1%%*
(0.25) (0.25) (0.25) (0.25) (0.25)
Training 7.74%%% (0.66) 6.70%** 6.45%%* 6.40%** (0.64) 6.09%** 6.04%%%
(0.66) (0.64) (0.64) (0.64)

Organizational innovation 4.36*** (0.70) 4.36%*%* 4.34%%*% 4.03%%% (0.60) 3.89%** 3.04% %%
internal (0.70) (0.70) (0.60) (0.55)

Organizational innovation 3.87%*%* (0.71) 3.43%%%* 3.12%%% 3.06%** (0.68) 3.04%*%* 3.04%%%
external 0.71) 0.71) (0.66) (0.66)

Process innovation 11.21%%%* 10.78%** 9.62%%* 9.63%%% (0.64) 9.44%** 9.39#s#*

(0.65) (0.65) (0.65) (0.64) (0.64)

R&D expenditure 4.07%%* (0.15) 3.92%%* 3.68%*%* 3.64%%% (0.15) 3.64%%* 3.65% %%

(0.15) (0.15) (0.15) (0.14)
Patents 6.88%%* (0.69) 6.42%** 7.09%%* 6.88%%% (0.69) 6.90%** 6.85%#%
(0.69) (0.69) (0.65) (0.65)
Scientist 0.12%%* (0.01) 0.11%** 0.17%#%* 0.10%** (0.01)  0.11%%%* 0.171%%*
(0.01) (0.01) (0.01) (0.01)
Exporter 8.33%%* (0.66) 7.96%** 7.64%%% 7.36%%% (0.65) 7.34%%* 7.28%%%
(0.65) (0.65) (0.65) (0.66)

Foreign —3.01%%* —3.42%%* —3.471%%* —3.22%%% (0.70) =3.19%%%* —3.18%%%*
0.71) (0.70) (0.70) (0.70) (0.70)

Survival 0.29 (0.47) 0.21 (0.49) 0.09 (0.47)  0.50(0.48) 0.50 (0.48) 0.47 (0.46)

Reporting units 0.04 (0.08) 0.03 (0.07)  0.01(0.07)  0.04 (0.06) 0.03 (0.06) 0.04 (0.06)

Industry, year, and city Yes Yes Yes Yes Yes Yes
region fixed effects

(Continues)
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Table 5. (Continued)

Knowledge spillovers or R&D collaboration?

(D ) (3) “4) (5) (6)
Variables Tobit Tobit Tobit Tobit Tobit Tobit
Constant —34.01%* —30.88%#:* -30.96%* =31.19%* (1.40) —31.28%* —31.25%=*

(1.40) (1.40) (1.40) (1.50) (1.40)

N 21,702 21,702 21,702 21,702 21,702 21,702
Left censored 15,260 15,260 15,260 15,260 15,260 15,260
Log-likelihood -28,352.91 -27,733.47 -27,639.11 -27,432.05 -27,603.28  —27,599.38
LR test of sigma u=0: 0.081 0.087 0.094 0.112 0.119 0.122

Reference category for legal status is company (limited liability company), industry (mining), region (North East of England) instead of
industry dummies in this estimation employment (in logs is used). Robust standard errors are in parenthesis. The coefficients of the Tobit
and Probit regressions are the marginal effect of the independent variable on the probability of knowledge spillover, R&D collaboration,
ceteris paribus. For dummy variables, it is the effect of a discrete change from O to 1.

BSD, Business Structure Database; UKIS, UK Innovation survey.
*#p<0.01; ***p<0.001.

p<0.01) (specification 6, Table 5), supporting
H3b. Intriguingly, firms that supplement basic
knowledge with international applied knowledge
from customers, suppliers, and competitors are
able to minimize the size of the negative effect in
reducing innovation, potentially due to a greater
positive complementarity of knowledge effect.
This finding extends the work of Holloway and
Parmigiani (2016) and Bernal et al. (2022) on how
access to incoming knowledge spillovers from a
specific type of partner may determine firms’ like-
liness to collaborate with a specific type of partner.

H3b is also supported when combining university
knowledge spillover and R&D collaboration with
domestic partners. An increase in one standard devi-
ation of university knowledge spillover and domestic
R&D collaboration reduces innovation sales by 3.84
percentage points (f=7.92-11.76, p<0.01) (speci-
fication 6, Table 5) — the cost effect of knowledge.
Similarly, an increase in one standard deviation of
university knowledge spillover and international
R&D collaboration reduces innovation sales by
5.57 percentage points ($=7.92-13.49, p<0.01)
(specification 6, Table 5). Although the reduction in
innovation input is smaller if R&D collaboration is
combined with basic knowledge from universities
rather than basic knowledge from patents, confer-
ences, and industrial associations, suggesting the
significance of a specific type of partner (Holloway
and Parmigiani, 2016). It might be the case that uni-
versities bear greater responsibility and cost of inno-
vation development and R&D costs, we find that the
cost effect of knowledge combination still prevails
over positive knowledge complementarity effect for
innovation. The interaction and cumulative coeffi-
cients result negative; however, the degree of innova-
tion reduction varies between the type of knowledge

spillover and between domestic and international
R&D collaboration.

4.2. Endogeneity bias

In order to analyze the relationship between R&D
collaboration, spillovers, and innovation perfor-
mance, we need to eliminate or at least control
for endogeneity bias, so we know that the main
findings holds. The procedure is known as the
two-step instrumental variable (IV) estimation.
(Wooldridge, 2009).

4.2.1. First stage estimation

In the first stage, we instrument ¢; — knowledge spill-
overs and R&D collaboration, using two exclusion
restrictions (exogenous variables) assuming that g,
(industry level of knowledge spillovers) or R&D
collaboration (by three-digit SIC), excluding firm’s
own collaboration that does not appear in (1) and are
uncorrelated with the error u,. In the reduced form of
equation ¢, is estimated as:

@, =my+ Pix; + 70 +v; 2)

where E(v,-) =0, cov(ol, vi) =0, c. For this IV not to
be perfectly correlated with ¢;, we need 7, # 0. The
identification requires that z; # 0 (Wooldridge, 2009,
p. 523).

We used four multivariate mixed effects models
to predict the extent of knowledge spillover from
industry and university as well as R&D collaboration
(vertical and horizontal) domestically and interna-
tionally (¢,). In addition to ¢, which is our exclusion
restriction, other explanatory exogenous variables x;
are included such as measure of firm age (log of age),
firm size (log of employment and log of turnover),
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David B. Audretsch, Maksim Belitski and Rosa Caiazza

number of plants (units), firm ownership, as well as
a set of time and legal status fixed effects. Regional
dummies were not used, because our dependent vari-
able @, in model (2) is domestic R&D collaboration,
which is a linear combination of city region fixed
effects. The results of the first stage IV estimation are
reported in Table Al in the Appendix, including the
post-estimation test which supported the significance
of chosen instruments.

4.2.2. Second stage estimation

Once the predicted values of knowledge spillovers
and R&D collaboration were obtained, we moved
to the second stage of estimation of Equation (1)
using predicted values in the first stage of poten-
tially endogenous variables @;. Table 6 (specifi-
cations 3-4) reports the second-stage IV Tobit
estimation results with @, and x; as explanatory
variables. Having estimated (1), we save u; to pro-
vide the evidence of the second condition for IV
to hold: ¢, is uncorrelated with u; corr (g;, u,)=0,
any linear combination is also uncorrelated with
u; (Wooldridge, 2009). We estimate Equation (3),
where the dependent variable is u; from Equation (1)
regressed on the chosen instrument (¢,):

ui=ﬁ0+ﬂiZi+p101 +€i (3)

where u; is error from Equation (1). Variables z; are
control variables such as regional, year, and indus-
try three-digit SIC fixed effects, firm ownership
status variable, and ¢; is an error term. Coefficients
p, were not statistically significant and we conclude
that corr (g;, u;) =0, thus p; is valid instrument for
each type of knowledge spillover and R&D collab-
oration (@;). Our results overwhelmingly confirm
HI on both types of knowledge spillovers facili-
tate innovation outputs. The ¢ test on the differ-
ence in two coefficients does not reject the null
on no differences in the mean of the coefficients.
This means that incoming knowledge spillover
and knowledge spillover from university both fa-
cilitate innovation and the size of the effect is not
different (specifications 3—4, Table 6). Our H2 is
partly supported as we find that R&D collabora-
tion domestically has a positive effect on innova-
tion output, while the effect of R&D collaboration
with international partners is insignificant. Our
H3b is supported demonstrating the joint negative
effect of knowledge spillovers and R&D collabo-
ration internationally and domestically on innova-
tion output. The negative signs of the interaction
coefficients and the cumulative coefficient mean
that an increase in cost of R&D collaboration and
access to knowledge spillovers supporting Bernal

et al. (2022) and will push managers to choose be-
tween the two.

5. Further robustness checks

5.1. Excluding enterprise group firms and
firms in Greater London

We utilize Table 6 (specifications 1-2 and 5-6) for
further robustness checks. Initially, we question if
our hypotheses hold upon excluding 2,659 obser-
vations of firms located in the Greater London area.
These firms are most likely to have direct access to
international knowledge and innovation. This adjust-
ment reduces our sample of innovators to 19,043
observations.

Our principal finding confirms Hypothesis 1
(H1), where two types of knowledge spillovers
have significant statistical influence on innovation
output. Hypothesis 2 (H2) receives partial sup-
port, with firms engaged in domestic R&D col-
laboration innovating more than those involved in
international R&D collaboration, expanding upon
Un et al.’s (2010) findings on R&D collaboration
heterogeneity. Hypothesis 3b (H3b), stating that
the relationship between R&D collaboration and
knowledge spillovers for firm’s innovation turns
negative if the cost effect (Williamson, 1979)
surpasses the knowledge complementarity effect
(Hagedoorn, 1993; Belitski, 2019), is supported for
incoming knowledge spillover and both types of
R&D collaboration. This also applies to university
knowledge spillover and R&D collaboration with
international partners. This discovery theoretically
furthers Bernal et al. (2022) argument, demonstrat-
ing specific combinations of knowledge spillover
and collaboration that are most or least affected.
For instance, coupling university knowledge spill-
over and domestic R&D collaboration diminishes
the cost of knowledge sourcing, with the positive
complementarity effect offsetting costs related to
engagement in collaboration and spillovers. Our
final question probes whether all enterprise units
achieve equal benefits from knowledge spillovers
and R&D collaboration. This is not a simple yes or
no answer. To mitigate potential bias, we excluded
all firms with more than one local unit/subsidiary
from our sample of 21,702 observations, result-
ing in a final sample size of 18,434. Our findings
uphold H1, as both types of knowledge spillovers
enhance innovation outputs. H2 is partly supported
as international R&D collaboration does not seem
to correlate with innovation outcomes for stand-
alone firms or those outside London. We conclude
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Knowledge spillovers or R&D collaboration?

Table 6. Results of random-effect Tobit estimation for innovation sales (all firms). Dependent variables: Innovation= %
of new to market products (0—100)

Specification H ) 3) 4) 5) (6)
Estimation Tobit Tobit IV Tobit IV Tobit Tobit Tobit
Sample Innovative sales for firms Innovative sales resolving Innovative sales for firms

Incoming knowledge
spillover (H1)

University knowledge
spillover (H1)

R&D collaboration
domestic (H2)

R&D collaboration inter-
national (H2)

Incoming basic knowl-
edge spillover x R&D
collaboration domestic
(H3)

University basic knowl-
edge spillover x R&D
collaboration domestic
(H3)

Incoming basic knowl-
edge spillover x R&D
collaboration interna-
tional (H3)

University basic knowl-
edge spillover x R&D
collaboration interna-
tional (H3)

Age

Age squared

Employment

Training

Organizational innova-

tion internal
Organizational innova-

tion external
Process innovation
R&D expenditure
Patents
Scientist
Exporter

Foreign

Survival
Reporting units

© 2024 The Author(s). R&D Management published by RADMA and John Wiley & Sons Ltd.

outside Greater London

6.68%* 10,1235
(1.32) (1.51)
341%kx 7.60%%%
(1.18) (1.44)
17.31%%% 33.54%x
(1.59) (3.45)
1.98 (2.08)  19.97%*
(4.92)
—27.10%%*
(7.01)
~13.11 (9.06)
—11.30%*
(5.52)
—18.60%*
(6.69)
—0.63%%%  —(.60%**
(0.12) (0.12)
0.01 %% 0.01 %%
(0.00) (0.00)
334EEx 3 3@k
(0.25) (0.25)
5.85%*x 5.46%%*
(0.64) (0.65)
4.09%%* 3.96%*
(0.68) (0.68)
3.35%%x 3.03%%x
(0.69) (0.69)
9,59 9.36%**
(0.63) (0.63)
3.90%* 385k
(0.15) (0.15)
6.11%% 5.88%x
(0.68) (0.68)
0.11%%x 0.11%%%
0.01) 0.01)
7.63%%x 7,205
(0.65) (0.65)
—D.8THRE D g7k
(0.70) (0.70)
0.67 (0.60)  0.63 (0.61)
0.01 (0.05)  0.01 (0.05)

endogeneity bias

8.16%% 12.73 (6.98)
(3.61)

2.1 155 4.86%*
(0.87) (2.17)
17.45%% 54.36%%%
(11.25) (10.00)

755(532) 2055
(16.82)
—51.85%
(15.41)
-12.12
(8.56)
—41,12%
(13.02)
—46.55%
(11.45)
0,53 ~0.56%
(0.15) (0.15)
0.0 0.0
(0.00) (0.00)
—3.08 —3.21%%
(0.32) (0.32)
8.83% 8,697
(0.76) (0.76)
4207 4,08
(0.82) (0.80)
4215 4.1 %%
(0.83) (0.83)
10,475 10,32
(0.76) (0.76)
3,785 3.75%5%
(0.18) (0.18)
9.3 135 9,40
(0.83) (0.83)
0,12 0,135
(0.01) (0.01)
6,727 5.86%%
(0.81) (0.79)
1,54 —1.87
(0.88) (0.89)
0.13(0.73)  0.24(0.73)
~0.06 (0.11)  —0.04 (0.11)

without subsidiaries

6,647 10,713
(1.46) (1.67)
4,50 7,685
(132) (1.61)
20.62%%%  38.23%%%
(1.80) (3.69)
2.68(2.42)  20.53%*
(5.80)
—32.35%#
(1.75)
-15.59
(10.25)
~7.64
(6.25)
~14.29%%
(6.11)
—0.68%%%  —0.66%*
(0.13) (0.13)
0.01 %5 0.0
(0.00) (0.00)
—3.69%%% 3 7]
(0.30) (0.30)
5,57 5,37
0.71) 0.71)
4 47 4,350
0.77) 0.77)
3 87 3.7
(0.78) (0.78)
9,33k 9,15k
0.71) (0.71)
4385 4 34
0.17) (0.17)
7,215 6.95% %
0.77) (0.75)
0.10%5 0.10%
0.01) (0.01)
7 83k 7 A0
(0.72) (0.70)

0.96 (0.68)  0.92 (0.67)

(Continues)
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David B. Audretsch, Maksim Belitski and Rosa Caiazza

Table 6. (Continued)

Specification (@))] ) 3) @) 5) (6)
Industry, year, and city Yes Yes Yes Yes Yes Yes
region fixed effects

Constant —26.29%*% D7 BGHH* —29.16%** —33.56%** —28.29%%* D0 55%**
(1.41) (1.42) (1.96) (2.64) (1.56) (1.59)

N 19,043 19,043 21,702 21,702 18,434 18,434

Left censored 13,898 13,898 15,260 15,260 13,595 13,595

Log-likelihood -27,447.88  -27,347.02 -18,015 -17,999 —24,624.18  -24,587.02

LR (chi?) 5,397.12 5,497.87 4,027.12 4,059.05 4,971.02 5,044.57

Reference category for legal status is company (limited liability company), industry (mining), region (North East of England) instead of
industry dummies in this estimation employment (in logs is used). Robust standard errors are in parenthesis. The coefficients of the Tobit
and Probit regressions are the marginal effect of the independent variable on the probability of knowledge spillover, R&D collaboration,
ceteris paribus. For dummy variables, it is the effect of a discrete change from O to 1.

BSD, Business Structure Database; UKIS, UK Innovation survey.
#p<0.01; #**p<0.001.

that international R&D collaboration primarily
benefits firms within the Greater London area,
where market internationalization is higher, as well
as foreign firms or those with multiple subsidiar-
ies, due to their likely involvement in exports and
knowledge transfers with various partners, par-
ticularly abroad. Our findings also validate H3b,
suggesting that knowledge spillover and R&D col-
laboration serve as substitutes due to the high costs
associated with both activities (specifications 5-0,
Table 5). Interestingly, certain combinations of
basic and applied knowledge may promote innova-
tion output when embedded in local collaborations
or complemented by international partnerships.
The picture becomes significantly more nuanced
once we account for enterprise group and location
in Greater London (specifications 5—6, Table 5).

5.2. Understanding the propensity to
innovate

In our final robustness check, we test Hypotheses 1-3
(H1-H3) using a sample of product innovators. Here,
a product innovator is defined as a binary variable
that equals one if a firm has innovated new products
and services over the past 3years, and zero other-
wise. This robustness check enables us to expand
the available sample to 26,908 observations (refer
to Table 7). We estimate function (1) using a probit
regression, where the dependent variable of innova-
tive sales is replaced with the binary variable of a
product innovator.

Our findings affirm HI1, suggesting that firms
accessing knowledge spillovers will bolster their
innovation output. In economic terms, this indicates
that an increase in incoming knowledge spillover

by one standard deviation boosts the propensity to
innovate new products and services by 1.97 to 2.02
times ($=1.97-2.02, p<0.01) (specifications 1-3,
Table 7). Moreover, an elevation in university knowl-
edge spillover by one standard deviation enhances
the propensity to innovate new products and services
by 2 to 21 percentage points (f=1.02-1.21, p<0.01)
(specifications 1-3, Table 7). Hypothesis 2 (H2) is
supported, as we observe that firms collaborating
with external partners on R&D, both domestically
and internationally, are more likely to innovate new
products and services than firms which do not. In
economic terms, a one standard deviation increase in
domestic R&D collaboration escalates the propensity
to innovate between 6 and 8 times (f=6.33-8.69,
p<0.01) (specifications 1-3, Table 7). Additionally, a
one standard deviation increase in international R&D
collaboration augments the propensity to innovate
between 1.5 and 5.3 times (f=1.51-5.38, p<0.01)
(specifications 1-3, Table 7).

We support Hypothesis 3b (H3b) as we found
that the complementarity effect holds for incoming
knowledge spillover and domestic R&D collabo-
ration (#=0.14, p<0.01), university spillover and
domestic R&D collaboration ($#=0.41, p<0.01),
and university knowledge spillover and international
R&D collaboration (f=1.15, p<0.01).

6. Discussion

This study enriches R&D management and knowl-
edge spillovers literature, and builds upon the recent
contributions of Bernal et al. (2022), explaining how
incoming knowledge spillovers can either amplify
or constrain R&D collaboration and its impact on
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Knowledge spillovers or R&D collaboration?

Table 7. Results of Probit models for product innovation in pooled sample (all firms). Dependent variable — Product

innovator. Results are ported in odd ratios

Specification method

(H
Logit

)
Logit

3)
Logit

Incoming knowledge spillover (H1)
University knowledge spillover (H1)
R&D collaboration domestic (H2)
R&D collaboration international (H2)

Incoming basic knowledge spillover x R&D collaboration
domestic (H3)

University basic knowledge spillover x R&D collaboration
domestic (H3)

Incoming basic knowledge spillover x R&D collaboration
international (H3)

University basic knowledge spillover x R&D collaboration
international (H3)

Age

Age squared

Employment

Training

Organizational innovation internal
Organizational innovation external
Process innovation

R&D expenditure

Patents

Scientist

Exporter

Foreign

Survival

Reporting units

Industry, year and city-region fixed effects
Number of obs.

Log-likelihood

Chi’

Pseudo R?

2.02%%% (0.14)
1.11#%% (0.07)

0.97*** (0.01)
1.00%** (0.01)
0.89%** (0.03)
1.72#%% (0.05)
1.67%*% (0.03)
1.30%*%* (0.04)
3.71%%% (0.13)
1.34%%* (0.02)
1.26%** (0.04)
1.00 (0.04)
1.65%** (0.05)
0.90%** (0.04)
1.16** (0.05)
1.00 (0.04)
Yes

26,908
—13,425.88
9,532.62

0.26

1.74%%% (0.12)
1.02#%% (0.07)
6.33%%% (0.64)
1.51%%% (0.25)

0.97%*% (0.01)
1.00*** (0.01)
0.88*** (0.03)
1.67*** (0.05)
1.61%%* (0.03)
1.24%%% (0.04)
3.78%%* (0.12)
1.32%*% (0.02)
1.36%** (0.04)
1.00 (0.04)
1.63%%% (0.05)
0.92%%* (0.04)
1.15%* (0.05)
1.00 (0.04)
Yes

26,908
-13,196.02
9,985.97

0.27

1.97#%% (0.15)
1.21%%% (0.07)
8.69%** (2.70)
5.38%%% (1.91)
0.14%%% (0.06)

0.41%* (0.15)
0.47 (0.23)
0.15%** (0.07)

0.97*** (0.01)
1.00%** (0.01)
0.88*** (0.03)
1.65%*%* (0.05)
1.59%*% (0.03)
1.24%%% (0.04)
3.77%%% (0.12)
1.31%%% (0.02)
1.36%%* (0.04)
1.00 (0.04)
1.60**%* (0.04)
0.92%%* (0.04)
1.14%* (0.05)
1.00 (0.04)
Yes

26,908
—13,142.82
10,093.16
0.27

Reference category for legal status is COMPANY (limited liability company), industry (mining), region (North East of England). Robust

standard errors are in parenthesis.
BSD, Business Structure Database; UKIS, UK Innovation survey.
*#p<0.01; ***p<0.001.

performance. By theoretically exploring the mech-
anisms of R&D collaboration and knowledge spill-
overs for innovation, our goal is to further distinct
the complementary and substitutive effects, with a
focus on the types of knowledge involved — basic
versus applied — and the geographical scope of col-
laboration, whether domestic or international. Our
findings support the positive and significant effects
of both domestic and international R&D collabora-
tion, as well as knowledge spillovers from external
open sources and universities on innovation, thereby

extending the analysis of Bernal et al. (2022) through
an examination of the interplay among various exter-
nal sources of knowledge for innovation.

The incorporation of new data sources and critical
measures of basic and applied knowledge has pro-
vided unprecedented insights into the innovation pro-
cess, challenging the conclusions of seminal studies
by Jaffe (1989), Acs et al. (1992), Bloom et al. (2013),
and more recent works by Koch and Simmler (2020)
and Bernal et al. (2022) regarding the roles of knowl-
edge spillovers and R&D collaboration.
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6.1. Theoretical implications

In our study, we build on prior research indicating
that geographic proximity increases the likelihood of
collaborations, potentially due to face-to-face inter-
actions (Rybnicek and Konigsgruber, 2019; Koch and
Simmler, 2020). We explore the role of digital tech-
nologies in facilitating knowledge transfer beyond
regional boundaries and examine how geographic
proximity between a firm and its external partners
influences innovation performance for both basic
and applied knowledge. In doing so, we contribute to
the knowledge spillover theory (Jaffe, 1989; Bloom
et al., 2013; Audretsch et al., 2021), reinforcing the
complex relationship between types of R&D collabo-
ration, knowledge spillovers, and innovation (Bernal
et al., 2022), and by connecting it with evolutionary
economic geography (Boschma, 2005).

Our study demonstrates that the impact of basic
knowledge from universities, through spillovers, can
be enhanced when firms are located near competitors,
customers, and suppliers, thereby learning from them
and integrating this knowledge with the basic knowl-
edge obtained through spillovers (Faulconbridge,
2007). This study explicitly assumes that R&D col-
laboration and knowledge spillovers can be facili-
tated using digital technologies, both domestically
and internationally.

6.2. Managerial implications

We demonstrate that both basic and applied knowl-
edge enhance a firm’s propensity for innovation and
facilitate access to knowledge, both locally and from
a distance. We found that firms must decide whether
to utilize both types of knowledge (basic and applied),
thereby enhancing the complementary effect, or to
make a distinct choice between knowledge spill-
overs and R&D collaboration, considering the cost
implications of knowledge transfer. This decision is
influenced by the firm’s specific needs, its stage of
development, and the availability of resources. Both
types of knowledge are shown to increase firms’ pro-
pensity to innovate.

Firms are confronted with both complemen-
tary and cost effects of knowledge sourcing for
innovation (Williamson, 1979). Certain combi-
nations of spillovers and R&D collaboration may
be particularly advantageous, either reducing or
enhancing the returns on basic and applied knowl-
edge. For example, firms that acquire knowledge
through university spillovers while also engaging
in domestic R&D collaboration experience a lower
cost effect of knowledge collaboration and they are
more likely to secure equity funding (Audretsch

et al., 2024). It appears that collaborating on R&D
with customers, suppliers, and competitors nation-
ally, where applied knowledge is sourced along-
side university spillovers, serves as a conduit for
innovation.

The cost effect, leading to substitution, is likely
to predominate in the combined effect of knowledge
spillovers and R&D collaboration, except in cases
where university knowledge spillovers are combined
with firm R&D. In these instances, the substitution
effect dissipates with regard to a firm’s propensity
to innovate. Interestingly, we also observed non-
significant results, indicating that the cost of collab-
oration was offset by a complementarity effect, for
innovation in general. These results remained robust
when controlling for firms located outside London,
firms without subsidiaries, and potential endogeneity
bias.

6.3. Future research and limitations

The choice firms make between knowledge spill-
overs and R&D collaboration, in addition to the
cost effect, could also be constrained by factors
such as knowledge appropriability, intellectual
property, intangible assets, and trust issues among
others (Hussinki et al., 2017). In industries and
regions where knowledge spillovers are high, it
becomes challenging for firms involved in R&D
collaboration to increase the intensity of interac-
tions and learning. Furthermore, potential reverse
knowledge spillovers or undesirable information
leakage pose an issue in collaboration (Bernal
et al., 2022). This may diminish a firm’s innova-
tion efforts and discourage R&D collaboration
(Cassiman and Veugelers, 2002; Frishammar
et al., 2015). Future research will incorporate the
appropriability and strategic innovation protection
elements and will seek to unpack the reasoning and
complexity behind a manager’s choice between dif-
ferent types of knowledge transfer.

Due to the anonymous nature of the UK
Innovation survey, no additional information on
external partners could be added to the database to
examine the quality, breadth, and intensity of col-
laborations, as well as the extent of collaboration
with each partner. Subsequent studies may utilize
individual (manager) data to demonstrate whether
the cost effect could be mitigated by increasing
managerial capacity (Helfat and Martin, 2015;
Cassiman and Valentini, 2016).

Future research will also differentiate the
motives, persistence, and duration of collaborations
across different types of partners (suppliers, custom-
ers, competitors). An effort will be made to select
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longitudinal data on R&D collaboration and knowl-
edge spillovers over time and during periods of eco-
nomic growth and shocks. This will help to examine
how these effects change (Di Minin et al., 2021).

7. Conclusion

Acknowledging the importance of both internal and
external knowledge investments for innovation, this
study highlights the critical role of externally sourced
knowledge, including both basic and applied types,
for highly innovative firms. This knowledge, often
crucial for product development, can be accessed
through knowledge spillovers and R&D collaboration.
We argue and empirically demonstrate that invest-
ments in R&D collaboration and access to knowl-
edge spillovers are essential for fostering innovation.
However, there is a cost associated with knowledge
transfer, both through spillovers and R&D collabo-
ration. This underscores how firms might recombine
different types of spillovers and R&D collaboration
partners to maximize their innovation potential.
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APPENDIX

Knowledge spillovers or R&D collaboration?

Table A1. Results of the first stage regression used for constructing the predicted values of knowledge spillovers and

R&D collaboration

Dependent variable

Model

Incoming knowledge
spillover

ey

University
knowledge spillover

(@)

R&D collaboration

domestic

3

R&D collaboration
international

“

Incoming knowledge
spillover industry

University knowledge
spillover industry

R&D collaboration
domestic industry

R&D collaboration in-
ternational industry

Number of plants
Age (in logs)
Employment (in logs)
Turnover (in logs)
Foreign

Year and firm legal
status fixed effects

Constant

No. of obs.
F-stat
Log-likelihood

0. 97%%* (0.03)

—0.01*** (0.00)
—-0.008** (0.00)
0.02*** (0.00)
0.006*** (0.00)
0.02** (0.00)
Yes

=0.10*** (0.03)
21,702

325.01

-375.03

1.02%** (0.03)

—0.01*** (0.00)
—0.008** (0.00)
0.02*** (0.00)
0.006%** (0.00)
0.01*#* (0.00)
Yes

—=0.08*** (0.03)
21,702

393.25
—-1,432.77

0.93**% (0.04)

—0.01*%** (0.00)
—-0.008** (0.00)
0.01*** (0.00)
0.003*** (0.00)
0.01*#%* (0.00)
Yes

=0.01*** (0.00)
21,702

75.69
-1,420.40

0.88%** (0.04)

—0.01*** (0.00)
—-0.008** (0.00)
0.01%*%* (0.00)
0.002*** (0.00)
0.01** (0.00)
Yes

—=0.03*** (0.01)
21,702

65.87
-2,687.50

Reference category for legal status is company (limited liability company) year (2002). Robust standard errors are in parenthesis. The coef-
ficients of the regressions demonstrate the marginal effect of the industry instruments on knowledge spillovers and R&D collaboration. For
dummy variables, it is the effect of a discrete change from O to 1.
BSD, Business Structure Database; UKIS, UK Innovation survey.

#4p <0.01; #¥%p<0.001.
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