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Abstract

In National Innovation Systems (NIS), knowledge is generally understood to be produced and accumulated through an
interactive innovation process that is embedded in a national context which in turn may help determine propensity for
innovation. This paper aims to verify how product and process innovation in the European food and drink industry are
affected by: i) NIS structure ii) NIS output in terms of WoS indexed publications and the supply of graduates iii) NIS
fragmentation and coordination and iv) NIS scientific impact and specialisation. The main source of data on innovation by
firms is the EU-EFIGE/Bruegel-UniCredit dataset. This is supplemented by information from the International Handbook
of Universities, Eurostat and the bibliometric analysis of academic research output. The results obtained suggest that
large research institutions in the public sector may well be detrimental to interaction between university and industry and
that the indicators used for public research assessment are not necessarily the most appropriate proxies of local
knowledge spillovers.
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1. Introduction

The importance of academic knowledge production ifmtustrial innovation has been widely
acknowledged since the ground-breaking work of Malws (1991, 1995), Lundvall (1988),
Freeman, Lundvall and Nelson (1988), and is comstlespecially important for science and
technology-based sectors. Universities generally ghe principal role in the production of
knowledge generated in the public sector and arengnthe actors of the National Innovation
Systems (NIS), which comprise all agents involvedthe innovation process, their actions,
interactions and the formal and informal rules tiegfulate the system (Nelson, 1993). Nation-based
mechanisms of production and diffusion of technglegem particularly important to the food and
drink (F&D) industry of developed countries whiaties heavily on technology provided by public
research institutions and complementary sectorsméRal999, 2008). Knowledge resources
available in universities and research institutébiw the nation provide the key to explaining the
remarkable international F&D industry performanéeween relatively small countries such as the
Netherlands and Denmark (Andersen and Lundvall,81L9Burthermore, shared background, a
common language, accessibility to local knowledgerigders and geographical proximity facilitate
the interconnectivity of enterprises, industried gaablic research institutions, thus promoting R&D
collaboration, product upgrading and innovation.

The effect of university scientific production ondustrial innovation has already been
extensively investigated with the production-funantiapproach in the study of academic spillover.
There is also a growing corpus of empirical litaratregarding university—industry collaboration
focussing on the benefits as perceived by the fittnesnselves (De Fuentes and Dutrénit, 2012).
Various kinds of study have also been carried ouddtermine the impact of university—industry
collaboration in terms of outcome variables, pattédy innovation and proxy for innovative
performance. However, the direct impact of uniwgr&nowledge production on innovation by
firms, while being implicitly acknowledged by stedi which have included academic research
guality among the determinants of university—industollaboration, has been only sporadically
examined. Mansfield and Lee (1996) report the iomst of academic researchers concerning
innovation in certain high-tech industries; Jiagigal (2010) explain the number of patents of
incumbent firms in terms of co-authorships with wamsity scientists and citations of scientific
articles and Babat al (2009) analyse the impact on patents of colldmmra with academic
scientists differentiated according to their pudiiocn and patenting profiles.

The above-mentioned studies have generally dedlh technologically advanced sectors,

using patents as innovation proxy and assumingtbi@humber of scientific publications in high-



ranked journals is the best indicator of academsearch quality to assist firms in their choice of
R&D partners. However, it has been found that foelatively low-tech sector, such as the F&D
industry, a large number of scientific publicatioms high-ranked local journals may even be
negatively related to product innovation (Maie@l5).

This evidence suggests that local knowledge smfl®vand scientific publications in high-
ranked journals cannot be assumed to be joint-outpdeed many university scientists feel their
publication profiles and hence their academic aaregght be compromised, were they to publish
specific industry-oriented research. Although acaidecareers continue to be conditioned by
traditions of academic self-governance within nadloregulations, the international standard of
American universities, where publications play &liviole publish or perish is gradually taking
root all over Europe (Robin and Schubert, 2013).

Tendencies towards such international convergeneeparticularly strong for the publicly
supported, decentralised agri-food research sygkuttan, 2001), not only in terms of scientific
output indicators but also in terms of NIS strueturhis is the case with the EU agri-food research
system where the Standing Committee on AgricultB@search (SCAR) (EEC Reg. No 1728/74)
periodically monitors the NIS fragmentation and rchation.

The present study aims to contribute to the redhtismall amount of literature on the
determinants of R&D investment and of product aratess innovation by firms in the F&D sector
(Acosta et. al, 2015; Maietta, 2015). The paperv attributes to the extant literature on industry-
science linkages in an international framework. this end the integrated empirical approach
proposed by Maietta (2015) is adopted which examdemand-side factors regarding knowledge,
drawn from firm-specific variables, environmentahsiderations and supply-side factors regarding
knowledge drawn from NIS variables. The paper aesd\the factors that influence the probability
of linkages between firms and universities alongsilde assessment of the efficiency of such
interactions in terms of innovation by firms. Indliors of trans-national assessment of both NIS
structure and output, which are a new feature is field, are included in the analysis since the
identification of appropriate indicators of resdarnnmputs and outputs are crucial for impact
assessment (Ekboir, 2003).

More specifically, the aims of this paper are toifyehow collaboration and innovation by
firms and enterprises in the European food andkdridustry are affected by: i) NIS structure in
terms of universities; publicly funded researchsldaculty/department mix and size ii) NIS output
in terms of WoS indexed publications; supply ofdyrates (ISCED97 levels) iii) NIS structure in
terms of fragmentation and coordination iv) assesgrof NIS output in terms of scientific impact

and specialisation.



The methodology adopted consists of a simultanewui-equation approach that addresses
both the endogeneity of R&D decisions and the diamglity of internal and external R&D
investment. Since the dependent variables are duyrimaysimultaneous approach is a multivariate
probit model. The dependent variables refer tactimce of: investing in internal R&D, investing in
external R&D in university/research labs and otlivens/consultants and innovating products and
processes. The determinants of firm innovation these that have been used successfully in
preceding studies alongside several specificatiingriables reflecting the NIS structure, output
and assessment. Since they are highly correldtey are tested alternately.

The source of data on firm innovation is the EU&EIBruegel-UniCredit dataset which is a
survey, carried out in 2010, that provides compegdtans-national data on manufacturing firms in
seven European countries and covers quantitativeeljualitative information including data on
R&D and in particular on R&D collaborations and awation. Information on the universities is
gathered from a range of sources: the Internatibfaldbook of Universities, Eurostat and the
bibliometric analysis of academic research outputced from the EU AGRI MAPPING report.

The present overview is followed by five furthectens. The second section reviews the
literature that addresses the issues mentioneckeatidd One. Section Three focuses on specific
elements of the European public agri-food reseaggtem and outlines the characteristics of the
European F&D industry. Section Four describes tle¢thodology and the sources of the data that
have been used and Section Five presents the sestlthe analysis. Section Six provides

concluding remarks, and the robustness check fsliowwhe Appendix.

2. Studiesin National Innovation Systems at a glance

An approach frequently adopted when consideringet@nomic performances at national
level in scholarly studies is to apply the NIS ogpt; framing innovative activities and the way
firms act within the national institutional contgi@reeman, 1988; Lundvall, 1988; Nelson, 1993). It
assumes that a firm’s innovative capabilities depepon its ability to communicate and interact
with external sources of knowledge such as othersfi customers and scientific institutions that act
as knowledge providers; indeed, the rules and atignls under which the agents of the innovation
system operate play an important, if not decisigks in explaining innovation behaviour.

According to Goto (2000), the NIS model embraceseghmain components: industry,
universities, and government, with each componetdracting with the other two, while at the

same time pursuing their own institutional objeesiv Indeed, the main institutions and agents



within the NIS include universities, research itdéis, innovative companies and entrepreneurs
which foster and promote learning and innovationuqretsch et al.,, 2015a, 2015b). The
government also plays an important role, stimuggtifostering and shaping the complementary
gualities of these institutions and agents (Audtetst al., 2016; McCann and Ortega-Argile’s,
2016). It is important to note that these actigitiake place within a specific national instituibn
context (Filippetti and Archibugi, 2011) and seatodimensions of patterns of innovation are
country-specific (Malerba and Orsenigo, 1996, 198@9)well as the firms’ ability to continue to
innovate (Cefis and Orsenigo, 2001). Accordinghe tnnovation systems approach assumes that
relationships and linkages between societal acawes central to their innovation behaviour,
highlighting the importance of science—industry-gament relations. In the so-called Triple Helix
literature of academic-industry-government relagiditzkowitz, 1983), universities are seen as
engines of growth, since they assume a leadingirolbe creation of technological innovation
(Etzkowitz and Leydesdorff, 1998, 2000; Leydesdd00).

More specifically, the NIS concept (Filippetti am@irchibugi, 2011) rests on three
suppositions: 1) that countries exhibit systemitedences in terms of their respective economic
performances 2) that these performances dependnipton the development of their institutions
but also on their technological and innovation talgees and finally 3) that innovation policiesear
an effective tool to stimulate national economid@@nance.

In addition to the NIS approach, the literatureoa@scompasses the development of regional
and sectoral applications. Among the sectoral apptins, Hall et al. (2001, 2006) define
Agricultural Innovation System@IS) as “a network of organisations, enterprises] individuals
focused on bringing new products, new processeas,naw forms of organisation into economic
use, together with the institutions and policiest thffect the way different agents interact, share,
access, exchange and use knowledge”. The AIS comptages the emphasis on the influence of
institutions and learning and innovation infrastase, including relevant organizations beyond
agricultural research and extension systems (Kletkxl., 2012; Menrad, 2004; Dutrénit and Vera-
Cruz, 2016).

The interaction between industry and science is ainéghe most prominent institutional
interfaces for knowledge diffusion. Although knoddge transfer can occur through a variety of
channels (Schartinger et al., 2002), close colkatimm between firms and research institutions plays
a crucial role in creating international compegtiresearch environments and networks for needs-
driven and interdisciplinary research (Robin andlsint, 2013). This is also the case in relatively
low-tech sectors such as the F&D industry (Avermaadt al., 2004; Christensen et al, 1996; De
Grunert et al, 1997; Gellynck et al., 2007; Ran@#%t Devitiis et al., 2009; Muscio and Nardone,
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2012; Maietta, 2015); F&D firms may even find it ragrofitable to invest iextra muroghan in
intra murosR&D (Alarcon and Sanchez, 2013). The majority ofins with publicly supported
innovations state that the universities are thewstmimportant source, while publicly financed
laboratories get almost as many citations (seeeBamsl Stahl 1999). F&D firms collaborate with
universities and public research labs to accessideas and government funding, develop internal
technical expertise and reduce time to market wiglw technologies, particularly for process
innovation and new market penetration. Informaltaots and training courses, in quality control,
for instance, also act as important channels fonkedge transfer (Avermaete et al., 2004; Kelly et
al., 2008; Minarelli et al., 2015).

Firms play the predominant role in the innovatiofstsm. They innovate by means of
interaction with other firms as well as with knoaddge providers, including universities and
technological institutes. Since they play suchrapdrtant role, it is crucial to analyse what takes
place inside the firms themselves in terms of iratimn and competence building and to analyse the
way in which they interact with other firms as wadl with publicly-funded knowledge institutions
(Lundvall, 2005). The ways in which firms carry dahovation activities and set their learning
processes is affected by a number of specific natidactors (Archibugi and Pianta, 1992;
Archibugi and Michie, 1997; Lorenz and Lundvall 08}, including the nature of the scientific and
technological institutions, the education and irajnsystem, the financial system, the structure of
the labour market, industrial specialization an@ tbrotection of intellectual property rights
(Filippetti and Archibugi, 2011). The environmentald institutional context thus contributes to
systemic cross-national disparities in universitgitistry interactions and the effectiveness of
knowledge transfer (Bellucci and Pennacchio, 20C&rdamone and Pupo, 2015). A firm’'s
absorptive capacity shapes its demand for knowlesigketechnology transfer because firms with
low absorptive capacity (Laursen et al., 2011) andi a low-tech sector (Huiban and Bouhsina,
1998) depend more on high quality local universitier industrial research needs and for the
expertise and training that are offered to the llocarket for skilled labour. This latter acts as a
medium for the diffusion of academic knowledge Ispirs (Beise and Stahl, 1999) which may
particularly benefit small and medium sized firmishwa lower capacity to compete in the national
labour market. This helps explain why, in the casé&mily-run firms, the owners’ children often
choose to attend a degree programme at a locagnsity. Furthermore, institutional changes may
contribute to reinforcing the importance of cert&lit actors as local providers of external firm
knowledge (Robin and Schubert, 2013). Firms whidbpa “open” search strategies and invest in

R&D are more likely than other firms to build linkgth university research (Laursen and Salter,
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2004), to conduct more productive technologicalrdess (Fleming and Sorenson, 2004) and
ultimately to innovate (Feldman, 1994).

Since R&D activities improve technological oppoitigs at regional level, there is a strong
case in favour of public funding for industrial R&Breschi and Lissoni, 2001; Rodriguez-Pose
and Crescenzi, 2008; Laursen et al. 2011). Takig account the connection between the quality
of the university on the propensity of firms to pop its academic research and development
activities (Mansfield and Lee, 1996) shorter disenbetween the firm and the university facilitate
interaction, lowering the costs of knowledge exg®(Cardamone et al., 2015; Giunta et al.; 2015;
Maietta, 2015); considering the relationship betwdge number of references to universities in
firms’ patents, the greater this distance, the lowd be that firm’s rate of exploitation of publi
science (Fabrizio, 2006). The recently acquiredepnéneurial orientation and the communication
activities of universities may also increase knalgke transfer from academia to firms (Bellucci and
Pennacchio, 2015).

The role of close collaboration between firms amiversities in strengthening industrial
competitiveness has also struck a chord in theipulgbate and is now an issue in mainstream
policy as outlined by the Lisbon agenda and theRglport Europe 2020 (European Commission,
2007, 2010). In line with a strategy of economiovgth based on knowledge, many European
countries have implemented NIS reforms, aimingedmforce cooperation between universities,
research institutions and industry, through cornitngeout or collaborative projects, and to increase
the commercialization of research. Since discrejeanbetween national systems may hamper
transnational knowledge transfer, EU universitiesl aublic research labs are recommended to
adopt a common code of practice for knowledge fearexctivities (European Commission, 2008).
Furthermore, as a result of the Bologna Processhitiher education system has been reformed and
universities have started being financed accordintheir productivity and academic excellence.
“Formulas to allocate public funds to higher edigrainstitutions are now related to performance
indicators such as graduation or completion raéesl “research funding has also increasingly been
allocated to specific projects through competippvecesses rather than block grants” (OECD 2008).
However, domination of agricultural research fumgdlny competitive grants is associated with a
reduction of agricultural productivity (Huffman andust, 1994) and of local public goods’
production (Huffman and Jusit999).The allocation of resources from government to ersiies is
increasingly based on research and teaching peafarenindicators. This funding system may tend
to favour large universities, which benefit fromakcand scope in costly and speculative research
proposal writing(Huffman and Just, 1999)t is based on a model of university-firm collasion

tailored for countries whose firms are large oroasded in firm networks which facilitate
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university-government-firm interactions (Klerkx ahdeuwis, 2008a, 2008b). In the case of weaker
economic areas, where the main knowledge providempublic and the gap in university
performance also depends on external economic tomnsli the adoption of a single university-firm
collaboration model (Isaksen and Karlsen, 2010) m@gent a cost in terms of tacit knowledge
spillovers, which are the base of the NIS perspedtAcs et al., 2016). It may thus be detrimental
to small and medium firm innovativeness, feedinguamulative poverty trap. For example,
Cardamone et al. (2015) have shawvat while technology transfer activities of Itaianiversities
do impact positively upon local manufacturing firrmovation, this effect is stronger in prosperous
territorial areas, in science based and scalesitersectors and amongst large-sized firviaietta
(2015) points out that the citations in WoS-Scopusnals, which positively impact university-firm
R&D collaboration, have a negative correlation wtbbduct innovation of local F&D firms.

3. TheF&D industry and the agri-food resear ch sector in Europe

In the EU in 2011, 4.25 million people were emphbya the F&D industry Eood Drink
Europe National Federatiomeport) representing the largest EU manufactusector in terms of
direct employment (15%). The F&D industry shows ¢haracteristics of a stable, non-cyclical and
resilient sector. Indeed, throughout the econorowrdurn following the 2007 banking crisis, the
F&D industry continued to grow, while a sharp desee was observed in other key manufacturing
sectors. In the seven countries considered in tadysis, according to Eurostat data, the F&D
industry accounts for 10.8% of value added manufagy and 13.8% in terms of overall
employment in 2011 (Pasetto, 2011). As a key seacttire EU Member State economies, the F&D
industry ranks first in France, Spain and the UWhikeéngdom in terms of turnover and features in
the top three manufacturing activities in severainber States. Germany, France, Italy, the United
Kingdom and Spain are the largest EU F&D producers.

Table 1 summarizes some descriptive statistics evontg the importance of the F&D

industry for the countries selected for our analysi

[Table 1 here]

In 2007, R&D expenditure in the 27 EU Member State®unted to 1.85 % of GDP. The EU
allocated € 228 bn. to R&D, compared with € 269 ¢pent by the United States and € 118 bn. by
Japan. Within the EU 27, four Member States — Gegmé&rance, Italy and the United Kingdom

13



— accounted for more than half of total EU 27 R&kpenditure. Germany alone, with € 61.5 bn.,
accounted for more than one quarter of the totanée, the United Kingdom and Italy followed,

with € 39.3 bn. € 36.7 bn. and € 16.8 bn. respelstiviables 2 reports the R&D expenditure for the
sample of EU countries in the agricultural scierssxtor on higher education sectors and

government personnel.

[Table 2 around here]

The agri-food research system in the EU is publfolyded and decentralised as in other
advanced economies but in the last fifteen yeags;faod research in the EU has undergone a
decrease in government funding (Alston et al., 1%&artier, 2007; Ruttan, 2001). The countries
which invested most in the agricultural scienceshim period 2007-2009 are, in decreasing order,
Germany, Spain, the United Kingdom and Italy (TaB)e however only Germany and Spain
continue to show an upward trend. The agri-fooceassh sector in the EU relies both on
universities and public research institutes buteghg a trend in which the role of the universities
becoming more important. A notable exception, haveis France where other public research
institutions play a dominant role. Among the sewample countries, Italy and Austria are the
biggest contributors of public money to agricultig@iences in higher education institutions.

The Standing Committee on Agricultural ResearchARY; established by EEC Reg. No
1728/74, periodically monitors the agri-food resbagector structure assessing its fragmentation, in
terms of number of research organisations and masegoups, its coordination, its medium-term
strategy and the importance of the research coumitii its multi-annual research programs
(Chartier, 2007). In recent years, the EU agri-foegkearch sector has been subjected to a process of
rationalisation and consolidation with the mergofgesearch entities and the imposition of better
coordination consequent to the establishment afaretr councils, the setting-up of pluri-annual
research programmes and the allocation of finargiglport through competitive programmes.
Important reforms have already taken place in tingdd Kingdom and in the North of Europe.
Reforms have also been planned within global Ni&nges in Spain or are being discussed in
Germany, Italy and Hungary. The agri-food researapacity is considered concentrated (few
research entities) in France and fragmented (measgarch entities) in Austria, Germany, Italy,
Spain, Hungary and the United Kingdom. The levaetadrdination of the agri-food research sector,
estimated according to the presence of medium-strategy and the importance of the research
council with multi-annual research programmes isrpo Germany, Italy and Hungary, good in the

United Kingdom and fair in the remaining countri€hartier, 2007).
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Among the world leading countries in agriculturaidaveterinary sciences in terms of
scientific papers indexed in the Scopus database e 2003-2010 period the United Kingdom
ranks third, Germany sixth, France ninth, Spainht@md Italy eleventh. Among the seven countries
analysed, Spain is the most specialised agricultural and veterinary sciences, since its
specialisation index is higher than 1, whereadthiged Kingdom has the highest scientific impact

as measured by the average citations per artidbgRRe and Cote, 2012).

[Table 3 around here]

Table 3 reports the number of innovative enterprigéth innovation cooperation during
2006-2008 in the manufacture of food products, Byes and tobacco products, sourced from the
Community Innovation Survey (Eurostat). The numieérinnovation cooperations is given
separately for the seven countries analysed anth&®EU-27. In the years analysed, universities
were important F&D firm partners for innovation @avation being generally more frequently
chosen than other public research institutes an@dmany and Italy were the undisputed first
choice of partners. Important national patternsrgmé Austria, Germany, Hungary, Italy and the
United Kingdom, where universities are more chdban research labs while the contrary holds for

Spain and they are equally chosen in France.

4. The empirical framework

4.1. The econometric approach

To trace the influence of different types of unsigrfirm interaction mechanisms on
different types of impact outcome is not an eask thecause of the complex and intertwined
relationships between interaction mechanisms (Sethait 2014).

The literature on the subject concurs that the sogbi framework in the analysis of
mechanisms for knowledge creation and transfenpgdom academic institutions to firms should
take into account the interdependencies betweenvations and external collaborations in R&D

! Specialization index (Roberge and C6té, 2012) fimele by:
Sl = Xs/Xt

Ns/Nt
X = No. publications
N = World publications
s = research area
t = total research areas
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while addressing simultaneity between innovationd éinternal and external) R&D investment
decisions and the simultaneity of different formhigxternal collaborations in R&D.

Bearing this in mind, the econometric model of theesent paper consists of five
simultaneous equations related to the followingethelent variables: (the existence iofya muros
R&D investment, R&D collaboration with universitiesxd/or research labs, R&D collaboration
with other firms and/or consultants, process intiomaand product innovation. Among these, the
variables of R&D collaboration with universitiesgearch public labs, and R&D collaboration with
private firms/consultants are also used as regresat these indicators are binary variables.

The simultaneous equations of the econometric madejointly described by a multivariate
probit model. The model follows a five-equationusture in which the estimation results of the
second and third equations are used as regressibrs fiourth and fifth equations, as follows:

. .
Yi= X1iB1+€q;
. .
Y2i= XiB2t €
* '
] V3= X3iB3te€3i
*

Ya4i= V24 Yo2i T V34 Y3it X4iBat€s
Y5i= V25 Y2i T V35 V3it X5iBs5+€s;

\
1)

Thefive latent variables are defined as follows" is intra murosR&D investment;y,* are
R&D collaborations with universities and/or reséatabs;ys* are R&D collaborations with other
firms and/or consultantsy,* are product innovations angs* are process innovation; are
vectors of exogenous variables, which influences¢hprobabilities for firmi; B, are parameter
vectors;y, are scalaparameters; angl; are error terms, which are assumed to be jointhynab
with unknown correlation coefficientgy.

The realisation of the latent variablgg*, is not observed; however, the realisation of the

binary variablesy;, is observed, and these are linked to the foameording to the following rule:

{ Vi =1, if yi>0 o
Yii =0 otherwise; k=1, ...,5

The dependent variables are equal to 1 wirgna murosR&D investment>0 fory;, extra
muros R&D expenditure with partngrO for yx where m = universities/research labs or other
firms/consultants anll = 2, 3; and product and process innovation are ptesespectively fory,
and forys,

16



The equations that refer yg, y, andys; have been included to identify the determinantthef
intra muros and extra murosR&D investment that aims at introducing product mocess
innovation and to take into account the simultaneit decisions by firms relating to the type of
intra murosandextra murosR&D investment. Furthermore, the common latentdiastructure of
the multivariate probit framework makes it possibteh to control for the potential endogeneity of
the R&D investment decision and to correct the mindk sample selection. The resulting recursive
multivariate probit model can be described as atrumental variable framework for categorical

variables and can be estimated using the simutatedmum likelihood method (Wilde, 2000).

4.2. Thedata

In order to explore university-firm R&D collaborati and firm innovation, different sources
of data have been used. At the heart of the pragetihe EFIGE (European Firms in a Global
Economy) database; it consists of a representaaveple at country level for the manufacturing
industry of almost 15,000 surveyed firms with o¢@remployees in the sample group of the seven
European economies: Austria, France, Germany, Hyndgaly, Spain and the United Kingdom.
The data was collected in 2010, covering the y2a0¥-2009. Since the focus of the present paper
is on the European F&D industry, the F&D firms haween extracted using the NACE-CLIO
classification, resulting in a sample of 1,520 stm

The database contains quantitative and qualitaticemation on R&D and innovation. More
specifically, firms are asked whether process amdlyct innovation were introduced during the
previous three years (2007-2009). Product innowaisodefined as the “introduction of a good
which is either new or significantly improved withspect to its fundamental characteristics; the
innovation should be new to the firm, not necess#oi the market” whereas process innovation is
defined as the “adoption of a production technoladpch is either new or significantly improved;
the innovation should be new to the firm; the finas not necessarily to be the first to introduee th
new process”.

The questionnaire also collects information regagydvhether the R&D wastra murosor
acquired from external sources such as universitesearch labs, other firms or consultants. No
distinction is made between universities and resekabs but from Table 3 it is possible to argue
that universities were more frequently chosen.rimfition on what percentage of total turnover the
firm has invested in R&D on average in the previtduge years (2007-2009), on whether the firm
benefits from tax allowances and financial inceggivor these R&D activities and on whether part
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of these financial incentives are provided by tlblic sector, are also available and have been
used.

The firms are classified according to their sizevesasured by the number of employees as
follows: 10-19 employees, very small; 20-49 empés/esmall; 50-100 employees, medium; 100-
250 employees, large and over 250 employees, aegg | Other characteristics of firms that have
been included as regressors are the presencdletisikinployees (i.e. graduates), age and gender of
the current CEO or company head, the firm’s agecutrrent legal form, whether in the last three
years it has applied for a patent, registered dustrial design or a trademark or claimed copyright

In order to explore whether the national knowledgetext in which the firm operates affects
the university-firm R&D collaboration and firm prodt and process innovations, the following
information was also gathered and used: numbergotudtural faculties; average number of
citations in agri-food science, number of publiocasi in the scientific area of “food technology,
human nutrition and consumer concerns” using th&\pimduction of European agri-food research
in the period 1996-2004 from the EU AGRI MAPPINGooet; number of universities offering
agriculture as a field of education (using Eumida)mber of engineering and science faculties as
listed in the International Handbook of Universsti@verage government sector R&D expenditure
2003-2009 on agriculture (expressed in millionsEafros) (using Eurostat and Sorrentino and
Capozzi, 2010, for France); number of scientistd angineers (annual average 2006-2008) in
agriculture, forestry and fishing, mining and qyarg and low-technology manufacturing (using
Eurostat); number of new graduates (average 2006)2@ agricultural and veterinary science by
ISCED97 levels 5 and 6 (using Eurostat). The foriméie first stage of tertiary education, with 5A
degree programmes that are theoretically basedhds@reparatory or giving access to professions
with high skills requirements and 5B degree progre® which are practically oriented and
occupationally specific; level 6 is the second staq tertiary education leading to an advanced
research qualification.

The analysis is also completed with the use of somgicators of the levels of NIS
fragmentation and of coordination. The level ofgfreentation (number of research organisations
and research groups) is equal to O if the resezaphcity of the national agri-food research seistor
considered concentrated, 1 if its defined rathagrfrented and 2 if the capacity is considered highly
fragmented in the EU AGRI MAPPING report. Analoglyushe level of coordination (presence of
medium-term strategy and importance of researcima@bwith multi-annual research programs) is
equal to O if defined poor, 1 fair and 2 good ia ElU AGRI MAPPING report.

The level of rurality of the province (or regionhere the firm is located, which is sourced

from OECD, is used as a proxy for the distance betwfirms and universities/research labs since
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there are relatively few research centres in rarabs. Following the OECD criterion, based on
population density, provinces and regions are ifladsas predominantly urban (rurality level sets
equal to 0), intermediate (rurality level set equmall) and predominantly rural (rurality level sets
equal to 2). The number of years the region, whiedirm is located, has been in the EU is used as

a proxy for the institutional setting surroundimg tfirm.

4.3. The empirical specification and the descriptive statistics of the variables

The empirical specification of the five equatioas ®e summed up as follows:

Intra muros R&D investment =f; (Public subsidies, skilled employees, protectidn o
intellectual property dummies, CEO firm age anddgenfirm age, firm size dummies, legal form
dummies, rurality level of the province or regionymber of years in the EU, country dummies or
NIS characteristics).

R&D collaboration with partngr = fx (R&D intensity, dummy for R&D acquired abroad,
dummy for R&D subsidies, skilled employees, pratecof intellectual property dummies, age and
gender of firm CEO, age of firm, firm size dummidsgal form dummies, rurality level of the
province or region, number of years in the EU, ¢oudummies or NIS characteristics), whemne=
universities/research labs or other firms/constsdtandk = 2, 3.

Innovationj = f; (R&D collaboration with universities/research laB&D collaboration with
private firms/consultants, R&D intensity, public bsidies, skilled employees, protection of
intellectual property dummies, CEO firm age anddgenfirm age, firm size dummies, legal form
dummies, rurality level of the province, numberya&fars in the EU, country dummies or NIS
characteristics), whelje= product or process.

Descriptive statistics of the variables are regbite Table 4 below. Among all the firms in
the sample 4% have R&D collaborations with a ursitgror research lab, while 8% of them have
R&D collaborations with other firms or consultanggpbably because public research institutions
have lengthy working times, a technology push nehdsd a higher orientation towards academic
publications than towards customer need problemirspl Very few technologically leading firms
employ international knowledge sourcing strategigee only 1% of firms in the sample have
foreign R&D partners confirming the nation-orientetbwledge transmission of F&D firms, even
in formal collaborations, evidenced in the pastr{§bnsen et al., 1996). This evidence supports the
NIS approach choice for the analysis of the F&Dnfinnovation behaviour in that F&D firms are

more familiar with knowledge generated in their looountry and privilege national technology.
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Among all firms in the sample, 52% have introduggdduct innovation, and 44% have
introduced process innovation. A higher presencerofuct than process innovation may be
explained by the industry product direction (Furgand Sauer, 2007; Ziggers, 2005), the high pace
of product innovation due to short product life legc(Ciliberti et al., 2015) and by the presence of
protected designation of origin, protected geogiahindication and traditional speciality
guaranteed trademarks (Mancini and Consiglieri620The R&D intensity, which is measured as
the percentage of the total turnover that the finested in R&D on average in the three years
(2007-2009) is around 2%; during the same time ;spally 12% of the firms undertoolktra muros
R&D activities probably because of the economisisrin the years analysed. Patented innovation
is low (only 6% of sampled firms) whereas 22% ahf have registered trademarks.

As far as the legal form is concerned, most firms lamited liability partnerships (Sarl,
société a responsabilité limitgel5% are public companies (Saslpciété anonyme 5% are
proprietorships, 4% are cooperatives and the rangirones are limited liability sole
proprietorships (Eurkntreprise unipersonnelle a responsabilité limjtéeother forms.

Nearly 12% of firms received benefits from tax alémces and financial incentives for R&D
activities while 21% benefited, for the overalligity, from financial incentives provided by the
public sector. Taking into account the human capibanposition of the firms, the average age of
the firm CEO is around 50 years, astonishinglyre@mrds gender parity, only 10% of those CEOs
are women. Within the workforce fewer than 10% roféoyees are graduates.

[Table 4 around here]

The key regressors in all the equations are rel&tethe national “knowledge context”
represented by the presence and the charactens$tiogher education institutions and by other NIS
actors. On average over the period 2006-2008, dr89r000 scientists and engineers are operating
in agriculture, forestry and fishing, mining andagying and low-technology manufacturing areas;
the agri-food research system produces around 4488 fscience articles. On average, 26
universities offer agriculture as a field of stugland educational objective. The average number of
faculties is approximately 10 for agricultural sesj 80 for engineering studies and 83 for science
studies. In the specific agriculture and veterindrgciplines, the system produced 3,000 new
graduates on average, over the period 2006-2008pleting the first stage of tertiary education
(ISCED97 5a).

The description is completed by indicators meaguhitS fragmentation and coordination.

The number of research organisations and reseaocipg measuring the level of fragmentation, is
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1.02 indicating that the research system is, oragee not fragmented but, since the dummy
relative to the presence of medium-term strategy iamportance of research council with multi-
annual research programs it is equal to 0.67, yt oeaconsidered, on average, poorly coordinated.

Several specifications of variables reflecting Ni& structure, output and assessment have
been tested alternately. The baseline specificaiomModel 1 which includes only national
dummies. ModeP tests the role of universities versus public aege labs (proxied by government
R&D) and the size of research institutions (proxi®dthe number of scientists). Mod&land
Model 4 analyse the university composition respectivelytearms of agriculturess engineering
faculties and in terms of agricultuses science faculties. Modéb tests the effect of research
institution outputs: the number of WoS articlesfood science topics and the number of graduates,
differentiated by ISCED97 levels; the output of théblic research labs is proxied by government
R&D. Finally, Model 6 includes the assessment of the NIS fragmentatrah coordination, the
specialization index in food science production #mel scientific impact of WoS publications in
terms of average citation number. Multicollineadyong the regressors is assessed by computing
the variance inflation factor (VIF) and no evidemée problem in any model was found.

5. Theempirical evidence

The marginal effects of the multivariate probit negsions are reported for various
specifications in Tables 6—10he standard errors (not reported) of the coeffits have been
clustered around the rurality of the province inickhthe firm is located because the institutional
setting and the economic dynamism, which are homeges within the same area, may affect the
innovativeness behavior of firms located there (s2eChevassus-Lozza and Galliano, 2003).

The likelihood ratio test, which was conducted loa lhypothesis that thgs are jointly null, is
highly significant and supports the multivariateefiequation framework (see Table 5). The
correlation coefficients are very high and sigrdfit for the internal and external R&D investment
choice in that the presence oftra muros R&D is correlated with R&D collaboration with
universities/research labs and R&D collaboratiothvather firms/consultants. The two equations
related to external collaborations are also higiadgrelated and the two equations related to product

and process innovation.

[Table 5 around here]
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Table 6 reports the marginal effects for Equationtien the existence afitra murosR&D
investment has been used as a dependent varidi#gedummy for R&D subsidies is positive and
highly statistically significant; receiving finaratiincentives to boost R&D activities inducesra
muros R&D investment. A firm’s large size, male CEO atnddemark registration are highly
significant and positive determinants whereas petgrship is a negative one. French F&D firms
are more likely to invest imtra murosR&D.

Among the NIS factors and the environmental chargtics, the number of universities with
agriculture as a field of education, and governnR&D are not conductive tmtra murosR&D
investment whereas larger R&D institutions, in terof scientist numbers, and the number of years
in the EU are positive and highly significant deterants. Among the other NIS structure variables,
the presence of engineering and science faculisufts R&Dintra muroswhereaghe presence of
agriculture faculties does not. The number of Wo8df science articles is positive and weakly
significant, whereas the number of ISCED5 (a angrljiuates in agriculture is always positive and
highly significant. NIS fragmentation is detrimenta firm intra muros R&D investment; the
marginal effect is relatively high. A negative signalso observed for NIS coordination which is
explained by the outsourcing of firm R&D investmént coordinated NIS.

[Table 6 around here]

Table 7 reports the marginal effects for EquationwBere R&D collaboration with
universities/research labs has been used as adimygevariable. R&D intensity is positive and
weakly significant whereas R&D subsidies are pwsitiand highly significant. Foreign
universities/research labs may be chosen as firnD R&rtners because the dummy for R&D
acquired abroad is positive and significant wherigas not for the dependent variable R&D
collaboration with other firms/consultants (see [€&8). No direct firm size effect emerges; a firms’
male CEO is highly significant and positive wherepsoprietorship and limited liability
proprietorship are negative determinants. Regrgjea trademark and claiming a copyright are
positive and highly significant since they guarané@propriability of jointly developed innovation
taking into account that competitors may even baliate with the same research institution.

The level of rurality, meaning geographical disearfoom firms to research institutions,
increases the likelihood of R&D collaboration withiversities/research labs, as already observed
in the literature and explained by the so-calleada{sdog syndrome” (Howellst al,, 2012; Maietta,
2015). For firms which are more distant from unsiees, the absence of local universities prevents
them from collaborating via direct interactionsthrough informal contacts with academics that

could act as spearheads for other collaboratioat d@he knowingly planned and not necessarily
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local since new and even international knowledgeiders may be successively discovered within
the firm’s existing network (Laursen and SalterD@0Laursen et al., 2012). British F&D firms are
more likely to collaborate with universities/resgatabs. The number of years the region, where the
firm is located, has been in the EU, is highly gigant and positive in the specification with the
indicators of the NIS structure and output assesgnsiggesting convergence paths towards a
common science policy.

R&D collaborators with firms are more likely to haniversities since the number of
universities with agriculture as a field of eduoatis the only variable reflecting the NIS struetur
to be positive and highly significant. The numbgagriculture faculties is positive but only weakly
significant. The NIS fragmentation is also positiegen if weakly significant. These results
corroborate the idea that a territorially disperkedwledge system may be beneficial for university
collaborations of small F&D firms, which are numesoin countries such as Germany and ltaly.
The number of WoS food science articles is posiind highly significant whereas the number of
ISCED 5b graduates is highly significant but neggtiprobably because of a lower knowledge-
intensive profile when firms hire practically orted and occupationally specific employees.
Regarding the other NIS characteristics, coordimais positive and highly significant whereas
both specialisation and scientific impact are niggaand significant. The explanation may be the
presence of conflicting interests and goals betvatanscientists and firms. While the former focus
on developing innovations that could lead to pwttians in highly-ranked journals, the latter
require multidisciplinary academic competenciesorder to investigate practical problems and

increase the applicability and profitability of usgiented research projects.

[Table 7 around here]

Table 8 reports the marginal effects for Equatiowt¥ere R&D collaboration with other
firms/consultants has been used as a dependerdblariNeither R&D intensity nor skilled
employees are significant, probably because marlyesfe collaborations are with market research
institutes and most innovations are incrementalil{@ii et al., 2016). The presence of R&D
subsidies is still positive and highly statistigadignificant with a higher marginal impact tham fo
R&D collaboration with universities/research lahsnited liability proprietorship is negative and
highly significant. British F&D firms are more liketo collaborate with other firms/consultants.

The number of universities increases the probghaitthese collaborations, whereas public

research labs, as proxied by the amount of govemhni®&D, seem to substitute other
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firms/consultants as firm R&D partners. The numiféVoS articles on food science topics appears

to be beneficial for R&D collaboration with oth@émfis/consultants.

[Table 8 around here]

Table 9 reports the marginal effects for Equatiomhre product innovation has been used as
a dependent variable. Product innovation is styodgtermined by whether the firm receives public
incentives. R&D collaboration with universities/easch labs, as already evidenced for European
F&D firms (Minarelli et al. 2015; Maietta, 2015),n@& R&D collaboration with other
firms/consultants are not statistically significaifirm age has a positive and statistically sigaifit
effect on product innovation. After having accouhter firm participation in research investment,
no residual size effect is observed (Furtan ance58007; Karantininis et al., 2010). As already
evidenced (Traill and Meulenberg, 2002), co-opeeatiare less likely to innovate their products
probably because they tend to be traditional gumality niche products whose origin is guaranteed
by member localization (Bertolini, and GiovannetQ06). On the other hand, registering a
trademark or an industrial design is a positive &mghly significant determinant of product
innovation.

The number of universities as well as the numbeagrculture, engineering and science
faculties favours product innovation. However, goweent R&D appears to be detrimental to
product innovation. The WoS food science articleialde is positive and highly significant.
Among the education variables, the number of ISCHEp&duates is positive and statistically
significant, in line with the idea that the supplfygraduates from tertiary programs leading to the
award of an advanced research qualification isngmortant channel for product innovation. The
NIS coordination is positive and weakly significanhereas specialised knowledge production
hinders product innovation. A possible explanat®that many innovative products have protected
designation of origin, protected geographical iatan and traditional speciality guaranteed
trademarks (Mancini and Consiglieri, 2016) whichsthp rely on tacit knowledge transfer and

interdisciplinary knowledge spillovers.

[Table 9 around here]

Finally, Table 10 reports the marginal effects Egjuation 5 where process innovation has
been used as a dependent variable. Process inmovastrongly determined by R&D collaboration

with other firms/consultants while R&D collaboratiowith universities/research labs is not
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statistically significant. R&D intensity is also gitive and highly significant. Skilled employeeg ar
positive and significant. Process innovation iod®voured by public incentives but not by the
number of years the region, where the firm is ledathas been in the EU, probably because of
conflicting incentives given to the firm by natidnscience and innovation policies and the
Common Agriculture Policy. Small and very smalhis are less likely to innovate whereas limited
liability proprietorships are more likely to do sdrademark registration is positive and highly
significant.

Large R&D institutions have a beneficial effect pnocess innovation. The influential
research institutions are research labs, as prdxyegovernment R&D, whereas engineering and
science faculties exert a detrimental effect, evafter the introduction of the education variahle
the variable related to public research labs besooméy weakly significant. Probably, this may be
because scientists of public research labs, whalase to locally important research problems,
may train graduate students through research astsbips in long-term research projects (Huffman
and Just, 1999). The supply of ISECED 5a graduatpessitive and significant, since technicians of
this kind play an important role in process innawat(Huiban and Bouhsina, 1998), whereas the
supply of ISECED 5b graduates, who are practicafignted and occupationally specific, is highly

significant but negative. Specialisation is positand highly significant.

[Table 10 around here]

Summing up the results from all the equations, ickemgg the European F&D industry over
the period 2007-2009, the empirical evidence suggibst a high number of universities favours
R&D collaborations and product innovation, whilerg@ research institutions hinder process
innovation and government R&D is not conducive todoict innovation. Furthermore, with regard
to the NIS structure, science faculties favour paddnnovation and engineering faculties are not
conducive to process innovation. With regard to Nuput, the results also show that WoS articles
favour R&D collaborations and product innovationt ot process innovation; the supply of
ISCED 5a graduates is conducive to process inmavathereas that of ISCED 6 graduates favours
product innovation. Taking into account the NISeassnent, specialised knowledge production
hinders product innovation but favours process vation. University-firm R&D collaboration is
hampered by both scientific impact and specialisexivledge production.

In order to check for unobserved heterogeneityinmd, the multilevel approach has been
applied as a robustness check. The multilevel a@mbronvolves relationships between variables

which are measured at different hierarchical leviilas modelling simultaneously the micro and
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macro level. This makes possible the evaluationvieéther, and to what extent, variance in the
dependent variable can be attributed to inter-franance or to, in our case, inter-country variance
Secondly, multilevel models check for unobserveteiogeneity by including a random intercept
and allow assessment of whether relationships aanyss contexts through the inclusion of random
coefficients. The results of the random intercepitifevel probit regressions, which have been
separately estimated for the five dependent vaglare reported in the Appendix. The coefficients
and the standard errors of the random countriesaaepts, shown at the bottom of Tables 6bis-
10bis, do not indicate significant inter-countryrigace for the dependent variables to run five
multilevel probit models as an alternative econoimestrategy. Thus the findings previously

described are confirmed.

6. Concluding remarks

New knowledge from public research institutions gamovide firms with competitive
advantage speeding up new product and processogevent. Understanding how European
universities and research institutions impact firmovation is important for the development of a
more tailored knowledge-based growth strategy inclvluniversity-industry knowledge transfer
can be advantageous both for firms and academfasoudse, it is unrealistic to think in terms of an
ideal NIS model since the NIS is endogenously dateed and shaped and today’s NIS
configurations are the result of historical andhpd&pendent processes. However, in Europe there
IS now increasing convergence of national reseasskssment indicators towards a single universal
criterion, whose adoption, however, may be costlterms of development of weaker areas, small-
sized firms and tacit knowledge-based industriestieérmore, the allocation of national funding to
universities, through performance-oriented indicgtand university autonomy, which enables it to
allocate funding to degree programs and to seésgarch and teaching staff, have led universities
to compete for scholars, students, public and pifands. Students may prefer to migrate to
prestigious universities far from home thus dintimg the possibility of local tacit knowledge
spillover.

The conclusions of the present study are that |sggde public research institutions are
detrimental to interaction between university amduistry and that the supply of practically oriented
and occupationally specific graduates hampers wityefirm R&D collaboration as well as
process innovation. The parameters used for acadessearch output assessment are not good

proxies for local knowledge spillover. This is alwe case for publications in high ranking
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academic journals which do not appear to have #egteon process innovation. Education acts as
a channel of knowledge transfer both for produc pirocess innovation.

More generally, further surveys to evaluate howeaesh institutions may have a positive
impact on innovation by firms and enterprises i B&D industry would be of considerable benefit

in what is, after all, a vital sector.
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Table 1 - Food and drink industry turnover, valulad, employees and companies in 2011

TABLES

Countries Turnover Value added Number of Number of
(€ billion) (€ billion) employees (1.000) companies
Austria 12.6 4.7 58 3921
Germany 163.3 115 550 5960
France 157.2 29.3 500 10000
Hungary 8.3 2.0 97 6556
Italy 127.0 24.2 408 6300
Spain 83.8 20.0 446 30000
United Kingdom 87.6 23.7 370 6500

Source:FoodDrinkEurope National Federations, 2011

Table 2 - Total R&D expenditure by sectors of penfance — Agricultural sciences sector

2007 2008 2009 2007 2008 2009
Expenditures Personnel

Government
Austria 40.852 \\ 44.646 1099 \\ 1053
Germany 429.97 483.854 563.37 7041 7296 7035
France \\ \\ \\ \\ \\ \\
Hungary 37.020 35.543 28.898 1828 1494 1279
Italy 280.4 282.1 176.6 4755 4674 4287
Spain 358.68 443.729 538.36 6628 7334 8778
United Kingdom \\ 381.38 347.62 2864 \\ 2686
Higher education
Austria 70.648 \\ 90.436 1197 \\ 1722
Germany 328.31 392.48 411.79 10766 10847 11005
France \\ \\ \\ \\ \\ \\
Hungary 20.812 21.113 22.842 1619 1626 1710
Italy 225.7 220.9 223.3 5367 7051 8130
Spain 90.37 106.92 102.65 3884 4183 4237
United Kingdom \\ 140.27 133.46 3965 \\ 3723

Source:Eurostat

Table. 3 - Number of innovative enterprises withoiration co-operation during 2006-2008 in the mawtiige of food
products, beverages and tobacco products

Suppliers of Competitors  Consultants,  Universities G
. " . overnment
Countries equipment, . or other commercial or other )
. Clients or . . or public
materials, enterprises of labs, or higher
customers . : research
components the same private R&D education L
S AR institutes
or software sector institutes institutions
Austria 64 33 26 27 36 14
Germany 276 364 291 208 544 190
France 519 368 245 300 267 268
Hungary 83 69 34 32 49 18
Italy 105 38 49 172 196 40
Spain 249 77 47 126 160 166
United Kingdom 532 639 200 240 170 158
EU-7 1,828 1,588 892 1,105 1,422 854
EU-27 3,359 2,681 1,450 1,951 2,021 1,252

Source: Eurostat - CIS6
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Table 4 - Variables and descriptive statistics

Variable Mean Std. Dev.

Firm characteristics

Intra muros R&D 0.12 0.32
R&D collaboration with other firms/consultans 0.08 0.27
R&D collaboration with universities/research labs 0.04 0.20
Product innovation 0.52 0.50
Process innovation 0.44 0.50
Dummy for R&D acquired abroad 0.01 0.10
R&D intensity (%) 2.14 6.07
R&D subsidy dummy 0.12 0.32
Subsidiy dummy 0.21 0.40
Skilled employees (%) 8.07 11.76
CEO age 51.04 10.52
CEO gender 0.90 0.29
Firm age 41.79 37.67
Very small firm size 0.34 0.47
Small firm size 0.40 0.49
Medium firm size 0.10 0.31
Large firm size 0.08 0.27
Proprietorship/Ownership dummy 0.05 0.22
Sa Dummy 0.17 0.37
Sarl dummy 0.66 0.47
Eurl dummy 0.004 0.06
Coop Dummy 0.04 0.20
Patent dummy 0.06 0.23
Industrial design dummy 0.05 0.22
Trademark dummy 0.22 0.42
Copyright dummy 0.04 0.19
Territorial and university characteristics

Rurality of the province where firm is located 0.88 0.71
No. years in UE 34.20 15.60
No. scientists (th) 39.44 22.68
No. Universities 26.45 17.77
No. agriculture faculties 10.41 7.56
No. science faculties 83.70 71.92
No. engeneering faculties 80.63 56.11
Government R&D (ml €) 275.42 99.94
No. WoS food science articles 436.79 143.96
No. Isced 5b graduates 1720 1882.53
No. Isced 5a graduates 2964 1261.63
No. Isced 6 graduates 421 322.90
Fragmented NIS 1.02 0.54
Coordinated NIS 0.67 0.64
Specialization index 1.22 0.36
Average citations 8.02 1.59

Table 5 — Significance and value of the correlatimefficients among the errors of the Egs. (19) (

Coefficients Modedl 1 Model 2 Model 3 Model 4 Model 5 Model 6
Rho21 0.631*** 0.619*** 0.566*** 0.563*** 0.629*** 0.607***
Rho31 0.770*** 0.782*** 0.752*** 0.753*** 0.769*** 0.754* **
Rho41 0.242* 0.269** 0.227 0.238 0.247* 0.204
Rho51 0.178 0.161* 0.156 0.155 0.185 0.148
Rho32 0.480*** 0.528*** 0.477%** 0.475%* 0.485*** 0.498***
Rho42 0.182 -0.026 0.117 0.122 0.195 0.147
Rho52 0.146 -0.164 0.128 0.129 0.147 0.118
Rho43 0.067 0.199 0.048 0.066 0.079 0.044
Rho53 0.007 -0.064 -0.068 -0.068 0.002 -0.051
Rho54 0.381*** 0.372*** 0.383*** 0.382*** 0.380*** 0.383***
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Table 6 - Multiprobit regression. Marginal effedts the dependent variable (existence of) intragauR&D investment

Variable Modd 1 Mode 2 Mode 3 Model 4 Model 5 Model 6
dF/dX dF/dX dF/dX dF/dX dF/dX dF/dX

R&D subsidy dummy 0.147%** 0.153*** 0.153*** 0.153* 0.147*** 0.146***

Skilled employees (%) 0.001* 0.001* 0.001* 0.001* .00 0.001*

CEO age 0.001* 0.001* 0.001** 0.001** 0.001* 0.0006

CEO gender 0.00*** 0.018 0.00*** 0.00*** 0.00%** 0.00%**

Firm age -0.0004 -0.0005*** -0.0005** -0.0005** -0.0004** -0003**

Very small firm size -0.032** -0.034 -0.033 -0403 -0.032 -0.022

Small firm size 0.002 0.0003 0.002 0.002 0.002 0.005

Medium firm size -0.006 0.004 0.002 0.002 -0.005 -0.004

Large firm size 0.046** 0.044** 0.043** 0.043** 0.045** 0.047**

Proprietorship/Ownership dummy -0.599*** -0.549***  -0,592*** -0.597*** -0.635*** -0.533***

Sa dummy 0.007 0.014 -0.006 -0.008 0.007 0.014

Sarl dummy -0.023 -0.017 -0.024 -0.025 -0.021 -0.032

Eurl dummy -0.084 -0.082 -0.085 -0.086 -0.083 -0.084*

Coop dummy 0.039 0.052* 0.036 0.036 0.042 0.032

Patent dummy -0.028 -0.039 -0.029 -0.029 -0.029 -0.027

Industrial design dummy -0.002 0.005 0.012 0.014 .00D -0.0004

Trademark dummy 0.067*** 0.071%** 0.065*** 0.065*** 0.066*** 0.062***

Copyright dummy -0.005 -0.0003 -0.009 -0.008 -0.002 -0.002

Rurality of the province where firm is located -moe1 -0.008 -0.008 -0.008 -0.010* -0.008

France dummy 0.221%**

Germany dummy 0.036

Hungary dummy -0.044

Italy dummy 0.021

Spain dummy -0.050**

UK dummy 0.078

No. universities -0.001***

Government R&D (ml €) -0.0005***  -0.0005***  -0.086**  -0.0005***

No. scientists (th) 0.002***

N. years in UE 0.003*** 0.004**=* 0.004*** 0.0005 -0.0001

N. agriculture faculties -0.006*** -0.006***

No. engineering faculties 0.0004***

No. science faculties 0.0002***

N. WoS food science articles (100) 0.00006*

No. isced5a graduates (th) 0.0002***

No. isced5b graduates (th) 0.0003***

No isced6 graduates (th) 0.0003

Fragmented NIS -0.291***

Coordinated NIS -0.125%**

Specialisation index 0.026

Average citations 0.008

** Significant at 1% level.
** Significant at 5% level.
* Significant at 10% level.
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Table 7 - Multiprobit regression. Marginal effedts the dependent variable R&D collaboration withiversities/research labs

Variable Modd 1 Modd 2 Modd 3 Model 4 Model 5 Model 6
dF/dX dF/dX dF/dX dF/dX dF/dX dF/dX

R&D intensity (%) 0.001* 0.008* 0.0009* 0.0009* 0.0009* 0.0008*

Dummy for R&D acquired abroad 0.036* 0.37 0.043**  .003** 0.037** 0.042**

R&D subsidy dummy 0.077*** 0.080%*** 0.074**=* 0.073* 0.076%** 0.079**

Skilled employees (%) 0.0004 0.0005* 0.0004* 0.8004 0.0005* 0.0005*

CEO age 0.00 -0.0004 -0.00008 -0.0007 0.00008 0.0001

CEO gender 0.00*** 0.019 0.00*** 0.00*** 0.00*** 0.00%**

Firm age -0.00003 -0.00001 -0.00005 -0.00005 -0.0001 -0.0001

Very small firm size 0.009 0.004 0.003 0.003 9.00 -0.001

Small firm size 0.009 0.007 0.006 0.006 0.007 0.006

Medium firm size 0.025 0.026* 0.019 0.019 0.026 0.023

Large firm size 0.008 0.005 0.007 0.007 0.005 0.003

Proprietorship/Ownership dummy -0.301***  -0.297*** -0.273**  -0.275*** -0.320*** -0.267***

Sa dummy -0.035* -0.018 -0.020 -0.019 -0.037* -0.030

Sarl dummy -0.036* -0.027 -0.028 -0.028 -0.036* -0.024

Eurl dummy -0.249**  -0.259**  -0.250***  -0.252*** -0.264*** - 0.238***

Coop dummy -0.001 0.002 0.005 0.006 -0.005 0.007

Patent dummy -0.003 -0.004 -0.004 -0.004 -0.003 -0.004

Industrial design dummy -0.006 -0.005 -0.008 -0.008 0.0008 0.001

Trademark dummy 0.027** 0.027** 0.026** 0.026** 0.026** 0.026**

Copyright dummy 0.043**=* 0.046*** 0.038** 0.038** 0.037** 0.037**

Rurality of the province where firm is located 0.6t4 0.016*** 0.012%** 0.012*** 0.015%** 0.012%**

France dummy -0.006

Germany dummy 0.027

Hungary dummy 0.048

Italy dummy 0.030

Spain dummy 0.025

UK dummy 0.047**

No. universities 0.0006***

Government R&D (ml €) -0.00002 -0.00005 -0.00006 0.06004

No. scientists (th) -0.0002

N. years in UE 0.00006 -0.0001 -0.0001 0.0008* 0.001***

N. agriculture faculties 0.001* 0.001

No. engineering faculties 0.0006

No. science faculties 0.00006

N. WoS food science articles (100) 0.00007***

No. isced5a graduates (th) -0.00001*

No. isced5b graduates (th) -0.00001***

No isced6 graduates (th) 0.00001

Fragmented NIS 0.048*

Coordinated NIS 0.047***

Specialisation index -0.033**

Average citations -0.010**

*** Significant at 1% level.
** Significant at 5% level.
* Significant at 10% level.
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Table 8- Multiprobit regression. Marginal effedts the dependent variable R&D collaboration withyate firms/consultants

Variable Model 1 Moddl 2 Modd 3 Model 4 Model 5 Mode 6
dF/dX dF/dX dF/dX dF/dX dF/dX dF/dX

R&D intensity (%) 0.0007 0.009 0.0007* 0.0007* 0.0007 0.0006

Dummy for R&D acquired abroad -0.002 -0.008 0.007 .00@ -0.001 0.010

R&D subsidy dummy 0.127%*** 0.127%** 0.125%** 0.1258* 0.126*** 0.133***

Skilled employees (%) 0.0005 0.0005 0.0005 0.0005 .0008 0.0005

CEO age -0.00006 0.00 -0.0001 -0.0001 -0.00002 0.0002

CEO gender -0.022 -0.014 -0.018 -0.018 -0.022 -0.022

Firm age 0.0002 0.0001 0.0001 0.0001 0.0002 0.0002

Very small firm size 0.021 0.007 0.003 0.004 9.01 0.007

Small firm size 0.033 0.021 0.017 -0.018 0.033 0.028

Medium firm size -0.019 -0.024 -0.031 -0.031 -0.018 -0.022

Large firm size 0.017 0.012 0.008 0.008 0.017 0.011

Proprietorship/Ownership dummy -0.036 -0.026 -0.031 -0.031 -0.034 -0.024

Sa dummy -0.023 0.011 -0.004 -0.003 -0.023 -0.024

Sarl dummy -0.044 -0.023 -0.029 -0.028 -0.043 -0.027

Eurl dummy -0.497%*  -0.482**  -0.478**  -0.481*** -0.522** -0.480***

Coop dummy -0.006 0.003 0.008 0.009 -0.007 0.009

Patent dummy 0.027 0.025 0.029 0.029 0.027 0.028

Industrial design dummy 0.037** 0.022 0.027 0.027 .039** 0.039**

Trademark dummy 0.028 0.030 0.030 0.030 0.027 0.029

Copyright dummy 0.017 0.022 0.013 0.013 0.016 0.014

Rurality of the province where firm is located 0.004  0.004 -0.0007 -0.0006 0.004 0.001

France dummy 0.054

Germany dummy 0.061

Hungary dummy 0.047

Italy dummy 0.080

Spain dummy 0.061

UK dummy 0.148***

No. universities 0.001***

Government R&D (ml €) -0.0001** -0.0001 -0.0001 .0@D3***

No. scientists (th) -0.00009

N. years in UE 0.0006 0.0003 0.0004 0.0005 0.0009

N. agriculture faculties 0.001 0.001

No. engineering faculties 0.0001

No. science faculties 0.0001

N. WoS food science articles (100) 0.0002***

No. isced5a graduates (th) 0.00

No. isced5b graduates (th) 0.00

No isced6 graduates (th) 0.00003

Fragmented NIS 0.029

Coordinated NIS 0.035

Specialisation index -0.010

Average citations 0.003

** Significant at 1% level.
** Significant at 5% level.
* Significant at 10% level.
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Table 9 - Multiprobit regression. Marginal effedts the dependent variable product innovation

Variable Mode 1 Modd 2 Modd 3 Model 4 Model 5 Mode 6
dF/dX dF/dX dF/dX dF/dX dF/dX dF/dX

R&D collaboration with universities/research labs .087 0.067 -0.049 -0.047 -0.093 -0.070

R&D collaboration with other firms/consultants 0210 -0.028 0.115 0.100 0.094 0.127

R&D intensity (%) 0.005 0.004 0.005 0.005 0.005 0.005

Subsidy dummy 0.071** 0.071** 0.072** 0.071** 0.073** 0.070**

Skilled employees (%) 0.00 0.0001 0.00002 -0.00001-0.00001 -0.00006

CEO age -0.002* -0.002 -0.002* -0.002 -0.002* -0.002

CEO gender 0.049 0.052 0.055 0.00*** 0.031 0.051

Firm age 0.0009** 0.0009%*** 0.0009%*** 0.0009***  0.0009***  00009**

Very small firm size 0.008 -0.002 -0.001 -0.007 .006 -0.012

Small firm size 0.043 0.038 0.034 0.031 0.042 0.035

Medium firm size 0.063 0.062 0.058 0.054 0.063 0.057

Large firm size 0.095 0.092 0.089 0.086 0.094 0.087

Proprietorship/Ownership dummy -0.070 -0.061 -0.059 -0.066 -0.070 -0.045

Sa dummy -0.069 -0.050 -0.049 -0.052 -0.068 -0.062

Sarl dummy -0.064 -0.048 -0.046 -0.052 -0.064 -0.020

Eurl dummy -0.042 -0.035 -0.035 -0.039 -0.043 -0.035

Coop dummy -0.182*** -0.165%*** -0.167*** -0.168*** -0.180*** - 0.142**

Patent dummy 0.130* 0.134** 0.135* 0.135* 0.137* 0.136*

Industrial design dummy 0.258*** 0.273**=* 0.256***  (0.254*** 0.260*** 0.255%**

Trademark dummy 0.291%*=* 0.282%** 0.293*** 0.292%**  (0.291*** 0.294x*x

Copyright dummy 0.026 -0.005 0.024 0.025 0.029 0.032

Rurality of the province where firm is located -aLoo -0.005 -0.005 -0.004 -0.001 -0.003

France dummy -0.1471%**

Germany dummy -0.156***

Hungary dummy -0.027

Italy dummy -0.135***

Spain dummy -0.205***

UK dummy 0.044

No. universities 0.003***

Government R&D (ml €) -0.0006***  -0.0008***  -0.086**  -0.001***

No. scientists (th) 0.0005

N. years in UE 0.0005 -0.00001 0.0002 0.0008 0.001

N. agriculture faculties 0.003** 0.002*

No. engineering faculties 0.0007***

No. science faculties 0.0006***

N. WoS food science articles (100) 0.0003***

No. Isced5a graduates (th) -0.00001

No. Isced5b graduates (th) -0.00001

No isced6 graduates (th) 0.0001***

Fragmented NIS 0.031

Coordinated NIS 0.109*

Specialisation index -0.151%**

Average citations -0.029*

Sub_sector dummies Yes Yes Yes Yes Yes Yes

** Significant at 1% level.
** Significant at 5% level.
* Significant at 10% level.
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Table 10 - Multiprobit regression. Marginal effedor the dependent variable process innovation

Variable Modd 1 Modd 2 Modd 3 Model 4 Model 5 Model 6
dF/dX dF/dX dF/dX dF/dX dF/dX dF/dX

R&D collaboration with universities/research labs 009 0.184 -0.001 -0.0006 0.004 0.009

R&D collaboration with other firms/consultants 020 0.223*** 0.267** 0.268** 0.202* 0.243*

R&D intensity (%) 0.013**=* 0.014*** 0.014*** 0.014**=* 0.014**=* 0.014***

Subsidy dummy 0.180*** 0.172%** 0.177*** 0.177%*=* 0.183*** 0.179***

Skilled employees (%) 0.002** 0.001** 0.002** 0.0862 0.002* 0.002**

CEO age 0.001 0.001 0.001 0.001 0.001 0.001

CEO gender 0.083* 0.115** 0.095** 0.083** 0.00*** 0.084*

Firm age -0.0001 -0.0002 -0.00008 -0.00009 -0.00003 -0.0001

Very small firm size -0.165***  -0.166***  -0.177* -0.179** -0.169*** -0.164***

Small firm size -0.090** -0.101** -0.106** -0.107** -0.094** -0.09¢¢

Medium firm size -0.025 -0.030 -0.038 -0.039 -0.031 -0.028

Large firm size 0.029 0.020 0.016 0.015 0.022 0.026

Proprietorship/Ownership dummy -0.012 -0.036 -0®00 0.00008 -0.011 -0.007

Sa dummy -0.093** -0.057 -0.068 -0.063 -0.095** -0.097**

Sarl dummy -0.053 -0.044 -0.030 -0.027 -0.058 -0.039

Eurl dummy 0.273*** 0.296*** 0.277*** 0.275*** 0.266*** 0.276***

Coop dummy -0.055 -0.038 -0.025 -0.022 -0.046 -0.034

Patent dummy 0.062 0.058 0.065 0.065 0.063 0.064

Industrial design dummy 0.118* 0.112* 0.096 0.093 .106 0.100

Trademark dummy 0.054** 0.048** 0.060*** 0.061*** 0.054** 0.056%**

Copyright dummy 0.022 0.007 0.031 0.028 0.035 0.030

Rurality of the province where firm is located -200 -0.007 -0.008 -0.008 -0.002 0.00002

France dummy -0.126***

Germany dummy -0.149***

Hungary dummy -0.189***

Italy dummy -0.022

Spain dummy 0.052

UK dummy -0.021

No. universities 0.0008

Government R&D (ml €) 0.0002 0.0005** 0.0005** 003*

No. scientists (th) 0.0002***

N. years in UE -0.002 -0.001***  -0.002*** -0.001* -0.001**

N. agriculture faculties 0.002 0.002*

No. engineering faculties -0.001***

No. science faculties -0.001***

N. WoS food science articles (100) 0.00004

No. isced5a graduates (th) 0.00003**

No. isced5b graduates (th) -0.00002***

No isced6 graduates (th) -0.0002

Fragmented NIS 0.062

Coordinated NIS 0.056*

Specialisation index 0.176***

Average citations 0.015

Sub_sector dummies Yes Yes Yes Yes Yes Yes

** Significant at 1% level.
** Significant at 5% level.
* Significant at 10% level.
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APPENDIX

Table 6 bis - Multilevel regression for the depemidvariable (existence of) intra muros R&D invesstin

Variable

Modedl 1 Model 2

Model 3 Model 4

Model 5 Model 6

R&D subsidy dummy
France dummy

Germany dummy
Hungary dummy

Italy dummy

Spain dummy

UK dummy

No. universities
Government R&D (ml €)
No. scientists (th)

N. years in UE

N. agriculture faculties

No. engineering faculties
No. science faculties

N. WoS food science articles (100)
No. isced5a graduates (th)
No. isced5b graduates (th)
No isced6 graduates (th)
Fragmented NIS
Coordinated NIS
Specialisation index
Average citations

ML component (country code)
Coeff.
SE

dF/dX dF/dX

0.16%** 0.06*
0.17***
-0.03**
-0.10%+*
-0.06***
-0.11%+*
0.024**

-0.002***

-0.0005***
0.002***
0.003***

2.30e-35
1.49e-34

1.74e-32
3.15e-32

dF/dX dF/dX
0.16%** 0.16%**

-0.0006*** -0.06%

0.005*** 0.005***
-0.007*** -0.007***
-0.0006***

0.0004***

8.90e-33 2.3e-31
1.51e-32 2.8e-29

dF/dX dF/dX
QG+ 0.16***

-0.001***

0.00 0.00

0.0001*
0.00003***
0.00
0.00
-0.24
0.09
-0.27
0.005

5.4e-35 0.013

4.0e-34 0.11

*** Significant at 1% level; ** Significant at 5%elvel; * Significant at 10% level.

Table 7 bis - Multi regression. Marginal effeats the dependent variable R&D collaboration with arisities/research labs

Variable

Model 1 Model 2

Model 3 Model 4

Model 5 Model 6

Dummy for R&D acquired abroad
R&D subsidy dummy
France dummy

Germany dummy
Hungary dummy

Italy dummy

Spain dummy

UK dummy

No. universities
Government R&D (ml €)
No. scientists (th)

N. years in UE

N. agriculture faculties

No. engineering faculties
No. science faculties

N. WoS food science articles (100)
No. isced5a graduates (th)
No. isced5b graduates (th)
No isced6 graduates (th)
Fragmented NIS
Coordinated NIS
Specialisation index
Average citations

ML component (country code)
Coeff.
SE

dF/dX dF/dX

0.08*** 0.08**
0.08*** 0.07***
-0.005***
-0.006
0.02
-0.009
-0.012*
0.016**
0.0008***
0.00
0.00
-0.0004*

4.26e34 2.26e33
1.02e-33 6.61e-33

dF/dX dF/dX

0.08** 0.08**
0.07*** 0.07***

-0.00007**  -0.0001**

-0.0006* -0.0005*
0.001** 0.001**
0.0001***
0.0001***

2.75e-33 2.2e-33
5.09e-33 6.0e-33

dF/dX dF/dX

0.07* 0.08*
Q7 0.07%*

.6001**

0.00 0.0007***

0.0001***
-8.90e-06**
-0.00001***

0.00004**
0.044
0.04***
-0.042*+*
-0.009***

6.54e-35 8.0e-33
2.84e-34 2.4e-32
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*** Significant at 1% level; ** Significant at 5%elvel; * Significant at 10% lev

Table 8 bis - Multi regression. Marginal effeats the dependent variable R&D collaboration with etlirms/consultants

Variable

Model 1 Model 2 Mode 3

Mode 4

Model 5 Model 6

Dummy for R&D acquired abroad
R&D subsidy dummy
France dummy

Germany dummy
Hungary dummy

Italy dummy

Spain dummy

UK dummy

No. universities
Government R&D (ml €)
No. scientists (th)

N. years in UE

N. agriculture faculties

No. engineering faculties
No. science faculties

N. WoS food science articles (100)
No. isced5a graduates (th)
No. isced5b graduates (th)
No isced6 graduates (th)
Fragmented NIS
Coordinated NIS
Specialisation index
Average citations

ML component (country code)
Coeff.
SE

dF/dX dF/dX dF/dX

0.17%** 0.16%** 0.16*
0.11%* 0.11%** 0.011***
-0.015
0.018
0.009
0.027**
0.011
0.09***
0.002***
-0.0001*** 0.00
0.00
0.00 0.00
0.00
0.00

2.41e-34
3.66e-34

9.84e-34 0.0007
6.71e-34 0.0608

dF/dX

0.16***
0.11%+*

0.00

0.00
0.00

0.00

5.3e-29
1.4e-27

dF/dX dF/dX

0.16*** 0.17%+*
0.11%+* 0.11%*

-0.0603

0.0003*** 0.0007**

0.0002***
-0.00001*
0.00
0.00006**
0.045
0.036*
-0.03
0.004

5.1e-35 3.2e-35
3.3e-34 1.8e-34

*** Significant at 1% level; ** Significant at 5%elvel; * Significant at 10% leve

Table. 9 bis - Multiprobit regression. Marginal etfs for the dependent variable product innovation

Variable Mode 1 Modd 2 Mode 3 Model 4 Model 5 Mode 6
dF/dX dF/dX dF/dX dF/dX dF/dX dF/dX

R&D collaboration with universities/research labs 0P. 0.02 0.02 0.01 0.02 0.02

R&D collaboration with other firms/consultants 0.10 0.11 0.10 0.10 0.09 0.11

Subsidy dummy 0.07** 0.07*** 0.07*** 0.00** 0.07** 0.06**

France dummy -0.09

Germany dummy -0.09

Hungary dummy 0.005

Italy dummy -0.08

Spain dummy -0.14**

UK dummy 0.09

No. universities 0.003***

Government R&D (ml €) -0.0005*** -0.001*** -0.001*  -0.001***

No. scientists (th) 0.0004*

N. years in UE 0.00 0.00 0.00 0.00 0.0

N. agriculture faculties 0.003** 0.002**

No. engineering faculties 0.001***

No. science faculties 0.001***

N. WoS food science articles (100) 0.0004***

No. Isced5a graduates (th) -0.00001*

No. Isced5b graduates (th) 0.00

No isced6 graduates (th) 0.0001***

Fragmented NIS 0.003

Coordinated NIS 0.11*

Specialisation index -0.15**

Average citations -0.03*

ML component (country code)

Coeff. 1.39e-35 1.54e-59 8.62e-34 3.7e-32 1.1e-34 1.8e-30

SE 3.97e-34 4.50e-58 2.62e-33 5.4e-32 1.3e-34 5.7e-30
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*** Significant at 1% level; ** Significant at 5%elvel; * Significant at 10% level.

Table 10 bis - Multiprobit regression. Marginafeits for the dependent variable process innovation

Variable

Model 1

Mode 2

Mode 3

Model 4

Mode 5

Model 6

R&D collaboration with universities/research labs
R&D collaboration with other firms/consultants

Subsidy dummy

France dummy

Germany dummy

Hungary dummy

Italy dummy

Spain dummy

UK dummy

No. universities
Government R&D (ml €)
No. scientists (th)

N. years in UE

N. agriculture faculties

No. engineering faculties
No. science faculties

N. WoS food science articles (100)
No. Isced5a graduates (th)
No. Isced5b graduates (th)
No isced6 graduates (th)
Fragmented NIS
Coordinated NIS
Specialisation index
Average citations

ML component (country code)
Coeff.
SE

dF/dX

00.
0*19
0.16***
-0.11%**
-0.13%**
-0.18
0.00
0.07***
-0.004

1.15e-35
2.41e-34

dF/dX

0.07
O. 20***
0.16***

0.00
0.00
-0.002***

0.00

0.0177
0.0120

dF/dX

0.07
0.20%**
0.16***

0.00

0.00
0.00
0.00

0.0174
0.0203

dF/dX

0.07
0.20***
0.16***

0.00

0.00
0.00

0.00

0.022
0.018

dF/dX
0.07

dF/dX
0.07

0.19%** 0.19***

0. 16***

0.0004***

0.00

0.0004***
-0.00003**
0.00
-0.0002***

7.0e-33
2.1e-32

Ol 16***

0.00

0.01*
0.085***
0.15%*
0.01***

3.2e-05
3.2e-04

*** Significant at 1% level; ** Significant at 5%elvel; * Significant at 10% level.
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