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1. Introduction

The literature on the national innovation systemsanlines with considerable force that
general strength in national scientific educatiord aesearch is a prerequisite for innovation
capacity in the newer science-based industrigs.dlso essential for the adaptation and diffusibn
industrial and agricultural technologies in cousdriwhere resource endowment or the stage of
economic development differ substantially from thdiere the technology was initially developed
(Acs et al., 2016). Since universities play a adntle in national and regional innovation systems
particularly in Europe, any reform which affectsivansities has important implications for the
national and regional innovation systems.

In recent decades many changes occurred in thep&amchigher education institutions. Since
the late 1990s, the role of universities in streaging industrial competitiveness in the European
Union (EU) has struck a chord in public debate iantbw an issue in mainstream policy (European
Commission, 2007, 2010), as outlined by the BoloDealaration whose objective is to make the
European higher education institutions more cortigetiand attractive, and the EU’s Lisbon
Strategy, which seeks to reform the still fragmdriiropean higher education institutions into a
more powerful and integrated system.

As a result of the convergence process startechéyBblogna Declaration, the European
higher education system has been reformed throlsghadoption of a first level general degree,
followed by a second level specialized degree (Endeal., 2011). Further aspects of this reform
relate to the societal requirement that higher atloc institutions actively contribute to satishet
demand by students and by the productive systeroeitified skills that are ready to be used on a
professional basis. This necessity is satisfieduh the supply of a student-centred didactics, the
direct involvement of universities in their own duates’ job-placement and a shared governance
attempt that is the entrance of external membeie arademic governing boards. New services are
now offered: open-days for high-school students;lims action plans, laboratory work and
tutorships in study choice, company internships apgrenticeships for pre- and post-graduate
students, professional doctorates, observatoriesjobn placement of graduates, career and
recruitment agency services (Moscati et al., 2010).

Important pillars of the Lisbon Stratebpf economic growth, based on knowledge (EU
Report Europe 2020), are education, research, atiroyvand the modernisation of higher education
institutions. The introduction of quasi-market legiinto higher education institutions is seen by

European policy makers as the instrument to brinyausities closer to society and the local

! The Lisbon Strategy, also known as the Lisbon AgemrdLisbon Process, was an action and developpt@ntdevised in 2000, for
the economy of the European Union.
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economy needs (Perotti, 2010). As a consequengeersities have also begun to be financed
according to their productivity and academic exaede (Agasisti et al., 2016). “Formulas to
allocate public funds to higher education instanf are now related to performance indicators such
as graduation or completion rates” and “researcttifig has also increasingly been allocated to
specific projects through competitive processdserathan block grants” (OECD 2008). In line with
the Lisbon Strategy, many European countries haygeimented reforms, aiming to reinforce
cooperation between universities, research ingiitatand industry, through contracting-out or
collaborative projects, and to increase the comiakezation of research. Since discrepancies
between national systems may hamper transnatiomavledge transfer, EU universities and public
research labs are recommended to adopt a commosn @ogractice for knowledge transfer
activities (European Commission, 2008).

Even if specific country pathways are distinguidhalm how these reforms have been
implemented (Moscati et al., 2010; Regini, 2015t0Re 2010), the role that universities play in
enhancing regional innovation systems is potentiadinforced as academic institutions have
generally gained autonomy throughout the EU. Umitgistatutes and internal regulations address
the hiring of research and teaching staff, didacsigpply criteria, student number, tuition withe t
existing limitations, external fundraising and teclogy transfer activities. Competition for
scholars, students, public and private funds isngtmot only among universities but also among
disciplinary groups and departments within the sameersity and the way the ‘third mission’ is
perceived may vary accordingly not only within teeme university but also within the same
department (Cavalli and Moscati, 2010; Moscatilet2810).

From the scholars’ perspectives, third missionvéats are time-consuming and can be
detrimental for the achievement of academic reseascellence (Giuliani and Arza, 2008) as
reflected in university rating and ranking.

From the industry perspectives, academic researdellence may even present some
comparative disadvantages, and second and thirdrtieersities may also be important for industry
innovation. Mansfield and Lee (1996) ask a samplmajor firms in seven high-tech industries to
cite five academics whose research contributed moate firm’s innovation. Top tier departments
were more cited by firms, but universities with qdate-to good and marginal faculties, according
to the US National Academy of Science rating, atdained good citations because “less
prestigious universities may have a comparativee@a, an absolute) advantage”.

Studies that focus on the effect of academic kndgéespillovers on regional innovation do
not seem to reflect the presence of positive effe€tuniversities on regional innovation in Europe

(Ghinamo, 2012). This weak evidence is explainethieyneeds of a specialized rather than general
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public research infrastructure since academic rekemuld be valuable input for firms’ innovative
processes only if carefully tailored to the teclogotal needs of the local economy.

Perotti (2010) suggests a different explanationt thahe existence of a potential trade-off
between university missions, particularly betweeadgmic excellence, as measured through the
number of publications in high-ranked journals, lesal knowledge spillovers useful for economic
growth. The resulting net effect on the local ecogoamong different forces under specific
contingencies (such as sectors, regions, compaeyg sind property types) could turn out not to be
positive. The adoption of the international staddaf American and British universities, where
publications play a vital role in academic caredras represented a sharp improvement in the
academic tradition of self-governance for carearaadement within national regulations (Corsi,
2007). However, academic excellence may presensafar the local economy which is not clear
and has not been investigated by policy makersutiirout Europe.

The present study seeks to contribute to the velgtismall amount of literature on the
university third mission through the contemporarseeaentification of determinants of Research
and Development (R&D) investment and of innovatioy firms in the manufacturing sector
(Acosta et al., 2015; Maietta, 2015; Maietta et a017); the study is based on a large set of
comparable data across countries collected at aS\BTevel since this geographic unit enables
capture the spillover effects of public researchr(@ccorsi, 2014). Among the drivers of university-
industry collaboration, we specifically focus onetimer university reputation enhances the capacity
of firms to develop new products and processesutirahis channel. The impact of academic
excellence on business innovation is investigated for those firms who do not collaborate in
R&D with an academic institution. The final questiof the paper is whether research at local first
tier universities has higher knowledge spillovérart that at local second and third tier universitie

We use a simultaneous multi-equation approachattidtesses both the endogeneity of R&D
decisions and the simultaneity of internal and mekeR&D investment. Firms’ R&D decisions are
potentially endogenous to firms’ size in that lafges enjoy easier access to external finance and
internal funds by cumulated profits (Garcia-Quevetal., 2014). Since the dependent variables are
ordinal, the simultaneous approach is a multivar@bbit model. Our dependent variables reflect
the choice of: investing in internal R&D; investimgexternal R&D in university/research labs and
other firms/consultants; and innovation in produamtsl processes. The determinants of company
innovation are those that have been used succdgssiupreceding studies (e.g. Maietta, 2015)
alongside several specifications of variables otifig the university scientific composition, output

and reputation.



The source of data on company innovation is theEHRUSE/Bruegel-UniCredit dataset from
an extensive survey carried out in 2010. These detgide comparative transnational data on
manufacturing firms in seven European countries aoder quantitative as well qualitative
information including data on R&D and in particulan R&D collaborations and innovation.
Information on universities is gathered from a ®mj sources: EUMIDA (European University
Data Collection), ETER (European Tertiary Educatiegister), the Academic Ranking of World
Universities (ARWU) by Shanghai Jiao Tung Universgcommonly known as the Shanghai index,
as well as the OECD patent database.

Section 2 underlines the characteristics of thddrgeducation system in Europe. Section 3
reviews the literature regarding the influence wifvarsity reputation on the success of cooperative
agreements with firms. Section 4 describes the odetlogy and the sources of the data and Section
5 presents the results of the analysis. Robustriessk is provided in Section 6, while Section 7

concludes.

2. Structural changesin higher education systemsin Europe

In 1998 at University of Sorbonne-Paris, the Miaistfor Education of Germany, France,
Italy and UK made an agreement for promoting sintyaof higher education architecture in
Europe, based upon a system of two cycles. On &8 1899 in Bologna, this agreement, named
the “Bologna Declaration”, was reinforced and jgirgigned by 29 countries for promoting a
European Higher Education Area by 2010, usually eththe “Bologna Process". The framework
of the EU would not allow for an education policynad at harmonising the higher education
policies of the member states, since the compedsrafithe Commission do not extend this far but
the increasing awareness that higher educatiortiveagivot on which human capital hinge, incited
the national governments to use policy methodsideithe Union’s framework to better ensure and
strengthen the competitiveness of higher educg¢Eoders et al., 2011).
The aim of the “Bologna Process" was the harmoioisatf national degree university structures as
a part of the construction of the new Europe, tghoincreased student and teacher mobility, the
adoption of a common scheme of academic titlescagheration in designing models for quality
assessment. In order to control for the proliferatof official university qualifications (Perotti,
2007), a framework of readable and comparable ésgmas adopted and a system of credits — such
as the European Credit Transfer and Accumulatistiedy (ECTS) - was established (Enders et al.,
2011). Ten years later, 46 countries have joinesl Bologna ProcessSome results of the

implementation of this process have been the honisggon of the length of study programmes
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and the growing openness of higher education utgtits to their outside social and economic
environment since the reform attempted to guaraoteach university the freedom to create degree
courses responsive to the needs of the local contethin the limits of the established degree
classes, and new professional identities were dedigRomano, 2010). Furthermore, the need for
comparability and mutual recognition of universiiggrees and diplomas among member-countries
has fostered, in the respect of diversity whendasing similarity, a restructuring of academic
programmes (due to the division into cycles, the afscredits, etc.) which academics, often hostile
to innovations (Ballarino and Perotti, 2012; Peyd2007; Romano, 2010), would not otherwise
have undertakerOn the other hand, the amount of academic dutissbean growing due to the
new administrative work, linked to didactics andseach quality requirements, and to the
increasing number of students, as a consequenttee ohtroduction of short-cycle degrees (Viola,
2014) but also of the general advent of mass usityeeducation (Perotti, 2007). Furthermore, the
relationship between teaching and research hagnedsbecause of the reduction of tenured and
tenure tracked positions, the growing number okditerm contracts for both teaching and
research, including the growing recruitment of @&rait staff from external professional fields
(Cavalli and Moscati, 2010). As a consequence Hhmboldtian tradition of a strong connection
between research and teaching, which is widespreadntinental Europe, has weakened as an
instrument of knowledge spillovers accruing to fm

European universities have also faced changingirigncegimes with the introduction of
national systems of funding conditional on evalatof research output, or performance-based
research funding systems. The UK was the first tgun Europe to introduce in 1986 a national
assessment exercise on the quality of universggareh (Hicks, 2012) with the goal of increasing
selectivity in the allocation of public resourceovimg away from a system where university
funding was allocated on a historical basis (Geamé Piolatto, 2016). National evaluation systems
spread rapidly to other countries with significaliferences across countries in the assessment
procedure - peer review-based research assessmatnt;s-based assessment or some combination
of the two - and in the share of funding allocat@@ugh the national assessment exercise. The UK
and ltaly are the only countries that have implei®@na performance-based research funding
system that potentially evaluates all public resleanstitutions’ staff in order to allocate resdarc
funding (Geuna and Piolatto, 2016).

The rationales of performance-based research fgndystems are numerous: increasing
productivity with output-based evaluation, replaciriraditional systems with market-like

?In Germany, for instance, it has been object ofatielwhether the teaching load should be reduceesifarchers
publish regularly in international journals (Plimjpad Radaelli, 2004)
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incentives; stronger service orientation; greatecoantability and devolution, through higher
university autonomy and self-governance (Hicks,201

The amounts of money directly allocated as a restilevaluation is small since input
indicators and historical allocation remain domindrowever, it is possible that a performance-
based research funding system entrains other giitie research funding system. This will happen
if grant review is not double-blind and the proti&pof project funding is increased if the appinta
is located in a higher-ranking department (Hick®12). As a consequence, the effect of a
performance-based research funding system on witiesris strong through public judgements of
relative prestige. The result of the national essest exercise is also published in newspapers and
widely used. Furthermore, international rankingsed by students, especially at the graduate level,
to decide on their destinations, and by firms wloaking for partners in research collaborations.

Performance-based research funding systems anchatimal ranking increase university
competition for prestige and may enhance reseatctllence, but run into costs. Because of the
reliance on the academic elite in their design mmglementation, they tend to suppress scientific
novelty, innovation and intellectual diversity, lEssen the contribution of universities to national
and cultural identity, since the push into intelma@l and English language literature forces
scholars to adopt the perspective of American avade who dominate such literature, to
potentially decrease didactic quality, because dfade-off between teaching quafitygnd the
grades given by the national assessment exerciaga(Band Zotti, 2016), and to discourage
interaction with industry and application of resgmactivities with economic benefits such as
business innovation (Moscati et al., 2010; Hick§12 Maietta, 2015). These unintended
consequences seem likely to lead to an interndiyoapproved ivory tower of scholarship, and
damage societies over the long term (Hicks, 200232

3. Doesresearch need to be excellent in order to enhanceindustrial innovation?

Considerable attention has been paid to the roleurobersities in regional economic
development and innovation. Regional knowledge aekgr and modes of engagement between
universities and the business community are beapmigreasingly prevalent (Huggins et al. 2008);
excellence in research (supporting the region’snecoc base), excellence in education (i.e.
students staying in the region and contributinggarowth) and excellence in collaboration with
public and private actors are progressively cail@d question (Power and Malmberg, 2008).

Indeed, there are several contributions that usittes can make in order to speed up local

* The commissions of qualitative evaluation of thgrée programs generally control quality of teachisiiy respect to
parameters related to the number of regular gradu&omano, 2010).
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economic development; among them, both knowledgation and regional innovation through
research and technology transfer are examples levamt channels. Many studies on the
contribution of universities to local developmerdcdis on the technology transfer channel,
highlighting the importance of higher educationtitusions’ services, such as university-industry
collaboration, for boosting firm innovation actieis. Many are the factors that have been identified
as important determinants of university-industry lladmoration. Among them, university
characteristics could play an important role sushiiversity or department size (von Tunzelmann
et al., 2003; D’Este and lammarino, 2010), scientifiscipline composition and specialization
(Landry et al., 2007) and academic research qudditgste and lammarino, 2010). Features of the
individual company also play an important role sadhntra andextra murosR&D investment
(Medda et al., 2005; Piga and Vivarelli, 2004),es{#otohashi, 2005) and innovation subsidies
(Piga and Vivarelli, 2004). Furthemore, locationtloé firms and the proximity to universities have
been discussed in order to examine whether firmsdte located near universities may frequently
collaborate with them and benefit from knowledgell®gers (among others, see D’Este and
lammarino, 2010; Fritsh and Franke, 2004; D’Estal ¢22013). See Maietta (2015) and Muscio and
Nardone (2012) for a more detailed discussion om determinants of university—industry
collaboration.

Among the drivers, discussed above, of the unityemsdustry relationship, part of the
literature has focused the attention on the impogaof the quality of academic research and on the
reputation of the higher education institution whiems choose universities as R&D collaboration
partners. In other words, a still open questiorthia literature is whether a university has to be
recognized as a top tier institution in order toabpowerful attractor for industry cooperation, and
consequently to be relevant for regional develogm@lthough, as suggested by Bonaccorsi (2016)
academic excellence is necessary but not sufficigdntould be argued that higher-quality
universities make greater academic contributiorisdastrial innovation, specifically when cutting-
edge research is involved, even though empiricaleexe seems not to be completely exhaustive,
with conflicting and ambiguous results. The ideathat by building relationships with highly
ranked universities, firms gain more credibility ¢ime market for the their products’ quality;
therefore, improved reputation and legitimacy wonidstly drive the decision to collaborate with
prestigious universities. Overall, academic scfengroductivity is in general positively related t
industry engagement (Schartinger et al., 2002; &manet al., 2006) and firms generally prefer to
collaborate with top tier universities rather tis@tond tier universities (Laursen et al., 201I)nEi
base their decision to support R&D applied reseandording to the reputation of the university as

well as to the presence of star scientists (Kanissul Anderson, 2006; Athey et al., 2007) also on
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the basis of the fact that prestigious universitigé make available the best technology to firms

(Effelbein, 2006). The quantity of academic reskeas well, as its quality, do count in building a

university-industry partnership and they are coer®d among the main drivers of innovation

performances of firms; high quality researcheraaademic institutions have a higher probability of
being involved in knowledge transformation as wadl the fact that firms which cooperate with

highly rated universities generate more innovaf®achwald, 2015). Adams (2005) underlined that
firms which are more interested in funding cuttedge research would collaborate with top tier
universities regardless of the distance betweem tivdora Valentin et al. (2004) show that the good
reputation of research organizations has a posiiligence on the success of agreement with firms.
Laursen et al. (2011) find that co-location witlp t@er universities promotes collaboration and that
firms decide to collaborate with a university partigiving preference to its academic quality over
the geographical location. Their findings show tivams firstly choose to collaborate with local top

tier universities and secondly with a non-localf probably highly-ranked, university rather than

cooperating with a local second tier institutiorccArding to them, an explanation could be related
to the fact that second tier universities are ngpecialized in teaching activities which dos not
attract firms as much as research intensive aetvitlo. Moreover, the potential benefit of

collaborating with a second tier university may e well balanced by the cost involved in

building this collaboration; when facing budget straints, firms will prefer a partnership with a

highly ranked institution.

However, the impacts of academic quality on thevensity-industry relationship turned out
to be more complex when both geographical locatiohsirms and academic institutions and
different industry sectors are taken into accoliramovsky et al. (2007) show that firms locate
their R&D laboratories in places with a high cortcation of highly ranked universities, when the
pharmaceutical and chemical industry is taken eoount; while, considering other industrial
sectors (i.e., motor vehicles), the location of hswaxctivities is in places with both a high
concentration of top and low ranked universitiehaW firms have been asked to cite researchers
whose work contributed in an important way to te¥elopment of new products and processes,
part of them are related to world leading univessitin science and in technology but less
prestigious universities are also well representedeed, the relationship between the reputation of
the faculty and the contribution to industry is aststrong as expected in all the industries bogsti
the idea that also modestly-ranked universitieshinfgave an important role as much as highest-
ranked institutions and that second tier univegsifire a precious source of research for the indust
(Mansfield, 1995; Mansfield and Lee, 1996). A tradebetween quality of the department and

geographical proximity is also possible as the iohpaf academic quality and geographical

14



proximity is not homogeneous across disciplinagyd. Indeed, Mansfield (1995) and Mansfield
and Lee (1996) provide evidence that firms seemerikely to look for a high quality faculty or
deparment, paying less attention to where the wsityeis located, when basic research is
considered; on the other hand, when applied R&Raeh is taken into account, firms seem to
prefer working with a marginal quality universityticloser located to the firm’s R&D laboratories.
This behaviour could be explained by the fact thatnore face-to-face interaction between
academics and firm’s employees is needed for appksearch, while this interaction is less
binding for basic research; moreover, the diffeesnloetween top and second tier universities may
be more evident for basic research than for appi&®d. It is true, therefore, that the university-
industry collaboration is positively related to weisity quality; it is also true, however, that beg
a certain threshold of academic quality, firms maylonger consider it worthwhile the additional
costs attached to this collaboration. Indeed, stinms could decide to invest in supporting research
at leading universities also to obtain access tonming students and graduates while some other
firms might not be prone to start these collaborstias some top tier universities may impose too
restringent conditions than those imposed by lesstigiuos universities. D’Este and lammarino
(2010) found that university departments carrying i@search of higher scientific excellence are
more likely to be involved in R&D collaboration Wwifirms. However, results are not homogenous
when considering different disciplines; indeed, émgineering-related departments, proximity is
key to explaining the frequency of collaborationghwindustry, whereas it is not important for
basic-science related departments, for which treitige impact of research quality prevails. They
argue that the university-industry relationship tthavolves top-ranked universities is less
constrained by geographical distance compared werdmked universities, since the choice to
collaborate with academic excellent departmentriien by the search for very talented scholars
regardless of the distance. Hong and Su (2013) shatwalthough prestigious universities are less
likely to attract industrial partners, they are mbkely to attract non-local industrial partnendine
with the idea that when a university has a highstoge, the effect of geographic proximity will
decrease. This could be explained by the factsbednd tier universities can probably better solve
the problem of firms when there are not many firmalved in cutting-edge research. In this case,
indeed, firms might not look for elite universitiaad therefore non-elite universities have a higher
chance of being selected for collaboration. Onlmal solution is not available and the firms could
internalize the cost of a distant partnership, tivens will choose prestigious universities.

The main literature, as discussed above, focusesattention on the effect of academic
research quality on the firm’s decision to collaierwith universities. However, apart from the

latter, academic excellence of research institstimay also directly enhance a company'’s ability to
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develop new products and processes through otlaanels, particularly important for local and not
large-sized firms, such as informal relationshigmsultancy activities and training of good Ph.D.
students, who might be working in firm researcholalbories. With exception of Mansfield (1991;
1995) who underlined that academic research previcampany scientists and engineers the
necessary technique to carry out innovation a@wimore cheaply and quicky, only few studies
focused on mechanisms other than expressly supbB&® activities at some universities. More
recently, the number of indexed publications arepgarformance-based research grade of the local
university (Maietta, 2015) as well as the spedilisa index based on the number of indexed
publications (Maietta et al., 2017) present a negammarginal effect on the probability of
developing innovation in the food sector. A possikplanation is that lower fundings are allocated
to universities, being in turn increasingly linkiedthe assessment of academic research qualigy; as
consequence, researchers will be more focused gim fainked journal publications in order to
increase their own and their faculty’s reputatibonsuch circumstances, consultancies or informal
collaboration may be too demanding and scholarfeppte concentrate on prestigious publications
because industry-oriented research may deteridtaepublication profile relevant for career
advancement.

In conclusion, it cannot be ignored that the presenf good researchers at academic
institutions, as well as being involved in frontiegsearch, increase the chance of building
collaboration with firms that probably will turn imnovative outputs. However, being a low tier
university does not mean being cut off from thegubty of collaborating with industry and
therefore also raise funding from industry; low tmiversities may indeed be particularly active in
directly contacting local medium- and large-sizeoh$ in search for collaboration. Finally, it isal
true that research excellence, although very inapbrtis not enough to explain the university-
industry partnership and that also a certain le¥e@rganization with the research team is needed to
interact with the external environment productivéioreover, knowledge spillovers from research
institutions depend also from company internal eodtextual factors on which universities do not
have control (see Bonaccorsi, 2016, on this poibttould be the case that academic research
guality may enhance radical innovation of relatyviw firms, working on cutting-edge research,
whereas less advanced academic research may b#ydirgeful to incremental innovation of most
local firms.

Policywise, further work is required in order toawate not only the indirect impact of
academic research quality on the firm’s innovatiomough the decision of firms to collaborate in
R&D with universities, but also the direct effedtazademic research quality on the likelihood of

firms to innovate.
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4. Theempirical framework
4.1. The econometric approach

Our econometric model consists of five simultaneegsations related to the following
dependent variables: (the existence ioffa muros R&D investment; R&D collaboration with
universities and/or research labs; R&D collaboratidth other firms and/or consultants; process
innovation; product innovation. The variables of R&ollaboration with universities/research
public labs, and R&D collaboration with private nfis/consultants are potentially endogenous
dichotomous variables since they may have a cafatt on product and process innovations.
However, all these variables are also inter-relateel to both observed and unobserved variables.
The equations for the R&D decision variables aredefled as treatment equations. The two
innovation equations are structural or outcome eoos with the R&D decisions variables as
explanatory factors.

All these indicators are binary variables and aiatly described by a multivariate probit
model. The model follows a five-equation structurenvhich the estimation results of the second
and third equations are used as regressors imtindhfand fifth equations, as follows:

Yi= X1iB1ter
Y2i= XiB2 €
1 y3i= X3iB3te€s;i 1)

Ya4i= Y24 Yo2i T V34 Y3it X4iBates
L}’51= Y25 Ya2i T V35 ¥3it Xs5iBs+es;

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 which describe a structural relatiowéety, andy, and therefore
allow for causal interpretations; angdare error terms, which are assumed to be jointtynabwith
the unknown correlation coefficienpy. The latter measures how far the unobserved factor
influenceyx andy, if pxk=0 cannot be rejected, this implies that the equatineed not to be
estimated as a system and can be estimated séparate

The latent variableg* are not observed; however, the binary variabjgsare observed, and
these are linked to the formaccording to the following rule:
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{ Yei =1, if ygi >0, o

Vi =0 otherwise; k=1, ..., 5

Basically, our model includes three reasons whymight observey (wherek = 2, 3) andy,

(or ys) to be correlated: 1) a causal relation due toitflaence fromyy ony, (or ys) through the
parameteriq (Or Yks); 2) Yk andy, (or ys) may depend on correlated observed variablesxlsg

and 3)yx andy, (or ys) may depend on correlated unobserved variables () (Arendt and Holm,
2006). The common latent factor structure of thdtinariate probit framework makes it possible
both to correct the potential sample selection @ndontrol for the potential endogeneity of the
R&D investment decision since the coefficipptcan be interpreted as the degree of endogeneity of
Yk touywherek = 2, 3 and = 3, 4 (Monfardini and Radice, 2008). The resultingltivariate probit
model can be described as an instrumental varfedmleework for categorical variables and can be
estimated using the simulated maximum likelihoodhod.

This method uses the Geweke-Hajivassiliour-Keaneosimrecursive conditioning simulator
to evaluate the multivariate normal distributiame simulated probabilities are unbiased and bound
within the (0, 1) interval (Cappellari and Jenki@603). All the equations in (1) can be estimated
separately as single probit models but the estiunatefficients are inefficient because the
correlation between the error terms is neglectebtha simultaneity is not taken into account. Only
in the case of independent error temgst is possible to deal with the above model agpehdent
equations (Maddala, 1983).

The estimation of a multivariate probit model wghdogenous binary regressors requires
some consideration for the identification of thed®loparameters. Maddala (1983) proposes that
the exogenous covariates in the reduced form empsgshould contain at least one regressor not
included in the structural equations but Wilde @08hows that no exclusion restrictions on the
exogenous variables are required for parametetifaation, when there is sufficient variation in
the data. This last condition is ensured by theiragsion that each equation contains at least one
varying exogenous regressor, an assumption whicither weak in economic applications. Given
the assumption of joint normality, the multivarigieobit model is identified by functional form.
Wilde’s contribution makes it clear that theoretimientification does not require availability of
any additional instruments for the endogenous kega However, the presence of equation-
specific regressorsn formally identified models may improve convergenand make the
estimation results more robust to distributionasspecifications (Monfardini and Radice, 2008).
We use R&D subsidies, which change the user coR& capital, as an extra-regressor in the
reduced-form equations as suggested by Hombeatcy (2015).
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4.2. Thedata

In order to explore company innovation and R&D abtration, different sources of data
have been used. The source of company informasidhed EFIGE (European Firms in a Global
Economy) database; moreover, we also exploit theMBBA (European University Data
Collection) and ETER (European Tertiary Educatie@ygRter) datasets, the Academic Ranking of
World Universities (ARWU) by Shanghai Jiao Tung Bisity, commonly known as the Shanghai
index, as well as the OECD patent database.

The EFIGE dataset consists of a representative Isaatpcountry level for the manufacturing
industry of almost 15,000 surveyed firms with mdhan 10 employees in seven European
countries: Austria, France, Germany, Hungary, Jt8lyain and the United Kingdom. The sampling
design has been structured following a three dimenstratification: industry (11 NACE-CLIO
codes), region (NUTS 1 level) and size class (1,021849; 50-99; 100-249 and more than 250
employees). The data cover the years 2007-2009datadase contains quantitative and qualitative
information on R&D and innovation. More specifigallfirms are asked whether process and
product innovation had been introduced during thevipus three years (2007-2009). Product
innovation is defined as the “introduction of a doshich is either new or significantly improved
with respect to its fundamental characteristicse Timovation should be new to the firm, but not
necessarily to the market” whereas process innmvasi defined as the “adoption of a production
technology which is either new or significantly iropged. The innovation should be new to the
firm, but the firm has not necessarily to be thstfio introduce the new process”. The questioenair
also collects information regarding whether the R&Bsintra murosor acquired from external
sources such as universities/research labs and fating/consultants. Other information used here
includes the amount of R&D expenditure and whetherfirm benefits from tax allowances and
financial incentives for R&D investment or othertigities. Size classes have been used with
respect to the number of employees, along withrdih@a characteristics, such as the presence of
skilled employees (that is graduates), age andegesfdthe current Chief Executive Officer (CEO)
or company head, age of the firm and its curregélléorm, and whether the firm, in the last three
years, applied for a patent, registered an industgsign or a trademark and claimed a copyright.

The second source of data is represented by the IEAAIMEuropean University Data
Collection) and ETER (European Tertiary EducatiayiRter) databases. These projects aimed to
build a complete census of European universitiesné8corsi, 2014) and included a pilot data
collection with particular emphasis on researclivactuniversities, containing data for each
university such as the number of national and matonal students, Ph.D.s, as well as information

regarding the fields of education and the year imictv the university was funded. Further
19



information on the field of education is also saardrom the EU Agri Mapping project (Chartier,
2007). All the information at the university leyes been averaged out or summed up at the NUTS
3 level and then matched with firm level charast&ss.

Thirdly, the indicator of academic excellence usethis study is sourced from the Academic
Ranking of World Universities (ARWU), also known #® Shanghai academic ranking of the
universities. It has been chosen, among the otlhesause it is the first developed indicator of
university world ranking and, among its componetitsis possible to select one specifically
referring to research output. Universities are emhky several indicators of academic or research
performance, including alumni winning Nobel Prizesd Fields Medals (proxy of the quality of
education), staff winning Nobel Prizes and Fieldedslls and highly cited researchers (proxies of
the quality of the Faculty), papers published irtuda and Science and papers indexed in Science
Citation Index-Expanded and Social Science Citalmolex (proxies of the research output), and the
per capita academic performance of an institutmoxy of the per capita performance). We focus
on the ranking based on the research output @jtadcording to this indicator, the highest scoring
institution is assigned a score of 100, and othstitutions are calculated as a percentage ofofhne t
score. The Shanghai index ranks the universitiesouthe 508 position. Therefore we have
imputed a value of 3 to each university which isked above the 580position as we do not have
any information on the specific ranking of thosstitutions. Again, all the information at univeysit
level have been summed up at NUTS 3 level andrietiched with company-level characteristics.

Finally, information on total patents, which aredss proxy of technology level, by NUTS 3
and by selected technology fields, is sourced fittenOECD Patent Database.

Table 1 identifies and defines the variables usenlir analysis, and provides their descriptive
statistics.

[Table 1 around here]
4.3. The empirical specification and the descriptive statistics of the variables

The empirical specification of the five equatioass follows:

Intra murosR&D investment =f; (Dummy for R&D subsidies, skilled employees, CE§2 a
and gender, age of firm, firm size dummies, firngadle form dummies, intellectual property
dummies, rurality level of the province or regicountry dummies or university’s characteristics).

R&D collaboration with partngr= fi (intra murosR&D intensity,extra muroR&D intensity
with partner£ m, dummy for R&D acquired abroad, dummy for R&D sdiss, skilled employees,

age and gender of CEO, age of firm, firm size duesnfirm legal form dummies, intellectual
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property dummies, rurality level of the province wgion, country dummies or university’'s
characteristics), whem = universities/research labs or other firms/caasis andk = 2, 3.

Innovationj = f; (R&D collaboration with universities/research laB&D collaboration with
private firms/consultants, R&D intensity, publicbsidies, skilled employees, age and gender of
CEO, age of firm, firm size dummies, firm legal fodummies, intellectual property dummies,
rurality level of the province, industrial sectounmdmies, country dummies or university's
characteristics), whelje= product or process.

As Table 1 shows, almost 5% of our firms have R&ilaborations with a university or
research lab, while 9% have R&D collaborations vather firms or consultants. Among all firms
in the sample, 49% have introduced product innowatiand 44% have introduced process
innovation. R&D intensity, measured as the peraggntaf the total turnover that the firm has
invested in R&D on average in the three years (Z8W0O) is around 3.6%; over the same time
span, 48% of the firms undertookra murosR&D activities.

The description is completed by some indicatorsctvimeasure the characteristics of higher
education institutions. On average, 63% of the ensities offer medicine as a field of studies; the
average number of national students is around RAd0le international students are almost 1,600
on average. Regarding the indicator of academiellxce, the average Shanghai scoring is around
23. The average Shangai index of the first tieversity is 10 while when first and second tier
universities are taken into account, their averegiele is around 15. The average value of the
ranking associated with all universities other thia first tier one is around 12 and other than the
first and second tier one is around 8. The highiektes is 66 which corresponds to the University
of Oxford (United Kingdom). Vienna University of @enology has the highest value in Austria
(28.3), the University of Munich in Germany (52.Dniversidad de Barcelona in Spain (49.9),
Lorand Budapest University in Hungary (25.1), RdmaeSapienza University in Italy (53.5), Pierre
and Marie Curie University in France (58.2). Fomgarison, the highest Shanghai ranking is
assigned to the Harvad University in United Statesaning that, for instance, the University of
Oxford produces 66% of the Harvad University reskeautput.

Several specifications of variables reflecting thmversity’s characteristics, output and world
excellence have been tested alternately. The bassfiecification is Model, which includes only
national dummies. Modédl tests the role of average university composifpoxied by the average
age of the university, the presence of medical sishohe type of faculties in the university, ahd t
presence of Ph.D. programmes). Modgland Model4 analyse the university outputs in terms,
respectively, of the number of national and intéomal students, the Shanghai index and the

number of total patents also slit in different sest(biotechnology, informatics and commercial
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technology, nanotechnology, medical and pharmacaitiModel5 tests the effect of composition,
reputation and output through the age of the usitygrthe presence of medical schools, the type of
faculties, the presence of Ph.D. programmes, tingbeu of national and international students, the
Shanghai index and the number of total patents. diiéd as explained later on, analyses the
Shanghai index of the first tier university vs thatall the other universities in the province,
whereas Model 7 analyses the Shanghai index dirgteand second tier universities vs that of all
the remaining universities in the province. Multiceearity among the regressors is assessed by

computing the variance inflation factor (VIF).

5. Theempirical evidence

The marginal effects of the multivariate probit negsions are reported for various
specifications in Tables 3—7 (Models 1 to 5). Tkendard errors of the coefficients have been
clustered around the country in which the firm asdted. The likelihood ratio test, which was
conducted on the hypothesis that tiee are jointly null, is highly significant and supts the
multivariate five-equation framework. The corredaticoefficients (see Table 2) are significant for
the internal R&D investment in that the presencetvh muros R&D is correlated with product and
process innovation. The two equations related tereal collaborations are also correlated and the

two equations related to product and process inrava

[Table 2 around here]

Table 3 reports the marginal effects for Equatioriol intra murosR&D investment. The
dummy for R&D subsidies is positive and highly stiatally significant, while very small and
small firm size and proprietorship are negativadyrelated with in-house R&D. British and Italian
firms are more likely to invest imtra murosR&D while Hungarian and Spanish firms are less
likely to do so (relative to Austria), with the ethcountry dummies being insignificant. As
expected, skilled employees are positive correlatigtain-house R&D.

Among the university characteristics, the age efuhiversity is not conducive totra muros
R&D investment whereas the type of faculties becosignificant after that the education variables
and the Shangai index are added. The presencdeohational students has a negative impact on
intra murosR&D, while both the Shanghai index and the nundddotal patents are conducive to

intra murosR&D investment.
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[Table 3 around here]

Table 4 reports the marginal effects for Equation (R&D collaboration with
universities/research labs). Thgra-murosR&D intensity has a negative and significant dffec
the probability of building a collaboration with iversities/research labs, suggesting substitution
betweenntra-murosR&D investment an@éxtra-murosR&D investment with universities, whereas
the extra-murosR&D intensity with other firms/consultants has @sjive and weakly significant
effect. The R&D subsidy dummy is positive and highly signifitafroreign universities/research
labs may be chosen as company R&D partners bedhasgummy for R&D acquired abroad is
positive and significant but presents a low marigaiect. Very small firm size is highly significan
and negative. Applying for a patent and registeangademark are positive and highly significant
determinants also because they guarantee appritipyiabjointly developed innovation taking into
account that competitors may even collaborate thighsame local research institution.

With regards to the university’s characteristicge as positive and statistically significant,
suggesting that older universities are more invblwe R&D collaboration with firms since
university age is a proxy for reputation and beeanfslongstanding established networks between
firms and universities. The number of total patestsegative and statistically significant probably
because of rivalry between university-company cigig and the patents produced by other firms
in the province. The total Shanghai index is ngn#icant underlining no effect of average
academic quality on university-company collabomati®his result could be explained by the fact
that we take into account the presence of highlgliyuresearch academic institutions at a very
disaggregated level such as at the province; tbexeit might happen that firms, using cutting-edge
technology, prefer to collaborate with more distaigh quality universities and/or that local
prestigious universities prefer to collaborate wdiktant large firms on richly supported cutting-
edge research projects. Alternatively, for moreliagpresearch, the explanation could be that firms
prefer to collaborate with close universities evf@hey are not very prestigious. Finally, we dd no
specifically know exactly which university the firis collaborating with.

[Table 4 around here]

Table 5 reports the marginal effects for Equation(R&D collaboration with other
firms/consultants). Thentra-muros R&D intensity has a negative effect on the proligbof
building a collaboration with other firms/consulten suggesting substitution (and not

complementarity) betweentra-murosR&D andextra-murosR&D investments with other firms,
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whereas thextra-murosR&D intensity with universities or research lalasta positive effecThe
dummy for R&D subsidies is still positive and higldtatistically significant and in addition the
dummy for R&D acquired abroad is positive and digant with a high marginal effect. Limited
liability sole proprietorship is negative and siggant; British, German and Italian firms are more
likely to collaborate with other firms/consultantgjative to Austria. The age of the university is
still positive and statistically significant, whitbe presence of medical schools and of agriculture
faculties is not conducive to R&D collaboration kwibther firms or consultants. The Shanghai
index is positive and statistically significantggesting that the presence of prestigious univessit

in the area where the firm is located increases litkedihood that the firm would start a

collaboration with other firms or consultants.

[Table 5 around here]

Table 6 reports the marginal effects for Equatio(pebduct innovation). R&D intensity is
positive and statistically significant. R&D collatadions with universities/research labs and with
other firms/consultants are also positive and lyigignificant. The age of a firm has a positive and
statistically significant effect on product innowet. CEO age appears to be significantly
detrimental to product innovation, whereas beingade CEO is conducive to product innovation.
Very small firm size is highly significant and néiga. Cooperatives are less likely to innovaterthei
products.

The age of the university is negative and statfificsignificant, while the presence of a
medical school favours product innovation. The namtf international students is detrimental to
product innovation, probably due to the fact thatt mf the knowledge spillovers channelled by
education will benefit other countries; moreoveragemics have to deal with additional teaching
hours (as also international students are enroded)not much time is left for activities with ldca
knowledge spillovers; finally, universities withtémnational students may be also relatively more
involved in codified knowledge teaching and reskeaend less focused on applied activities. The
Shanghai index is always positive and highly siaa#ly significant; this means that academic
excellence has an important direct effect on the'§ propensity to innovate and develop new
products, apart from the indirect effect going tigl the partner choice in university-firm

collaboration.

[Table 6 around here]
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Finally, Table 7 reports the marginal effects fayugtion 5 (process innovation). Process
innovation is strongly determined by R&D collabawat both with universities/research labs and
with other firms. R&D intensity and skilled empl@seare positive and highly significant. Process
innovation is also favoured by public incentivesery small and small firms are less likely to
innovate their processes as well as proprietoréhrgmce, Germany, Hungary, Italy, Spain and UK
all exhibit lower propensities for process innowatithan Austria (the base or benchmark case).
Regarding the university’s characteristics, the afehe university is positive and statistically
significant, whereas the presence of the facultiiwhanities is detrimental to process innovation.

The Shangai index is not statistically significant.

[Table 7 around here]

So far, the empirical evidence suggests that aced@search quality has an important direct
effect on the firm’s propensity to develop innovatiproducts. In order to explore whether this
result is mainly driven by top tier universities whether also less prestigious universities play a
role, we disaggregate the total Shanghai indexst Fof all, we isolate the most prestigious
university in the province where the firm is locht&Ve start from the Shanghai ranking and first
separate the most prestigious univerdiiyst tier university which corresponds to the university in
the province that has the highest Shanghai inde&n;Twe grouped all the other universities apart
from the most prestigious one naming thé&wwer tier universities (1)The main results are
generally confirmed, therefore we report only thedels with countries dummies and all the
university characteristics (Tables 3 to 7, Model B)cusing on the prestige of the university, the
empirical evidence shows that when a first tievarsity is present in the same province where the
firm is located, then the firm is more likely tovest inintra-murosR&D (Table 3, Model 6) and to
collaborate with universities or research labs (@ah Model 6). Research at first and lower tier
universities has an important direct effect on fpropensity to innovate and develop new products
(Table 6, Model 6). Interestingly, the marginaleeff associated with the research of lower tier
universities has a higher value than that assatiaith the star university.

Finally, we also take into account that in a spegfovince there might be more than one star
university. Therefore, in order to explore whethige results are affected by this possibility, we
further disentangle the effect associated withfits#, second and futher tier universities. Again,
starting from the Shanghai ranking, we isolateftts# two star universities at the province level,
First/Second tier universitiesfom all the other academic institutiohewer tier universities (2)

Results (again only for the main specificationgnfoming the main findings of the analysis, are
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summarized in Tables 3 to 7, Model 7. The Shangiex of the first two tier universities increases
the likelihood that the firm invests intra-murosR&D (Table 3, Model 7) and the propensity of
the firm to collaborate with universities or resgalabs (Table 4, Model @nd with other firms or
consultants (Table 5, Model 7). Moreover, both fing two tier and the further tier universities
have a positive marginal effect on firm propensitydevelop new products but the marginal effect
of the third and further tier institutions is agdigher, even if weakly significant, than that bét
two most prestigious universities (Table 6, Model 7

6. Robustness check

A final point needs to be discussed. As previosglgcified (see Section 4.2 above), in order
to measure the reputation of the academic ingiitstive have used the Academic Ranking of
World Universities (ARWU), also known as Shangheagemic ranking and more specifically we
focused on the ranking based on the research octipertia according to which the highest scoring
institution is assigned a score of 100, and oth&titutions are calculated as a percentage ofofhe t
score. The main problem associated with this rapks that the Shanghai index ranks the
universities up to the 580position; in order to solve this issue and nolo&e information on the
universities which are ranked further than the "5@@sition but that are located in a province
included in our dataset, a fixed number of 3 hanh&ssigned to each university which is ranked
further than the 500 position. As the university in our dataset witle flowest ranking within the
500" position has an index of 17 meaning that it presut7% of the research output compared to
the first ranked university, we are assuming tleatheuniversity which is ranked further than the
500" position produces 3% of research output compavetie first ranked university. It could be
argued that this assumption might over-estimatectiv@ribution of less prestigious universities.
Therefore, for robustness, we have also assigneesaf 0.5, 1 and 2 in order to test whether the
value imputed to the research output of universitdassified over the 580position might
influence our results; in other words, we assuna éach university ranked worst than the 500
position produces 0.5%, 1% and then 2% of the fasked university reseach output. Results (as
the main findings are confirmed, we report only thain specification and the main variables
proxing the research excellence of the univergitees summarized, for all the dependent variables
of the multiprobit regression in Table 8. The enwair evidence shows that the values imputed to
each university positioned worse than the"™p0sition do not affect our results; indeed, fortiad

robustness values, the presence of a first tieveusity in the same province where firms are
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located, increase the likelihood that firms invaéstintra-muros R&D and collaborate with
universities or research labs. Only for the imputatlie equal to 0.5, the research at the first tier
university has a higher marginal effect on prodaabvation than that of lower tier universities.
Importantly, it is also confirmed that the coeféint associated with the Shangai index of the third
and further tier universities in the equation fooguct innovation is higher than that associatetth wi
the first and second tier universities, even ifftvener is only weakly significant.

Finally, we also assume that all the universitiesttie province, ranked worst than the 00
position, produce not individually but together %,51% and 2% of the first ranked university
research output. The main results are confirmed.

[Table 8 around here]

7. Concluding remarks

Academic research has a direct impact on the firprgpensity to develop innovative
products. This is consistent with the idea thatrdputation of a research organization is not only
limited to the likelihood of attracting businesstpars and that further effects could be displayed
by research institutions on the capacity of firnts ihnovate through education, informal
relationships as well as consultancy activitiesréspecifically, both the research output of second
and third tier universities has an important direffect on the propensity of firms to innovate;
however, the research output of third tier unitegsimay be even more important than that of the
most prestigious universities. This could be exmdiby the fact that lower tier institutions might
better meet firm’s needs, and especially when rogHtidge research is not involved, they are more
likely to solve the firm’s problems guaranteeinghare productive interaction between academics
and the firm’s research teams, wether or not tiieyaction is a formal R&D collaboration.

From the policy viewpoint, this study does not suppghe suggestion that the attraction of
star scientists, by means of appropriate finanicieéntives or targeted scholarships, working in
disciplines relevant to local high-tech sectorsildgrovide some support to regional innovation. In
order to better integrate the academic departmantise local economy, we find a strong case in
favour of public funding not only to top tier unigities but also to less prestigious academic
institutions. Indeed, if the main objective of tpelicy maker is maximising local knowledge
spillovers, then more resources should be disgtbod lower tier universities, which, according to
our results, are more productive of knowledge spdfs at the local level. The allocation of funds
to universities on the basis of academic reseantpud indicators is crucial but could be linked to

achievable targets, so that the distribution ofoweses would not exceedingly penalise less
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prestigious universities whose knowledge and teldyyotransfer activities are directly useful to
most local firms. Indeed, by betting only on acaaeexcellence, then very small firms, which are
numerous in European manufacturing, could be slyopgnalized through knowledge under-

production.
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TABLES

Tablen. 1- Variablesand descriptive statistics

Variables

Firm characterigtics

Intra muros R&D

R&D collaboration with other firms/cons
R&D collaboration with univ/res labs
Product innovation

Process innovation

Dummy for R&D acquired abroad
R&D intensity (%)

Intra muros R&D intensity (%)

Extra muros R&D with impr (%)
Extra muros R&D with univ (%)
R&D subsidy dummy

Subsidiy dummy

Skilled employees (%)

CEO age

CEO gender

Firm age

Very small firm size

Small firm size

Medium firm size

Large firm size

Very large firm size (Reference group)
ProprietorshipOwnershipdummy
Sa dummy

Sarl dummy

Eurl dummy

Coop dummy

Description of the variables

Dummy variable taking the valueog in case the firmndertaken any intra-muros R&D activities
Dummy vdiiea taking the value of one in case the firm uralah any R&D activities with other firms
Dummy variatiéking the value of one in case the firndertaken any R&D activities with universities#asch labs
Dummy variable taking the vatidi®ne in case the firm carried out any productoivation
Dummy variable taking the vaifiene in case the firm carried out any proceswation
Dummy variable takihg value of one in case the firm undertaken a% Bctivities abroad
Percentage of the total turnotleat the firm has invested in R&D
Intra muros R&D int&ty
Extra muros R&D ingty with firms/consultants
Extra muros R&D ing#y with universities/research labs
Dummy variable taking the vafuene in case the firm receivédancial incentives for R&D activities
Dummy variable taking the valuenefin case the firm received financial incentivesvjzled by the public sector
Percentage of graduatesrmviorkforce
Age of the firm CEO
Dummy variable taking the value of oneaise the firm CEO is male
Firm age in the year in which the firm heeen surveyed
Dummy variable taking theugabf one in case the firm has betweeen 10 andnpfogees
Dummy variable taking the valuerdé in case the firm has betweeen 20 and 49 eggsdoy
Dummy variable taking the valtiere® in case the firm has betweeen 50 and 99 gegto
Dummy variable taking the valuemé in case the firm has betweeen 100 and 24%gegs
Dummy vaeiabking the value of one in case the firm hasentban 249 employees
Dummy variable taking the value of 1 in case ttradiis a proprietorship (entreprise individuelledd nom personnel)
Dummy variable taking the value of 1 gedhe firm is a public company (société anorjyme

Dummy variable taking the value of daise the firm is a limited liability partnershipo@été a responsabilité limitge

Mean

0.482
0.089
0.048
0.490
0.439
0.018
3.586
3.207
0.125
0.251
0.161
0.182
9.453
51.982
0.923
34.529
0.318
0.412
0.120
0.081
0.068
0.016
0.123
0.731

Dummy variable taking the value of Icase the firm is a limited liability sole proprieship (entreprise unipersonnelle a responsabilité 0.002

limitée)
Dummy variable taking the value ofdase the firm is a cooperative
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0.019

Std. Dev.

0.499
0.285
0.215
0.499
0.496
0.0135
7.714
7.278
0.966
1.661
0.368
0.386
13.498
10.218
0.265
30.625
0.465
0.492
0.325
0.272
0.252
0.128
0.329
0.443
0.052

0.137

Min

OO

O O O O O o o o

O O O O O o ©

o

Max

100
100
50
70

100
76

368

N



Sas dummy (Reference group)
Patent

Design

Trademark

Copyright

Territorial and university characteristics

Rurality of the province

Age of university

Medical School
Agriculture

Humanities and Arts
Business and Law
Engineering

Ph.D.

National students
International students
Shangai index

First tier university

Lower tier universities (1)
First/Second tier universities

Lower tier universities (2)

Total patents

Biotech patents

Inform and Comm tech patents
Nanotech patents

Medical patents

Pharmaceutical patents

Dummy variable takingalue of 1 in case the legal form of the firra fgublic limited company (société par actions difige)
Dummy variable taking the value of 1 indhse the firm has applied for a patent
Dummy variable taking the value of 1 ind¢ase the firm has registered an industrial design

Dummy variable taking the value of lhim¢ase the firm has registered a trademark
Dummy variable taking the value of 1 In case¢the firm hasclaimedcopyrigh

Variable taking the vahfe0 if the region/province where the firm is loséis predominantly urban, the value of 1 if intediate urban and

the value of 2 if predominantly rural (sourced fr@&CD)
Average by NUTS 3 of universiy a
Sum by NUTS 3 of the university dutaking the value of 1 if the university has apitasé
Sum by NUTS 3 of the university durmaking the value of 1 if Agriculture is a field afuzation
Sum by NUTS 3 of the univedsitymy taking the value of 1 if Humanities and A& field of education
Sum by NUTS 3 of the universityydutaking the value of 1 if Social Sciences, Bgsiand Law is a field of education
Sum by NUTS 3 of the university durakipgd the value of 1 if Engineering, Manufacturamgd Construction is a field of education
Sum by NUTS 3of the university dummy takiagalue of 1 if Ph.D. programmes are offered
Sum by NUTS 3 of the universityber of national students
Sum by NUTS 3 of the unityemsimber of international students
Value of the Shanghai ranking assediwith local universities (sum of university &by the NUTS 3 where the firm is located)
Value of the Shanghai rankimgsociated only to the first university locatedhia NUTS 3 where the firm is located
Value of the Shanglaiking associated with all universities other thhae first one located in the NUTS 3 where the fghocated

Value of the Shanghiaking associated only to the first and seconiversies located in the NUTS 3 where the firnodsited

Value of the Shanghaking associated with all universities other thae first and second ones located in the NUTS Jentiee firm is

located
Number of total patents in the NUNM@a8re the firm is located
Number of Biotech patents in th& 8!8 where the firm is located
Number of Inform aoch@ patents in the NUTS 3 where the firm is located
Number of Nanotech patents iNthES 3 where the firm is located
Number of Medical patents in thelS13 where the firm is located

Number of Pharmaceuticatpstin the NUTS 3 where the firm is located

0.106 0.308
0.131 0.338
0.079 0.270
0.127 0.333
0.043 0.203
1.843 0.762
64.870 132.730
0.628 1.217
0.427 0.871
1.474 2.990
1.398 2.988
1.404 241
1.597 3.092
26,861 55,309
1,595 5,011
23.217 46.435
10.631 17.66
12.585 32.826
15.432 27.290
7.778 25.371
90.371 292.480
4.850 15.499
21.242 102.211
0.647 3.219
4.974 11.703
7.390 26.475

0

O O O O o

0
0
0
0
0

o o o o

0
0
0

0
0
0
0
0
0

0

N S

876
8
7
20
1 2
13
25
264,679
54,315
353.7
66
295.5
127.6
248.5

3955.744
220.90

1237
52.50
173.30
314.50
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Table 2 — Significance and value of the correlatioafficients among the errors of the Egs. (1)) (5

Coefficients Model 1 Model 2 Model 3 Model 4 Model Model 6 Model 7
Rho21 0.053 0.054 0.053 0.054 0.053 0.053 0.053
Rho31 0.084* 0.085* 0.084* 0.085* 0.084* 0.084* 0.085*
Rho41 0.241*** 0.241*** 0.240* ** 0.240*** 0.240* ** 0.240* ** 0.240* **
Rho51 0.155*** 0.155*** 0.155*** 0.155*** 0.155*** 0.155*** 0.155***
Rho32 0.128*** 0.128*** 0.128*** 0.128*** 0.128*** 0.128*** 0.128***
Rho42 0.007 0.007 0.006 0.007 0.007 0.007 0.006
Rho52 0.006 0.006 0.006 0.006 0.006 0.006 0.006
Rho43 -0.003 -0.002 -0.003 -0.003 -0.002 -0.002 00D.
Rho53 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Rho54 0.198*** 0.198*** 0.198*** 0.198*** 0.198*** 0.198*** 0.198***
Tablen. 3 - Multiprobit regression. Marginal effectsfor the dependent variable (existence of) intra muros R& D investment

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 e 7
Variables dF/dx dF/dx dF/dx dF/dx dF/dx dF/dx dF/dx
R&D subsidy dummy 0.471%** 0.472*** 0.472%** 0.472x** 0.472%** 0.472x** 0.472***
Skilled employees 0.003*** 0.003*** 0.003*** 0.003*** 0.003*** 0.003*** 0.003***
Ceo age -0.0009 -0.0001 -0.0001 -0.0001 -0.0001 0o0e -0.0001
Ceo gender -2.43e-11%** -2.55e-11%** -2.52e-11*** -2.66e-11*** -2.65e-11*** -2.58e-11*** -2.52e-11%**
Firm Age 0.0002 0.0002* 0.0002 0.0002 0.0002 0.0002 0.0002
Very small firm size -0.150*** -0.150*** -0.151*** -0.151*** -0.150*** -0.151*** -0.151***
Small firm size -0.089*** -0.089*** -0.089*** -0.090*** -0.089*** -0.089*** -0.090* **
Medium firm size -0.027 -0.027 -0.026 -0.027 -0.026 -0.026 -0.027
Large firm size 0.002 0.003 0.002 0.001 0.002 0.002 0.002
Proprietorship/Own dummy -0.085*** -0.083*** -0.084*** -0.082*** -0.083*** -0.083*** -0.083**
Sa dummy 0.007 0.006 0.006 0.005 0.006 0.006 0.006
Sarl dummy 0.011 0.011 0.012 0.013 0.012 0.012 2.01
Eurl dummy -0.032*** -0.033*** -0.027*** -0.027*** -0.029*** -0.029*** -0.029***
Coop dummy -0.041*** -0.040%** -0.037*%** -0.035*** -0.036*** -0.037*** -0.036***
Patent 0.230*** 0.230*** 0.229* ** 0.229*** 0.229* ** 0.229*** 0.228***
Design 0.116*** 0.117*** 0.116%** 0.115%** 0.116%** 0.116%** 0.116***
Trademark 0.080*** 0.080*** 0.081*** 0.081*** 0.081*** 0.082x** 0.082***
Copyright 0.022 0.021 0.022 0.022 0.021 0.021 0.021
Rurality of the province 0.008 0.009 0.009 0.008 016. 0.013 0.013
France dummy 0.012 0.023 0.005 0.003 0.020 0.020 0290.
Germany dummy 0.017 0.022 0.003 0.003 0.006 0.008 .0120
Hungary dummy -0.235*** -0.224%** -0.246*** -0.242%** -0.245%** -0.242%** -0.240***
Italy dummy 0.026*** 0.032** 0.007 0.009 0.015 0.016 0.018
Spain dummy -0.073*** -0.072*** -0.087*** -0.094*** -0.075*** -0.074*** -0.073***
Uk dummy 0.024*** 0.035*** 0.021*** 0.020** 0.034*** 0.032x** 0.034***
Age of university 0.00002 0.00001 2.93e-06 8-@6e
Medical School 0.008 0.001 0.0007 -0.004
Agriculture -0.006 -0.004 -0.005 -0.006
Humanities -0.005 -0.008 -0.008 -0.007
Business and Law 0.007 0.011** 0.012** 0.013**
Engineering -0.001 -0.009* -0.011** -0.012**
Ph.D. -0.0004 -0.010 -0.009 -0.004 -0.0002 0.002
National students 2.00e-07* 6.80e-08 1.60e-07 7.53e-08 -2.77e-09
International students -3.18e-06** -2.63e-06* -4.78e-06*** -4.51e-06*** -4.81e-06***
Shangai index 0.0008** 0.0007* 0.0009**
First tier university 0.001**
Lower tier universities (1) 0.0005
First/Second tier university 0.001**
Lower tier universities (2) 0.0001
Total Patents 0.00001* 0.00001* 0.00001* 0.00001*
Biotech patents -0.0002
Inform and Comm tech patents 0.00002
Nanotech patents -0.004
Medical patents 0.0007**
Pharmaceutical patents 0.0007***
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Tablen. 4 - Multiprobit regression. Marginal effectsfor the dependent variable R& D collaboration with universities/research labs

Variables

IntramurosR&D
ExtramurosR&D with firms

Dummy for R&D acquired abroad

R&D subsidy dummy
Skilled employees

Ceo age

Ceo gender

Firm Age

Very small firm size
Small firm size
Medium firm size
Large firm size
Proprietorship/Own dummy
Sa dummy

Sarl dummy

Eurl dummy

Coop dummy

Patent

Design

Trademark

Copyright

Rurality of the province
France dummy
Germany dummy
Hungary dummy

Italy dummy

Spain dummy

Uk dummy

Age of university
Medical School
Agriculture

Humanities

Business and Law
Engineering

Ph.D.

National students
International students
Shangai index

First tier university
Lower tier universities (1)
First/Second tier university
Lower tier universities (2)
Total Patents

Biotech patents

Inform and Comm tech patents

Nanotech patents
Medical patents
Pharmaceutical patents

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 W 7
dF/dx dF/dx dF/dx dF/dx dF/dx dF/dx dF/dx
-0.0007** -0.0007** -0.0007** -0.0007** -0.0007** -0.0007** -0.0007**
0.003* 0.003* 0.003* 0.003* 0.003* 0.003* 0.003*
0.098*** 0.098*** 0.099*** 0.099* ** 0.099*** 0.099*** 0.099* **
0.064*** 0.063*** 0.064*** 0.064*** 0.064*** 0.064*** 0.064***
0.0003*** 0.0004*** 0.0004*** 0.0004*** 0.0004*** 0.0004*** 0.0004***
-0.0001 -0.0001 -0.0001 -0.0001 -0.0001 00eL -0.0001
-4.08e-11*** -3.98e-11*** 4.01le-11*** -3.92e-11*** -4.01e-11*** -3.98e-11*** -3.98e-11***
0.00006 0.00006 0.00006 0.00006 0.00006 0.00006 0.00005
-0.014*** -0.014*** -0.014*** -0.014*** -0.015*** -0.014*** -0.015***
-0.001 -0.001 -0.002 -0.002 -0.001 -0.001 -0.001
0.005* 0.005* 0.005 0.005* 0.005 0.005* 0.005*
0.009* 0.009 0.009 0.009 0.009 0.009 0.009
_0.084*** _0.083*** _0.083*** _0.084*** _0.083*** _0.083*** _0.083***
-0.026%** -0.026*** -0.026%** -0.025*** -0.025%** -0.025%** -0.025***
-0.014*** -0.014*** -0.014*** -0.015*** -0.015*** -0.015*** -0.015***
-0.329*** -0.365*** -0.329*** -0.333*** -0.364*** -0.437*** -0.330***
-0.004 -0.005 -0.004 -0.004 -0.004 0.00 -0.004
0.029*** 0.029* ** 0.029*** 0.029* ** 0.029*** 0.029*** 0.028***
0.002 0.002 0.003 0.002 0.002 0.002 0.002
0.013*** 0.013*** 0.014*** 0.013*** 0.014%** 0.014*** 0.014***
0.008 0.008 0.008 0.008 0.008 0.008 0.008
0.003 0.003 0.002 0.002 00G. 0.003 0.003
_0'042*** _0.041*** _0'046*** _0.045*** _0'043*** _0'043*** _0.042***
-0.010** -0.012* -0.014** -0.013** -0.012 -0.013 -0.012
-0.011** -0.013 -0.013*** -0.013** -0.016* -0.016* -0.016*
_003 % % % _0.030*** _0'033*** _00 * % % _0'034*** _0'034*** _00 * % %
-0.019*** -0.015** -0.022*** -0.020*** -0.016** -0.017*** -0.016**
-0.020*** -0.020*** -0.022*** -0.021*** -0.021*** -0.021*** -0.021***
0.00001** 0.00001*** 0.00001*** 0.00001***
-0.004 -0.007** -0.007** -0.007**
0.0009 0.0001 0.0004 0.0005
-0.00001 -0.001 -0.001 -0.001
0.0001 0.0004 0.0003 0.0005
-0.0001 -0.001 -0.0007 -0.001
-0.0001 -0.002 -0.001 -0.0006 -0.001 -0.003
-1.31e-08 2.83e-08 9.98e-08 2e1Qr 9.10e-08
-6.24e-07** -7.98e-07** -1.13e-06** -1-14e-06** -1.14e-06**
0.0001 0.0001 0.0002
0.0001*
0.0002
0.0002*
0.0001
-0.00001** -0.00001** -0.00001** -0.00001**
0.00002
-0.00007***
0.002**
0.0001
-0.0003***
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Tablen. 5 - Multiprobit regression. Marginal effectsfor the dependent variable R& D collaboration with other firmg/consultants

Variables

IntramurosR&D
ExtramurosR&D with univ

Dummy for R&D acquired abroad

R&D subsidy dummy
Skilled employees

Ceo age

Ceo gender

Firm Age

Very small firm size
Small firm size
Medium firm size
Large firm size
Proprietorship/Own dummy
Sa dummy

Sarl dummy

Eurl dummy

Coop dummy

Patent

Design

Trademark

Copyright

Rurality of the province
France dummy
Germany dummy
Hungary dummy

Italy dummy

Spain dummy

Uk dummy

Age of university
Medical School
Agriculture

Humanities

Business and Law
Engineering

Ph.D.

National students
International students
Shangai index

First tier university
Lower tier universities (1)
First/Second tier university
Lower tier universities (2)
Total Patents

Biotech patents

Inform and Comm tech patents

Nanotech patents
Medical patents
Pharmaceutical patents

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 W 7
dF/dx dF/dx dF/dx dF/dx dF/dx dF/dx dF/dx
-0.001*** -0.001*** -0.001*** -0.001*** -0.001*** -0.001*** -0.001***
0.029** 0.029** 0.029** 0.029** 0.029** 0.029** 0.029**
0.261*** 0.261*** 0.261*** 0.260* ** 0.261*** 0.261*** 0.261***
0.066*** 0.066* ** 0.066*** 0.066* ** 0.066*** 0.066*** 0.066* **
0.00004*** 0.0004*** 0.0004*** 0.0005*** 0.0004*** 0.0004*** 0.0004***
-0.0002 -0.0002 -0.0002 -0.0002 -0.0002 00e2 -0.0002
-6.23e-11*** -4.59e-11*** -6.25e-11*** -6.21e-11*** -5.32e-11*** -4.27e-11*** -6.19e-11***
-0.00003 -0.00003 -0.00003 -0.00002 -00300 -0.00003 -0.00003
0.003 0.002 0.003 0.003 0.003 0.003 0.003
0.009 0.009 0.010 0.010 0.009 0.009 0.009
0.011 0.011 0.012 0.012 0.012 D.01 0.012
0.017* 0.017* 0.017** 0.018** 0.017* 0.017* 0.017**
-0.032 -0.033* -0.034* -0.035* -0.034* -0.034* -0.034*
-0.007 -0.006 -0.006 -0.006 -0.007 -0.007 -0.007
-0.015 -0.015 -0.015 -0.015 -0.015 $.01 -0.015
-0.034*** -0.032*** -0.030*** -0.031*** -0.031*** -0.031*** -0.031***
0.005 0.005 0.005 0.004 0.005 0.005 50.00
0.009 0.009 0.009 0.009 0.009 0.009 0.009
0.048*** 0.048*** 0.048*** 0.048*** 0.048*** 0.048*** 0.048***
0.026*** 0.026*** 0.026*** 0.026*** 0.026*** 0.026*** 0.026***
0.018** 0.018** 0.018** 0.018** 0.018** 0.018** 0.018**
0.001 0.001 0.002 0.002 0o0Q. 0.002 0.002
-0.009 -0.008 -0.013 -0.013 -0.009 009D. -0.009
0.016*** 0.023*** 0.014*** 0.013*** 0.017*** 0.018 0.017***
_0.045*** _0.039*** _0.043*** _0.044*** _0.038*** _0.038*** _0.038***
0.039*** 0.046*** 0.041%** 0.041%** 0.045%** 0.045%** 0.045%**
0.004 0.014** 0.009** 0.009* ** 0.014*** 0.012** 0.014***
0.044*** 0.051*** 0.043*** 0.042*** 0.049*** 0.048*** 0.049***
0.00001*** 0.00001** 9.75e-06 0.00001*
-0.003** -0.0007 -0.008 -0.0007
_O.mg*** _0.007** _0.008*** _0.m7~k**
-0.001 -0.001 -0.001 -0.001
0.0009 0.002** 0.002 0.002
-0.0007 -0.001 -0.002 -0.001
0.003** -0.001 -0.001 0.00008 0.001 0.00008
-2.01e-07*** -1.63e-07*** -1.21e-07** -1.40e-07** -1.21e-07**
2.16e-07 2.82e-07 1.34e-07 -1.72e-07 -1.35e-07
0.0002* 0.0002 0.0002***
0.0003
0.0001
0.0002**
0.0002
6.19e-06** 6.11e-06** 6.55e-06** 6.11e-06**
-0.0001
2.53e-06
0.001
0.00003
-0.00009
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Tablen. 6 - Multiprobit regression. Marginal effectsfor the dependent variable product innovation

Variables

R&D collab. with univ/res labs
R&D collab. with other firms/cons

R&D intensity

Subsidy dummy
Skilled employees

Ceo age

Ceo gender

Firm Age

Very small firm size
Small firm size
Medium firm size
Large firm size
Proprietorship/Own dummy
Sa dummy

Sarl dummy

Eurl dummy

Coop dummy

Patent

Design

Trademark

Copyright

Rurality of the province
France dummy
Germany dummy
Hungary dummy

Italy dummy

Spain dummy

Uk dummy

Age of university
Medical School
Agriculture

Humanities

Business and Law
Engineering

Ph.D.

National students
International students
Shangai index

First tier university
Lower tier universities (1)
First/Second tier university
Lower tier universities (2)
Total Patents

Biotech patents

Inform and Comm tech patents

Nanotech patents
Medical patents
Pharmaceutical patents

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Mod
dF/dx dF/dx dF/dx dF/dx dF/dx dF/dx dF/dx
0.104*** 0.104*** 0.103*** 0.103*** 0.103*** 0.103*** 0.104***
0.101*** 0.100%** 0.101*** 0.101*** 0.100%** 0.101*** 0.100%**
0.009*** 0.009*** 0.009* ** 0.009*** 0.009* ** 0.009* ** 0.009***
0.057*** 0.057*** 0.057*** 0.058*** 0.058*** 0.058*** 0.058***
0.002x** 0.002*** 0.002*** 0.002%** 0.002%** 0.002%** 0.002%**
-0.0008* -0.0008* -0.0008* -0.0008* -0.0008* -0.0008* -0.0008*
0.026*** 0.026*** 0.027*** 0.027*** 0.027*** 0.027*** 0.027***
0.0003** 0.0003** 0.0003** 0.0003** 0.0003** 0.0003** 0.0003**
-0.070** -0.070** -0.071** -0.072** -0.071** -0.071** -0.071**
-0.030 -0.030 -0.031 -0.031 -0.030 -0.030 -0.030
-0.010 -0.010 -0.011 -0.011 -0.010 -0.010 -0.010
0.019 0.019 0.017 0.017 0.017 0.017 0.017
0.017 0.017 0.019 0.018 018. 0.018 0.018
0.016 0.015 0.017 0.016 0.015 0.015 0.015
-0.003 -0.002 -0.002 -0.002 -0.002 .00 -0.002
0.022*+** 0.022*+** 0.024*** 0.023*** 0.024*** 0.024*** 0.024***
-0.081* -0.080* -0.080* -0.081* -0.080* -0.080* -0.080*
0.238*** 0.238*** 0.238*** 0.237*** 0.238*** 0.238*** 0.238***
0.175*** 0.175*** 0.175*** 0.175*** 0.175*** 0.175*** 0.175***
0.164%** 0.164%** 0.165%** 0.165%** 0.165%** 0.165%** 0.165%**
0.105*** 0.106*** 0.106*** 0.106*** 0.107*** 0.107*** 0.107***
0.014 0.012 0.013 0.013 ola. 0.012 0.012
-0.093*** -0.096*** -0.106*** -0.107*** -0.103*** -0.103*** -0.104***
-0.128*** -0.127*** -0.137*** -0.137*** -0.136*** -0.136*** -0.136***
-0.093*** -0.076*** -0.100*** -0.099*** -0.084*** -0.084*** -0.085***
-0.065*** -0.058*** -0.077%** -0.077*** -0.069*** -0.070*** -0.070%**
-0.109*** -0.118*** -0.119*** -0.117*%** -0.123*** -0.123*** -0.123***
0.001 0.007 -0.001 0.0007 0.003 0.003 3.00
-0.00005* * -0.00005* ** -0.00005* ** -0.00005* **
0.014** 0.012*** 0.012*** 0.013***
-0.010 -0.009 -0.008 -0.008
-0.004 -0.007 -0.007 -0.007
0.003 0.005 0.005 0.005
-0.002 -0.007** -0.007* -0.006**
0.001 -0.007** -0.006* -0.004 -0.005 -0.006
-1.63e-08 -8.33e-08 -3.64e-08 2.29%e-08 -4.62e-09
-2.78e-06*** -3.46e-06*** -2.48e-06* -2.53e-06* -2.48e-06*
0.0007*** 0.0008*** 0.0009***
0.0008***
0.001**
0.0008***
0.001*
-0.00001 -0.00001 -0.00001 -0.0000
0.0004
-0.00001
-0.003***
0.0001
-0.0001
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Tablen. 7 - Multiprobit regression. Marginal effectsfor the dependent variable process innovation

Variables

R&D collab. with univ/res labs
R&D collab. with other firms/cons

R&D intensity

Subsidy dummy
Skilled employees

Ceo age

Ceo gender

Firm Age

Very small firm size
Small firm size
Medium firm size
Large firm size
Proprietorship/Own dummy
Sa dummy

Sarl dummy

Eurl dummy

Coop dummy

Patent

Design

Trademark

Copyright

Rurality of the province
France dummy
Germany dummy
Hungary dummy

Italy dummy

Spain dummy

Uk dummy

Age of university
Medical School
Agriculture

Humanities

Business and Law
Engineering

Ph.D.

National students
International students
Shangai index

First tier university
Lower tier universities (1)
First/Second tier university
Lower tier universities (2)
Total Patents

Biotech patents

Inform and Comm tech patents

Nanotech patents
Medical patents
Pharmaceutical patents

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Mod
dF/dx dF/dx dF/dx dF/dx dF/dx dF/dx dF/dx
0.085*** 0.085*** 0.086*** 0.085*** 0.085*** 0.085*** 0.085***
0.111%** 0.111%** 0.111%** 0.111%** 0.111%** 0.111%** 0.111%**
0.004*** 0.004*** 0.004*** 0.004*** 0.004*** 0.004*** 0.004***
0.097*** 0.096* ** 0.097*** 0.097*** 0.096*** 0.096*** 0.096* **
0.001* 0.001* 0.001* 0.001* 0.001* 0.001** 0.001*
-0.001 -0.001 -0.001 -0.001 -0.001 -0.001 0.001
2.99e-11*** 2.88e-11*** 2.98e-11*** 2.98e-11*** 2.88e-11*** 2.86e-11*** 2.87e-11***
0.00006 0.00006 0.00006 0.00006 0.00006 00am6 0.00006
-0.162*** -0.162*** -0.162*** -0.162*** -0.161*** -0.161*** -0.161***
-0.098** -0.098** -0.098** -0.098** -0.097** -0.097** -0.097**
-0.048 -0.048 -0.048 -0.048 -0.048 -0.048 -0.048
-0.006 -0.005 -0.005 -0.005 -0.005 -0.005 -0.005
-0.095*** -0.094*** -0.096*** -0.095*** -0.094*** -0.094*** -0.094***
-0.020 -0.020 -0.020 -0.021 -0.020 -0.020 -0.020
-0.017 -0.017 -0.017 -0.016 -0.017 -0.01 -0.017
0.111*** 0.108*** 0.110*** 0.110*** 0.108*** 0.108*** 0.108***
-0.050%** -0.050%** -0.051*** -0.051%** -0.050%** -0.050%** -0.050%**
0.066*** 0.066* ** 0.066* ** 0.066*** 0.066*** 0.066* ** 0.066* **
0.021 0.021 0.021 0.021 0.021 0.021 0.021
0.047%** 0.047%** 0.047%** 0.047%** 0.047%** 0.047%** 0.047%**
0.070** 0.069** 0.070** 0.070** 0.069** 0.069** 0.069**
0.003 0.006 0.004 0.003 004@. 0.007 0.007
-0.180%** -0.159*** -0.172%** -0.174%** -0.156%** -0.156*** -0.156***
-0.173*** -0.169*** -0.172*** -0.171*** -0.167*** -0.168*** -0.167***
-0.213*** -0.205*** -0.210*** -0.207*** -0.206*** -0.207*** -0.206***
-0.086*** -0.077%** -0.084*** -0.081*** -0.074*** -0.074*** -0.074***
-0.028*** -0.015** -0.026*** -0.024*** -0.014** -0.015** -0.014**
-0.088*** -0.078*** -0.088*** -0.085*** -0.076*** -0.075*** -0.076***
0.00003*** 0.00003** 0.00004*** 0.00003**
-0.0004 0.0003 0.0006 0.0008
0.001 0.002 0.003 0.003
-0.009*** -0.008*** -0.007*** -0.008***
0.010*** 0.010*** 0.010*** 0.010***
-0.006** -0.005* -0.005 -0.005*
0.002 0.0008 0.002 0.005 0.003 0.004
1.42e-07* 3.05e-08 -1.41e-08 2.33e-08 -2.33e-09
1.68e-06 9.05e-07 1.16e-07  -1.83e-07 1.11e-07
-0.0004 -0.0003 -0.0003
-0.0005
-0.0001
-0.0003
-0.0002
9.21e-06 9.24e-06** 8.42e-06* 9.15e-06**
0.001*
0.0001***
-0.008**
-0.0001
-0.0001
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Tablen. 8 - Multiprobit regression. Marginal effectsfor all the dependent variables

Dependent Variables

Intra murosR&D  R&D collaboration  R&D collaboration  Product Process
investment with with other innovation innovaton
universities/research firms/consultants
labs
Variables dF/dx dF/dx dF/dx dF/dx dF/dx

Shangai index imputed to each university aboveés@ position in the province = 0.5

First tier university 0.001** 0.0001* 0.0003 0.0009*** -0.0004
Lower tier universities (1) 0.0005 0.0003 0.0002 0.0008*** -0.0002
First/Second tier university 0.001*** 0.0002* 0.0002* 0.0008*** -0.0002
Lower tier universities (2) -0.00009 0.0002 0.0005** 0.001* -0.0004

Shangai index imputed to each university aboveés@ position in the province = 1

First tier university 0.001** 0.0001* 0.0003 0.0008*** -0.0004
Lower tier universities (1) 0.0005 0.0003 0.0002 0.0009*** -0.0001
First/Second tier university 0.001** 0.0002* 0.0002* 0.0008*** -0.0002
Lower tier universities (2) -0.00003 0.0002 0.0004** 0.001* -0.0004

Shangai index imputed to each university aboves€it position in the province = 2

First tier university 0.001** 0.0001* 0.0003 0.0008*** -0.0005
Lower tier universities (1) 0.0005 0.0003 0.0002 0.001*** -0.0002
First/Second tier university 0.001** 0.0002* 0.0002** 0.0008*** -0.0003
Lower tier universities (2) 0.00008 0.0002 0.0003 0.001* -0.0003

Shangai index imputed to all the universities akinee508' position in the province = 0.5

First tier university 0.001*** 0.0001 0.0002 0.0009*** -0.0003
Lower tier universities (1) 0.0005 0.0003 0.0003 0.0009*** -0.0002
First/Second tier university 0.001*** 0.0002* 0.0002 0.0008* *** -0.0002
Lower tier universities (2) -0.00007 0.0002 0.0006%** 0.001** -0.0005

Shangai index imputed to all the universities ahine508 position in the province = 1

First tier university 0.001*** 0.0001 0.0002 0.0009*** -0.0003
Lower tier universities (1) 0.0005 0.0003 0.0003* 0.0009*** -0.0002
First/Second tier university 0.001*** 0.0002* 0.0002* 0.0008**** -0.0002
Lower tier universities (2) -0.00008 0.0002 0.0006%** 0.001** -0.0005

Shangai index imputed to all the universities akine508 position in the province = 2

First tier university 0.001*** 0.0001 0.0003 0.0009* ** -0.0003
Lower tier universities (1) 0.0005 0.0003 0.0003* 0.0009*** -0.0002
First/Second tier university 0.001*** 0.0002* 0.0002 0.0008**=** -0.0002
Lower tier universities (2) -0.00009 0.0002 0.0006*** 0.001** -0.0005
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