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Abstract

Relatively poor transfer of knowledge from higher education to the market remains a concern in
Europe, universities being involved in at most 10% of all patented inventions. We examine the role
of university funding in patenting, addressing three key research gaps: (7) the limited, country-
specific samples rather than pan-European data used in most patent-funding studies; (%) scarce
evidence on the impact of the funding structure on patent quality; and (%) the lack of precise
estimates of interactions between university patenting, funding structures, and regional systems.
We fill these gaps thanks to a micro-level database of almost 2,900 higher education institutions
(HEIs) in 31 European countries and 295 NUTS2 regions (2011-2019), containing detailed
information on their activity as direct patent applicants and various institutional characteristics,
including financial records. We show that universities with a greater share of third-party funds
(research grants, contracts) apply for more patents and have better quality patents than those that
rely mainly on core funding, i.e. national/regional allocations. The HEIs that do patent ate richer
and have more than twice the share of third-party revenues. This indicates that the very marked
core-periphery pattern of university patenting in Europe is related both to the amount of university
funding and to its sources. Additionally, we find that regional economic systems also influence the
way in which the funding structure impacts university patenting. The positive effect of third-party
funding is strongest in the wealthy European regions, less so in developed areas, and negligible in
the poorest regions.
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1. Introduction

Patenting has long been used to proxy for innovation and new knowledge creation, both by
tirms (Igna and Venturini, 2023; Lotti and Marin, 2013; Chalioti et al., 2020; Andrews et al., 2014)
and by research institutions, including universities (Yang et al., 2021; Hvide and Jones, 2018;
Marczewska and Weresa, 2022; Verspagen, 2006; Meyer, 2003; EPO, 2024). Patents generated in
the higher education sector are important instruments for transferring knowledge and technology
from academia to the market, complementing other channels such as the mobility of graduates,
flows of researchers, R&D collaborations, consulting, and commercialization through spin-offs
(EPO, 2024; Perkmann et al., 2013; Jaffe, 1989; Schoellman & Smirnyagin, 2021; Ertugrul et al.,
2024; Janger, 2019). They are also part of the so-called “third mission” alongside traditional
teaching and research (Compagnucci & Spigarelli, 2020; Guerzoni et al., 2014; Baldini et al., 2000).

Still, the share of patents originating from European higher education institutions (HEISs) is
relatively low: just 10% of the patent applications filed at the EPO in 2019 originated in universities
(EPO, 2024, p.11). Further, European university patenting' is extremely concentrated. Parteka et
al. (2024) found that between 1980 and 2019, universities from just five Western European
countries accounted for three-fourths of all university patent applications and patents granted,
while most European HEIs (more than 70%) are not active patent applicants. EPO (2024, p.12)
documents that a tiny set of European universities (5%) account for half of all patent applications.
The top fifty global patenting universities include 19 in the United States and 18 in China, just 2 in
Europe®. From the policy standpoint, understanding why so many European universities
contribute so little to market-oriented innovation is important and timely, particularly in light of
the current EU efforts to close the innovation gap with key global players such as the United States
and China (Draghi, 2024) and the potential inflow of elite researchers to Europe as a result of
institutional instability in the U.S. academic system.

The purpose of this paper is to assess the structure of university funding as a determinant
of direct patenting by HEISs (i.e. patent applications that allow universities, as direct applicants, to
enjoy property rights to the innovation patented). Funding sources in fact have been found to play

a crucial role in shaping academic research and patenting outcomes (Geuna, 2001; Yu et al., 2022;

! Throughout the paper we use the term “university patents” to refer to direct patent applications in which at least one
of the applicants was classified as a higher education institution. In the related literature (e.g. EPO, 2024), a broader
term, “academic patents”, is used with respect to all patent applications resulting from innovation made at least partly
at universities, not necessarily filed with the patent office directly by the universities themselves (direct academic
patents), but possibly by other entities such as companies collaborating with universities or by individual researchers
(indirect academic patents).

2 Top 50 university PCT applicants, 2020-2022. Source: WIPO Statistics Database, March 2023

(https://www3.wipo.int/ipstats/key-search/indicator).
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Guerzoni et al., 2014; Gulbrandsen and Smeby, 2005; Lawson, 2013; Hottenrott and Thorwarth,
2011; Graf and Menter, 2022; Foltz et al., 2000; Azagra-Caro et al., 2006). We distinguish in
particular between core and #hird-party funding, given their divergent objectives as regards the
expected applicability and market orientation of research output, as well as differences in degree of
originality and acceptable risk of failure (Geuna, 2001; Yu et al., 2022; Guerzoni et al., 2014; Angori
etal., 2023). That is, the balance between public and third-party funding can affect research outputs,
helping to determine whether the funding produces publications or patent applications and
affecting the latter’s rate of success. Core funding typically finances the general operating budget
of the higher education institution, while third-party funding is usually earmarked for specific
activities, units, or researchers (Lepori, 2023), and thus potentially more supportive of patent-
oriented work. This funding structure has become increasingly relevant as European universities
have undergone substantial changes in research funding sources since the 1980s (Cesaroni and
Piccaluga, 2002). On the one hand, HEIs responded to demands to implement their third mission
by engaging more closely with industry (Guerzoni et al., 2014; Baldini et al., 2006; Rizzo and
Ramaciotti, 2014), increasing joint company-university patenting (Wolszczak-Derlacz, 2025). On
the other hand, HEIs faced more restrictive, performance-based public funding policies (Geuna
and Nesta, 2000; Yu et al., 2022; Jain et al., 2020), compelling them to seek alternative (third-party)
sources, often through newly established technology transfer offices (T'TOs).

We build on the rich literature on the different levels at which university patenting is
determined (Acosta et al., 2012; Yamaguchi et al., 2019). In the aggregate, it is influenced by
national legislation (the Bayh-Dole Act in the U.S.: Link and Hasselt, 2019; or the so-called
“professor’s privilege” in some European countries: Grimm and Jaenicke, 2012; Hvide and Jones,
2018; Cesaroni and Piccaluga, 2002; Ejermo and Killstrom, 2016; Martinez and Sterzi, 2020; EPO,
2024) or by regional economic conditions (Bilbao-Osorio and Rodriguez-Pose, 2004; Baldini et al.,
20006; Baldini, 2009; Rizzo and Ramaciotti, 2014). At the micro level, various institutional
characteristics play a role, such as university type and research orientation (technical HEIs patent
more — Lee, 2021), size (Baldini et al., 20006; Jain et al., 2020; Lee, 2021), employment structure
(Graf and Menter, 2022; Andersen and Rossi, 2011), collaboration with firms (Wolszczak-Detlacz,
2025; Nugent et al., 2022; for a review see Rizzo and Ramaciotti, 2014), and, last but not least, their
financial condition. More intensive patenting is typical of the wealthier HEIs (Coupe, 2003; Jain et
al., 2020; Azagra-Caro et al., 2006; Carlsson and Fridh, 2002; Tabakovic and Wollmann, 2019) and
those with a higher share of private and/or external funds (Hottenrott and Thorwarth, 2011;
Lawson, 2013; Gulbrandsen and Smeby, 2005). Regarding the proportions of funding sources

(public/industrial/other), the empirical evidence remains mixed, which suggests that other factors



(such as the level of regional development or grant size) are significant in shaping this relationship
(Bilbao-Osorio and Rodriguez-Pose, 2004; Lawson, 2013; Rizzo and Ramaciotti, 2014).

We address three main research gaps. First, most studies on the patenting-funding nexus
are country-specific, with limited samples and lacking a Europe-wide perspective (e.g. Coupe, 2003
and Foltz et al., 2000 on the US; Gulbrandsen and Smeby, 2005 on Norway; Lawson, 2013 on the
UK; Hottenrott and Thorwarth, 2011 and Graf and Menter, 2022 on Germany; Rizzo and
Ramaciotti, 2014 on Italy). Second, empirical investigation of whether university funding structure
affects patent quality as well as quantity remains scarce (Hottenrott and Thorwarth, 2011; Graf and
Menter, 2022). Third, we lack precise estimates of how university patenting and funding structures
interact with regional conditions, which is crucial in that the descriptive evidence in EPO (2024)
shows that academic patenting is more prevalent in industrialized regions, in keeping with
innovation systems theory that indicates that innovation requires university-industry interaction
(Vespagen, 2000). Further, universities contribute to local innovation systems through
collaborative research, workforce development, and knowledge-intensive business incubation
(Schaeffer et al., 2018).

Given this background, we formulate two main research questions: (1) How does the
composition of universities’ funding affect their patenting and its success? (2) Is the relationship
between university patenting and funding sources dependent on the characteristics of the regional
innovation system? The answers derive from a large-scale analysis that considers national, regional
and institutional heterogeneity within the overall European system of higher education. We use a
detailed university-level dataset on about 2900 HEIs from 295 NUTS-2 regions in 31 countries,
between 2011 and 2019. We combine information on universities” patent applications recorded in
the PATSTAT Global database with several characteristics of HEIs, including their financial
records, and with the data on regional economic conditions. To the best of our knowledge, no
study has used such a large, international sample to analyse the link between university patenting,
funding structure, and regional innovation systems in Europe. Generally speaking, multi-country
studies on university patenting are rare (Cesaroni and Piccaluga, 2002; Geuna and Nesta, 2000;
Acosta et al., 2009; Angori et al., 2023) and a good number of those available fail to use global
patent data, which may lead to a home-bias effect (for instance, the recent EPO 2024 report on
university patenting in Europe relies on patent applications filed at the European Patent Office
only). Moreover, we analyse not only the number of university patent applications but also their
impact (gauged by patent citations), thus offering new insights into universities’ patenting

performance in terms of quantity as well as quality. This distinction is necessary, as the literature



(Acosta et al., 2012; Hottenrott and Thorwarth, 2011; Whalley and Hicks, 2014) finds different
factors (individual/university/regional level) to be significant in shaping each of the two outcomes.
Identifying universities in global patent datasets such as PATSTAT is not straightforward (Parteka
et al., 2024; Dornbusch et al., 2013; Geuna and Nesta, 2006; Foray and Lissoni, 2010). Our
approach — analysing a broad international sample of universities and their patent applications
worldwide rather than using data from just one patent office — necessarily entails a limitation: that
is, we focus only on direct university patenting (i.e. patents filed by universities themselves). This
accounts for only about half of all academic patenting activity (EPO, 2024; Neuhausler and
Frietsch, 2024), since many university-generated patents are filed by other entities or individual
inventors (Dornbusch et al., 2013, p. 52; Verspagen, 20006, p. 621; Geuna and Nesta; 20006, p. 793).
Consequently, our analysis complements the studies that rely on surveys or that link patent data
with bibliometric records to identify university-affiliated researchers among patent inventors
(Neuhiusler and Frietsch; 2024; EPO, 2024; Hottenrott and Thorwarth, 2011; Lissoni et al., 2009;
Lissoni et al., 2013).

The rest of the paper is structured as follows. Section 2 reviews the literature on university
patenting determinants, focusing on funding structure and sources and potential interactions with
regional systems that may shape the effect of funding structure on patenting activity. Section 3
describes the dataset and the key stylised facts on European HEIs’ direct patenting, and Section 4
presents our results . Section 5 concludes. In the appendix, we include additional materials, while
a complete replication package’ allows interested researchers to reproduce the empirical findings

described in the paper.
2. Determinants of university patenting — review of the literature

Our paper builds on studies that take patenting as a proxy for innovation and knowledge
creation (Yang et al., 2021; Hvide and Jones, 2018; Marczewska and Weresa, 2022; Verspagen,
20006; Meyer, 2003; EPO, 2024). Measuring academic patents is complicated, owing mainly to the
difficulty of identifying universities in patent documents (Dornbusch et al., 2013; Parteka et al.,
2024; Geuna and Nesta, 2006; Foray and Lissoni, 2010; Caviggioli et al., 2023a, 2023b; Cesaroni
and Piccaluga, 2002). Much of the innovation activity is likely to be indirect; that is, applications
may well be filed by a university-affiliated inventor rather than the university itself. As reported by
EPO (2024), for European universities these indirect applications may exceed the number of direct
academic patents. Neuhdusler and Frietsch (2024) also identified a substantial number of patents

originating from academia but without universities listed among the applicants in some European

3 The replication package to is available upon request.



countries and Canada. This problem can be even more pronounced in the countries adopting
“professors’ privilege” (see Ejermo and Killstrom, 2016 on Sweden, Lissoni et al., 2009 on
Denmark or Lissoni et al., 2013 on Italy). Parteka et al. (2024) also point to a series of problems
related to the proper identification of HEIs in the global patent data (encompassing patents from
multiple patent offices) and develop a complex procedure for linking university applicants
identified in PATSTAT with external datasets on universities’ characteristics such as ETER
(Lepori, et al., 2023). Despite these shortcomings, patent information has been used intensively in
the analysis of innovation generated within the higher education system, gauged chiefly by number
of patents applied for or granted (e.g. Lissoni et al., 2013; Rizzo and Ramaciotti, 2014; Gulbrandsen
and Smeby, 2005; Cesaroni and Piccaluga, 2002). Significantly less research has been devoted to
university patent quality as measured, for instance, by patent citations or other indicators (e.g.
Acosta et al.; 2012; Hottenrott and Thorwarth, 2011; Graf and Menter, 2022; Guerzoni et al., 2014).

The literature on the micro-level determinants of innovation in higher education reveals a
set of basic determinants of HEIs” patenting activity. But this evidence is inconclusive and indeed
contradictory in some respects, as mixed results may stem from differences between patenting
intensity (number of applications) and patent quality, as well as in the university samples analysed.
Looking at HEI size, Baldini et al. (2006) and Jain et al. (2020) found that larger universities (in
terms of budget, staff, or student body) tend to patent more. But Lee (2021) obtained the opposite
result, while Acosta et al. (2012) and Azagra-Caro et al. (2006) found no significant relationship
between patenting and university size. Baldini (2009) also suggests that the heavier teaching and
administrative loads on faculty may be negatively related to patenting output, especially where staff
evaluation puts a premium on research achievements. Interestingly, there is no consensus on the
relationship between patenting and publishing (Azoulay et al., 2007; Czarnitzki et al., 2007; Baldini,
2009; Rizzo and Ramaciotti, 2014; Gulbrandsen and Smeby, 2005).

In addition, some studies suggest that the age of the department or university reflects an
advantage in experience (previous patenting heightens the propensity to produce new patents:
Rizzo and Ramaciotti, 2014; Lawson, 2013; Azoulay et al., 2007), so older universities can patent
more: a significant age effect was found by Jain et al. (2020) but not confirmed by Lee (2021).
Finally, university type matters: in particular, a technical/engineering otientation is positively
related to patenting outcomes (Lee, 2021; Parteka et al., 2024), with possible further heterogeneity
between fields/departments (Lawson, 2013; Jain et al., 2020). However, Acosta et al. (2012) found
no significant difference in academic patent quality between high-tech and other patenting fields.
The literature gives mixed results on whether medical schools have a positive effect on the patent

count (Baldini et al., 2006; Baldini, 2009; Lee, 2021; Mathew et al., 2012).



The literature also finds external factors that affect academic patenting significantly. For
instance, the good economic performance of highly developed regions can stimulate patenting by
HEIs (Caviggioli et al., 2023b; Bilbao-Osorio and Rodriguez-Pose, 2004). This is possible even
within a single country: HEIs in the northern regions of Italy display better patenting performance
than those in the South, reflecting Italy’s well-known uneven regional development (Baldini et al.,
2006; Baldini, 2009; Rizzo and Ramaciotti, 2014). Generally, academic patents are characterised by
strong regional concentration (Acosta et al., 2009; Parteka et al., 2024), and a higher level of regional
industrial development bolsters academic patenting (Baldini et al., 20006). Ejermo and Killstrom
(2016) argue that HEI patenting activity will be driven by the regional demand for innovation.
Among other location-related variables, local labour market conditions are relevant, reflecting the
skills and sectoral composition required for innovation (Bilbao-Osorio and Rodriguez-Pose, 2004,
Anselin et al., 2000; Garcia and Aradjo, 2022). But the evidence remains inconclusive: some studies
in fact find that regional factors (e.g. development level, R&D expenditure) and industrial potential
have little or no impact on university patenting, a more significant role being played by university-
level factors (Acosta et al., 2012).

As to our main topic, namely the role of funding, many studies unsurprisingly find that the
wealthier HEIs engage in more intensive patenting (Coupe, 2003; Jain et al., 2020; Azagra-Caro et
al., 2000; Carlsson and Fridh, 2002; Tabakovic and Wollmann, 2019). Considering the likelihood
of at least partially performance-based allocation of public funds among universities, there is an
obvious bidirectional dependency here, widening the gap between the best- and the worst-
performing HEIs in a sort of vicious circle (Geuna, 2001, Yu et al., 2022). And not only the level
of funding but also its structure is relevant to patenting intensity and quality. The literature generally
describes the relationship between public funding (which dominates universities’ financial
resources) and university patenting performance. Mostly positive effects have been found (Rizzo
and Ramaciotti, 2014; Payne and Siow, 2003; Yu et al., 2022), with a certain lag between funding
and patent application, owing to the need to complete the research infrastructure in order to obtain
results (Jain et al., 2020; Lee, 2021; Lissoni et al., 2013; Acosta et al., 2009). By contrast, Krieger
(2024) summarizes several studies on the German Excellence Initiative, a selective public funding
program for universities between 2006 and 2017, concluding that the effect of government funding
on patenting was negligible.

Some studies also find that the source of funds affects the type of academic research carried
out and consequently patenting. Geuna (2001) argued that different funding sources are related to
different deliverables and expectations regarding the invention, such as particular market value,

secrecy and applicability. Angori et al. (2023) observe that publicly funded academic patents are



more likely to be classified as basic than applied research. Yu et al. (2022) argue that researchers
enjoy greater flexibility in allocating private funds to their ideas, having the opportunity to invest
in riskier innovative projects, than in the case of public funds, for which the guidelines are more
conservative and risk-averse. By contrast, Guerzoni et al. (2014) performed a case study on
patented cancer research, finding that researchers are more likely to propose original, radical ideas
when they can count on university financial support, whereas those who are entirely dependent on
industrial or other private funds are less likely to develop (and potentially patent) these more
original ideas.

External funding, in particular industrial funding, was found to increase the probability of
patenting by faculty members in Norway (Gulbrandsen and Smeby, 2005) and the UK (Lawson,
2013), and the quality of patenting in Germany (Hottenrott and Thorwarth, 2011). Collaboration
between universities and firms benefits both and has an impact on patenting (see Rizzo and
Ramaciotti, 2014 for a review). Lawson (2013) studies the size and sources of research grants and
shows that only large industrial grants have a positive effect on academic patenting, while small
grants boost the number and citations of academic patents, regardless of funding source. However,
the interregional differences in technology transfer may diminish (Lissoni et al., 2013) or even
reverse the positive effect of third-party funding on patenting, as in the example of northern and
southern Italy (Rizzo and Ramaciotti, 2014). Similarly, Bilbao-Osorio and Rodriguez-Pose (2004)
tind that private R&D funds have a stronger impact on patenting in non-peripheral than peripheral
EU regions. Graf and Menter (2022) found mixed results concerning the impact of third-party
funding on patent quality in German HEIs. Foltz et al. (2000) analysed federal, industrial,
institutional, and other funding sources for agricultural biotechnology patents in the U.S., finding
a positive effect only from federal funding. Other interesting insights on the connection between
government funding and university-industry collaboration are offered by Nugent et al. (2022), who
compare two Australian funding programs and show that government grants requiring industry
collaboration resulted in more patent activity.

Considering the evidence set forth in the literature, in investigating the link between
funding and university patenting, we will take the regional economic context into account. In the
next section we describe our data, which allows detailed analysis linking the quantity and quality of

universities’ patenting activity with their funding sources.



3. Data and stylised facts

3.1 The dataset

We draw on a new dataset designated KC-HEI (described in detail in Parteka et al., 2024),
which contains institution-level patenting indicators for HEIs in 31 European countries, identified
in PATSTAT Global from 1980 onwards. Here, we are obliged to restrict the sample period to
2011-2019, given the limited availability of institution-level data from ETER (European Tertiary
Education Register; Lepori et al., 2023)*. We merge university-level patent records, ETER variables
and the data on scientific publications indexed in the Web of Science (from RISIS-OrgReg’) using
the PATSTAT-ETER crosswalk (Platkowski et al., 2024)° developed for the study of Parteka et al.
(2024).

Unlike the recent EPO 2024 report on academic patenting, we extend the analysis beyond
patents filed at EPO only, which could result in significant home bias, and consider European
university patent applications filed with the world’s top five intellectual property offices, the so-
called “IP5” (namely: EPO, USPTO, CPO, JPO, KPO). Together, the IP5 account for a full 85%
of global patent applications (WIPO, 2024). We focus on direct university patents, i.e. applications
filed in the name of the university itself or its knowledge transfer office, identified with the use of
an applicant identifier provided by PATSTAT. Patents are allocated to universities by fractional
apportionment (FA) according to the applicant's share, so that patent applications resulting from
university-industry collaboration are (partly) taken into account’. In the main analysis we use patent
applications; the data on patents granted is used in the robustness checks. Additionally, we analyse
forward patent citations from the OECD Patent Quality Indicators database (version: August 2023)
available at the OECD STI Micro-data Lab® as a proxy for patent quality, capturing their

technological and economic value (Squicciarini et al., 2013).

4 We use linear interpolation of the data. Outliers — defined as values below the 1st and above the 99th percentile —
are replaced with the values at those percentiles.

> Register of Research and Higher Education Organizations (https://www.risis2.eu/orgreg-data/).
® PATSTAT-ETER crosswalk is available at: https://doi.org/10.34808/h4h3-2k20.

7 We do not capture instances in which patents result from industry-science collaboration and university researchers
are among the inventors but only a company appears as the applicant.

8 Available at: https://www.oecd.org/en/data/datasets/intellectual-property-statistics.html. We use the data by

application cohort (i.e. patents with the same filing year and technological class). The OECD dataset contains a series
of patent quality indicators of EPO and USPTO patents only; the quality indicators of all IP5 patents are not available.
We use EPO quality indicators in the main analysis and USPTO indicators as a robustness check.
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ETER is our source of data on HEIs’ individual characteristics, such as foundation year,
number of students ISCED 5 - 7 (total and in STEM fields”), academic staff (FTE)'’, HEI type
(general universities versus universities of applied science'’) and the financial variables crucial to
our analysis: universities' total budgets (revenues) and their structure'?, in particular the respective
shares of core and third-party funding. Core funding consists mainly of allocations from either
national or regional governments and is defined as “funding available for the operations of the
whole institution, which is not earmarked to specific activities and whose internal allocation can be
decided freely by the institution itself” (Lepori, 2023, p. 93). Third-party funding, instead, is
“earmarked for specific activities and institutional units” and includes grants from national and
international funding agencies for research (e.g., the Norwegian Research Council, EU framework
programs, or COST); funds from charities and non-profit organisations for specific research and
educational purposes (e.g., the Wellcome Trust of the Gates Foundation), contracts from public
bodies and private companies for research and services, as well as fees or payments from companies
for educational or research services (Lepori, 2013, p. 94).

Regional statistics come from Eurostat. The main characteristic is GDP per capita at
NUTS2 level, but in the robustness section (see Appendix Tables A9 — A10), we use other regional
variables: (1) tertiary educational attainment (ages 25-64), (2) tertiary education participation rate,
(3) employment in high-technology manufacturing (% of total), (4) employment in knowledge-
intensive services (% of total), (5) employment in scientific and technical activities (%o of total), (6)
employment in education (% of total), and (7) higher education sector intramural R&D expenditure
(euros per inhabitant).

The final sample used in this paper consists of 2886 European HEIs (785 directly patenting

and 2101 inactive in direct patenting") in 31 countries'* and 295 NUTS2 regions, observed in 2011-

9 Science, Technology, Engineering, Mathematics. We use the share of students in the following fields: 05 (Natural
sciences, mathematics and statistics), 06 (Information and communication technologies) and 07 (Engineering,
manufacturing and construction) — Lepori (2023, p.119)

10" As a primary source we consider full-time equivalent academic staff (FTE), but in some countries, e.g. Ttaly, data
are reported in headcounts (HC), in which case we consider HC.

1 The division is based on the ETER metrics standardized university category, which classifies HEIs as: universities
(institutions with the right to award doctorates), universities of applied science (which focus on professional education
and typically do not have doctoral programs, such as Fachhochschule in Austria and Germany), and others (all
institutions that fit neither category) (Lepori, 2013, p. 63-64). We designate ETER's university category as "general
university" since we use the term university interchangeably with HEIs.

12 Total revenues are split into current revenues (core budget, third party-funding, student fees) and unclassified
revenues plus non-recurring revenues (contributions for investments, donations) — Lepori (2023), p. 87.

13 Tnactive (i.e. non-patenting) universities are identified as European HEIs present in the official register (i.e. ETER
- Lepori, 2023) that are not found among applicants in PATSTAT Global (Autumn 2022) and not present in RISIS
Patent and OrgReg in 2011-2019— see Parteka et al. (2024, p. 17) for details.

4 AUT, BEL, BGR, CHE, CYP, CZE, DEU, DNK, ESP, EST, FIN, FRA, GBR, GRC, HRV, HUN, IRL, ISL, ITA,
LTU, LUX, LVA, MLT, NLD, NOR, POL, PRT, ROU, SVK, SVN, SWE

10



2019. The number of institutions observed (by type and by country) is given in Table Al in the
Appendix. In some of the models estimated, the number of HEIs/countties drops due to the
unavailability of some variables in ETER". The Appendix also reports the summary statistics of
the variables for the entire sample (Table A2), the two subsamples of patenting and non-patenting

HEIs (Table A3) and mean values by country (Table A4).

3.2 Stylised facts — patterns of direct university patenting in Europe

3.2.1 Patent applications and patent quality

Strikingly, of the 2886 Furopean universities considered here, 73% were inactive as direct
patent applicants; just a fourth, that is, appeared among applicants to the IP5 for at least one patent
(Table 1). Within technically-oriented or STEM institutions the distribution is more balanced, but
even so 54% made no patent applications. Excluding universities of applied science and small units
(fewer than 500 students) does not change the general tendency, and two-thirds of HEIs are still
inactive.

Table 1. The share of direct patenting’' institutions - all HEIs and specific types
(2011-2019)

| excluding excluding small
all HEIs STEM? only | genera, applied science HEIs <500
universities only universities students
number % number % number % number % number %
patenting ! 785 27 743 46 693 43 668 30 770 32
non-patenting 2101 73 875 54 930 57 1591 70 1621 68

Source: Authors” own calculations based on PATSTAT Global (Autumn 2022) and ETER.
Note: ' HEIs appearing as applicant in at least one IP5 patent application; 2 identified as HEIs with students in STEM
disciplines; > HEI types identified using ETER (see footnote 10).

Turning to the country ranking of university direct patenting (Figure 1), we find striking
differences within Europe: HEIs in the top five countries (U.K., Germany, France, Switzerland
and Belgium) account for 71% of all patent applications and 73% of patent citations. Figure 2
illustrates very strong geographical concentration, showing that the most active universities are
located in the economic core, and peripheral regions exhibit weak academic patenting . Figure 3
depicts the key characteristics of regional systems in Europe: the wealthier NUTS2 regions gauged
by GDP per capita (in red) are mostly in Switzerland, Luxembourg, Belgium (Brussels), the
southern region of Ireland, Inner London and the Czech Republic (Prague). The shares of

employment in knowledge-intensive services are highest in the NUTS2 regions that comprise

1> For instance, financial statistics (total revenues, core revenues and third-party funding) are not available for HEIs in
BGR, ESP, GRC, HRV, SVN, and the data on third-party funding is missing for CZE.
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highly developed metropolitan and capital areas in Western and Northern Europe, notably Ireland,

Germany, France, the United Kingdom, the Netherlands, and the Nordic countries (Figure 3B).

Figure 1. Ranking of countries according to total number of university patent
applications* - (A) and patent quality (citations)** - (B), 2011-2019
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Note: * total number of IP5 (EPO, USPTO, CPO, JPO, KPO) patent applications, FA, 2011-2019 ** Patent quality
measured as the number of forward citations of EPO patents (in 5-year period) normalised by the maximum number
of citations in the corresponding technological field.

Source: authors’ own elaboration based on PATSTAT Global (Autumn 2022) and OECD Patent Quality Indicators
database.
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Figure 2. Regional distribution of direct IP5 patents by European HEIs
(A — patent applications, B — patent quality: citations), total 2011-2019

A B

; . (161,1679] ; . (11,13.7)
" {68,161] " (4,11]
(19.58] (1.4
' 2.19] ' 0.1]

[0.2]
No data

Note: Sample of 2886 HEIs in 31 European countries (2011-2019); Iceland not shown on the graph. Values for Sweden
are likely to be underestimated due to professor’s privilege. IP5: EPO, USPTO, CPO, JPO, KPO. Patents are allocated
to HEIs using fractional apportionment (FA) by the applicant's share. Patent quality measured as the number of
forward citations of EPO patents (in 5-year period) normalised by the maximum number of citations in the
corresponding technological field.

Legend: Regions are divided into groups according to university patent distribution; the top class in red corresponds
to the top 20% of regions with the highest cumulative number of HEI patent applications (map A) or citations (map
B).

Source: authors’ own elaboration using PATSTAT Global (Autumn 2022) and OECD Patent Quality Indicators
database.
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Figure 3. Key features of regional systems in Europe (A — mean GDP per inhabitant in
thousands of euros (PPS) in 2011 — 2019; B — employment in knowledge-intensive
services, % of total employment, mean 2011-2019)
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Legend: Regions are divided into groups according to regional variable distribution; the top class in red
corresponds to the top 20% of regions with the highest GDP per capita in thousands of euros (PPS) (map
A) or employment in knowledge-intensive services, % (map B).

Source: authors’ own elaboration using regional data from Eurostat

3.2.2 Key features of patenting and non-patenting universities

European HEIs are highly heterogeneous (for a complete set of summary statistics, see
Tables A2-A4 in the Appendix). Figure 4 depicts the key differences between patenting and non-
patenting institutions in our sample: the former have nearly three times more students in STEM
disciplines, are considerably larger (student bodies 3 times as large), lighter teaching loads (i.e. lower
student/teacher ratios), much better publication records (five times more scientific papers per
academic staff member). As to the specific focus of our analysis, i.e. the financial records, patenting
HEIs are not only richer (see Table A3 in Appendix), with 18.5% more revenues per academic
staff member — Figure 4), but also have a considerably greater share of third-party revenues in the

overall budget (17.5% vs. 8%).

14



Figure 4. Comparison of patenting (1) and non-patenting (0) HEIs in Europe
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Note: Sample of 2886 HEIs fin 31 European countries (2011-2019).
Source: authors’” own elaboration using PATSTAT Global (Autumn 2022), ETER and OrgReg.

3.2.3 Patenting and financial records

European countries exhibit significant geographical diversity in the financing of HEIs, with
strong differences in resources and their structure. The wealthiest institutions in our sample are
located in Britain, the Netherlands, and Austria, with the largest total budget in proportion to staff.
By comparison, Latvian HEIs operate with budgets 3 times smaller (Table A4 in Appendix). The
shares of core budget and third-party funding also vary substantially both between and within
countries (Figure 5). Czechia, Slovakia, and Finland show the highest share of core funding, Britain
and Ireland the lowest. Significant within-country differences are found not only in larger countries
like Germany, but also in Estonia and Latvia. When it comes to third-party funding, HEIs in
Romania, Ireland, and Luxembourg have the highest shares, Denmark the lowest.

Do these financial features affect university patenting? At the aggregate level, we observe a
correlation between the number of patent applications and the structure of the universities’ funding
(Figure 6). In particular, countries with larger shares of third-party funding also show more HEI

patent applications. However, numerous other factors are at work here (see Section 2), so in the
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next section we present the outcomes of a detailed, institution-level analysis to determine how the

structure of financial resources affects direct patenting by European institutions of higher

education.

Figure 5. Differences in HEIs’ budget structures — variation between and within countries
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Note: Sample of 2886 HEIs in 31 European countries (2011-2019). Outside values, defined as observations below
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Source: authors’ own elaboration using ETER
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Figure 6. Country-level correlation between universities’ patenting and funding structure

® CHE
o |
2% ]
C
9
@®
o
6 ©
Nt eIRL
(0]
o]
£ @ GBR
c
= < @ DNK
K o LUX
- oNLD
—— - ___eDEU ®BEL  Jrra
NN T T e
T TeAUF s —
oITA NOR=SrN.
LTU &Rt pcPMLT ®
o Ol e g RO HUN o &5 Tad ¥he ® @SVK
T T T T T
2 4 6 .8 1
Mean share of core funding
o CHE
o |
2% ]
C
Q9
©
o
-
°© o IRL
2
§ ®GBR
< < 7 ® DNK
s oLUX
o NL
oFRA .!)%@L ____________
o« T -
——————————— oAU
MLT O NFra oFIN
° @ PRT
P
o o ISL%EWA oCvp oHEST  oLTUgswe eROU
T T T T
0 1 2 3

Mean share of third-party fuﬁding

Note: Mean national values calculated using a sample of 2886 HEIs in 31 European countries (2011-2019).
Source: authors’ elaboration using PATSTAT Global (Autumn 2022) and ETER.
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4. Empirical analysis

4.1 The basic model

Our dataset allows us to relate alternative indicators of HEIs” patenting activity (such as
patent counts and patent citations) to a broad set of characteristics in terms of size, academic
tradition, technical orientation, research efficiency (publication output), and regional and national
conditions. Table A5 reports the correlation coefficients between the explanatory variables (they
are low, so the problem of collinearity is not severe).

First, we estimate the following equation:

Yirct = & + p1Age; + B,GenUniv; + B3STEM;, + B,Stud;;, + BsStud_acad;, + B Publ_acad;; +
B;Rev_acad;; + fgCore_budget;; + BoThird_party;; + D,+D. + D + €jpct 1

where 7 refers to the university located in region » INUTS2) and country ¢ while # denotes time
(year). The dependent variable, y, is either the number of university patent applications (IP5, FA)
or an indicator of patent quality (forward citations). The set of independent variables includes the
university’s age (Age) calculated as 2020 minus the foundation year; institution type (GenUniy;
stands for general university based on ETER nomenclature'®), the proportion of students in STEM
disciplines (STEM;), number of students as proxy for institution size ($##d;); student/academic
staff ratio (S7ud_acad;) as proxy for teaching load; scientific publications per academic staff member
(Publ_acady), reflecting research orientation. Our key variables of interest are financial: wealth, i.e.
revenue per academic staff (Rev_acady); and two indicators of funding structure, namely the budget
shares of core funding (Core_budget;) and third-party funding (Third_partys). In all specifications, we
include region (D)), country (D,) and time (D)) effects to control for local differences, national rules
(such as professors’ privilege) and time trends.

The institution-level estimation results with number of university patents as dependent
variable (Table 2) confirm the descriptive statistics in Figure 4: older, larger universities with a
higher proportion of STEM students, lower student/teacher ratios and better publication records
tend to have more patent applications. Patenting is significantly correlated with a lower share of
core funding and a higher share of third-party revenues. Analogous estimations using a proxy for
patent quality rather than number, i.e. forward citations of EPO patents'’, ate similar (Table 3) ,
so we find that the institutional funding structure affects the number and the quality of patent

applications filed by HEIs in a comparable manner.

1 In ETER, “university” is defined as an HEI that has the right to award a doctorate. We call these “general
universities” to distinguish them from other HEISs.

7 1In Table A11 we report the results obtained with forward citations of USPTO patents.
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Table 2. Basic estimation results — determinants of direct patent applications by HEIs

Dependent variable: number of patent applications to IP5 patent offices”

M @ ©) 4) ®) ©) ) ®) ®

Age; 0.019%k% 0.019%% 0.012%F% 0.010%%F 0.008%F 0.013%%F  0.013%6  0.0130%% 0,013+
[0.000] [0.001] [0.001] [0.001]  [0.001]  [0.001]  [0.001]  [0.001]  [0.001]

GenUniv; 2.887%k% 2.443%k% (,657FF% (.23 0.037  1526%RE 12110k 1044%k% (.93
[0.128] [0.134] [0.141] [0.158]  [0.156]  [0.243]  [0.254]  [0.254]  [0.260]

STEM, 5702805 48205k (.0200%%  435GRRE  GIGTRRE  6.526%FK  5.860%kk 6024k
[0.233] [0.229] [0.277]  [0.285]  [0.411]  [0.418]  [0.429]  [0.433]

Stud, 0.222%k% (0 227%6% (. 200%%F  (.228%0%  (241%k (2244505 () 23]%%k
[0.007] [0.008]  [0.008]  [0.010]  [0.011]  [0.011]  [0.011]

Stud_acad, 0.055%F% 0,051%%k _0.074%F% _0.096%k* -0.059%5% 0,070%+*
[0.004]  [0.004]  [0.008]  [0.008]  [0.008]  [0.009]

Pub_acad, 10.024%%F  10.467+0% 9.G17+k%  B019%H0% 7. 644%%k
[0.481]  [0.672]  [0.703]  [0.728]  [0.740]

Rev_acad, 1.35 2.806%% 2,094  2.819%*
[1.258]  [1.313]  [1.339]  [1.362]

Core_budget; 2,172k 1,102k
[0.371] [0.399]

Third_party; 0.827Fk% 9 37(Hwk
[0.821]  [0.864]
N 18263 16976 16920 14833 14833 9639 9395 9072 9020
R2 0.27 0.29 034 037 0.39 0.42 0.42 0.43 0.44

Number of 31 31 31 31 26 26 25 25 25

Countries

Notes: All specifications include region-, country- and time-fixed effects. Standard errors in brackets, * p<0.10, **
p<0.05, ¥** p<0.01.
Source: authors’ calculations using PATSTAT Global (Autumn 2022), OrgReg and ETER.
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Table 3. Basic estimation results — determinants of HEI patent quality
Dependent variable: forward citations of EPO patents #

M @ €) ) ®) ©) ¥ ®) ©)
Age; 0.015%+€  0.014%%F  0.009%F  0.008*%*  0.007* 0.011%%  0.011%*  0.011%F  0.011%0*
[0.001]  [0.001]  [0.001] [0.001] [0.001] [0.001] [0.001] [0.001] [0.001]
GenUniy; 1.985%F%  1.604%F*  0.430%*  0.122 -0.065 134900k 113706 (.925%F*  (.887++*
[0.139]  [0.147]  [0.158] [0.181] [0.180] [0.284] [0.297] [0.298] [0.306]
STEM, 54160 4,859k (,083%FF 491000k 0.86TFF  T.094%Fk  (.695% KK (.77 1Nk
[0.257]  [0.257] [0.317] [0.328] [0.479] [0.489] [0.503] [0.509]
Study 0.145%%F  0.149%F%  0.1300%F  0.145%  (0.154%0k  (.142%%% (. 145%0%*
[0.008] [0.009] [0.009] [0.012] [0.012] [0.012] [0.013]
Stud_acady -0.040%FF  -0.037%F*  -0.053%%F  -0.067*%F  -0.040%F*  -0.045%*+*
[0.005] [0.005] [0.009] [0.010] [0.009] [0.010]
Pub_acad; 7.028%k* 72320k G T9THRE 5 220%kx 5.004% %k
[0.555] [0.783] [0.822] [0.854] [0.870]
Rev_acad, 0.038 0.923 0.593 0.956
[1.460] [1.535] [1.572] [1.601]
Core_budget; -1.390%** -0.475
[0.434] [0.468]
Third_party, 8.168%F+  8.018%+*
[0.964] [1.016]
N 18263 16976 16920 14833 14833 9639 9395 9072 9020
2 0.18 0.2 0.22 0.24 0.24 0.27 0.27 0.28 0.28
Number of 31 31 31 31 26 26 25 25 25

Countries

Notes: All specifications include region-, country- and time-fixed effects. Standard errors in brackets, * p<0.10, **
p<0.05, *¥* p<0.01 # sum of forward citations in 5-year period of EPO patent applications.
Source: Authors’ calculations using PATSTAT Global (autumn 2022), ETER, OrgReg, OECD/STI Micro-data.

4.2 Extended model — the role of regional systems

Following the literature (Lissoni et al., 2013; Rizzo and Ramaciotti, 2014; Bilbao-Osorio
and Rodriguez-Pose, 2004) and the observed correlation between regional economic conditions
and university patenting (Figures 2 and 3), we further investigate how university location and the
regional economy influence the relationship between financing structure and patenting, re-
estimating the models but now with NUTS2-level per capita GDP in lieu of the regional dummies
and also considering its interaction with the funding structure variables:

Virct = & + f1A4ge; + B,GenUniv; + B3STEM;, + B,Stud;; + BsStud_acad;; + BgPubl_acad;; +

B;Rev_acad;; + fgCore_budget;; + BoGDPpc,; + f19Core_budget;; X GDPpc,y + D. + D; +
€irct (2)
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Virct = & + f1A4ge; + B,GenUniv; + B3STEM;, + B,Stud;; + BsStud_acad;; + BgPubl_acad;; +
B;Rev_acad; + LgThird_part;; + foGDPpcys + B1oThird_party;: X GDPpcyy + D + D¢ + €jct

G)
Figure 7 illustrates this interaction effect through marginal plots (Appendix Table A6 details the
estimation results): the horizontal axis represents the proportion of core or third-party funding, the
vertical axis the predicted patent volume (upper panel) or forward citation count (lower panel). The

three cutves correspond to HEIs located in regions with low, medium, and high GDP per capita.'®.

Figure 7. Regional systems' influence on university funding structure — patenting

relationships: marginal plots from models (2) and (3)

predicted number of patents
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| I |
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Note. Full estimation results are reported in Table A6 in the Appendix.
Source: Authors’ calculations using PATSTAT Global (Autumn 2022), ETER, OrgReg, OECD/STI Micto-data and
Eurostat data.

18 The determination of low, medium and high GDP per capita is according to the distribution of European regions:
low indicates the tenth percentile, medium the median, high the ninetieth percentile.
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A larger core budget share corresponds to fewer patents and forward citations, and the
decline is greater among universities in the wealthier regions (steeper slope for the high GDP line).
The two outcomes (number of applications and patent quality) converge as core budget revenue
increases. The relationship between third-party funding and patenting also differs by region, but
the effect is the opposite of that for core funding: as the share of external funding increases,
universities in medium- and high-income regions make more direct patent applications and receive
more forward citations. For universities in low-income regions, however, increased third-party
funding does not significantly affect either patent quantity or quality .

These results underscore the importance of university location in the relationship between
funding sources and patenting. Increasing the core funding — which is typically stable, internal
funding — may decrease both the quantity and the quality of patenting activity, especially in
wealthier regions. Conversely, boosting third-party (external) funding appears to stimulate patent
applications and patent citations in medium- and high-income regions but has little effect in low-

income regions.

4.3 Extensions and robustness

To validate our results, we ran a number of robustness checks (see Appendix). First, we
estimated models with lagged financial variables to account for potential delayed effects on
patent/citation outcomes. Tables A7 and A8 confirm our main findings — core budget remains
negatively correlated with patents/citations while third-party funding maintains its positive
association. We then replaced regional GDP per capita with other NUTS2-level regional variables,
such as: tertiary education attainment, employment in high-technology manufacturing, knowledge-
intensive services, scientific activities, education sector participation, and higher education R&D
expenditure per inhabitant. All these variables show statistically significant positive correlations
with university patent applications/patent citations (Tables A9 and A10). Next, we tested our
model using forward citations relating to USPTO rather than EPO (Table A11), again confirming
our basic specifications.

To address potential biases produced by professors’ privilege in Sweden and Italy, we added
country dummies for them. Our findings confirm the lower counts of patents and forward citations
there (Tables A12 and A13), presumably because professors' privilege facilitates indirect patenting,
academics applying for patents independently rather than through their institutions. Martinez and
Sterzi (2000) find decreased technological importance and lower value of university-owned patents
in countries that abolished professors' privilege.

We further validated our model by running regressions for patents granted only (rather than all

applications), as shown in Table A14. This did not affect our conclusions regarding the impact of
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institutional characteristics on HEI patenting. Moreover, the estimations run on distinct
subsamples — general universities, STEM universities, samples excluding universities of applied
sciences, and samples excluding small institutions — did not significantly alter our benchmark results

(Tables A15-A22).

5. Conclusions and policy implications

Cross-country empirical studies on university patenting remain scarce. We present novel
empirical evidence based on a large micro-level dataset of nearly 2,900 universities in 31 European
countries and 295 NUTS2 regions (2011-2019). Our research contributes to the literature on the
determinants of market-oriented innovation in higher education (Baldini et al., 2006; Baldini, 2009;
Geuna & Rossi, 2011; Gulbrandsen & Smeby, 2005; Acosta et al., 2012) by specifying the
relationship between universities’ funding structure and the quantity and quality of their patenting,
conditional on regional economic effects.

Our baseline results, consistent with previous research (Gulbrandsen and Smeby, 2005;
Lawson, 2013; Hottenrott and Thorwarth, 2011), indicate the significance of the relationship for
third-party funding, i.e. its positive relationship with direct university patenting. Third-party funds,
which as a rule are earmarked for specific activities and institutional units, generate stronger effects
on university patenting. Consequently, our findings support the view that alternative funding
sources more effectively stimulate applied, innovative, and commercially relevant research (Geuna,
2001; Angori et al., 2023; Yu et al., 2022), and hence more patent applications. The absence of a
positive impact of core funding on patenting may reflect its general-purpose nature, allowing
universities to distribute funds across various institutional needs apart from patent-generating
research. This finding is consistent with the observation of a negligible effect of government
funding on university patenting Krieger (2024).

We have shown that on a European-wide basis the interaction between regional system
and universities’ funding structure produces distinct patenting patterns. The positive impact of
third-party funding on patenting is strongest in highly developed regions, diminishes in the less
developed, and turns insignificant in the poorest. This supports the thesis that regional mechanisms
as such, over and above university-level factors, are important drivers of universities’ research
performance (Lissoni et al., 2013; Bilbao-Osorio & Rodriguez-Pose, 2004; Baldini et al., 2000;
Baldini, 2009; Caviggioli et al., 2023b; Rizzo & Ramaciotti, 2014; Ejermo & Killstrém, 2016;
Anselin et al., 2000; Garcia & Araujo, 2022). In particular, our findings are in keeping with studies
of smaller samples, such as Bilbao-Osorio and Rodriguez-Pose (2004), whose analysis of NUTS2

regions in nine Buropean countries showed that regional socio-economic factors influence the
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capacity to transform R&D into innovation, or Rizzo and Ramaciotti (2014), who document
location-specific effects on patenting in the Italian university system.

Our findings on the significant influence of regional conditions on the relationship between
patenting and university funding carry important policy implications. First of all, there must be
support for regional industrial development and innovation networks, insofar as universities
operate as part of local systems and are closely dependent on them. The strong core-periphery
pattern in European university patenting, combined with the reciprocal stimulation of local
economic performance and university patenting, should heighten our awareness of the risk of
exacerbating regional disparities (Maraut et al., 2008; Bilbao-Osorio & Rodriguez-Pose, 2004).
Consequently, the public action for stimulating HEIs’ patenting needs to be region-specific, in that
tailor-made policies can respond to the different realities of the target areas and thus help to avoid
a vicious circle in which the periphery is left behind. In the wealthiest regions, in fact, a higher share
of core funding may actually undercut the quantity and quality of patents. In those regions,
consequently, policy should encourage universities to diversify and increase their external research
funding to enhance innovation outputs. At the same time, different support mechanisms are
needed for universities in low-income regions, given that more third-party funding alone does not
significantly improve their patenting performance: other channels, such as improving the skill
composition of the labour force and promoting entrepreneurship in innovative industries, may
serve their needs better.

Finally, it should be borne in mind that patenting is only one of the outputs of university
research (Lee, 2021; Gulbrandsen & Smeby, 2005; Yu et al., 2022; Whalley & Hicks, 2014;
Hottenrott & Thorwarth, 2011; Payne & Siow, 2003; Jain et al., 2020). Accordingly, we do not
advocate any dramatic shift from core to alternative funding. Diversified funding can make
resource allocation fairer and prevent self-reinforcing mechanisms that widen the gaps between
successful and struggling institutions (Geuna, 2001). Core funding remains essential for universities
in the less developed regions; it enables them to serve as the pillars of local innovation networks
(EPO, 2024), which benefits the local economy and ultimately enhances university research output.

This paper demonstrates, lastly, that large-scale, micro-level empirical studies on university
patenting are feasible. There remain a number of voids in research that future studies could address,
such as distinguishing between different types of patents (e.g. Al patents and those in other
technological fields); evaluating the effectiveness of various models of university-industry
collaboration under diverse funding structures and their impact on the commercialization of
academic inventions; and analysing the role of knowledge transfer offices. Additionally, we need

in-depth analysis of the higher education system in the United States, to examine the causal
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relationship between different funding sources and the quantity and quality of university patenting,

in order to compare it with the European context.
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Appendix to the paper:

“Funding structure and university patenting:
An analysis of European higher education institutions”

Table Al. Patenting and non-patenting universities - across countries and by HEI type

All HEIS STEM General universities

country number Yo number % of patent-  number % of patent-

of patenting ing ing
AUT 71 31.0 39 51.3 56 39.3
BEL 159 10.1 47 21.3 55 29.1
BGR 51 3.9 34 5.9 18 5.6
CHE 38 52.6 18 94.4 20 90.0
CYP 31 6.5 21 9.5 27 7.4
CZE 77 23.4 32 53.1 30 60.0
DEU 400 37.3 232 62.9 293 49.8
DNK 43 14.0 29 20.7 42 14.3
ESP 79 78.5 76 81.6 73 79.5
EST 29 10.3 12 16.7 27 111
FIN 47 34.0 38 421 47 34.0
FRA 392 37.0 202 66.3 101 80.2
GBR 257 40.1 157 63.1 124 78.2
GRC 57 22.8 45 28.9 43 30.2
HRV 42 7.1 27 11.1 40 7.5
HUN 49 12.2 26 23.1 45 13.3
IRL 26 65.4 22 68.2 18 72.2
ISL 7 14.3 6 16.7 7 14.3
ITA 217 28.1 80 73.8 86 68.6
LTU 41 14.6 28 21.4 40 15.0
LUX 3 33.3 1 100.0 2 50.0
LVA 48 8.3 25 16.0 24 16.7
MLT 4 25.0 2 50.0 1 100.0
NLD 61 19.7 38 31.6 60 20.0
NOR 54 20.4 34 32.4 38 28.9
POL 284 14.8 216 19.4 87 48.3
PRT 114 16.7 64 29.7 109 17.4
ROU 86 11.6 9 333 12 333
SVK 31 19.4 18 33.3 25 24.0
SVN 51 5.9 12 25.0 46 6.5
SWE 37 13.5 28 17.9 27 18.5
Total 2886 1618 1623
Mean 27.2 45.9 42.7

Source: Authors’ own calculations
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Table A2 Summary statistics — all sample (2886 HEIs, 2011-2019)

Variable Obs Mean Std. Dev. Min Max
Number of patent applications 18922 1.78 7.64 0.00 192.83
Number of citations (*100) 18922 1.31 7.88 0.00 306.81
Age (years) 18268 72.51 114.43 0.00 932.00
Share of students in STEM 17331 0.19 0.26 0.00 1.00
Students in thousands 17618 6.57 10.11 0.04 50.16
Students per academic staff 15055 19.29 15.44 2.37 95.57
Publication per academic staff 15117 0.10 0.16 0.00 0.90
Revenues per academic staff in millions euro 9857 0.16 0.09 0.02 0.54
Share of core funding 10012 0.62 0.32 0.00 1.00
9654 0.11 0.14 0.00 0.75

Share of third-party funding

Source: Authors’ own calculations

Table A3. Summary statistics - patenting and non-patenting universities (2011-2019)

Patenting (n=785)

Variable Obs Mean Std. Dev. Min Max
Age (years) 4067 155.55 191.11 0.00 932.00
Share of students in STEM 4214 0.36 0.25 0.00 1.00
Students in thousands 4225 18.31 12.74 0.04 50.16
Students per academic staff 4094 15.28 8.91 2.37 95.57
Publication per academic staff 4112 0.25 0.20 0.00 0.90
Revenues per academic staff in millions euro 3601 0.17 0.07 0.02 0.54
Share of core funding 3597 0.65 0.24 0.00 1.00
Share of third-party funding 3453 0.18 0.13 0.00 0.75
Non-Patenting (n=2101)
Variable Obs Mean Std. Dev. Min Max
Age (years) 14201 48.73 62.02 0.00 730.00
Share of students in STEM 13117 0.13 0.24 0.00 1.00
Students in thousands 13393 2.87 5.10 0.04 50.16
Students per academic staff 10961 20.79 17.01 2.37 95.57
Publication per academic staff 11005 0.04 0.10 0.00 0.90
Revenues per academic staff in millions euro 6256 0.15 0.09 0.02 0.54
Share of core funding 6415 0.60 0.36 0.00 1.00
6201 0.08 0.13 0.00 0.75

Share of third-party funding

Source: Authors’ own calculations

32



Table A4. Summary statistics (mean values of universities’ characteristics) at the country

level
country | Number of | Age | STEM | Students | Students | Publications | Revenues | Core Third-
patent ap- in in % total in peraca- | per acade- per aca- budget | party
plications years thousands | demic mic staff demic (% of funding
staff staff mil- total (% of
lions of funds) total
PPS euro funds)
AUT 1.37 75 0.14 4.45 11.56 0.07 0.20 0.79 0.14
BEL 2.59 78 0.10 6.44 20.94 0.24 0.12 0.70 0.12
BGR 0.01 54 0.24 4.64 16.46 0.02 n.a. n.a. n.a.
CHE 10.73 74 0.13 5.72 8.10 0.09 0.16 0.80 0.13
CYP 0.06 28 0.17 1.48 21.96 0.08 0.14 0.67 0.08
CZE 0.75 53 0.12 4.36 26.71 0.10 0.14 0.92
DEU 2.45 88 0.18 6.67 19.76 0.06 0.15 0.51 0.12
DNK | 3.77 50 0.24 7.42 12.77 0.16 0.15 0.78 0.06
ESP 271 127 ] 0.23 18.88 20.78 0.18 n.a. n.a. n.a.
EST 0.28 58 0.19 2.07 12.92 0.14 0.18 0.69 0.16
FIN 1.03 44 0.28 6.32 16.79 0.12 0.12 0.90 0.17
FRA 2.39 74 0.50 7.75 20.31 0.27 0.18 0.81 0.07
GBR 4.68 116 | 0.13 9.18 16.61 0.19 0.23 0.28 0.12
GRC 0.08 46 0.29 11.09 38.65 0.11 n.a. n.a. n.a.
HRV 0.04 20 0.23 2.90 19.46 0.04 n.a. n.a. n.a.
HUN 0.28 86 0.10 4.21 18.14 0.03 0.17 0.60 0.15
IRL 5.73 95 0.24 8.81 16.52 0.16 0.17 0.32 0.24
ISL 0.10 32 0.16 2.26 19.00 0.25 0.17 0.51 0.03
ITA 0.93 130 | 0.08 7.50 13.82 0.08 0.17 0.62 0.10
LTU 0.31 37 0.19 2.88 20.46 0.04 0.08 0.46 0.21
LUX 3.34 12 0.21 4.90 4.56 0.18 0.15 0.79 0.21
LVA 0.21 30 0.16 1.45 24.99 0.04 0.07 0.74 0.05
MLT 0.61 71 0.20 3.37 10.60 0.03 0.07 0.86 0.01
NLD 2.81 76 0.13 12.68 16.63 0.15 0.21 0.66 0.11
NOR 1.16 45 0.13 5.54 17.59 0.13 0.17 0.81 0.09
POL 0.32 39 0.14 4.39 25.90 0.02 0.09 0.82 0.04
PRT 0.56 47 0.12 2.58 12.91 0.07 0.11 0.72 0.08
ROU 0.04 37 0.32 5.19 24.48 0.09 0.10 0.54 0.29
SVK 0.07 33 0.08 4.06 12.35 0.11 0.09 0.92 0.05
SVN 0.30 15 0.16 2.22 11.05 0.15 n.a. n.a. na.
SWE 0.05 66 0.18 9.82 20.35 0.23 0.18 0.75 0.23

Source: Authors’ own calculations
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Table A5. Partial correlations between university-level variables

Number of Number | Age Share of | Studentsin | Students Publication Revenues Share of | Share of
patent appli- of cita- (years) | students | thousands per acade- | per academic | per aca- core third-
cations tions inn mic staff staff demic staff | funding | party
(*100) STEM in millions funding

Number of patent applications 1.000

Number of citations (*100) 0.757 1.000

Age (years) 0.318 0.232 1.000

Share of students in STEM 0.193 0.160 0.057 1.000

Students in thousands 0.404 0.278 0.436 0.185 1.000

Students per academic staff -0.131 -0.101 -0.161 | -0.043 0.061 1.000

Publication per academic staff 0.343 0.237 0.252 0.367 0.405 -0.001 1.000

Revenues per academic staff in millions | 0.085 0.043 0.067 0.032 0.102 0.238 0.259 1.000

Share of core funding -0.041 -0.020 0.024 0.108 0.069 -0.267 -0.051 -0.157 1.000

Share of third-party funding 0.299 0.230 0.190 0.197 0.203 -0.216 0.346 0.032 -0.217 1.000

Source: Authors’ own calculations
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Table A6. Estimation results, interaction between GDP per capita and financial variables

) @ ©) @
Patents Citations
Age; 0.012%#* 0.012%#* 0.010%#* 0.010%**
[0.002] [0.002] [0.002] [0.003]
GenUniv; -0.2 -0.142 -0.068 -0.068
[0.193] [0.183] [0.209] [0.200]
STEM; 7.188%¥k 6.222%%F 7.105%%* 6.412%%*
[0.862] [0.858] [1.038] [1.058]
Study (0.237 otk (0.2 3tk 0.165%%* 0.157
[0.019] [0.019] [0.021] [0.021]
Stud_acady -0.103%** -0.059%** -0.081%** -0.044xx*
[0.007] [0.006] [0.007] [0.007]
Pub_acady, 9.84 4%k 8.122%%% 7.87 kK 6.256%%*
[0.766] [0.817] [0.904] [0.917]
Rev_acad, 2.462* 3.108** 0.832 1.029
[1.378] [1.212] [1.068] [0.976]
GDPpe, 0.081*** -0.030%** 0.046** -0.014**
[0.030] [0.007] [0.023] [0.006]
Core_budget; -0.195 -1.099
[1.462] [1.180]
Core_budgetyX GDPpc,, -0.085%* -0.039
[0.043] [0.034]
Third_party, -10.086** -2.9
[4.289] [3.618]
Third_party, XGDPpe, (0.527kk 0.306%**
[0.119] [0.098]
N 7957 7658 7957 7658
2 0.32 0.36 0.19 0.2

Notes: All specifications include region, country and time-fixed effects. * p<<0.10, ** p<0.05, *** p<0.01
Source: authors’ calculations using PATSTAT Global (Autumn 2022), OrgReg and ETER
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Table A7. Estimation results, depending variable: the number of patent applications to 5
patent offices: EPO, USPTO, CPO, JPO, KPO; fractional apportionment (using appli-
cant share) and CPC fractional count, financial variables lagged

0 @ 0) @
Age, 0.013%% 0.013%% 0.013%%F 0.013%%*
[0.001]  [0.001]  [0.001]  [0.001]
GenUniv 179954k 1 463%%k 253wk ] ]30%kx
[0.284]  [0.299]  [0.297]  [0.306]
STEM, 7.684%6%  8023KHK T 3TTHRHK T 4Rk
[0.495]  [0.502]  [0.516]  [0.520]
Stud, 0.240%6% (. 261%%%  (.243%%k (). 249%%k
[0.012]  [0.012]  [0.012]  [0.013]
Stud_acad, — -0.072%%% 0,093k _0.056%F* -0.065%%*
[0.009]  [0.009]  [0.009]  [0.010]
Pub_acad, 11.279%%k 10,575%%F 8.604%k* 8 328%kx
[0.780]  [0.813]  [0.848]  [0.860]
Rev_acad,, 0347 1.17 0.721 1.36
[1.471]  [1.540]  [1.570]  [1.593]
Core_budget, -2.006%+* -0.883*
[0.432] [0.462]
Third_partyi: 10.633%%F  10.278%+*
[0.957]  [1.005]
N 7871 7670 7432 7391
£2 0.46 0.46 0.47 0.47
Num Coun- 26 25 25 25

tries

Notes: All specifications include region, country and time-fixed effects. * p<0.10, ** p<0.05, *** p<0.01
Source: authors’ calculations using PATSTAT Global (Autumn 2022), OrgReg and ETER
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Table A8. Estimation results, depending variable sum of Forward citations in 5-years pe-
riod of patent applications (by applicant) to EPO; normalised using max for cohort; mul-
tiplied by PA_EPO_fa, re-scaled by 100, financial variables lagged

0 @ o) 94
Age, 0.01T%%  0.010%% 0.010%% 0.010%
[0.001]  [0.001]  [0.001]  [0.001]
GenUniv 154355k 133Gk 1059%6% 1 048%%*
[0332]  [0.350]  [0.349]  [0.360]
STEM, 8.109%k%  8318%kkk  7.900%kk  7.93GHk
[0.578]  [0.589]  [0.606]  [0.612]
Stud, 0.159%k% 0167k  (.154%%k  (,]55%k
[0.014]  [0.014]  [0.014]  [0.015]
Stud_acad,  -0.050%F% 0.064%%F -0.037+kF 0,030k

[0.010]  [0.011]  [0.011]  [0.012]
Pub_acad,  7.445%kk  7152%kk 5 151kek 5 087Hk
[0.911]  [0.953]  [0.996]  [1.012]

Rev_acadis -1.71 -0.822 -0.869 -0.577
[1.718] [1.804] [1.845] [1.873]
Core_budgeti -1.180%* -0.163
[0.506] [0.544]
Third_pattyi 9.145%%F  9.180%k*
[1.125] [1.182]
N 7871 7670 7432 7391
2 0.29 0.29 0.3 0.3
Num Coun- 26 25 25 25

tries

Notes: All specifications include region, country and time-fixed effects. * p<0.10, ** p<0.05, *** p<0.01
Source: authors’ calculations using PATSTAT Global (Autumn 2022), OrgReg and ETER
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Table A9. Estimation results, depending variable: the number of patent applications to 5
patent offices: EPO, USPTO, CPO, JPO, KPO; fractional apportionment (using appli-
cant share) and CPC fractional count, additional regional variables

O] 2 ) ) ®) ©) ) ®)
Age 0.012F 0010  0.003%F  0.0125%  001%* 0011  0.0LT%* 0,007+
0.002]  [0.002]  [0.001]  [0.002]  [0.002]  [0.002]  [0.002]  [0.002]
GenUniv; 0.340% 0,031 222165 04907 0.029 0.111 0.074 0304+
0193  [0.205]  [0685]  [0226]  [0.199]  [0.204]  [0.196]  [0.154]
STEM 6.6726FF  6195%F  BA425FEE  SBISEH 63126 6258%E 5807 4256%
[0.897]  [0.812]  [1926]  [0.857)  [0.822]  [0.815]  [0.796]  [0.558]
Studs 022166 0252086 (2250 (23785 0.246%F  0248%6F 0242060 0,219
[0019]  [0.018]  [0022]  [001§  [0.017]  [0.017]  [0.018]  [0.020]
Stud_acadi - 0.080%8%  L017RE L0.080% 008108 0,078 0.091F
0.076%++ 00545+
0007 [0.007]  [0.018]  [0.008]  [0.007]  [0.007]  [0.007]  [0.007]
Pub_acadi  8.015%% 5580%% 2084 558366k 5444k 56606 51800 56760
[0.797]  [0.676]  [0979]  [0.700]  [0.663]  [0.682]  [0.674]  [0.969]
Rev_acad; 24 424205 1441 74135 40545 38056 65574 0.881
[L461]  [L305]  [L728]  [1362]  [1.285]  [1.332]  [L240]  [1.234]
Core_budgeti - SLBOORRE 2880k 2250%EE  5750RE 1,630k 18156
2. 2445 Lo27
[0310]  [0.200]  [0770]  [0310]  [0.283]  [0.296]  [0.278]  [0.232]
Third_partyi 9253 104916 10194555 103785  10.831%5F 107155  10.96744  9,892%k*
[LO10]  [LO79]  [L811]  [L135]  [L.096]  [L.O89]  [L0O90]  [1.216]
Regional. 0.047465 0145586 028148 (0.580%%  0180%  0.449%6F 07265 0,004
0015  [0.024]  [0077]  [0.196]  [0.027]  [0.078]  [0172]  [0.001]
N 7620 7640 2735 6772 7729 7631 7640 4909
% 0.33 0.33 0.32 0.34 0.33 0.33 0.33 033

Notes: All specifications include country and time-fixed effects. * p<0.10, ** p<0.05, *** p<0.01
Different regional variables (Regionaly) in different specifications: (1) GDP per capita, (2) educational attainment for
ages 25 to 04, tertiary education, total NUTS 2), (3) Participation rate in Tertiary education NUTS 2), (4) Employ-
ment in high-technology manufacturing, % of tot. employment, total (NUTS 2, (5) Employment in knowledge-inten-
sive services, % of tot. employment, total INUTS 2), (6) Employment in scientific and technical activities, % of tot.
employment (NUTS2), (7) Employment in education, % of tot. employment, total INUTS 2), (8) Higher education
sector intramural expenditure in R&D, euro per inhabitant
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Table A10. Estimation results, depending variable sum of Forward citations in 5-years
period of patent applications (by applicant) to EPO; normalised using max for cohort;
multiplied by PA_EPO_fa, re-scaled by 100, additional regional variables

M @ ©) 4) ®) ©) ™ ®)
Ages 0.010%  0.009%*  0.002 0.01T%% 0010  0.010%%  0.010%*  0.008%*
[0.003]  [0.002] [0.002] [0.003] [0.002] [0.002] [0.003] [0.003]
GenUniv; 0224 0262 3207%F  0.673%  0.239 0.326 0.268 -0.362%
[0212]  [0.246] [0.962] [0.279] [0.238] [0.246] [0.238] [0.186]
STEM; G.762FF%  T224%H% 112434k TD02%k  T3TIeRE  T20QKEk  (O5GRRK 391 GHRk
[1.093]  [1.110] [2.732] [1.179] [1.122] [1.113] [1.088] [0.618]
Stud;, 0.158%k 0177+ 0118%Fx 016880 0.17200F 017406  0168%%F  0.171%%*
[0.022]  [0.020] [0.024] [0.022] [0.020] [0.020] [0.020] [0.028]
Stud_acad;, - 0.059%%F 0.070%%  0.069%k*%  _0.057FFF  0.057FFF  0.068%FF -
0.058%*+ 0.040%5x
[0.007]  [0.007] [0.017] [0.009] [0.007] [0.007] [0.008] [0.008]
Pub_acads G.O72kk% 4,077k 1321 424100k 4045006 414706 364850k 5 (2%
[0.924]  [0.793] [1.217] [0.864] [0.786] [0.793] [0.797] [1.165]
Rev_acad; 0.863 1.538 2,588 4.004%% 1,055 1.068  3.461%%* 0.267
[1.117]  [1.068] [2.143] [1.092] [1.075] [1.090] [1.007] [1.207]
Core_budgeti, - 1353k 15130 ] GETRRE 1.006FFF  S1.126%FF 11570
1.663%%* 0.821 %5+
[0317]  [0.303] [0.694] [0.340] [0.285] [0.298] [0.304] [0.297]
Third_party, ~ 8.117%%k  9.053kkk  0712%k%k  5|5wkx  Q335kkk  Q4QRKE  Q5TOHRE 0 (94w
[1.160]  [1.221] [1.834] [1.336] [1.224] [1.224] [1.235] [1.424]
Regional, 0.030%k%  0.118%8  0.447%% 021 0.183%k  (.386%*F  0.881%%F  0.003%*
[0.011]  [0.022] [0.114] [0.235] [0.028] [0.068] [0.173] [0.001]
N 7620 7640 2735 6772 7729 7631 7640 4909
2 0.2 0.19 02 0.19 0.2 0.2 0.19 0.18

Notes: All specifications include country and time-fixed effects. * p<0.10, ** p<0.05, *** p<0.01
Different regional variables (Regionaly) in different specifications: (1) GDP per capita, (2) educational attainment for
ages 25 to 04, tertiary education, total NUTS 2), (3) Participation rate in Tertiary education NUTS 2), (4) Employ-
ment in high-technology manufacturing, % of tot. employment, total (NUTS 2, (5) Employment in knowledge-inten-
sive services, % of tot. employment, total NUTS 2), (6) Employment in scientific and technical activities, % of tot.
employment (NUTS2), (7) Employment in education, % of tot. employment, total INUTS 2), (8) Higher education
sector intramural expenditure in R&D, euro per inhabitant
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Table All. Estimation results, depending variable forward citation to USPTO

) @ ©) ) ®) ©) O] ®) ©)
Age 0.008%*F  0.008%*F  0.007*%*  0.007%  0.006%*F 0.009%¥F 0.008%¥F 0.009%* 0.009***
[0.000] [0.000]  [0.000] [0.000] [0.000] [0.001] [0.001] [0.001] [0.001]
GenUniv, 0.370%F  0.293%*¢  -0.085 -0.191*  -0.261**0.064 -0.057 -0.101 -0.153
[0.085] [0.091]  [0.099] [0.114) [0.114] [0.183] [0.192] [0.194] [0.199]
STEM, 0.974%%F  0.788*%+F  0.980%*  0.547%%F  0.611%  0.700**  0.515 0.572*
[0.159]  [0.161] [0.200] [0.208] [0.310] [0.316] [0.327] [0.331]
Stud. 0.047%F  0.048%0F  0.041%0%  0.048%6%  0.053%F%  0.047+*  0.050%%*
[0.005] [0.005] [0.0006] [0.008] [0.008] [0.008] [0.008]
Stud_acad. -0.004 -0.003 0.005 -0.001 0.011* 0.007
[0.003] [0.003] [0.006] [0.006] [0.006] [0.007]
Pub_acad. 2.613F%F 312780k 2 856FFF 240200k 2.262%FF
[0.352] [0.5006] [0.532] [0.556] [0.566]
Rev_acad. -0.181 0.237 -0.048  0.217
[0.948] [0.993] [1.023] [1.041]
Core_budget. -0.780%** -0.458
[0.281] [0.305]
Third_party., 2.935%%k D 725Kk
[0.627] [0.661]
N 18263 16976 16920 14833 14833 9639 9395 9072 9020
2 0.09 0.1 0.1 0.11 0.11 0.13 0.13 0.13 0.14
Num Coun- 31 31 31 31 26 26 25 25 25

tries

Notes: All specifications include region, country and time-fixed effects. * p<0.10, ** p<0.05, *** p<0.01
Source: authors’ calculations using PATSTAT Global (Autumn 2022), OrgReg and ETER
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Table A12. Estimation results, depending variable: the number of patent applications to 5
patent offices: EPO, USPTO, CPO, JPO, KPO; fractional apportionment (using appli-
cant share) and CPC fractional count, additional variable professor privilege

M) @) G) @ ©) ©) ) ®) )
ProfPrive 1.884%%F 1 4307k 1. 78G*FF 22400k D 3B1FRK 4 568FFF 43020%k 46789k 4 505+
[0.179]  [0.186]  [0.180]  [0.194]  [0.192]  [0.321]  [0.328]  [0.331]  [0.337]
Age; 0.021%8% 0,021k 0,013%6  0.012%6% 0011006 0.012%% 001186 001180k 0,011%%*
[0.000]  [0.000] [0.001]  [0.001]  [0.001]  [0.001]  [0.001]  [0.001]  [0.001]
GenUniv 2.034%6  1769%%F 03480 0208  -0.480%* 0390%  -0.018  -0238  -0.417*
[0.110]  [0.118]  [0.122]  [0.142]  [0.141]  [0.227]  [0.234]  [0.239]  [0.242]
STEM. 5.001%6 376604k 50344k 341580k 5 (088%kk 5 875wkk 4 T8IRRK 5 262k
[0.220] [0.217]  [0276]  [0.285]  [0.413]  [0.420]  [0.427]  [0.434]
Stud, 0.219%k%  (.235%0k  (190%k (. 246%FF  0.263%F%F 02515k (.262%
[0.006]  [0.007]  [0.007]  [0.010]  [0.010]  [0.010]  [0.010]
Stud_acad: 0,073k 0.068%k%  -0.108%F% -0.139%%k 0,002%%k 0,112k
[0.004]  [0.004]  [0.008]  [0.008]  [0.008]  [0.009]
Pub_acad; 0.113%k%  8108%FF  (.920%kk  5705%kk 5 18 %k
[0463]  [0.655]  [0.670]  [0.693]  [0.697]
Rev_acads G.046%F% 603354k (.815%0%k  (,628%H
[1.151]  [1.186]  [1.217]  [1.225]
Core_budget, 341264k -2.139%%*
[0.306] [0.332]
Third_partys 11,4985+ 10,478k
[0.761]  [0.811]
N 18268 16980 16924 14839 14839 9645 9401 9077 9025
2 0.13 0.15 0.2 0.22 0.24 0.26 0.27 0.28 0.29
Num Coun- 31 31 31 31 26 26 25 25 25

tries

Notes * p<<0.10, ** p<0.05, *** p<0.01
Source: authors’ calculations using PATSTAT Global (Autumn 2022), OrgReg and ETER
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Table A13. Estimation results, depending variable sum of Forward citations in 5-years

period of patent applications (by applicant) to EPO; normalised using max for cohort;
multiplied by PA_EPO_fa, re-scaled by 100, additional variable professor privilege

M) @) G) @ ©) ©) ) ®) )
ProfPrive 1.580%%F 1.176%F 1 408%F% 1 754%k | BAGRE 3 568Kk 3300%kk 3 6O(RRE 3 GOBHRK
[0.191]  [0.199] [0.197]  [0.214]  [0213]  [0.361]  [0.370]  [0.375]  [0.382]
Age; 0.016%%  0.015%% 0.011%%  0.009%%%  0.009%%F  0.009%%  0.009%%% 0.009%%k 0,009%%*
[0.001]  [0.001] [0.001]  [0.001]  [0.001]  [0.001]  [0.001]  [0.001]  [0.001]
GenUniv 152306k 12060 0368+ 0101  -0279% 0481 0178 0.065  -0.166
[0117]  [0.127] [0.134]  [0.156]  [0.156]  [0.255]  [0.264]  [0.270]  [0.274]
STEM. 443265 3634505 40THRK 3 Q3GRRK 5 708K (DTRNRE 5 ABSRRK 577Gk
[0.236] [0.238]  [0.305]  [0.317]  [0.464]  [0.474]  [0.484]  [0.493]
Stud, 0.143%6% 015206k (]20%k% (15080 17100k 016258k (.]69%*
[0.007]  [0.008]  [0.008]  [0.011]  [0.011]  [0.012]  [0.012]
Stud_acad: -0.056%%F -0.053%k%  -0.086%F% -0.109%%k 0,072%%F -0,084%5*
[0.005]  [0.005]  [0.009]  [0.009]  [0.009]  [0.010]
Pub_acad; 5.968%K% 50040k 4310%kk 3 (7(%RE 2760k
[0.515]  [0.736]  [0.757]  [0.784]  [0.790]
Rev_acads 3380%k% 32026k 3842%kk 3749wk
[1.294]  [1.340]  [1.377]  [L.390]
Core_budget, 2,460+ 1,273k
[0.346] [0.376]
Third_partys 0.888%k% 9 370wk
[0.861]  [0.920]
N 18268 16980 16924 14839 14839 9645 9401 9077 9025
2 0.07 0.08 0.11 0.12 0.13 0.14 0.14 0.15 0.16
Num Coun- 31 31 31 31 26 26 25 25 25

tries

Notes * p<<0.10, ** p<0.05, *** p<0.01
Source: authors’ calculations using PATSTAT Global (Autumn 2022), OrgReg and ETER
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Table Al4. Estimation results, depending variable: the number of granted patents to 5
patent offices: EPO, USPTO, CPO, JPO, KPO; fractional apportionment and CPC frac-

tional count

0 @ G @ G ©) ™ ® )
Age 0.008%+F  0.008%*  0.005%**  0.004%*  0.004%F  0.006%* 0.006%** 0.006*%* 0.006%**
[0.000]  [0.000]  [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000]
GenUniv; 1.269%Fx  1.072%8%  0.331%FF  (0.148%F  0.048 0.657%FF  0.525%FF  (.439%F%F  (.396***
[0.058]  [0.061]  [0.065] [0.073] [0.072] [0.113] [0.118] [0.118] [0.121]
STEM 2.562%0% 2200000k 2 755Kk 23Tk 2.99kkk 3 55kk D 843%kx 2 907Rwk
[0.106]  [0.105] [0.128] [0.132] [0.191] [0.194] [0.199] [0.201]
Stud. 0.092%%F  0.094%%%  0.084%FF  0.097+%*  0.102%%F  0.094%F*  0.097++*
[0.003] [0.003] [0.003] [0.005] [0.005] [0.005] [0.005]
Stud_acad -0.023%0% -0.022%F*  -0.034%%F  -0.043%0k  _0.026%*F  -0.031+x*
[0.002] [0.002] [0.004] [0.004] [0.004] [0.004]
Pub_acads 37230k 3 B2TRRK FAZ4HRE D G27RFK D AT AR
[0.223] [0.312] [0.327] [0.338] [0.344]
Rev_acads 0.766 1.423%%  1.061* 1.390%*
[0.584] [0.610] [0.622] [0.633]
Core_budget: -0.958%#* -0.4306%*
[0.173] [0.185]
Third_parttys 47045006 4 5370k
[0.382] [0.402]
N 18263 16976 16920 14833 14833 9639 9395 9072 9020
2 0.25 0.28 0.32 0.35 0.36 0.38 0.39 0.4 0.4
Num Coun- 31 31 31 31 26 26 25 25 25

tries

Notes: All specifications include region, country and time-fixed effects. * p<0.10, ** p<0.05, *** p<0.01
Source: authors’ calculations using PATSTAT Global (Autumn 2022), OrgReg and ETER
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Table A15. Estimation results, depending variable: the number of patent applications to 5
patent offices: EPO, USPTO, CPO, JPO, KPO; fractional apportionment and CPC frac-
tional count, only general universities

M) @) G) @ ©) ©) ) ®) )
Age, 0.025%%  0.024%%F 0.016%* 0.013%% 0.0120% 0.014%* 001450 0.014%%F 0,014
[0.001]  [0.001] [0.001]  [0.001]  [0.001]  [0.001]  [0.001]  [0.001]  [0.001]
STEM. 10.2425%k 29(%k B 4BYFFX T 7KK BTIQHKE O GG2REK B (O9RK 9 385wk
[0367] [0.372]  [0.414]  [0412]  [0.525]  [0.545]  [0.554]  [0.573]
Stud, 0.205%8 021106k  0.170%6%  0.188%F%  0.204%%k  (.182%%F  (.19G+**
[0.009]  [0.010] [0.010]  [0.012]  [0.013]  [0.013]  [0.013]
Stud_acad: -0.103%%F -0.084%k%  -0.109%% -0.135%%k 0,087k -0,106***
[0.008]  [0.008]  [0.011]  [0.012]  [0.012]  [0.013]
Pub_acad; 12.648%%F 12.724%%% 11.502%k% 10,141%6% 9 300%%*
[0.669]  [0.858]  [0.890]  [0.937]  [0.949]
Rev_acad. 2.606 3.046% 2278 2904
[1.708]  [1.780]  [1.863]  [1.872]
Core_budget, 3,558k -2.860%%*
[0.503] [0.539]
Third_partys 10.440%% 9,548k
[1.042]  [1.073]
N 10703 10577 10546 9650 9650 7439 7225 6925 6890
2 0.34 0.39 0.41 0.44 0.46 0.48 0.48 0.49 0.5
Num Coun- 31 31 31 31 26 26 25 25 25

tries

Notes: All specifications include region, country and time-fixed effects. * p<<0.10, ** p<0.05, *** p<0.01
Source: authors’ calculations using PATSTAT Global (Autumn 2022), OrgReg and ETER
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Table A16. Estimation results, depending variable sum of Forward citations in 5-years
period of patent applications (by applicant) to EPO; normalised using max for cohort;
multiplied by PA_EPO_fa, re-scaled by 100, only general universities

M) @) G) @ ©) ©) ) ®) )
Age, 0.019% 0.018%% 0.013%* 0011+ 00110 0.012% 001280 0.012%%F 0,012+
[0.001]  [0.001] [0.001]  [0.001]  [0.001]  [0.001]  [0.001]  [0.001]  [0.001]
STEM. 0.322%k% 8 133HHk  BEGHRE T 50QkHK  Q [43kkk  TGEwRE 0 20Fkkk 9 7( ek
[0.416] [0.428]  [0.484]  [0.487]  [0.623]  [0.650]  [0.661]  [0.687]
Stud, 0.126%% 013106 0. 101%%  0.106%F 011700  0.099%%F  0.]108%*
[0.011]  [0.012] [0.012]  [0.014]  [0.015  [0.015]  [0.016]
Stud_acad: -0.079%%F 0.065%%  -0.079%F% -0.096%+F -0.060%%F 0,071k
[0.009]  [0.009] [0.013]  [0.014]  [0.015]  [0.016]
Pub_acad; 0.208%k% 0 553kkk G T04kKE T AGARRE (6 OG]HR
[0.791]  [1.019]  [1.060]  [L.119]  [1.137]
Rev_acad. 0263 0116 -0.71 -0.312
[2026]  [2120]  [2.226]  [2.244]
Core_budget, -2.313%%k 1.737H0k
[0.600] [0.645]
Third_partys B.579%%k 8 048%xk
[1.244]  [1.286]
N 10703 10577 10546 9650 9650 7439 7225 6925 6890
2 0.24 0.28 0.29 0.3 0.31 0.33 0.33 0.34 0.34
Num Coun- 31 31 31 31 26 26 25 25 25

tries

Notes: All specifications include region, country and time-fixed effects. * p<<0.10, ** p<0.05, *** p<0.01
Source: authors’ calculations using PATSTAT Global (Autumn 2022), OrgReg and ETER
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Table A17. Estimation results, depending variable: the number of patent applications to 5
patent offices: EPO, USPTO, CPO, JPO, KPO; fractional apportionment and CPC frac-

tional count, only STEM

M) @) G) @ ©) ©) ) ®) )
Age, 0.023%%% 0.023%%F 0.015%% 0.013%F 00110 00135 (00128 0.012%%F 0,012+
[0.001]  [0.001] [0.001]  [0.001]  [0.001]  [0.001]  [0.001]  [0.001]  [0.001]
GenUniv; 358G%FF 3586F0k 14T4RR 0306 0.645%% 178Dk ] 773k 1278k ] 364%nk
[0217]  [0217] [0247] [0.285]  [0277]  [0.403]  [0.410]  [0.414]  [0.416]
Stud, 0.228%6%  (.23GFFk 020006  (23200% (. 249%%k (2] 2%kk (223w
[0.009]  [0.010] [0.010]  [0.013]  [0.014]  [0.014]  [0.014]
Stud_acad: 0,075k 0.051%k%  -0.087FF% -0.124%%k _0,046%%F -0,068%**
[0.006]  [0.006] [0.011]  [0.012]  [0.012]  [0.013]
Pub_acad; 14.943%%F 15575%6F 1431206 10.646%0% 10.140%%*
[0.622]  [0.835]  [0.866]  [0.923]  [0.931]
Rev_acad. -0.41 0.508 1635 -1.309
[1.911]  [1.976]  [2.016]  [2.036]
Core_budget, 4,825k 2,721 K%k
[0.626] [0.666]
Third_partys 18.815%%k 17,728k
[1.268]  [1.327]
N 12013 12013 11096 9766 9766 6902 6731 6535 6496
2 0.34 0.34 0.38 0.41 0.44 0.44 0.45 0.46 0.47
Num Coun- 31 31 31 31 26 26 25 25 25

tries

Notes: All specifications include region, country and time-fixed effects. * p<<0.10, ** p<0.05, *** p<0.01
Source: authors’ calculations using PATSTAT Global (Autumn 2022), OrgReg and ETER
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Table A18. Estimation results, depending variable sum of Forward citations in 5-years

period of patent applications (by applicant) to EPO; normalised using max for cohort;
multiplied by PA_EPO_fa, re-scaled by 100, only STEM

0 ) B @ B) © 0 ® )
Age 0.017%%F  0.0170%F  0.013%F  0.011F  0.009%FF  0.011%*  0.010%  0.010%%*  0.010%*+*
[0.001]  [0.001]  [0.001] [0.001] [0.001] [0.001] [0.001] [0.001] [0.001]
GenUniv; 2.2900%F 22900+ 0.918%%*  (.146 0.335 1.278%F*  1.248%*  0.818* 0.867*
[0.241]  [0.241]  [0.280] [0.329] [0.325] [0.476] [0.487] [0.494] [0.498]
Stud 0.14700F  0.159%0F 013100k 015008 016100k 0.134%%+  (0.1380+*
[0.011] [0.012] [0.012] [0.016] [0.01¢6] [0.01¢6] [0.017)
Stud_acad: -0.059%FF  -0.041%F%  -0.066%**  -0.091%F  -0.031**  -0.041%**
[0.007] [0.007] [0.013] [0.014] [0.014] [0.015]
Pub_acad 11.381%0% 12.400%%F 11.705%0k 82381+ 8.014%x*
[0.730] [0.986] [1.028] [1.102] [1.114
Rev_acadi -2.645 -2.138 -3.881 -3.725
[2.257] [2.3406] [2.407] [2.436]
Core_budget; -3.027+%* -1.067
[0.743] [0.797)
Third_partys 16.025%F*% 15,724%**
[1.513] [1.588]
N 12013 12013 11096 9766 9766 6902 6731 6535 6496
12 0.25 0.25 0.26 0.27 0.29 0.29 0.3 0.31 0.31
Num Coun- 31 31 31 31 26 26 25 25 25

tries

Notes: All specifications include region, country and time-fixed effects. * p<<0.10, ** p<0.05, *** p<0.01
Source: authors’ calculations using PATSTAT Global (Autumn 2022), OrgReg and ETER
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Table A19. Estimation results, depending variable: the number of patent applications to 5
patent offices: EPO, USPTO, CPO, JPO, KPO; fractional apportionment and CPC frac-
tional count, excluding small HEIs with number of students lower than 500

M) @) G) @ ©) ©) ) ®) )
Age, 0.022%F%  0.022%%F 0.014%% 0.012%F 00110  0.014%% 001450 0.013%%F 0.013%%*
[0.001]  [0.001] [0.001]  [0.001]  [0.001]  [0.001]  [0.001]  [0.001]  [0.001]
GenUniv 3.038%6% 260144k 08334 (0299  0.052 145800k 1.108%%F 07667  0.612%*
[0.165] [0.173] [0.181]  [0.198]  [0.195]  [0.289]  [0.300]  [0.301]  [0.308]
STEM, G.875%k%  6.030%HK  7.023%kk 5 104%0k  (80FFRE  TI05RKE  G184RRE 6370k
[0.202] [0.288]  [0.329]  [0.339]  [0.461]  [0.465]  [0.479]  [0.483]
Stud, 0.217%6%  (.220%%k  (192%k% (224405 () 230%%k (2160 (2264
[0.008]  [0.009]  [0.009]  [0.011]  [0.012]  [0.012]  [0.012]
Stud_acad, “0.0528%% _0,048%%F _0.079%k% _0.106%F% 0,057k 0,073%%*
[0.005]  [0.005]  [0.009] [0.010]  [0.009]  [0.010]
Pub_acad. 10.960%%F 10.745%%% 9 45]%k% 705106 6 541 %%k
[0.572]  [0.765]  [0.796]  [0.833]  [0.846]
Rev_acad, 3504%F  4758F6k  3420%% 4 A0GHR
[1.563]  [1.610]  [1.636]  [1.659]
Core_budget, -3.016%+* 1,654+
[0.461] [0.495]
Third_partyi. 13,7314 12,962+
[1.056]  [1.107]
N 14352 13259 13203 12084 12084 8445 8293 8014 7970
£2 0.29 0.32 0.36 0.39 0.41 0.43 0.43 0.45 0.45
Num Coun- 31 31 31 31 26 26 25 25 25

tries

Notes: All specifications include region, country and time-fixed effects. * p<0.10, ** p<0.05, *** p<0.01
Source: authors’ calculations using PATSTAT Global (Autumn 2022), OrgReg and ETER
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Table A20. Estimation results, depending variable sum of Forward citations in 5-years
period of patent applications (by applicant) to EPO; normalised using max for cohort;
multiplied by PA_EPO_fa, re-scaled by 100, excluding small HEIs with number of stu-

dents lower than 500

M) @) G) @ ©) ©) % ®) )

Age: 0.017% 0.017%% 00129 0.01T%F 00100 0.012%% (0.012%6% (.012%%k (,012%%*
[0.001]  [0.001] [0.001]  [0.001]  [0.001]  [0.001]  [0.001]  [0.001]  [0.001]
GenUniv 2.104%6% 172100k 05684 0204  0.029 1313556k 1.084%%6 0722 0.664*
[0.181] [0.192]  [0.205]  [0.228]  [0.227]  [0.338]  [0.353]  [0.356]  [0.3G4]

STEM. 6.576%F%  6.059%%k T I00WKE  574Gkek 75256k TTOGRE T 12]%kk 7213k
[0.324] [0.326] [0379]  [0.395]  [0.540]  [0.548]  [0.566]  [0.572]

Stud, 004106 01420k (122%k% (142005 (1520%k  (,135%%k  (,]30%kx
[0.009]  [0.010] [0.010]  [0.013]  [0.014]  [0.014]  [0.014]

Stud_acad: L0.037F%F0.033%k%  -0.053%F% 0,071k -0,035%%k 0,043k
[0.006]  [0.006]  [0.010]  [0.011]  [0.011]  [0.012]

Pub_acad; T731%6k T 555R0  (820KKK 4 573kkk 4 B3GRk
[0.665]  [0.896]  [0.936]  [0.985]  [1.001]
Rev_acad. 0.733 1.397 0.588 1.102
[1.832]  [1.893]  [1.933]  [1.964]
Core_budget, 1,931k 0.752
[0.543] [0.586]

Third_partyi. 11.211%6% 10.916%%*
[1.247]  [1.310]
N 14352 13259 13203 12084 12084 8445 8293 8014 7970
2 0.2 0.22 0.24 0.25 0.26 0.28 0.28 0.29 0.29

Num Coun- 31 31 31 31 26 26 25 25 25

tries

Notes: All specifications include region, country and time-fixed effects. * p<<0.10, ** p<0.05, *** p<0.01
Source: authors’ calculations using PATSTAT Global (Autumn 2022), OrgReg and ETER
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Table A21. Estimation results, depending variable: the number of patent applications to 5
patent offices: EPO, USPTO, CPO, JPO, KPO; fractional apportionment and CPC frac-
tional count, excluding universities of applied science

M) @) G) @ ©) ©) ) ®) )
Age, 0.0165 0.015%% 0.000%% 0.009%%% 0.008% 0.011¥* 0.011% 0011 0.010%%*
[0.001]  [0.001] [0.001]  [0.001]  [0.001]  [0.001]  [0.001]  [0.001]  [0.001]
GenUniv 4483 4.026%%k 20200k 1 384kFx  (935%kk D TR4NRE  DGORK ] 58k 7] (pkk
[0.191]  [0.204] [0.224]  [0.248]  [0250]  [0.390]  [0.404]  [0.416]  [0.422]
STEM, BABTHRE T GTIRRE QABBRRR T 515kek 10,6350k 10.569%KK 0363k 933Gk
[0.366] [0.364]  [0.422]  [0.458]  [0.649]  [0.658]  [0.689]  [0.691]
Stud, 0.201%6 020550k  (193%k%  (236%0%  (.242%%k (. 220%%k () 220%k
[0.010]  [0.011] [0.011]  [0.015]  [0.015  [0.016]  [0.016]
Stud_acad, “0.04205% 004450k 0. 119%k% _0.137RF 01005k -0,005%%*
[0.007]  [0.007]  [0.014]  [0.014]  [0.014]  [0.016]
Pub_acad. 773006 6123%HK 5 5]4%kk D O0(RRE 2932k
[0.749]  [1.048]  [L.079]  [L121]  [1.128§]
Rev_acad, 2.98 3322 1.743 1.691
[2016]  [2.069]  [2.110]  [2.148]
Core_budget, -2.104%%* 1.766%*
[0.753] [0.864]
Third_partyi. 16.385%+ 18,117k
[1.477]  [1.654]
N 10904 9842 9796 9158 9158 6132 6036 5816 5773
£2 0.38 0.41 0.44 0.45 0.46 0.48 0.48 0.49 0.49
Num Coun- 31 31 31 31 26 26 25 25 25

tries

Notes: All specifications include region, country and time-fixed effects. * p<0.10, ** p<0.05, *** p<0.01
Source: authors’ calculations using PATSTAT Global (Autumn 2022), OrgReg and ETER
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Table A22. Estimation results, depending variable sum of Forward citations in 5-years

period of patent applications (by applicant) to EPO; normalised using max for cohort;
multiplied by PA_EPO_fa, re-scaled by 100, excluding universities of applied science

0 @ G @ G ©) ™ ® )
Age 0.012%%F Q.01 0.007*%%F  0.008%*  0.007%FF  0.009%F*  0.009%**  0.009%F*  0.009%**
[0.001]  [0.001]  [0.001] [0.001] [0.001] [0.001] [0.001] [0.001] [0.001]
GenUniv 3271806 28990k 1,663%FF 13430k 1,098F%k  2987%kk  2.984% % D (78FK 2. 234Hx
[0.218]  [0.234]  [0.262] [0.293] [0.297] [0.468] [0.487] [0.504] [0.512]
STEM 81900+ 7.768%K 95690k 852400k 11,9300k 11,9248k 11,1590k 11.150%k*
[0.421]  [0.425] [0.497) [0.543] [0.779] [0.792] [0.834] [0.838]
Stud. 0.123%%F  0.120%0F  0.113%6F  0.135%%*  0.137%%F  0.131%F*  0.1200%F
[0.012] [0.013] [0.013] [0.018] [0.018] [0.019] [0.019]
Stud_acad -0.022%6% -0.023%F*  -0.069%**F  -0.079%FF  -0.054%%F  -0.044**
[0.008] [0.008] [0.016] [0.017] [0.017] [0.019]
Pub_acads 4.210%%F  2.580%F  2.466* 0.201 0.349
[0.887] [1.258] [1.299] [1.357] [1.368]
Rev_acads -0.558 -0.651 -1.482 -1.902
[2.418] [2.491] [2.555] [2.604]
Core_budget: -0.722 2.429%*
[0.907] [1.047]
Third_partyi. 12.231%0%  14.350%**
[1.788] [2.005]
N 10904 9842 9796 9158 9158 6132 6036 5816 5773
2 0.26 0.28 0.29 0.3 0.3 0.32 0.32 0.32 0.32
Num Coun- 31 31 31 31 26 26 25 25 25

tries

Notes: All specifications include region, country and time-fixed effects. * p<0.10, ** p<0.05, *** p<0.01
Source: authors’ calculations using PATSTAT Global (Autumn 2022), OrgReg and ETER
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rethink

GSC

The project ,Rethinking Global Supply Chains: Measurement, Impact and Policy’
(RETHINK-GSC) captures the impact of knowledge flows and service inputs in
Global Supply Chains (GSCs). Researchers from 11 institutes are applying their
broad expertise in a multidisciplinary approach, developing new methodologies
and using innovative techniques to analyse, measure and quantify the increasing
importance of intangibles in global supply chains and to provide new insights
into current and expected changes in global production processes.

Funded by
the European Union

This project has received funding from the European Union’s Horizon Europe research
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