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Abstract

Industrial and research activities in the space sector
involve a heterogeneous group of actors such as pri-
vate and public firms, universities, research institutes
and space agencies, collaborating to different stages of
missions’ realization. Such collaborations are associated
to the creation of spillover effects, proxied in different
ways, such as the number of patents recorded, post-
graduate students involved, spin-off activities and co-
authored papers.

The aim of this paper is to investigate the impact of
the collaboration between universities /research insti-
tutes and the Italian Space Agency (ASI). To this aim, we
focus on papers where the authors acknowledge grants
received by ASI. We use data on publications and cita-
tions to capture the association between ASI funding
of a large number of scientific articles published in the
period 1989-2017 and the quality of research, proxied by
the number of citations received.

By performing parametric estimates with multiple levels
of fixed effects (year, author and coauthors fixed effects),
we find that articles mentioning ASI in the funding
information are associated to a higher citation impact
with respect to articles not financially supported by ASI.
Such result suggests a positive impact on the scientific
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community of public funds granted to universities and
research institutes.
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1 | INTRODUCTION

University research plays a key role in industrial innovation (Cohen et al., 2002; Mansfield, 1991),
especially today that Higher Education Institutions “are being increasingly seen as a source of tal-
ent, entrepreneurship and a lead player in regional development” (European Commission, 2018).
Differently from the case in which the target of the analysis are non-academic contractors, the
effect of public procurement on research institutions mainly consists in knowledge spillovers,
occurring when the results of a project generate a stream of knowledge somehow useful for new
projects, publications and patenting. In this respect, the key concept in the literature is the knowl-
edge production function, which describes the relationship between innovational output (such
as patents and scientific articles), whereas university research and industry R&D represent the
inputs in the production of knowledge (ESA, 2012).

The most relevant aspects relative to the partnerships arising in the space sector, usually pro-
moted by national space agencies and involving firms (both private and public) and research insti-
tutes, are strictly related to the main features highlighted in University-Industry (U-I) literature,
although such stream of research mainly focuses on the knowledge spillover on firms’ perfor-
mance. With regard to the benefits arising in U-I collaboration, Ankrah and Al-Tabbaa (2015)
catalogued them as follows:

* economic-related, that is, new products or processes for industry, business opportunities
for university, contribution to local economic development and patents/Intellectual Property
Rights (IPRs) income for both parties;

* institutional-related, that is, joint publications, training and employment opportunities for stu-
dents, “test bed” for feedback on research ideas for universities, access to knowledge and lead-
ing technologies, access to a wider international network of expertise, hiring of talents and
improved innovative ability for industry;

* social-related, that is, service to the community, especially for universities, and enhancement
of reputation.

The focus of our analysis is the assessment of the knowledge spillover that researchers enjoy
when involved in projects funded by the Italian national space agency. In order to test the impact
of funding from public agencies to academia and research institutes, our analysis focuses on the
collaboration between the Italian Space Agency (ASI, henceforth) and Universities and Research
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Institutes (URI), which represent a large share of the ASI’s contractors universe.! Our aims are
to evaluate: (i) how universities and research institutes benefit from engaging in collaborations
with AST; (ii) to what extent such partnership promote knowledge creation and spillover towards
academia. Thus, in our empirical analysis, we shed some light on the effects of collaborations with
ASI on the activity of researchers; their ability to collaborate with colleagues and on the learning
mechanisms that influence their research quality and productivity.

Our work focuses on the quality of academic research, one of the knowledge outputs adopted
in the U-I literature to measure the spillover effect of collaborations on universities’ performance.
We frame our analysis in the University-Industry (space industry in our case) interaction literature
as academic research products, acknowledging ASI for its financial support, signal the existence
of a partnership / provider agreement concerning a study, a technology implementation / test or
a technology development relative to the space industry (so called upstream sector). Universities
and research centers partnering with ASI—and mentioning its support—interact with ASI’s tech-
nicians and supervisor as well as with other research centers and technology providers (private
and public firms), collaborating in several phases of the process of new technology creation.’

In order to analyze the extent of knowledge spillover raising from the collaboration between
research institutes or universities with ASI, we focus on the relationship between funding and
the citation impact of publications downstream the collaboration process. Other papers have ana-
lyzed the link between funding activity and citation impact of publications, most of which in the
nanotechnology field (e.g., Shapira & Wang, 2010; Wang & Shapira, 2011; Jacob & Lefgren, 2011;
Gok et al, 2014; Wang & Shapira, 2015; Tahmooresnejad & Beaudry, 2019).

The novelty of our work is in its focus on the funding activity of ASI—that signals the involve-
ment of academia in collaborations in the space industry—and on the adoption of an empirical
strategy that allows us to control for a rich battery of fixed effects (year, author and coauthors fixed
effects).

The structure of the paper is the following: Section 2 reviews the literature on the University-
Industry (U-I, henceforth) link and the spillovers arising from it; Section 3 presents ASI and its
funding activities in academic and public institutions research, while Section 4 reports data and
methodology adopted in our parametric exercise. The results of our empirical analysis are pre-
sented and commented in Section 5. Section 6 concludes.

In Ttaly, there is a wide and comprehensive “spatial” research system composed by several Universities, Departments,
Research Institutes and Agencies, particularly concentrated in the regions of Lazio, Piedmont, Lombardia, Campania,
Apulia and Sicily. For example, the Technological National Cluster for Aerospace (CTNA) in Rome is a key organization
that unifies aerospace sector’s actors, while the Campania’s Italian Aerospace for Research (CIRA) is an excellence center
in high-speed flow and re-entry vehicle application. Other important research centers of the Italian aerospace industry
are the Institute of Microelectronics and Microsystems (IMM) at the National Research Council (CNR), the Polytechnic of
Bari, the Space Geodesy Center of the Italian Space Agency, the European Centre for Space Law in Lazio, the Polytechnic
of Turin, the Polytechnic of Milan, University of Naples Federico II, Sannio University, University of Napoli Parthenope
and University of Salerno (Howe et al., 2016).

2To make this point clearer and understand how our approach fits in the U-I collaboration framework, consider the case
of AGILE ("Astrorivelatore Gamma a Immagini Leggero") a ASI mission dedicated to the observation of the gamma-ray
Universe, one of the most awarded missions realized by the Italian Space Agency. The mission is built and operated in
cooperation with INAF (National Institute of Astrophysics), INFN (National Institute of Nuclear Physics), CIFS (Interuni-
versity Consortium for the Space Physics), and with the participation of several Italian companies such as Carlo Gavazzi
Space, Thales-Alenia Space Italia, Rheinmetall Italia, Telespazio, Galileo Avionica and Mipot. Besides the public research
institutes mentioned, the project also involved several university departments and also led to the publication of scientific
articles most of which are included in our analysis on Scopus in virtue of the presence of the acknowledgement to ASI
funds.
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2 | SPILLOVER EFFECTS BETWEEN UNIVERSITY RESEARCH AND
INDUSTRY: A BRIEF REVIEW OF THE LITERATURE

Most studies, including the very first articles on U-I knowledge link—usually assumed as a pro-
cess generated by basic research in Research Institutes and flowing to industry—have rooted their
analysis on the adoption of patent citation data as a proxy for knowledge spillover, stressing the
role of several variables such as: geographical proximity (Jaffe, 1989; Jaffe et al., 1993; Anselin et al,
1997), localization (Fritsch & Slavtchev, 2007), labor mobility (Almeida & Kogut, 1999), diffusion
and obsolescence (Jaffe & Trajtenberg, 1996) and barriers to the knowledge flow (Jaffe & Trajten-
berg, 1999; Maurseth & Verspagen, 2002). Such evidence has led regional innovation policies to
promote the presence of universities and research institutes on the territory, even though net-
works stemming from U-I collaboration over longer distances do influence knowledge diffusion
as well (Ponds et al., 2010).

There are several metrics available to operationalize outputs from U-I link (Perkmann et al.,
2011). By distinguishing between different process stages (inputs, in-process activities, outputs and
impact), Perkmann et al. (2011) identify—for each stage—a measurement system for U-I collab-
orations resumed in a “success map”. The process and the output of successful partnerships are
measurable, for example, by patent applications, patent granted, publications in peer-reviewed
journals, number of doctoral and post-doctoral positions offered within the alliance, the number
of co-supervision arrangements, the number of new early-stage projects as a result of the alliance,
number of solution concepts, trained graduate and post-graduate students building wider net-
works within the academic and industrial communities. Although conceived for assessing the
extent of knowledge flowing from university to industry, Perkmann et al. (2011)’s proxies for mea-
suring successful U-I alliances suit well to studies aiming at measuring knowledge spillover from
(space) industrial activities to research institutes/universities/departments.

In their attempt to examine the channels through which academic researchers interact with
industry and the factors influencing the variety of interactions, D’Este and Patel (2007) find that
the process of knowledge transfer between university and industry in UK occurs through mul-
tiple channels such as personnel mobility, informal contacts, consulting relationships and joint
research projects. Patenting and spin-offs play a relatively small role because U-I interactions are
rarely motivated by the prospect of commercializing products.

In a systematic review of the empirical evidence on U-I relations, Perkmann et al. (2013) iden-
tify several determinants such as: the individual, organizational and institutional antecedents and
consequences of academic engagement in collaborative research, contract research, consulting
and informal relationship with industry. By comparing academic engagement with commercial-
ization, the authors emphasize that participation in commercialization positively affects research
productivity, while the consequences of academic engagement are ambiguous; both the typologies
of collaboration do not seem to skew academics’ research towards more applied topics.

In the attempt to investigate the effects of U-I linkages, Blumenthal et al. (1996) addressed a
survey to more than 3,000 academics in 50 USA universities finding that those faculty members
with industrial research support were at least as productive as their colleagues and, in contrast
with Gulbrandsen and Smeby (2005) on Norway and Boardman and Corley (2008) on the USA,
did not tend to shift their research activities toward relatively more applied topics. Such evidence
is also verified for Italian academic inventors—those academics who are designated as inventors
on patent applications at the European Patent Office—with solid links with industry as these lead
to a boost in scientific productivity (Breschi et al., 2007). Relying on a dataset on Italian firms
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covering the 1995-2006 period, while confirming the role of geographical proximity to product
innovation, Maietta (2015) shows that university—firm R&D collaboration positively affects pro-
cess innovation.

Moreover, Gulbrandsen and Smeby (2005) found that, while shifting towards more applied
activities, professors with industrial funding collaborate relatively more with other researchers
and report a higher number of both publications and entrepreneurial outputs. A similar finding
is also highlighted by Banal-Estafiol et al. (2013) in the UK. They show that the quality of projects
tends to increase both with the quality of the researcher and firm and with the partners’ prefer-
ences affinity. Moreover, collaborating with firms with a high scientific level and that share similar
interest to the researchers, improve the research output of collaboration. Boardman and Corley
(2008) show that the percentage of research work time spent in U-I collaborations is positively
associated with collaborations (outside the work group) within the university and negatively with
the time spent working alone. One of the most significant benefits realized by faculty members is
complementing their own research by securing funds for graduate students and lab equipment,
field-testing the practical application of research and by seeking academically valuable insights
and new ideas (Lee, 2000).

Evidence that U-I interactions lead to new ideas and motivations for new research projects is
also provided by Perkmann and Walsh (2009) who, through a qualitative research approach on
UK universities, take into account both the indirect and the direct effects of industry engagement
on academic publishing. The authors found that joint research with industry often results in aca-
demic publications, while this is less true for relationships in more applied fields (when contract
research or consulting are put in place). The latter, however, tend to involve far closer collabora-
tion between academic and industry partners.

A key element for evaluating the effects of U-I partnership is to take into consideration the time
lag required for knowledge spillover to emerge and to be captured by analyses. Scandura (2016),
for instance, shows that the impact of collaboration on two variables such as the share of R&D
employment and the R&D expenditure per employee is positive and requires two years to become
evident. Evidence of the role of time is also provided by Bastianin et al. (2021) who show that the
increase in the number of patent applications that firms experiment after becoming a supplier of
CERN requires a relatively long gestation lag in the range of five to eight years.

3 | ASI FUNDING ACTIVITY TO INDUSTRY AND RESEARCH

Established in 1987, ASI has since then played a crucial role as Procurement Agency in the Space
Industry promoting technological innovation and knowledge creation. Although most of the
funding activity involves firms in the upstream sector, the amount of direct® research activities
are very recently gathering more financial support, as reported in Table 1.*

3 Besides the activities promoted, ASI contributes to those realized by the European Space Agency (ESA). During the
financial year 2017, for example, ASI’s contribution to ESA’s activities amounted to 150 million of euros (source: ASI’s
Balance Sheet, 2017).

4The values reported in Table 1 consider “Research contracts and agreement with Universities, Observatory, National
Research Council, with other Public Research Institutes and other national and international Institutes”, “Contracts with
national and foreign industries for space program’s study, planning and realization”, “Capital expenditure for research
contracts and agreements with Universities, Observatory, National Research Council, with other Public Research Insti-
tutes and other national and international Institutes” and “Capital expenditure for contracts with national and foreign
industries for space program’s study, planning and realization”
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TABLE 1 ASIs expenditure for Industry and Research contracts between 2008 and 2017

Year Industry Research Total

2008 230,964,019.94 € 82% 49,059,859.88 € 18% 280,023,879.82 €
2009 137,766,919.18 € 79% 36,797,787.79 € 21% 174,564,706.97 €
2010 178,624,340.65 € 86% 29,006,751.93 € 14% 207,631,092.58 €
2011 222,524,336.93 € 89% 26,430,510.12 € 11% 248,954,847.05 €
2012 149,759,619.17 € 88% 19,724,147.88 € 12% 169,483,767.05 €
2013 172,519,728.35 € 89% 20,339,300.06 € 11% 192,859,028.41 €
2014 139,540,947.12 € 88% 19,467,674.40 € 12% 159,008,621.52 €
2015 173,682,958.33 € 90% 18,456,531.36 € 10% 192,139,489.69 €
2016 135,124,464.25 € 87% 19,379,483.62 € 13% 154,503,947.87 €
2017 185,460,339.98 € 87% 28,534,073.94 € 13% 213,994,413.92 €
Total 1,725,967,673.90 € 87% 267,196,120.98 € 13% 1,993,163,794.88 €

Source: ASI’s Balance Sheet 2017.

R 0.49%

1.52% 0.34% 0.02%

334% = Universe exploration and observation

\\

6.07%

= Earth observation and Cosmo-Skymed Programme

Human space flight and microgravity

Telecommunication and applications

= not specified
11.35%

22.87%

= Technologies and Technological Transfer
= Strategic direction

= Bases management

= Launchers and space surveillance

= Navigation

® Institutional activity support

FIGURE 1 Amount of financial support to universities and Research Institutes
Source: authors’ elaboration based on Archimede dataset
[Colour figure can be viewed at wileyonlinelibrary.com]|

In the period 2008-17, ASI has invested in research contracts an average of 26.7 million of euros
per year, an amount equal to about 15 percent of yearly expenditure for Industry contracts. Despite
a remarkable increase of ASI institutional activity in 2017 with respect to the previous five-years
period, the value of 28.5 million of euros is markedly below the levels of 9 years before.

By relying on ASI’s Archimede Dataset, it is possible to collect information on the amount and
description of the contracts between the Agency and Research Institutions. During the period
1996-2018,> ASI has funded research contracts for an amount of about 614 million of euros (at
current value), mainly targeting activities related to ‘Universe Exploration and Observation’, as
reported in Figure 1.

Almost half of expenditure is dedicated to Universe exploration and observation, while 22.87%
(equal to about 140 million euros) are dedicated to Earth observation and Cosmo-Skymed program

3 The Archimede Dataset reports data for contracts with firms, universities, and Public Institutes. All contracts reported
are assigned to the year in which they are signed. Contracts signed with universities and Public Institutes range from 1996
to 2018.
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activities. Human space flight and microgravity expenditure represents a remarkable share of the
pie with over 11%, and contracts for telecommunications and application sum to over 6%, almost
37 million euros.

Starting from the next section we shift the focus of our analysis on the product of research
activity: scientific publications. Although not all the projects funded lead to the publication of
articles on scientific outlets, we consider that papers’ scientific quality can effectively proxy for
the quality of their upstream research activity. In particular, by analyzing all articles published by
authors involved in projects supported by ASI, we aim at measuring whether it emerges a citation
impact premium of ASI financial support.

4 | DATA AND METHODOLOGY

Our research design aims at estimating whether scientific articles, financially supported by ASI,
increase authors’ research output quality. The researchers included in the analysis are those cred-
ited as authors of journal articles formally citing a financial support by ASI (indifferently exclusive
or concomitant with support from other funding agencies). As proxy for the quality of articles, we
adopt the number of scientific publications’ citations.

The number of citations is taken to represent the relative scientific significance or “quality”
of papers (Cole & Cole, 1973) and citation indicators are sometimes presented as measures of
scientific quality (e.g., Wang & Shapira, 2015; Abramo & D’Angelo, 2011; Durieux & Gevenois,
2010). There are in the literature pros and cons on such proxies of scientific quality. According to
King (1987), the adoption of citations to represent the quality of a publication should be treated
carefully because of field differences, biases in the process of peer review, the existence of so-
called “citation clubs”, and the possibility of negative as well as positive types of citations. On
one hand, the norms of science oblige researchers to cite the work upon which they draw, and
in this way acknowledge or credit contributions by others (Merton, 1979). On the other hand, the
citation process is influenced by several incentives such as creating visibility through self-citations
or citing a journal editor’s work to enhance the chances of acceptance for publication (Aksens
et al., 2019; Bornmann & Daniel, 2008). Moreover, also technical issues, such as discrepancies
between target articles and cited references and mistakes in the indexing procedures, conducted
by publication repositories, may confuse citation analyses as well as extensive self-citation rates
(Aksens et al., 2019).

Nevertheless, negative citations tend to be rare (Catalini et al, 2015) and the larger the cita-
tion data set being used, the higher the confidence level of the results (Welljams-Dorof, 1997)
which may allow to overcome technical issues. Moreover, citations—together with journal impact
factor—are frequently used as an indicator for assessing the publication outputs of scientists and
their research groups, by promotion and tenure committees and in studies of the performance of
research institutions and nations (Wang & Shapira, 2015).

In this paper, in order to overcome any issue related to field differences and any sort of hetero-
geneity bias between publications, as highlighted in this section, we adopt author, co-authors and
year fixed effects.

In order to perform our analysis, we rely on Elsevier’s SCOPUS database as bibliometric source
(data downloaded in May 2020). The core of our strategy is the identification of scientific arti-
cles, written in English, that: (i) report, among the funding information, the words “Italian Space
Agency” or “Agenzia Spaziale Italiana”, and (ii) are published between 1989 and 2017.
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Such query provided us with a total of 3,141 articles reporting a DOI (the Document Online
Identifier) for a total number of authors amounting to 13,690. The next step was the identification
of all scientific articles—written in English and published in the period 1989-2017—credited to
the above-mentioned 13,690 researchers. Such research ended up with a total number of articles—
with a DOI—equal to 305,174. In our final dataset each entry contains all combinations of articles’
DOIs and authors’ IDs (total of 832,551 article—author pairs).

By including a large array of fixed effects, the organization of the dataset in DOI-authors pairs
allows us to investigate our research question: whether the citation impact of the authors, included
in our data set, is higher for articles funded by ASIL.

In other words, our empirical analysis aims at assessing whether—ceteris paribus—articles
related to projects that received financial support by ASI are, on average, qualitatively superior to
all the articles published in the same period by the same pool of authors. In this respect, we proxy
the quality of a paper by the number of citations that it has cumulated:

Citpi = ﬁasiaSip + IGXXpi + 7y + Xaot $e + Epi> @

where cit,; is the number of times the article p, authored—or coauthored by—researcher i,
has been cited, asi, is the dummy variable equal to 1 when the paper p is the research prod-
uct of a project funded—exclusively or co-funded—by ASI and X, represents the vector of
paper- / author-specific covariates (such as the number of coauthors in the paper and the
seniority of a researcher). The inclusion of the number of coauthors controls for the case in
which the number of citations is inflated by self-citations. The authors’ seniority aims at con-
trolling whether the increase in the number of citations of paper-author combination increases
because the author(s) has increased the quality of her research deriving by experience accu-
mulated. The seniority of author a of the article p is then computed as the difference between
the year of publication of article p, and the year of publication of author a’s first paper
since 1989. By including this variable, we expect to control for the increase in author’s qual-
ity due to the experience she developed, independently from the financial support we aim to
measure.

In order to drive out all confounder effects, we include 7,, ¥, and ¢, representing year, author,
and coauthors fixed effects, respectively. All fixed effects are performed adopting fixed effects
absorbing models that allow to deal with a high number of controls (e.g., authors fixed effects
are over 13,000).

By controlling for authors and coauthors fixed effects, the dummy variable asi, will be able to
capture the quality premium deriving from collaborating with ASI. We perform both Ordinary
Least Squared fixed effect estimates (Correia, 2014) and Poisson Pseudo Maximum Likelihood
fixed effect estimates (Correia et al., 2019). In the first case we transform our dependent variable
in logarithm, while in the latter our dependent is a count variable.

Figure 2 panel (a) reports the pace of the number of papers citing financial support by ASI in
the period 1989-2017. The yearly number of articles increases almost all years until 2003 (peak of
157 articles), before decreasing for five years in a row. The first year with a number of publications
higher than the value in 2003 is 2011 (171). After three years of ups and downs, the number of
articles has markedly increased, reaching the maximum value in 2017, up to a number of 273
funded articles. Figure 2 panel (b) shows the relative distribution of the authors’ countries of
origin. We find a strong home bias, since 2,935 authors have an affiliation institute located in
Italy. 854 authors have their affiliation in the United States, Germany and France follow in the
ranking, with 484 and 462 authors, respectively.
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Articles that received financial support by ASI, distribution by subject area.

The distribution of the papers by subject area is reported in Figure 3. More than half of them
pertain to two areas: 27% of papers (1,610) are articles in “Physics and Astronomy”; 24.4% (1,512)
are papers in “Earth and Planetary Sciences”; “Engineering” and “Biochemistry, Genetics and
Molecular Biology” follow with 11.9% and 6.7%, respectively. The residual area, reported in green,
collects the remaining 17 subject areas and represents 10.8% of total observations. Among these,
four articles are papers in “Economics, Econometrics and Finance”.

Besides the home bias related to the authors’ affiliation country revealed by Figure 2 panel (b), it

is worthwhile to note on Figure 4 how—excluding the National Research Council (CNR) that has

different branches, for different research areas, in all the Italian territory—three out of the first
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TABLE 2 Descriptive statistics of variables included in the parametric analysis

Variable Obs. Mean Std. Dev. Min Max

No. of citations 892,551 65.145 188.125 0 13298

ASI (= 1if research activity has 892,551 0.040 0.196 0 1
been funded by ASI)

No. of coauthors 892,551 236.192 596.738 0 5153

Author’s seniority 892,551 13.047 7.739 0 28

Source: Authors’ elaborations on data from Scopus.

four affiliation institutes are located in Rome. As the ASIs Headquarter is located in the Capital
city, this suggests that geographical proximity is a key element to establish and develop collabo-
rations in the space sector. 600 authors of the articles identified as funded-by-ASI are affiliated to
the CNR, 428 authors are affiliated to the National Institute of Astrophysics (INAF), 319 authors
are from ‘Sapienza’, University of Rome and 273 are from University of Rome ‘Tor Vergata’. The
total number of affiliation institutes is 160.

5 | RESULTS

Table 2 reports the descriptive statistics relative to the variable employed in our parametric anal-
ysis. The total number of observations included in the analysis is 892,551 with the value of our
dependent variable ranging between 0 and 13,298. The number of observations relative to article-
author pairs that received financial support by ASI is 4% of the total. The number of coauthors
reaches the maximum of 5,153 and is characterized by a high standard deviation. In our analysis,
such variable is transformed in logarithms.® The average authors’ seniority is 13 years.

% As for the dependent variable in the OLS models, in order to keep as many observations as possible, the transformation
is performed as follows: Ix = In(x + 0.1).
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TABLE 3 OLS fixed effects estimates. Dependent variable: In of scientific citations

Dep. var: scientific

citations (in In) (1) ) 3) 4)
ASI 0.032%** 0.017** 0.085 0.171%**
(0.008) (0.008) (0.134) (0.043)
No. of coauthors (In) 0.206*** 0.402%** —2.914 —3.179*
(0.001) (0.002) (5.584) (1.883)
Author seniority —0.042%** —0.003 0.001 0.014
(0.002) (0.003) (0.026) (0.013)
Observations 892,551 892,551 892,551 97,621
R-squared 0.12 0.26 0.93 0.59
Year FEs yes yes yes yes
Author FEs yes yes
Coauthors FEs yes yes

Robust standard errors in parentheses. ***/**/*significance level at 1% / 5% / 10% respectively. The number of observations decrease
when considering the full set of fixed effects because of the presence of nonsingleton observations. Apart from increasing the R-
squared statistics and the number of observations, maintaining singleton groups does not change our results.

By estimating our model by OLS and adopting our dependent variable in logarithms, we obtain
the results reported in Table 3. The four columns differ from each other by the type of fixed effects
included in the analysis. With the exception of column (3)—in which we do not take into consid-
eration the authors’ fixed effect—the coefficients associated to the dummy that identifies which
papers have been financially supported by ASI is positive and statistically different from zero.
Such results suggest that, controlling for years, author and coauthors’ fixed effects, papers repre-
senting the downstream scientific product of a project supported by ASI receive a higher number
of citation and are, thus, characterized by a higher quality level. In particular, as evidenced by the
coefficient in column (4), papers funded (exclusively or also) by ASI and published between 1989
and 2017 receive a number of citations 17% higher than papers published by the same authors in
the same period. The number of coauthors results significant and positive when we do not include
the array of coauthors fixed effects. After their inclusion, the covariate loses its relevance. Contrar-
ily to our expectations, our proxy capturing the authors’ seniority does not explain our dependent
variable’s variability.

Table 4 reports estimates of our model from equation (1) when employing a Poisson pseudo-
maximum-likelihood model (PPML, henceforth) with fixed effects. As our dependent variable, the
number of citations of a paper, is a count variable, the implementation of a Poisson model is rec-
ommended as applying least-squares regressions on outcome variables of the form log(y) would
lead to inconsistent estimates in the presence of heteroskedasticity. Except for results in column
(2), the specification with year and author fixed effects, the coefficient of our variable of interest
becomes negative and statistically significant. However, the inclusion of coauthors’ fixed effects
leads to results in line with those found in Table 3, although slightly lower. According to the coef-
ficient reported in column (4) of Table 4, statistically significant at 10% level (although associated
with a t-statistics equal to 1.94), papers supported by ASI are associated to a 14.2% increase in the
quality of papers as measured by the number of citations (exp(0.133) — 1 = 0.142).” No evidence

7 As the number of coauthors in all the papers published by the 13,690 authors of articles funded by ASI is extremely high,
we have assigned a univocal identifier to each combination of coauthors IDs. Absorbing our model’s estimates on such
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TABLE 4 Poisson pseudo-maximum-likelihood estimation with fixed effects. Dependent variable: no. of
scientific citations

Dep. var: scientific

citations (1) 2) A3) @)
ASI 0.172%*** —0.060*** 0.103* 0.133*
(0.011) (0.011) (0.062) (0.069)
No. of coauthors (In) 0.218%** 0.525%** —1.585%* —1.520%**
(0.001) (0.004) (0.709) (0.562)
Author seniority —0.061*** —0.036%** 0.018* 0.009
(0.003) (0.006) (0.011) (0.020)
Observations 892,551 892,515 98,309 97,303
Pseudo R-squared 0.12 0.30 0.60 0.68
Year FEs yes yes yes yes
Author FEs yes yes
Coauthor FEs yes yes

Robust standard errors in parentheses. ***/**/*significance level at 1% / 5% / 10% respectively. The number of observations decrease
when considering the full set of fixed effects because of the presence of nonsingleton observations. Apart from increasing the R-
squared statistics and the number of observations, maintaining singleton groups does not change our results.

that authors’ seniority influences the number of citations received by a paper when controlling
for year, coauthors and authors fixed effects.

In order to give robustness to our analysis and exclude the possibility that our results are driven
by a small sample of papers coauthored by thousands of authors, we have re-estimated the models
with the full set of fixed effects by excluding publications credited to a high number of authors.

The reason behind the opportunity to perform such robustness check relies on the risk that
papers with many coauthors might be overrepresented in our dataset composed by author-paper
combinations, although many of them are already excluded because singleton. Table 5 shows the
results for both OLS and PPML estimates with high-dimensional fixed effects.

By performing our estimates on a subsample of author-paper combinations, we find that our
results hold and are, in particular for the OLS columns, statistically significant. PPML estimates
are robust when excluding papers with a number of coauthors higher than the 95th and the 75th
percentile (p-value associated with the coefficient ASI equal to 0.055) while, when focusing on
papers with less than 16 authors, our main covariate turns nonsignificative, albeit positive.

Further support to our findings is provided by the estimates reported in Tables 6 and 7. Simi-
larly to Table 5, we have gradually excluded papers with a high number of coauthors. However,
differently from all previous empirical results, we adopt a new main covariate: instead of includ-
ing a dummy variable equal to 1 when a paper acknowledges ASI for supporting its research, we
use a dummy equal to 1 when a paper acknowledges ASI as its unique funding agency (and 0
otherwise). Thus, such setting allows us to understand whether the citation premium associated
to papers linked to projects funded by ASI is magnified by co-funding or not.

categorical variable is equivalent, for the purpose of our analysis, to including all the combinations of N dummy variables
(N is the total number of the 13,690 “ASI” authors’ coauthors) reporting value 1 when the single coauthor is credited for the
paper and 0 otherwise. The only limit of our approach of absorbing coauthor fixed effects by using coauthors combinations’
IDs, that is beyond the purpose of our analysis, is the impossibility of isolating the single coauthor’s intercept.
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Results in Tables 6 and 7 strongly support the evidence that publications acknowledging ASI
for financial support receive—ceteris paribus—a higher number of citations. Such citation pre-
mium is even higher: papers originating from projects receiving support solely from ASI gain, on
average, a citation premium of 32-38% with respect to papers not supported (neither in exclusive
nor concomitant way) by ASI and realized by the same author. The value ranges between 33% and
41% when adopting the PPML estimator. These results suggest that the collaboration between ASI
and research institutes is beneficial and that the spillovers are broader when the collaboration in
a project is exclusive. This might be due to the fact that, in projects funded only by ASI, the link
between ASI and researchers is narrower and allows to reap higher benefits from the collabora-
tion.

The number of coauthors is negatively associated to the number of citations obtained. This sug-
gests that publications with a lot of coauthors have a lower impact on the academia with respect
to papers with a limited number of coauthors.

6 | CONCLUDING REMARKS

The empirical investigation shows that scientific publications supported by ASI, one of the main
space agencies in the world, perform better than their counterparts in our sample, when quality is
proxied by citations. Although the analysis of citations is not an unusual approach to investigate
the impact of funding on research output, to the best of our knowledge, this is the first time that
such empirical strategy is employed at the paper—author level by controlling for year, author and
coauthors fixed effect. Our approach is also new in the context of the space industry and the
analysis of publications citations as it allows to measure the impact of public funds on the quality
of research. In principle, if data on the entity of financial support were available, after controlling
from several covariates and fixed effects, our data would allow to compute the marginal effect of
one euro of public funds in terms of citation impact of scientific publications supported by such
fund.

Since research activities acknowledging ASI for its financial support usually involve several
actors employed in the space industry, ranging from ASI’s technicians to private firms and public
research institutes, our analysis allows to assess the scope of knowledge spillover arising from Uni-
versity - Industry collaborations experienced by the academic community working in the space
sector.

By controlling for the heterogeneity associated to the year of publication, the author paired with
the publication and the pool of coauthors, the empirical analysis shows the existence of a ‘quality
premium’ in favor of articles financially supported by ASI: papers funded by ASI have, on average
and ceteris paribus, a citation impact 11-17% higher than publications not funded.

The citation impact is even higher when focusing on publications deriving from projects funded
by ASI in exclusive way (citation premium up to 36%) probably because of a closer collaboration
between ASI and research institution.

Our approach potentially opens up a new stream of research, as it would be possible to mea-
sure the cost-effectiveness of public funds in terms of citations compared across different funding
agencies in the same scientific community: for example, comparing the research supported by
ASI with the research supported by the European Space Agency, the NASA, or other national
space agencies. Apart from the difficulties related to the bulk download and data management,
our approach can be extended to other sectors as well, particularly in the life sciences, in a rela-
tively easy way by simply substituting the keyword used in the Scopus query and, thus, analyzing
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other funding agencies’ effectiveness or the impact of any bibliographic characteristic recorded in
the online repositories.

ACKNOWLEDGMENTS

We would like to thank Massimo Florio for his comments on a previous version of the paper,
all the participants to the XVIII edition of the Milan European Economy Workshop (25-26 June
2020) as well as the participants to the XXXII SIEP WEB Conference (17 September 2020). The
authors are also grateful to the Italian Space Agency and University of Milan for their support to
the project "Cost-benefit analysis of public policies in the space sector”. This paper should not be
reported as representing the official views of ASI or any third party. Any errors remain those of
the authors.

ORCID
Davide Vurchio ® https://orcid.org/0000-0003-1892-2161
Anna Giunta © https://orcid.org/0000-0002-1562-7792

REFERENCES

Abramo, G., & D’Angelo, C. A. (2011). Evaluating research: From informed peer review to bibliometrics. Sciento-
metrics, 87, 499-514.

Aksnes, D. W., Langfeldt, L., & Wouters P. (2019), Citations, citation indicators, and research quality: An overview of
basic concepts and theories. SAGE Open. January.

Almeida, P., & Kogut, B. (1999). Localization of knowledge and the mobility of engineers in regional networks.
Management Science, 45(7), 905-917.

Ankrah, S., & Al-Tabbaa, O. (2015). Universities-industry collaboration: A systematic review. Scandinavian Journal
of Management, 31(3), 387-408. https://doi.org/10.1016/j.scaman.2015.02.003

Anselin, L., Varga, A., & Acs, Z.(1997). Local geographic spillovers between university research and high technology
innovations. Journal of Urban Economics, 42, 422-448.

ASI Balance Sheet 2017 available at the link: http://ww2.gazzettaamministrativa.it/opencms/export/sites/default/
gazzetta_amministrativa/amministrazione_trasparente/_agenzie_enti_stato/_agenzia_spaziale_italiana/130_
bila/010_bil_pre_con/2017/Documenti_1485945716552/1527175160044_rendiconto_2017_del_2018_04_24
delibera_n.062.pdf

Banal-Estafiol, A., Macho-Stadler, 1., & Pérez-Castrillo, D. (2013). Research output from university-industry col-
laborative projects. Economic Development Quarterly, 27(1), 71-81. https://doi.org/10.1177/0891242412472535

Bastianin, A., Castelnovo, P., Florio, M., & Giunta (2021). Big science and innovation: gestation lag from procure-
ment to patents for CERN suppliers. Journal of Technology Transfer. https://doi.org/10.1007/s10961-021-09854-5

Blumenthal, D., Campbell, E. G., Causino, N., & Seashore, K. L. (1996). Participation of life-science faculty in
research relationship with industry. New England Journal of Medicine, 335(23), 1734-1739.

Boardman, P. C., & Corley, E. A. (2008). University research centers and the composition of research collaborations.
Research Policy, 37(5), 900-913.

Bornmann, L., & Daniel, H. D. (2008). What do citation counts measure? A review of studies on citing behavior.
Journal of Documentation, 64, 45-80.

Breschi, S., Lissoni, F., & Montobbio, F. (2007). The scientific productivity of academic inventors: New evi-
dence from Italian data. Economics of Innovation and New Technology, 16(2), 101-118. https://doi.org/10.1080/
10438590600982830

Catalini, C., Lacetera, N., & Oettl, A. (2015). The incidence and role of negative citations in science. Proceedings of
the National Academy of Sciences of the United States of America, 112, 13823-13826.

Cohen, W. M., Nelson, R. R., & Walsh, J. P. (2002). Links and impacts: The influence of public research on industrial
R & D. Management Science, 48(1), 1-23.

Cole, J. R., & Cole, S. (1973). Social stratification in science. University of Chicago Press.

8518017 SUOWIWIOD 3AIER1D 3(qedl|dde ay) Aq peusenob e sajoiie YO ‘8sn Jo Sajn. 1o AreiqiT8uljUO A8]IM UO (SUO IPUOD-pUR-SWLR)WI0D" A3 | 1M A.d 1 BUTIUO//SANL) SUORIPUOD PUB SWIS | 84} 89S *[2202/TT/80] U0 ARiqIT8uluO A8|IM "BIII 1Q IPNIS 1BeaeIseAIN Aq TEEZT80de/TTTT OT/I0p/L0D"A3| 1M Aeiq 1 pUIIUO//StNY WOl papeojumod *€ ‘T20Z ‘262819 T


https://orcid.org/0000-0003-1892-2161
https://orcid.org/0000-0003-1892-2161
https://orcid.org/0000-0002-1562-7792
https://orcid.org/0000-0002-1562-7792
https://doi.org/10.1016/j.scaman.2015.02.003
http://ww2.gazzettaamministrativa.it/opencms/export/sites/default/_gazzetta_amministrativa/amministrazione_trasparente/_agenzie_enti_stato/_agenzia_spaziale_italiana/130_bila/010_bil_pre_con/2017/Documenti_1485945716552/1527175160044_rendiconto_2017_del_2018_04_24_delibera_n.062.pdf
http://ww2.gazzettaamministrativa.it/opencms/export/sites/default/_gazzetta_amministrativa/amministrazione_trasparente/_agenzie_enti_stato/_agenzia_spaziale_italiana/130_bila/010_bil_pre_con/2017/Documenti_1485945716552/1527175160044_rendiconto_2017_del_2018_04_24_delibera_n.062.pdf
http://ww2.gazzettaamministrativa.it/opencms/export/sites/default/_gazzetta_amministrativa/amministrazione_trasparente/_agenzie_enti_stato/_agenzia_spaziale_italiana/130_bila/010_bil_pre_con/2017/Documenti_1485945716552/1527175160044_rendiconto_2017_del_2018_04_24_delibera_n.062.pdf
http://ww2.gazzettaamministrativa.it/opencms/export/sites/default/_gazzetta_amministrativa/amministrazione_trasparente/_agenzie_enti_stato/_agenzia_spaziale_italiana/130_bila/010_bil_pre_con/2017/Documenti_1485945716552/1527175160044_rendiconto_2017_del_2018_04_24_delibera_n.062.pdf
https://doi.org/10.1177/0891242412472535
https://doi.org/10.1007/s10961-021-09854-5
https://doi.org/10.1080/10438590600982830
https://doi.org/10.1080/10438590600982830

528 I Annals of Public and Cooperative Economics D. VURCHIO AND A. GIUNTA

Annales de I'économie publique, sociale et coopérative

Correia, S. (2014). REGHDFE: Stata module to perform linear or instrumental-variable regression absorbing any
number of high-dimensional fixed effects (Statistical Software Components S457874). Boston College Department
of Economics, revised 18 Nov 2019.

Correia, S., Guimaries, P., & Zylkin, T. (2019), ppmlhdfe: Fast Poisson estimation with high-dimensional fixed
effects. arXiv:1903.01690

D’Este, P. D., & Patel, P. (2007). University-industry linkages in the UK: What are the factors underlying the variety
of interactions with industry? Research Policy, 36, 1295-1313. https://doi.org/10.1016/j.respol.2007.05.002

Durieux, V., & Gevenois, P. A. (2010). Bibliometric indicators: Quality measurements of scientific publication. Radi-
ology, 255, 342-351.

European Commission. (2018). The state of university-business cooperation in Europe final report.

European Space Agency. (2012). Design of a methodology to evaluate the direct and indirect economic and social
benefits of public investments in space.

Fritsch, M., & Slavtchev, V. (2007). Universities and innovation in space. Industry and Innovation, 14(2), 201-218.
https://doi.org/10.1080/13662710701253466

Gok, A., Rigby, J., & Shapira, P. (2014), The impact of research funding on scientific outputs: Evidence from six
smaller European countries. Journal of the Association for Information Science and Technology. https://doi.org/
10.1002/asi.23406.

Gulbrandsen, M., & Smeby, J. C. (2005). Industry funding and university professors’ research performance.
Research Policy, 34(6), 932-950. https://doi.org/10.1016/j.respol.2005.05.004

Howe, C., Pascoletti, A., lannacone, E. L., & Bailey, H. (2016). Italy aerospace 2016. (Global Business Report, Novem-
ber).

Jacob B. A., & Lefgren, L. (2011). The impact of research grant funding on scientific productivity. Journal of Public
Economics, 95(9-10), 1168-1177.

Jaffe, A. B. (1989). Real effects of academic research. American Economic Review, 79(5), 957-970. https://doi.org/10.
4337/9781786432797.00018

Jaffe, A. B., & Trajtenberg, M. (1996). Flows of knowledge from universities and federal laboratories: Modeling
the flow of patent citations over time and across institutional and geographic boundaries. In Proceedings of the
National Academy of Sciences of the United States of America (Vol. 93, pp. 12671-12677).

Jaffe, A. B., & Trajtenberg, M. (1999). International knowledge flows: Evidence from patent citations. Economics of
Innovation and New Technology, 8(1-2), 105-136. https://doi.org/10.1080/10438599900000006

Jaffe, A. B., Trajtenberg, M., & Henderson, R. (1993). Geographic localization of knowledge spillovers as evidenced
by patent citations. Quarterly Journal of Economics, 108(3), 577-598.

King J. (1987). A review of bibliometric and other science indicators and their role in research evaluation. Journal
of Information Science, 13(5), 261-276.

Lee, Y. S. (2000). The sustainability of university-industry research collaboration: An empirical assessment. Journal
of Technology Transfer, 25, 111-113.

Maietta, O. W. (2015). Determinants of university—firm R & D collaboration and its impact on innovation: A per-
spective from a low-tech industry. Research Policy, 44, 1341-1359. https://doi.org/10.1016/j.respol.2015.03.006

Mansfield, E. (1991). Academic research and industrial innovation. Research Policy, 20, 1-12.

Maurseth, P. B, & Verspagen, B. (2002). Knowledge spillovers in Europe: A patent citations analysis. Scandinavian
Journal of Economics, 104(4), 531-545.

Merton, R. K. (1979). Foreword. In E. Garfield (Ed.), Citation indexing—Its theory and application in science, tech-
nology, and humanities (pp. v-ix). Wiley.

Perkmann, M., & Walsh, K. (2009). The two faces of collaboration: impacts of university-industry relations on
public research. Industrial and Corporate Change, 18(6), 1033-1065. https://doi.org/10.1093/icc/dtp015

Perkmann, M., Neely, A., & Walsh, K. (2011). How should firms evaluate success in university-industry alliances?
A performance measurement system. R&D Management, 41(2), 202-216.

Perkmann, M., Tartari, V., Mckelvey, M., Autio, E., Brostrom, A., Este, P. D., Fini, R., Geuna, A., Grimaldi, R.,
Hughes, A., Krabel, S., Kitson, M., Llerena, P., Lissoni, F., Salter, A., & Sobrero, M. (2013). Academic engagement
and commercialisation: A review of the literature on university — industry relations. Research Policy, 42(2), 423~
442. https://doi.org/10.1016/j.respol.2012.09.007

8518017 SUOWIWIOD 3AIER1D 3(qedl|dde ay) Aq peusenob e sajoiie YO ‘8sn Jo Sajn. 1o AreiqiT8uljUO A8]IM UO (SUO IPUOD-pUR-SWLR)WI0D" A3 | 1M A.d 1 BUTIUO//SANL) SUORIPUOD PUB SWIS | 84} 89S *[2202/TT/80] U0 ARiqIT8uluO A8|IM "BIII 1Q IPNIS 1BeaeIseAIN Aq TEEZT80de/TTTT OT/I0p/L0D"A3| 1M Aeiq 1 pUIIUO//StNY WOl papeojumod *€ ‘T20Z ‘262819 T


https://doi.org/10.1016/j.respol.2007.05.002
https://doi.org/10.1080/13662710701253466
https://doi.org/10.1002/asi.23406
https://doi.org/10.1002/asi.23406
https://doi.org/10.1016/j.respol.2005.05.004
https://doi.org/10.4337/9781786432797.00018
https://doi.org/10.4337/9781786432797.00018
https://doi.org/10.1080/10438599900000006
https://doi.org/10.1016/j.respol.2015.03.006
https://doi.org/10.1093/icc/dtp015
https://doi.org/10.1016/j.respol.2012.09.007

THE IMPACT OF THE ITALIAN SPACE AGENCY ON SCIENTIFIC KNOWLEDGE Annals of Public and Cooperative Economics 529

Annales de I'économie publique, sociale et coopérative

Ponds, R., van Oort, F., & Frenken, K. (2010). Innovation, spillovers and university-industry collaboration: An
extended knowledge production function approach. Journal of Economic Geography, 10, 231-255. https://doi.
0rg/10.1093/jeg/1bp036

Shapira, P., & Wang, J. (2010). Follow the money: What was the impact of the nanotechnology funding boom of the
past ten years? Nature, 468, 627-628.

Scandura, A. (2016). University—-industry collaboration and firms’ R&D effort. Research Policy, 45(9), 1907-1922.
https://doi.org/10.1016/j.respol.2016.06.009

Tahmooresnejad, L., & Beaudry, C. (2019). Citation impact of public and private funding on nanotechnology-related
publications. International Journal of Technology Management, 79(1), 21-59.

Wang, J., & Shapira, P. (2011). Funding acknowledgment analysis—an enhanced tool to investigate research spon-
sorship impacts: The case of nanotechnology. Scientometrics, 87(3), 563-586.

Wang, J., & Shapira, P. (2015). Is there a relationship between research sponsorship and publication impact? An
analysis of funding acknowledgments in nanotechnology papers. PLoS ONE.

Welljams-Dorof, A. (1997). Quantitative citation data as indicators in science evaluations: A primer on their appropri-
ate use. In M. S. Frankel & J. Cave (Eds.), Evaluating science and scientists: An East-West dialogue on research
evaluation in postcommunist Europe (pp. 202-211). Budapest: Central European University Press.

How to cite this article: Vurchio, D., & Giunta, A. The impact of the Italian Space
Agency on scientific knowledge: Evidence from academic publications. Ann Public Coop
Econ. 2021;92:511-529. https://doi.org/10.1111/apce.12331

8518017 SUOWIWIOD 3AIER1D 3(qedl|dde ay) Aq peusenob e sajoiie YO ‘8sn Jo Sajn. 1o AreiqiT8uljUO A8]IM UO (SUO IPUOD-pUR-SWLR)WI0D" A3 | 1M A.d 1 BUTIUO//SANL) SUORIPUOD PUB SWIS | 84} 89S *[2202/TT/80] U0 ARiqIT8uluO A8|IM "BIII 1Q IPNIS 1BeaeIseAIN Aq TEEZT80de/TTTT OT/I0p/L0D"A3| 1M Aeiq 1 pUIIUO//StNY WOl papeojumod *€ ‘T20Z ‘262819 T


https://doi.org/10.1093/jeg/lbp036
https://doi.org/10.1093/jeg/lbp036
https://doi.org/10.1016/j.respol.2016.06.009
https://doi.org/10.1111/apce.12331

	The impact of the Italian Space Agency on scientific knowledge: Evidence from academic publications
	Abstract
	1 | INTRODUCTION
	2 | SPILLOVER EFFECTS BETWEEN UNIVERSITY RESEARCH AND INDUSTRY: A BRIEF REVIEW OF THE LITERATURE
	3 | ASI FUNDING ACTIVITY TO INDUSTRY AND RESEARCH
	4 | DATA AND METHODOLOGY
	5 | RESULTS
	6 | CONCLUDING REMARKS
	ACKNOWLEDGMENTS
	ORCID
	REFERENCES


