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A B S T R A C T

R&D spending, be it university or industrial spending, has a positive impact on the scale of scientific production.
However, the impact of R&D spending on joint university-industry scientific production, which may vary sig-
nificantly according to the phase of macroeconomic cycles, is likely to be more complex than the impact on
either within-university or within-industry production. We test this assumption in the context of the OECD
countries and other economies against the backdrop of the Great Recession (2007-2013). Industry R&D spending
dominated university-industry scientific production, but the crisis changed the impact of that spending source,
which was negative during the previous expansion and became positive during the subsequent stagnation. The
Great Recession had an absolute negative impact on university-industry scientific production, but also a mod-
erating positive impact on industry R&D spending, to the extent that the few countries where this spending
increased faster during the Great Recession saw university-industry scientific production rise. Positive effects
were more pronounced with regards to 'domestic' university-industry scientific production, where collaborating
universities and business companies were located in the same country.

1. Introduction

Scientific production is one of the main missions of research-active
universities, and an asset for firms. In this paper, we define ‘scientific
production’ as the creation of research-based output in the form of
published research papers in international scientific and technical
journals. Business enterprises may engage in research interaction with
academics, and their joint scientific production may result in shared
research output, more specifically university-industry co-publications.1

A systematic analysis of this type of university-industry co-creation
is relevant for a number of reasons: First, such scientific production
represents high profile, successful cases of university-industry interac-
tion: few interactions result in co-publications, which support a sus-
tained growth of open science. Second, co-publication activity has a
positive impact on commercialization of academic research (Wong and
Singh, 2013) and product innovation within firms (Belderbos et al.,
2016; McKelvey and Rake, 2016). Third, in some countries and in-
dustries, for example Japanese firms in the traditional medicine sector
(Fung and Wong, 2017), firms are more central co-authoring

organizations than other research actors.
The analysis of university-industry scientific production enables

several avenues of research and a range of research issues and questions
to pursue. In this paper we focus on two issues: returns of R&D
spending, and effects of macrolevel economic cycles, on university-in-
dustry scientific production:

• R&D spending underlies scientific production both at universities
(Adams and Griliches, 1996; Breznitz and Clayton, 2017; Crespi and
Geuna, 2008) and business enterprises (Arora et al., 2017;
Chakrabarti, 1990; Cincera and Dratwa, 2011; Halperin and
Chakrabarti, 1987). But this relationship refers only to in-house R&
D spending and in-house scientific production. We know little about
the impact of R&D funding on shared university-industry scientific
production, and the associated rates of return. A particularly inter-
esting case is that of business funding of university R&D.

• The role of the economic cycle in scientific production has also re-
ceived scarce attention, which is a particularly relevant gap in the
case of shared scientific production. In expansions and recessions of
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the economy, framework conditions and incentive systems for uni-
versity-industry interaction change, and this is likely to affect input-
output relationships within processes of knowledge co-creation.

This papers aims at contributing to the literature on scientific pro-
duction through a model of university-industry scientific production as
a function of in-house research, joint R&D, and non-R&D structural
factors linked to the economic cycle. These non-R&D factors include
institutional factors and framework conditions, such as trust, time al-
located to cooperation, marginal value of IPR, the value of publication
for signalling and public support to university-industry interaction.

We will test the model in the context of the ‘Great Recession’ era
(2007–2013), the latest major ‘sudden shock’ in the global economic
system. The effect of this financial crisis on R&D spending was con-
siderable: Business sector R&D spending fell 4.5% in 2009, when many
corporate strategies shifted from long-term competitiveness to short-
term survival (OECD, 2012). Only a small share of the innovative
companies in Europe managed to maintain their R&D activities at pre-
crisis levels (Archibugi et al., 2013). Publicly funded research also came
under increased budgetary pressure since the crisis, which motivated
national policy-makers to take countermeasures to secure the longer-
term economic benefits of research expenditures (Cruz-Castro and Sanz-
Menéndez, 2016). New policy initiatives have been introduced in
Europe and elsewhere to foster university-industry R&D consortia and
to strengthen the commercialization of academic research results (Izsak
et al., 2013). The Great Recession has significantly changed the R&D
landscape, which makes it an appropriate and relevant context to ad-
dress our research questions.

We will analyse these issues within a conceptual framework and
formal model as described in Sections 2 and 3. The model is applied to
analysing effects of the Great Recession, the results of which will be
discussed in Sections 4 and 5.

2. Conceptual framework

Our conceptual framework, depicted in Fig. 1, assumes a direct,
causal relationship between R&D spending and scientific production.
This relationship can be severely affected by the onset of a financial
crisis and the subsequent economic recession. And the impact of the
recession may vary according to whether scientific production takes
place within national borders or not. We disentangle those different
effects of the variables in the next sub-sections, where we define a series
of research hypotheses.

2.1. The effect of R&D on university-industry scientific production

Scientific production, as embodied in published articles, reflects R&
D activities at universities (Adams and Griliches, 1996; Breznitz and
Clayton, 2017; Crespi and Geuna, 2008) and at business enterprises

(Arora et al., 2017; Chakrabarti, 1990; Cincera and Dratwa, 2011;
Halperin and Chakrabarti, 1987). In some cases, universities and en-
terprises are co-producers, especially the large ‘science-based’ firms in
industries such as pharmaceuticals and biotechnology, chemicals and
food, electronics, computers and information technology. The R&D rate
of return of these collaborative activities, in terms of a joint research
publication output, is difficult to predict, especially in the context of
high-risk ‘discovery’ research. A wide range of analytical models and
case studies, and an associated body of empirical evidence, describe the
complexity and heterogeneity of linkages between business sector R&D
and university research. Some studies suggest that the level of uni-
versity-industry scientific production is determined by a firm's absorp-
tive capacity for research-based inputs or the degree in which firms
apply open external search strategies to incorporate contributions from
outside sources to help boost innovation performance (e.g. Garcia-
Perez-de-Lema et al., 2017; Perkmann and Walsh, 2007). This implies a
positive relationship between levels of in-house R&D spending and
university-industry scientific production.

In contrast, some other models–focusing on either transaction costs
(Bruneel et al., 2010; Weckowska, 2015) or on intellectual property
rights (Rappert et al., 1999)–suggest negative relationships between
those R&D inputs and outputs. Clearly, universities are more interested
than firms in producing publications out of collaborative research and
industry R&D spending because academic incentive and reward systems
favour publication output quantity. We can assume that large, R&D
intensive firms will have more negotiating power than other firms to
prevent joint publication. After a certain in-house R&D threshold, firms
will devote resources to their own publications or will not publish.
Hence, for low levels of industry R&D expenditure we can expect a
positive relation between corporate R&D spending and university-in-
dustry scientific production (i.e. according to absorptive capacity and
open innovation paradigms), whereas for high levels of industry R&D
expenditure we can expect the opposite, that is, a negative relation with
university-industry knowledge production (as predicted by transaction
costs or intellectual property rights approaches). This corresponds to an
inverted U-shaped relationship between business R&D inputs and uni-
versity-industry scientific production, that is, positive up to a maximum
after which it becomes negative. This inverted U-shape is typical of
concomitant phenomena in the private world such as the relationship
between external knowledge search and different learning types
(Ferreras-Méndez et al., 2016).

Based on the above considerations, one hypothesis can be derived
about these input/output relationship:

Hypothesis 1. The higher the amount of industry R&D spending, the
higher university-industry scientific production; but after reaching a
certain threshold, the relationship becomes negative.

Unlike firms, universities are interested in joint publications at any
point in their capacity level, insofar as joint publication contributes to

University-industry 
scientific production

Industry R&D spending
Industry funding of university R&D spending

Other funding of university R&D spending

Economic crisis

Domestic-
foreign context

Fig. 1. Conceptual framework for studying the impact of R&D spending and economic crises on university-industry scientific production.
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academic prestige (Azagra-Caro et al., 2008). Therefore, we would
expect a linear relationship between university R&D inputs and uni-
versity-industry scientific production, as suggested by microeconomic
studies (Giunta et al., 2016).2

This could apply to most university research, which tends to be
government or institutionally sponsored. However, an interesting case
arises when university research is funded by industry (university-in-
dustry R&D spending in Fig. 1). Because of corporate short-term or-
ientations and need for secrecy, this may not lead to publication
(Hottenrott and Thorwarth, 2011). Nevertheless, academics who in-
teract with firms are very productive (Salimi et al., 2015) and firms
funding academic research are willing to enter scientific networks and,
therefore, will be interested in signalling the results of joint research to
scientific peers (Hicks, 1995–see also Section 2.3). These counter-
balancing forces impede clear predictions about the impact of uni-
versity-industry funding on university-industry scientific production. In
fact, there is some micro level empirical evidence suggesting that the
relation between them is very small (Yegros-Yegros et al., 2016). At the
macroeconomic level, the question remains open and is explored fur-
ther in this paper, as stated in this hypothesis with opposite clauses:

Hypothesis 2. The higher the amount of industrial funding of
university R&D spending, (i) the higher university-industry scientific
production; or (ii) the lower university-industry scientific production.

For the rest (and the bulk) of funding, we can be more straightfor-
ward and postulate:

Hypothesis 3. The higher the amount of non-industrial funding of
university R&D spending, the higher university-industry scientific
production.

2.2. Effect of economic cycles on university-industry scientific production

There are three mechanisms and pathways through which an eco-
nomic crisis can affect university-industry scientific production: de-
creased trust, reduced time available, and increased marginal value of
intellectual property rights regimes.

University-industry scientific production involves partners from
different sectors, with diverse cultures and institutional norms.
Consequently, there are long-standing concerns over possible conflicts
of interest and commitment between the partners, and the importance
of communication to overcome them (Arza and Carattoli, 2016; Barber,
1985; Siegel et al., 2003). Crises involve high degrees of conflict and
emotion and an increased perception that coercion and deterrence will
more often emerge in bargaining (Snyder and Diesing, 2015). Trust is
important for university-industry interaction (Bruneel et al., 2010;
Garcia-Perez-de-Lema et al., 2017) and recessions are harmful to trust
on the political and social dimensions (Erkel and Meer, 2016; Schoon
and Mortimer, 2017). Hence, we can expect economic crises to reduce
trust between university and industry partners, and that the post-crisis
period will be characterized by lower levels of interaction success in-
dicators such as university-industry scientific production.

Another issue related to university-industry interaction and its re-
sults in the form of scientific production is how they impinge on the
time for other academic activities, for example, teaching and curiosity-
driven research (Poyago-Theotoky et al., 2002; Wang et al., 2016).

These activities, traditionally, are the basis of promotion mechanism at
universities; adding to these activities scientific production with in-
dustry implies some reallocation of academic time. If this yields fewer
promotion opportunities than teaching and research, faculty members
will seek less engagement with industry (Azagra-Caro et al., 2008).
Generally, publication synergies between industry and public funding
depend on the academic's ‘taste for science’ vis-á-vis commercialization
(Hottenrott and Lawson, 2017). However, during periods of crisis, it
might be that given increased competition for promotion–because of
less project funding and fewer permanent positions–academics will
have an incentive to reallocate time from university-industry scientific
production towards traditional activities.

Similarly, for firms, the time available for research cooperation with
universities during economic crises may decrease. For instance, many
countries reacted to the Great Recession by renegotiating labour
agreements including reductions to staff and working hours (Heyes
et al., 2017; Verick and Islam, 2010). As a result, the remaining
workforce available to work on core industry areas will be reduced and
many firms will not be interested in cooperative research with uni-
versities (Santoro and Chakrabarti, 2002). In parallel, experience of
collaboration, which is a self-reinforcing precursor to future research
collaboration (Bruneel et al., 2010), will be eroded. The phenomenon of
scientific diaspora, which affects many economies (especially small
ones) during a crisis, increases this effect due to instability in the work
place. All these time-related factors will provoke small university-in-
dustry scientific production.

Finally, another consequence of crises is the increased marginal
value of Intellectual Property Rights (IPRs) and their monopolistic
power. Outsourcing staff is a typical strategy during a crisis and firms
with strong IPRs have more capability to implement it (Schwartz,
2016). In this context, we can expect a lower willingness to negotiate
IPRs with research organizations, including universities, leading to re-
duced university-industry scientific production.

For all these reasons, we postulate:

Hypothesis 4. Economic crisis negatively affects university-industry
scientific production.

2.3. How the crisis might have changed relationships between R&D spending
and university-industry scientific production

Not all research inputs (either in-house or joint R&D) result in
university-industry scientific production. It depends on capabilities and
incentive and rewards systems that encourage contributors to publish
their joint results. Recall that firms may publish in academic and
scholarly journals to signal scientific competence (Hicks, 1995). The
associated benefits for firms include increased reliability in the eyes of
public authorities and consumers, and their increased attractiveness to
universities and public research organizations as (potential) employers
or partners. This greater attractiveness is especially important for open
firms whose growth depends on research partnerships with the public
sector, and which use co-publication for similar signalling purposes
(Cockburn and Henderson, 1998). Paradoxically, a crisis can enhance
the value of university-industry scientific production for such signal-
ling, since engaging with partners who have good ideas for R&D pro-
jects may substitute the lack of financial resources.

Moreover, government policies to counter the effects of economic
crises often involve promotion of university-industry research co-
operation. Previous decades offer several examples: the world reces-
sions in 1973–1975 and the early 1980s (Rees and Bradley, 1988), and
also crises in particular countries and regions (see e.g., Fujisue, 1998 on
the 1991–2000 Japan Lost Decade; Thorn, 2005 on the 1998–2002
Argentine great depression; or Fernandez-Maldonado and Romein,
2010 on the early 1990s Eindhoven decline). The Great Recession
seems no exception. In 2008–2013, several large public-private R&D
European programmes were launched including the Innovative

2 A non-linear relationship between university R&D and university-industry
scientific production could be argued, i.e. if a university has abundant financial
resources, it might be less willing to collaborate with industry or have higher
bargaining power and claim all the credit for the publication without industry
authorship. However, this would seem unlikely if co-publication with industry
is evaluated positively as an academic merit as it was in most countries in the
period considered. Nevertheless, we tried to operationalize it econometrically
in the empirical part, but the results were not significant.
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Medicines Initiative, involving numerous dedicated university-industry R
&D consortia (Gunn et al., 2015).3 Medicine is the archetypical field
where firms publish and co-publish for signalling purposes to reg-
ulatory or policy arenas (Rafols et al., 2014; Sismondo, 2009). Under
these conditions, firms and universities may find that co-publishing
revalorizes, is an attractor for public funding and a clear sign of pre-
vious cooperation that can boost funding agency's evaluation scores.

Hence, for similar values of in-house and joint research inputs be-
fore and during crises, we may expect higher numbers of university-
industry scientific production during crises. A deterioration in the in-
stitutional conditions related to the economic cycle, which cause a di-
rect decline in university-industry scientific production (see previous
section), indirectly can work by making R&D more conducive to uni-
versity-industry scientific production because of its contribution to
signalling scientific competence.

Hypothesis 5. Economic crisis positively moderates the effects of (i)
industry R&D spending, (ii) industry funding of university R&D
spending and (iii) non-industry funding of university R&D spending
on university-industry scientific production.

2.4. How the moderating effect of the crisis might change according to the
geographical scope of university-industry scientific production

Recent trends in university-industry collaborative research have
been influenced by other factors than changes to R&D expenditure and
funding levels. These include, especially, the internationalization of
academic science and industry R&D such as the ‘Europeanization’
processes fuelled by the European Commission's series of Framework
programmes and public-private R&D programmes. The geographical
scope of the relationship (domestic or foreign) may also determine the
generation of university-industry scientific production. Previous re-
search suggests that the geographical distribution of university-industry
partners is determined by the interplay between a company's industrial
sector and R&D-size, and the collaboration-promoting framework con-
ditions (Arundel & Geuna, 2004; Laursen et al., 2010; Azagra-Caro
et al., 2013). Industry-oriented research universities, active in such
collaboration-inducing environments, can benefit from a broader range
of opportunities to engage in partnerships with companies based abroad
or local branches of foreign-based multinational enterprises. However,
we know that geographical proximity is not important for R&D-based
cooperation (Vedovello, 1997), at least, in the case of long-term pro-
jects (Broström, 2010) or the generation and adaptation of knowledge
activities (Fernández-Esquinas et al., 2016), which are the most likely
types of channels underlying production of joint research outputs.
Scientifically strong firms and universities lead international university-
industry cooperation, compensating for lack of physical proximity by
high cognitive proximity. This scientific strength can make them more
resistant to recession than weaker partners that rely on physical
proximity to cooperate. Hence, we can expect the direct negative effect
of the post-crisis period and the indirect positive change in the R&D
input-scientific output relationship to be larger for domestic than for
foreign university-industry research collaboration.

Hypothesis 6. The direct and moderating effects of economic crises on
university-industry scientific production is larger for domestic than for
foreign university-industry scientific production.

3. Model formalization

In this section, we retell the conceptual theory from the previous
section in the form of a mathematical model. Adopting the knowledge
production function approach (Adams and Griliches, 1996; Crespi and
Geuna, 2008), we depart from the following Cobb-Douglas specifica-
tion:

= +UISP A R eit i i t
T

, it (1)

where UISP is university-industry scientific production of country i in
year t, A is a constant at country level, R are research inputs of the same
country τ years before t, and T is the time component. The relevant
research performing sector inputs are modelled as follows:

=R R R( ) ( )it it
b

it
ub u

(2)

where b stands for business sector and u stands for university sector. If
we substitute Eq. (2) into Eq. (1) we derive a linear equation:

= + + + +uisp r r Tit i
b

i t
b u

i t
u

it, , (3)

where uisp, α, and r are the logarithms of UISP, A, and R, respectively.
To accommodate the possibility of a curvilinear relationship be-

tween industry spending and scientific output, as acknowledge in
theory (Section 2.1, paragraph 1), we model:

= + rb b b
i t
b

1 2 , (4)

Similarly, to account for the potentially divergent effects of in-
dustrial and non-industrial funding of university spending (Section 2.1,
paragraph 2), we consider βu to be a combination of both:

= +r
r

r
r

u u it
bu

it
u

u it
ou

it
u1 2 (5)

where rbu is the logarithm of business funded university research and rou

is the logarithm of otherwise funded university research.
Now, to allow for the fact that the time component may have a trend

plus a period component, which may vary according to the economic
cycle (Section 2.2), we specify:

= +T t ct (6)

where t is the trend and c indicates the post-crisis period, which has
effects on uisp with a lag of ϕ years.

Hence, substituting Eqs. (4), (5) and (6) into Eq. (3):

= + + + + + + +uisp r r r r t c( )it i
b

i t
b b

i t
b u

i t
bu u

i t
ou

t it1 , 2 ,
2

1 , 2 ,

(7)

To acknowledge that the economic cycle may interact and exert an
indirect effect on R&D variables (Section 2.3), we set:

= + + +t r r rb
i t
b u

i t
bu u

i t
ou

0 1 , 1 , 2 , (8)

By introducing Eq. (8) into Eq. (7), we obtain:

= + + + + + +

+ + + +

uisp r r r r t tc

r c r c r c

( )it i
b

i t
b b

i t
b u

i t
bu u

i t
ou

t

b
i t
b

t
u

i t
bu

t
u

i t
ou

t it

1 , 2 ,
2

1 , 2 , 0

1 , 1 , 2 , (9)

According to our predictions, β1
b > 0 (Hypothesis 1i), β2

b < 0
(Hypothesis 1ii), β1

u > 0 (Hypothesis 2i) or β1
u < 0 (Hypothesis 2ii),

β2
u > 0 (Hypothesis 3), δ0 < 0 (Hypothesis 4) and δ1

b > 0, δ1
u > 0

and δ2
u > 0 (Hypothesis 5i, ii and iii). Via a breakdown of uisp by

geographic scope (domestic and foreign), and a comparison of the
different δ's, we will test Hypothesis 6.

This is the basis for the empirical model we test with our data as
explained in the following section.

3 The Innovative Medicines Initiative (IMI) is funded jointly by the European
Union (represented by the European Commission) and the European pharma-
ceutical industry (represented by EFPIA, the European Federation of
Pharmaceutical Industries and Associations). The current IMI 2 programme
runs from 2014 to 2024, with a total budget is €3.276 billion.
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4. Data and methods

4.1. Variables and empirical model

We measure university-industry scientific production through the
number of university-industry co-authored research publications which
we refer to as UICs. UICs are one of the main outputs of successful joint
research in which academics and corporate R&D staff collaborate ac-
tively to produce new knowledge. Our analytical approach builds on a
long tradition of UIC-based studies (Tijssen, 2012) and policy-related
applications of country-level UIC data in international statistical
sources such as the European Commission's Innovation Union Score-
board.

The UIC data were extracted from research publications indexed by
the CWTS-licensed version of the Web of Science database (WoS), pub-
lished by Thomson Reuters. The WoS includes some 12,000 sources, that
is, peer-reviewed journals and conference proceedings, covering the
world's mainstream scientific and technical literature. Given the fact
that the vast majority of industry R&D and UICs are in other scientific
fields, our analysis excludes all WoS-indexed research publications in
the social and behavioural sciences and in arts and humanities. Each
UIC is assigned to all ‘university partner countries’ corresponding to the
author affiliate address(es) of the university contributors. Our initial
dataset contains data for 16 years (1998–2013).

To match these UIC data with R&D statistics, we need first to decide
on the appropriate time-lag, τ in the above mentioned equations.
Previous research does not mandate any specific value for τ, which can
actually be set to zero (Buesa et al., 2006; Kim et al., 2014; Montresor
and Vezzani, 2015), one (Cho et al., 2010; Madsen, 2008), or three
(Fritsch, 2002; Ponds et al., 2010). The conceptual underpinnings of
one or another choice are rarely explained or discussed. Some studies
apply models where publications is a distributed lag function of past R&
D expenditure, but the functional form is either assumed (e.g. Adams
and Griliches, 1996, who assume a 3 year-lag with arbitrary weights) or
estimated for concrete empirical data (e.g. Crespi and Geuna, 2008,
who provide evidence of positive impacts of university R&D on pub-
lication output in the case of 3–6 year lags). Hence, there is no con-
vincing empirical evidence to believe that these lags should apply to
our case, which uses a different sample of analytical units and different
variables. In this work, we do not aim to identify the most appropriate R
&D structure for our model; rather, we follow the literature, which
mainly uses a lag for a given number of years. For conceptual reasons,
we set τ =3 following the idea in Fig. 2: R&D inputs from year t-3
generate unpublished research outputs as a result of university-industry
interaction, which are then submitted for peer-review in year t-2, ac-
cepted for publication in year t-1 and finally published in a WoS-in-
dexed source year in t.

Hence, we matched UIC data with three-year-lagged R&D statistics
from the OECD online Main Science and Technology Indicators (MSTI).4

This information source covers 41 countries (34 of which are OECD
member states). Discarding the missing R&D data in the period of study
leaves us with a data sample of 510 country-year observations. To
smooth the numerical distribution of these observations, we use nu-
merical values expressed in log score.

The R&D variables included, all at constant prices and purchasing
power parities (log values), are:

• predictor variables: business R&D inputs are proxied by Business
Expenditure on R&D (‘BERD’), and university R&D inputs are re-
flected by Higher Education R&D (‘HERD’). For BERD, we introduce
the squared term ‘BERD2’ corresponding to the already mentioned
possibility of non-linearities in the data. We will use them to test
Hypotheses 1i and ii. For HERD, we distinguish between industry
funded HERD (‘industrial HERD’) and non-industry funded HERD
(‘non-industry HERD’). We will use them to test Hypotheses 2 and 3.

• control variable for the strength of public research organizations,
which, in some countries, is large and can act as a substitute for
university R&D: Government Expenditure on R&D (‘GOVERD’).

In order to operationalize model parameters for the post-crisis
period, we need first to choose the time lag ϕ in our model. Similarly to
τ, our choice of ϕ is conventional: we assume that macrolevel mea-
surable effects of this major crisis will not be immediate, but none-
theless will emerge relatively fast, so we set ϕ=1.5 Once we know τ
and ϕ, we can rewrite Eq. (10) as:
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Finally, we use a dummy variable for the “Post-crisis” period
(2008–2013), in line with other studies in the academic literature
(Klapper and Love, 2011; Furceri and Mourougane, 2012; Daim and
Ozdemir, 2015; Hud and Hussinger, 2015; Mina and Rocchetta, 2016).
This dummy takes the value 1 for each of the years 2008–2013. With
this dummy we will test Hypothesis 4, and its interaction with the R&D
variables will allow us testing Hypothesis 5.

The model can now be split into two consecutive time-periods:
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Still, we need to account for most of the variables in the model,
which contains non-stationary panels according to the unit root tests we
applied (Im-Pesharan-Shin, Dickey-Fuller and Phillips-Perron tests),
also if we include a trend. In order to avoid spurious results from the
regression analysis, we generate a first-difference estimator with a
constant, as a result of which the model becomes:
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where Δ represents an annual increase, the differences remove α and
the time constant part of the error term in Eq. (9), and we are left with
an idiosyncratic error term uit. Taking differences removes the first

t-3 t 

R&D spending 
Unpublished 

UICs 
UICs accepted for 

publication Published UICs 

t-2 t-1 

Fig. 2. Conceptual time lag from R&D inputs to UICs.

4 http://stats.oecd.org/Index.aspx?DataSetCode=MSTI_PUB (downloaded on
27/8/2015).

5 In our econometric estimations, we also run the model with ϕ=0 with no
effect on the results.
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period from the sample and the number of observations drops from 510
to 413.6

Table 1 presents the descriptive statistics of the variables. Table 2
presents the Pearson correlations among the variables.

If we distinguish between the two periods (i.e. ‘pre-crisis’, and
‘crisis’), the mean value of Δ log UICs decreases from 0.08 to 0.03; a t-
test reveals that the difference is significantly larger than zero, that is,
the crisis reduced the average number of UICs per country and year.
The upper left panel in Fig. 3 displays the annual growth of the number
of UICs, which shows short periods of rise and decline up to 2008–2009,
when it experienced the longest decline, before becoming negative in
the last two observation periods. The remaining panels in Fig. 3 com-
pare these trends with annual growth rates in R&D inputs. The upper
right panel in Fig. 3 shows that BERD irregularly followed or counter-
balanced numbers of UICs up to 2008–2009, when the series became
aligned. The two HERD trends (lower panels) exhibit a similar lack of
correlation before 2008–2009, but less clear alignment afterwards.

There are also large differences among the OECD countries.
According to the upper panel in Fig. 4, UIC growth over the whole
period was above average in Europe's peripheral countries and in
Eastern Europe (Iceland, Slovenia, Portugal, Estonia, Czech Republic,
Slovakia, Romania, Poland, Ireland), in some Scandinavian countries
(Sweden, Denmark) and some Asian Tigers (China, South Korea, Sin-
gapore). Below-average UIC growth occurred in Western and Central
Europe (Netherlands, France, Germany, Great Britain), in North
America (Canada, US), and two other large economies (Russia, Japan).

In order to examine country-level effects of the crisis, the lower
panel of Fig. 4 plots the former indicator (UIC growth over the whole
period) against the differences in UIC growth in each period (cut-off
point 2007–2008). There is a clear negative relationship (correlation
coefficient equals −0.30). In other words countries with higher UIC
growth over the whole period suffered the largest UIC losses during the
post-crisis period. Fig. 4 shows that there are some extreme cases with
high overall growth and high post-crisis decrease (Iceland, Slovenia,
Slovakia); those with low overall growth, but small post-crisis decrease
(Japan); or post-crisis increases (South Africa, Italy). It shows also that
there are exceptions, such as China, with high overall growth and also
positive gains after the crisis.

5. Results of models

5.1. Aggregate analysis

Table 3 presents the model estimation results. Column 1 presents
the R&D variables and main terms only. One out of our three predictor
variables, BERD, is significant with a positive sign. However, in column
2, BERD2 enters with a negative sign and absorbs the significance of the
main term; that is, countries with scientifically stronger firms, above a
certain threshold, find it less necessary or appealing to co-publish with
universities. This result confirms Hypothesis 1.

The coefficient of industry funding of HERD is not sig-
nificant–indicating that number of UICs depends on business scientific
strength, rather than business attempts to engage with university re-
search. Also, non-industrial funding of HERD does not seem to exert a
significant influence on UIC production. In other words, Hypotheses 2
and 3 are not confirmed.

These results, and the lack of significance of the control variable
GOVERD, are consistent across the specifications and columns in
Table 3. As for the post-crisis dummy variable (column 3), this is ne-
gative and significant (as in the other columns in Table 3). This finding
indicates that the direct effect of the crisis and recession on UICs was an
average output reduction of 6%–9% per country per year. Hence,
Hypothesis 4 is confirmed.

Columns 4–6 present interactions between the post-crisis dummy
variable and each of our predictor variables. The most significant is the
interaction term with BERD (column 4), implying that the recession
positively moderated the effect of BERD on UICs. Similarly, the post-
crisis period positively moderates the effect of industrial HERD on UICs
(column 5), but to a lesser extent. Column 7 includes all the interaction
terms and only the result for BERD holds (Hypothesis 5i confirmed), but
not industrial or non-industrial HERD (Hypothesis 5ii and iii not con-
firmed). Column 7 shows also that the pre-recession non-significant
impact (and negative after a threshold) of BERD on UICs shifted to a
positive impact during the post-crisis period, which suggests that UICs
tended to become a complementary asset for firms.

Fig. 5 is a graphical confirmation the former result, representing the
marginal effects of the crisis at various points of BERD. The area be-
tween the two lines represents how the post-crisis period moderated the
impact of BERD. Decreases in BERD correspond to decreases in UICs
higher than the average 7%, which was the direct effect of the post-
crisis period (a 0% increase in BERD corresponds to the average 7%).
For small-medium increases in BERD (between 0% and 30%), the effect
of the post-crisis period on UICs was not significant. For large increases
in BERD (> 30%), there are net gains in the post-crisis period in terms
of increased UICs. A closer look at the sample distribution shows that
more than half of observations lie in the segment of small BERD in-
creases, around one third in decreasing BERD and slightly > 10% in the
large BERD increase segment. Other evidence confirms that particular
companies have significantly increased research expenditure during the
Great Recession (Cincera et al., 2012).

5.2. Comparison with non-UIC publication trends and split sample analysis

Are the observed UIC trends part of a general trend that also oc-
curred among other types of research publications? If so, the previous
analysis becomes less relevant and informative. However, columns 1–2
in Table 4 show that this is not the case: while UICs are reactive to
changes in BERD, other university publications are not; and while
university publications are (as expected) reactive to non-industry
HERD, UICs are not. Furthermore, the class of non-university research
publications, that is, those produced by government labs and compa-
nies, are positively related to government expenditure and business
expenditure. Neither the non-university publication output nor the non-
UIC university publication output suffered as a result of the crisis–or the
crisis exercised moderating effects on the R&D input-output relation.

Table 1
Descriptive statistics of variables (N = 413).

Variable Mean Standard deviation Minimum Maximum

Δ log UICs 0.06 0.15 −0.44 0.57
Δ log BERD 0.06 0.13 −0.66 0.62
Δ log industrial HERD 0.05 0.40 −3.43 2.48
Δ log non-industrial HERD 0.07 0.12 −0.46 0.57
Δ log GOVERD 0.03 0.15 −1.14 0.72
Post-crisis (2008–2013) 0.37 0.48 0.00 1.00

Table 2
Pearson correlation coefficients (N = 413).

1 2 3 4 5 6

1 Δ log UICs 1.00
2 Δ log BERD 0.14* 1.00
3 Δ log industrial HERD 0.02 −0.05 1.00
4 Δ log non-industrial HERD 0.11* 0.16* 0.10* 1.00
5 Δ log GOVERD 0.05 0.08* 0.09 0.18* 1.00
6 Post-crisis (2008–2013) −0.05 −0.06 −0.01 0.04 0.02 1.00

* p < 0.05.

6 We applied Westerlund error-correction-based panel cointegration tests
(Persyn and Westerlund, 2008) and did not find any evidence of cointegration.
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Fig. 3. Evolution of UIC output growth, 1998–2013 and R&D input growth, 1995–2010. R&D variables are lagged three periods even if the horizontal axes state
annual periods for UIC.
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Fig. 4. UIC growth rates per country, 1998–2015.
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One likely reason is that ‘technological progress is often insulated from
economic cycles because R&D projects enjoy long-term support from
governments, foundations, and universities’ (Halal, 2013: 1636).
Clearly, the patterns in Table 3 are distinctive to UICs.

In order to check the robustness of results within more homogenous
sets of countries, further analysis was conducted at the level of country
blocs. Columns 3–4 in Table 4 display the model parameter estimations
for two blocs: the OECD and the European Union. The results lead to
similar conclusions about the impact of R&D inputs, the negative direct
effect of the crisis, and its positive moderating effect on business R&D.
Note that these effects of the crisis are somewhat more prominent in the
European Union bloc.

The validity of the results in Table 3 is further confirmed by split
sample analysis. Columns 5 and 6 in Table 4 show the parameter

estimations broken down into the periods before and after the crisis.
The linear effect of BERD is negative before the crisis and positive
afterwards. The quadratic effect of BERD (BERD2) is negative before the
crisis and not significant afterwards. Non-industry HERD is insignificant
in both time-periods. However, industry HERD appears positively sig-
nificant in the crisis period, which is consistent with column 5 in
Table 3–but not the results in column 7. To shed some light on this
paradox, the geographical breakdown of industry partners (located ei-
ther in the same country as the university, or in a foreign country) is
examined the next sub-section.

5.3. Regional breakdown

The dependent variable, number of UICs, is decomposed into

Table 3
First-difference estimation of Δ log number of UICs.

Coefficient Variable 1 2 3 4 5 6 7

β1
b Δ log BERD 0.18⁎ 0.08 0.17⁎ 0.19⁎⁎ 0.17⁎ 0.16⁎ 0.07

(0.10) (0.10) (0.09) (0.08) (0.09) (0.09) (0.09)
β2

b Δ log BERD2 −0.03⁎ −0.04⁎⁎

(0.02) (0.02)
β1

u Δ log industrial HERD 0.00 0.00 0.00 0.00 −0.01 0.00 −0.00
(0.02) (0.02) (0.02) (0.02) (0.02) (0.02) (0.02)

β2
u Δ log non-industrial HERD 0.08 0.08 0.10 0.09 0.10 0.10 0.09

(0.14) (0.14) (0.14) (0.13) (0.13) (0.13) (0.13)
– Δ log GOVERD 0.05 0.05 0.05 0.04 0.05 0.04 0.03

(0.04) (0.04) (0.04) (0.03) (0.04) (0.04) (0.03)
∂0 Post-crisis (2008–2013) −0.06⁎⁎⁎ −0.08⁎⁎⁎ −0.06⁎⁎⁎ −0.07⁎⁎⁎ −0.09⁎⁎⁎

(0.01) (0.01) (0.01) (0.02) (0.02)
∂1

b Δ log BERD × post-crisis 0.43⁎⁎⁎ 0.51⁎⁎⁎

(0.12) (0.13)
∂1

u Δ log indl. HERD × post-crisis 0.06⁎ 0.06
(0.03) (0.04)

∂2
u Δ log non-indl. HERD × post-crisis 0.14 0.03

(0.17) (0.19)
γ Constant 0.04⁎⁎⁎ 0.05⁎⁎⁎ 0.04⁎⁎⁎ 0.04⁎⁎⁎ 0.04⁎⁎⁎ 0.04⁎⁎⁎ 0.05⁎⁎⁎

(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
Observations 413 413 413 413 413 413 413
Clusters 35 35 35 35 35 35 35
R2 0.04 0.05 0.08 0.10 0.08 0.08 0.13
p 0.02 0.00 0.00 0.00 0.00 0.00 0.00

No multicollinearity according to VIF. Main terms centered if interacted with recession dummy. Country-clustered standard errors in parenthesis.
⁎ p < 0.1.
⁎⁎ p < 0.05.
⁎⁎⁎ p < 0.01.
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Fig. 5. The moderating effect of the 2008–2015 post-crisis period on the relationship between BERD and UIC.
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domestic and foreign (respectively 68% and 32% of all UICs). In
Table 5, we estimate the models using this geographical breakdown.
Notice that the direct effect of the crisis is higher for scientific pro-
duction between universities and domestic industry than for foreign
scientific production (−0.14 versus −0.6 respectively). The results for

the R&D main terms are identical to the aggregate in sign and sig-
nificance. The results for squared BERD2 changes: it holds for foreign
UICs, but not domestic UICs. In other words, the substitution effect
between large amounts of BERD and UICs is apparent only for foreign
UICs, which is understandable if we assume that the larger the cor-
poration, the more it will be involved in foreign scientific production
than UICs with domestic universities. The moderating effect of the post-
crisis period on the relationship between BERD and UIC is significant in
the case of both domestic and foreign UICs. For domestic UICs, another
moderating effect emerges, that is, industry funding of HERD, which
explains the similar effects seen in Table 3 (column 5) and Table 4
(column 4) and is attributable to the domestic level. Hypothesis 6 is
thereby confirmed.

6. Conclusions

This research paper contributes to the literature on scientific pro-
duction through a conceptual and formal model of university-industry
scientific production as a function of in-house research, joint R&D, and
non-R&D structural factors linked to the economic cycle. These non-R&
D factors include institutional factors and framework conditions, which
may either weaken during times of major economic crisis (trust and
time allocated to cooperation), or strengthen during crises (e.g. mar-
ginal value of IPR). Both effects contribute to a deterioration of uni-
versity-industry scientific production. However, our model considers
that signalling scientific strengths of (potential) R&D partners is the
dominant factor during crises, because public sector funders tend to
support or promote university-industry interaction, which in turn in-
creases the number of university-industry co-publication output by unit
of R&D expenditure, and thus causes a positive indirect effect of the
crisis on university-industry scientific production.

We tested this conceptual model with empirical evidence for two
time-periods, one before and one during the Great Recession. Overall,
the macro-level trends with university-industry co-publications world-
wide provide empirical evidence, albeit circumstantial, that this eco-
nomic recession had a significant influence on university-industry

Table 4
First-difference estimation of Δ log number of non-UIC publication outputs, and of UICs by country bloc and time-period.

1
University publications without companies

2
Non-university publications

3
OECD

4
European Union

5
Pre-crisis UICs

6
Post-crisis UICs

Δ log BERD 0.01 0.11⁎⁎ 0.03 −0.07 −0.20⁎⁎ 0.49⁎⁎⁎

(0.04) (0.05) (0.07) (0.12) (0.09) (0.12)
Δ log BERD2 −0.00 −0.00⁎ −0.07⁎⁎⁎ −0.08⁎⁎⁎ −0.07⁎⁎⁎ 0.01

(0.01) (0.02) (0.01) (0.02) (0.02) (0.02)
Δ log industrial HERD 0.00 0.01 0.05 0.04 −0.02 0.04⁎⁎

(0.01) (0.01) (0.03) (0.03) (0.03) (0.02)
Δ log non-industrial HERD 0.09⁎⁎⁎ 0.00 −0.13 0.06 0.08 0.14

(0.03) (0.04) (0.15) (0.18) (0.12) (0.21)
Δ log GOVERD 0.01 0.09⁎⁎ −0.02 0.03 0.06 −0.00

(0.02) (0.04) (0.03) (0.05) (0.04) (0.06)
Post-crisis (2008–2013) 0.00 −0.00 −0.09⁎⁎⁎ −0.11⁎⁎⁎

(0.01) (0.01) (0.02) (0.02)
Δ log BERD × post-crisis −0.08 −0.02 0.54⁎⁎⁎ 0.59⁎⁎⁎

(0.06) (0.08) (0.14) (0.17)
Δ log indl. HERD × post-crisis −0.01 −0.03 0.04 −0.01

(0.01) (0.03) (0.04) (0.06)
Δ log non-indl. HERD × post-crisis 0.08 −0.02 −0.17 0.10

(0.07) (0.09) (0.19) (0.21)
Constant 0.05⁎⁎⁎ 0.05⁎⁎⁎ 0.06⁎⁎⁎ 0.05⁎⁎⁎ 0.09⁎⁎⁎ −0.01

(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
Observations 413 413 327 243 259 154
Clusters 35 35 28 21 31 34
R2 0.05 0.07 0.19 0.17 0.07 0.18
p 0.05 0.01 0.00 0.00 0.00 0.00

No multicollinearity according to VIF. Main terms centered if interacted with recession dummy. Country-clustered standard errors in parenthesis.
⁎ p < 0.1.
⁎⁎ p < 0.05.
⁎⁎⁎ p < 0.01.

Table 5
First-difference estimation of Δ log number of UICs by geographic scope.

1
Domestic UICs

2
Foreign UICs

Δ log BERD 0.04 0.02
(0.12) (0.11)

Δ log BERD2 −0.04 −0.04⁎⁎

(0.03) (0.02)
Δ log industrial HERD −0.02 −0.00

(0.04) (0.03)
Δ log non-industrial HERD 0.15 0.06

(0.16) (0.10)
Δ log GOVERD 0.03 −0.04

(0.06) (0.08)
Post-crisis (2008–2013) −0.14⁎⁎⁎ −0.06⁎⁎⁎

(0.02) (0.02)
Δ log BERD × post-crisis 0.64⁎⁎⁎ 0.40⁎⁎

(0.23) (0.16)
Δ log indl. HERD × post-crisis 0.14⁎ 0.03

(0.08) (0.05)
Δ log non-indl. HERD × post-crisis −0.07 0.14

(0.28) (0.24)
Constant 0.05⁎⁎ 0.06⁎⁎⁎

(0.02) (0.01)
Observations 413 413
Clusters 35 35
R2 0.10 0.05
p 0.00 0.01

No multicollinearity according to VIF. Main terms centered if interacted with
recession dummy. Country-clustered standard errors in parenthesis.

⁎ p < 0.1.
⁎⁎ p < 0.05.
⁎⁎⁎ p < 0.01.
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scientific production.
Obviously, our analytical model cannot accurately measure the real-

world complex dynamics of relationships between research spending
and university-industry scientific production. A more comprehensive
model requires additional information sources and a wider range of
explanatory variables, notably: (a) institutional characteristics of na-
tional science systems, (b) nature and scope of national research
funding schemes, (c) effects of academic reward and incentive systems
and (d) (inter)national initiatives to support corporate R&D and uni-
versity-industry cooperation.

Given the constraints of our analytical model and the available
statistical data we were able to apply, due caution is required when
interpreting our findings. Our empirical tests suggest that, at macro-
economic level of countries and country blocks, university-industry
scientific production is led by business R&D expenditure and (to a lesser
extent) business funding of university R&D. Other sources of university
research funding (mainly by government) appear conducive for pro-
ducing research publications without industry co-authors, but it is not
defining determinant of university-industry scientific production pat-
terns.

The economic crisis might have sparked a heightened awareness of
the competitive advantages and the value of knowledge-based assets
which co-publication with universities might offer. As such, the reces-
sion may have contributed to the rise of ‘open science/open innovation’
modes of cooperation (Gassmann et al., 2012). This is in line with other
evidence that public-private cooperation may be more beneficial to
innovation after a crisis (D'Agostino and Moreno, 2016).

This is especially true of domestic university-industry scientific
production, where we observed no direct negative effect of industrial R
&D on UIC (compared to foreign cooperation); and where the moder-
ating effect of the crisis on the R&D-joint scientific production re-
lationship is not only through business expenditure (as for foreign co-
operation) but also through business funding of university expenditure
(unlike the case of foreign cooperation). These findings suggest that in
domestic partnerships, maybe because they are more vulnerable to
crisis, firms became more interested in signalling scientific competences
via publishing with universities based on mutual R&D collaboration.
This new dual model of R&D-joint scientific production relationships
could create opportunities out of variety, but also potential territorial
disparities which future research should address. Of course, regional
responses to the crisis are heterogeneous (Cruz-Castro et al., 2017; Holl
and Rama, 2016; Mina and Rocchetta, 2016), which makes it inter-
esting to distinguish further among domestic cooperation types.

Concluding, more data and detailed comparative analysis is needed
to corroborate our macro-level findings but also to closely monitor and
assess these processes. Assessing the possible economic implications of
structural changes in university-business R&D cooperation requires
micro-level case studies of the dynamic interrelationships between
university research strategies, company R&D portfolios, and govern-
ment R&D support initiatives. Future in-depth research could also in-
vestigate lag structures between R&D and UIC output, as in Crespi and
Geuna (2008), to refine analytical and predictive models of interactions
between university research and industry R&D spending.

Acknowledgements

Another version of this paper was finalist for the VII UAM-Accenture
Chair Award (2015). Joaquín's participation in this research was funded
through project AICO/2016/A/107 of the Valencian Regional
Government, project CSO2016-79045-C2-2-R of the Spanish Ministry of
Economics and Competitiveness and the Salvador de Madariaga
Mobility Stay Aid PRX14/00643 of the Spanish Ministry of Education,
Culture and Sports, Spain. Elena acknowledges funding from the
Broman Foundation. Previous versions of the paper were presented at a
2016 GREThA seminar, the Eurkind GCW 2016 Conference, the STI
Conference 2016, and at 2017 CREIP and RIERC seminars, organized by

Agustí Segarra-Blasco and Attila Varga, respectively. We thank atten-
dants for their comments.

References

Adams, J., Griliches, Z., 1996. Measuring science: an exploration. Proc. Natl. Acad. Sci. 93
(23), 12664–12670.

Archibugi, D., Filippetti, A., Frenz, M., 2013. Economic crisis and innovation: is de-
struction prevailing over accumulation? Res. Policy 42, 303–314.

Arora, A., Belenzon, S., Sheer, L., 2017. Back to Basics: Why Do Firms Invest in Research?
(No. w23187). National Bureau of Economic Research.

Arundel, A., Geuna, A., 2004. Proximity and the use of public science by innovative
European firms. Econ. Innov. New Technol. 13, 559–580.

Arza, V., Carattoli, M., 2016. Personal ties in university-industry linkages: a case-study
from Argentina. J. Technol. Transf. 1–27.

Azagra-Caro, J.M., Aznar-Márquez, J., Blanco, J.M., 2008. Interactive vs. non-interactive
knowledge production by faculty members. Appl. Econ. 40 (10), 1289–1297.

Azagra-Caro, J.M., Pontikakis, D., Varga, A., 2013. Delocalization patterns in uni-
versity–industry interaction: evidence from the Sixth R&D Framework Programme.
Eur. Plan. Stud. 21 (10), 1676–1701.

Barber, A.A., 1985. University-industry research cooperation. J. Soc. Res. Adm. 17 (2),
19–30.

Belderbos, R., Gilsing, V.A., Suzuki, S., 2016. Direct and mediated ties to universities:
“scientific” absorptive capacity and innovation performance of pharmaceutical firms.
Strateg. Organ. 14 (1), 32–52.

Breznitz, S., Clayton, P., 2017. The Impact of the 2008–2013 Financial Crisis on
University Research Output, Innovation Policy White Paper Series 2017–02. Munk
School of Global Affairs, University of Toronto, Canada.

Broström, A., 2010. Working with distant researchers—distance and content in uni-
versity–industry interaction. Res. Policy 39 (10), 1311–1320.

Bruneel, J., D'Este, P., Salter, A., 2010. Investigating the factors that diminish the barriers
to university–industry collaboration. Res. Policy 39 (7), 858–868.

Buesa, M., Heijs, J., Pellitero, M.M., Baumert, T., 2006. Regional systems of innovation
and the knowledge production function: the Spanish case. Technovation 26 (4),
463–472.

Chakrabarti, A.K., 1990. Scientific output of small and medium size firms in high tech
industries. IEEE Trans. Eng. Manag. 37 (1), 48–52.

Cho, C.C., Hu, M.W., Liu, M.C., 2010. Improvements in productivity based on co-au-
thorship: a case study of published articles in China. Scientometrics 85 (2), 463–470.

Cincera, M., Dratwa, D., 2011. Determinants of Scientific Production: An Empirical Study
of the World's Top R&D Companies. Université Libre de Bruxelles, Bruxelas, Bélgica.

Cincera, M., Cozza, C., Tübke, A., Voigt, P., 2012. Doing R&D or not (in a crisis), that is
the question…. European planning studies. 20 (9), 1525–1547.

Cockburn, I.M., Henderson, R.M., 1998. Absorptive capacity, coauthoring behavior, and
the organization of research in drug discovery. J. Ind. Econ. 46 (2), 157–182.

Crespi, G.A., Geuna, A., 2008. An empirical study of scientific production: a cross country
analysis, 1981–2002. Res. Policy 37 (4), 565–579.

Cruz-Castro, L., Sanz-Menéndez, L., 2016. The effects of the economic crisis on public
research: Spanish budgetary policies and research organizations. Technol. Forecast.
Soc. Chang. 113, 157–167.

Cruz-Castro, L., Holl, A., Rama, R., Sanz-Menéndez, L., 2017. Economic crisis and com-
pany R&D in Spain: do regional and policy factors matter? Ind. Innov. 1–23.

D'Agostino, L.M., Moreno, R., 2016. Exploration during turbulent times: an analysis of the
effects of R&D cooperation on radical innovation performance during the economic
crisis. In: Research Institute of Applied Economics Working Paper 2016/05.

Daim, T.U., Ozdemir, D., 2015. Impact of US economic crises on university research and
development investments. J. Knowl. Econ. 6 (1), 13–27.

Erkel, P.F., Meer, T.W., 2016. Macroeconomic performance, political trust and the Great
Recession: a multilevel analysis of the effects of within-country fluctuations in
macroeconomic performance on political trust in 15 EU countries, 1999–2011. Eur J
Polit Res 55 (1), 177–197.

Fernández-Esquinas, M., Pinto, H., Yruela, M.P., Pereira, T.S., 2016. Tracing the flows of
knowledge transfer: latent dimensions and determinants of university-industry in-
teractions in peripheral innovation systems. Technol. Forecast. Soc. Chang. 113,
266–279.

Fernandez-Maldonado, A.M., Romein, A., 2010. The role of organisational capacity and
knowledge-based development: the reinvention of Eindhoven. Int. J. Knowl.-Based
Dev. 1 (1–2), 79–96.

Ferreras-Méndez, J.L., Fernández-Mesa, A., Alegre, J., 2016. The relationship between
knowledge search strategies and absorptive capacity: a deeper look. Technovation 54,
48–61.

Fritsch, M., 2002. Measuring the quality of regional innovation systems: a knowledge
production function approach. Int. Reg. Sci. Rev. 25 (1), 86–101.

Fujisue, K., 1998. Promotion of academia-industry cooperation in Japan—establishing
the “law of promoting technology transfer from university to industry” in Japan.
Technovation 18 (6), 371–381.

Fung, H.N., Wong, C.Y., 2017. Scientific collaboration in indigenous knowledge in con-
text: insights from publication and co-publication network analysis. Technol.
Forecast. Soc. Chang. 117, 57–69.

Furceri, D., Mourougane, A., 2012. The effect of financial crises on potential output: new
empirical evidence from OECD countries. J. Macroecon. 34 (3), 822–832.

Garcia-Perez-de-Lema, D., Madrid-Guijarro, A., Martin, D.P., 2017. Influence of uni-
versity–firm governance on SMEs innovation and performance levels. Technol.
Forecast. Soc. Chang. 123, 250–261.

J.M. Azagra-Caro et al. Technological Forecasting & Social Change 139 (2019) 210–220

219

http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0005
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0005
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0010
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0010
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0015
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0015
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0020
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0020
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0025
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0025
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0030
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0030
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0035
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0035
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0035
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0040
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0040
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0045
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0045
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0045
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0050
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0050
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0050
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf9296
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf9296
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0060
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0060
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0065
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0065
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0065
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0070
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0070
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0075
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0075
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0080
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0080
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0085
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0085
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0090
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0090
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0100
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0100
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0105
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0105
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0105
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0110
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0110
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0115
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0115
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0115
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0120
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0120
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0125
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0125
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0125
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0125
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0130
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0130
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0130
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0130
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0135
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0135
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0135
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0140
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0140
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0140
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0145
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0145
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0150
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0150
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0150
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0155
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0155
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0155
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0160
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0160
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0165
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0165
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0165


Gassmann, O., Widenmayer, B., Friesike, S., Schildhauer, T., 2012. Opening Up Science:
Towards an Agenda of Open Science in Industry and Academia. (HIIG Discussion
Paper Series, Discussion Paper 2012-04).

Giunta, A., Pericoli, F.M., Pierucci, E., 2016. University–industry collaboration in the
biopharmaceuticals: the Italian case. J. Technol. Transf. 41 (4), 818–840.

Gunn, M., Lim, M., Cross, D., Goldman, M., 2015. Benchmarking the scientific output of
the Innovative Medicines Initiative. Nat. Biotechnol. 33, 811–812.

Halal, W.E., 2013. Forecasting the technology revolution: results and learnings from the
TechCast project. Technol. Forecast. Soc. Chang. 80 (8), 1635–1643.

Halperin, M.R., Chakrabarti, A.K., 1987. Firm and industry characteristics influencing
publications of scientists in large American companies. R&D Manag. 17 (3), 167–173.

Heyes, J., Tomlinson, M., Whitworth, A., 2017. Underemployment and well-being in the
UK before and after the Great Recession. Work Employ. Soc. 31 (1), 71–89
(0950017016666199).

Hicks, D., 1995. Published papers, tacit competencies and corporate management of the
public/private character of knowledge. Ind. Corp. Chang. 4 (2), 401–424.

Holl, A., Rama, R., 2016. Persistence of innovative activities in times of crisis: the case of
the Basque Country. Eur. Plan. Stud. 20 (4), 1863–1883.

Hottenrott, H., Lawson, C., 2017. Fishing for complementarities: research Grants and
research productivity. Int. J. Ind. Organ. 51, 1–38.

Hottenrott, H., Thorwarth, S., 2011. Industry funding of university research and scientific
productivity. Kyklos 64 (4), 534–555.

Hud, M., Hussinger, K., 2015. The impact of R&D subsidies during the crisis. Res. Policy
44 (10), 1844–1855.

Izsak, K., Markianidou, P., Lukach, R., Wastyn, R., 2013. The Impact of the Crisis on
Research and Innovation Policies. Report on a Study for the European Commission
DG Research by Technopolis Group Belgium and Idea Consult Brussels. European
Commission.

Kim, T., Maskus, K., Oh, K.Y., 2014. Effects of knowledge spillovers on knowledge pro-
duction and productivity growth in Korean manufacturing firms. Asian Econ. J. 28
(1), 63–79.

Klapper, L., Love, I., 2011. The impact of the financial crisis on new firm registration.
Econ. Lett. 113 (1), 1–4.

Laursen, K., Reichstein, T., Salter, A., 2010. Exploring the effect of geographical proximity
and university quality on university–industry collaboration in the United Kingdom.
Reg. Stud. 45, 507–523.

Madsen, J.B., 2008. Semi-endogenous versus Schumpeterian growth models: testing the
knowledge production function using international data. J. Econ. Growth 13 (1),
1–26.

McKelvey, M., Rake, B., 2016. Product innovation success based on cancer research in the
pharmaceutical industry: co-publication networks and the effects of partners. Ind.
Innov. 23 (5), 383–406.

Mina, A., Rocchetta, S., 2016. Adaptive resilience and technological variety: empirical
evidence from the UK regions. In: Eurkind Conference, 22–24 June, Valencia (Spain).

Montresor, S., Vezzani, A., 2015. The production function of top R&D investors: ac-
counting for size and sector heterogeneity with quantile estimations. Res. Policy 44
(2), 381–393.

OECD, 2012. Science, Technology and Industry Outlook 2012. Organisation for Economic
Cooperation and Development, Paris.

Perkmann, M., Walsh, K., 2007. University–industry relationships and open innovation:
towards a research agenda. Int. J. Manag. Rev. 9 (4), 259–280.

Persyn, D., Westerlund, J., 2008. Error-correction-based cointegration tests for panel
data. Stata J. 8 (2), 232–241.

Ponds, R., Van Oort, F., Frenken, K., 2010. Innovation, spillovers and university–industry
collaboration: an extended knowledge production function approach. J. Econ. Geogr.
10 (2), 231–255.

Poyago-Theotoky, J., Beath, J., Siegel, D.S., 2002. Universities and fundamental research:
reflections on the growth of university–industry partnerships. Oxf. Rev. Econ. Policy
18 (1), 10–21.

Rafols, I., Hopkins, M.M., Hoekman, J., Siepel, J., O'Hare, A., Perianes-Rodríguez, A.,
Nightingale, P., 2014. Big pharma, little science?: a bibliometric perspective on Big
Pharma's R&D decline. Technol. Forecast. Soc. Chang. 81, 22–38.

Rappert, B., Andrew, Webster A., Charles, D., 1999. Making sense of diversity and re-
luctance: academic–industrial relations and intellectual property. Res. Policy 28 (8),
873–890.

Rees, J., Bradley, R., 1988. Research policy and review 24. State science policy and
economic development in the United States: a critical perspective. Environ Plan A 20
(8), 999–1012.

Salimi, N., Bekkers, R., Frenken, K., 2015. Does working with industry come at a price? A
study of doctoral candidates' performance in collaborative vs. non-collaborative Ph.
D. projects. Technovation 41, 51–61.

Santoro, M.D., Chakrabarti, A.K., 2002. Firm size and technology centrality in in-
dustry–university interactions. Res. Policy 31 (7), 1163–1180.

Schoon, I., Mortimer, J., 2017. Youth and the Great Recession: are values, achievement
orientation and outlook to the future affected? Int. J. Psychol. 52 (1), 1–8.

Schwartz, H.M., 2016. Wealth and Secular Stagnation: The Role of Industrial
Organization and Intellectual Property Rights. RSF.

Siegel, D.S., Waldman, D.A., Atwater, L.E., Link, A.N., 2003. Commercial knowledge
transfers from universities to firms: improving the effectiveness of uni-
versity–industry collaboration. J. High Technol. Manag. Res. 14 (1), 111–133.

Sismondo, S., 2009. Ghosts in the machine: publication planning in the medical sciences.
Soc. Stud. Sci. 39 (2), 171–198.

Snyder, G.H., Diesing, P., 2015. Conflict among Nations: Bargaining, Decision Making,
and System Structure in International Crises. Princeton University Press.

Thorn, K., 2005. Science, Technology and Innovation in Argentina. A Profile of Issues and
Practices.

Tijssen, R., 2012. Co-authored research publications and strategic analysis of public-
private collaboration. Res. Eval. 21, 204–215.

Vedovello, C., 1997. Science parks and university-industry interaction: geographical
proximity between the agents as a driving force. Technovation 17 (9), 491–531.

Verick, S., Islam, I., 2010. The Great Recession of 2008–2009: Causes, Consequences and
Policy Responses.

Wang, Y., Hu, R., Li, W., Pan, X., 2016. Does teaching benefit from university–industry
collaboration? Investigating the role of academic commercialization and engage-
ment. Scientometrics 106 (3), 1037–1055.

Weckowska, D.M., 2015. Learning in university technology transfer offices: transactions-
focused and relations-focused approaches to commercialization of academic research.
Technovation 41, 62–74.

Wong, P.K., Singh, A., 2013. Do co-publications with industry lead to higher levels of
university technology commercialization activity? Scientometrics 97 (2), 245–265.

Yegros-Yegros, A., Azagra-Caro, J.M., López-Ferrer, M., Tijssen, R.J., 2016. Do uni-
versity–industry co-publication outputs correspond with university funding from
firms? Research Evaluation 25 (2), rvv045 136–150.

Joaquín M. Azagra-Caro. Tenured scientist at INGENIO (CSIC-UPV), in Valencia, from
2010. He develops research about academic patenting, university-industry interaction
and knowledge flows. His contributions draw from information science, economics,
management, policy and geography. He has worked for the Polytechnic University of
Valencia (1997–2006), IPTS (Seville, 2006–2009) and IPP (Madrid, 2009–2010). He has
temporarily stayed at BETA (Strasburg, 2002), CINDOC (Madrid, 2005) CWTS (Leiden,
2014) and GREThA (Bordeaux, 2016).

Robert J.W. Tijssen holds the Chair of Science and Innovation Studies at Leiden
University. He is research fellow at Leiden's Africa Studies Centre and at the LDE Center
for Frugal innovation in Africa. Robert is also professor at Stellenbosch University (South
Africa) and board member of South Africa's DST-NRF Center of Excellence in
Scientometrics and Science, Technology and Innovation Policy. His other affiliations in-
clude the Centre for Global Higher Education (United Kingdom) and a visiting fellowship
at the University of Bologna (Italy).

Elena M. Tur is an assistant professor at the Technology, Innovation & Society group of
the Eindhoven University of Technology, and a Broman Scholar at the School of Business,
Economics and Law of the University of Gothenburg. She has a background in
Mathematics and Statistics, and a PhD in Innovation Studies by the Utrecht University.
Her main research lines include mathematical models of innovation, simulation models of
diffusion, and patentometrics.

Alfredo Yegros-Yegros is a researcher at the Centre for Science and Technology Studies
(CWTS) of Leiden University in the Netherlands. His current research revolves around
quantitative studies of science and technology. More specifically, the analysis of public-
private research interactions and knowledge flows, the study of science-technology lin-
kages, and the study of methods potentially able to capture societal impact of scientific
research are some of his research interests.

J.M. Azagra-Caro et al. Technological Forecasting & Social Change 139 (2019) 210–220

220

http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0170
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0170
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0170
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0175
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0175
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0180
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0180
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0185
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0185
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0190
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0190
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0195
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0195
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0195
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf2873
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf2873
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0200
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0200
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0205
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0205
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0210
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0210
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf2665
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf2665
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0215
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0215
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0215
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0215
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0225
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0225
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0225
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0230
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0230
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0235
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0235
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0235
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0240
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0240
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0240
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0245
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0245
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0245
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0250
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0250
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0255
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0255
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0255
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf201811121048292612
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf201811121048292612
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0265
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0265
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0270
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0270
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0275
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0275
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0275
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0280
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0280
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0280
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0285
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0285
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0285
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0290
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0290
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0290
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0295
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0295
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0295
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0300
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0300
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0300
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0305
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0305
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0310
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0310
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0315
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0315
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0320
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0320
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0320
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0325
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0325
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0330
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0330
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0335
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0335
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0345
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0345
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf2784
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf2784
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0350
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0350
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0355
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0355
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0355
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0360
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0360
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0360
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0365
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0365
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0370
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0370
http://refhub.elsevier.com/S0040-1625(17)30406-7/rf0370

	University-industry scientific production and the Great Recession
	Introduction
	Conceptual framework
	The effect of R&#x200B;&&#x200B;D on university-industry scientific production
	Effect of economic cycles on university-industry scientific production
	How the crisis might have changed relationships between R&#x200B;&&#x200B;D spending and university-industry scientific production
	How the moderating effect of the crisis might change according to the geographical scope of university-industry scientific production

	Model formalization
	Data and methods
	Variables and empirical model

	Results of models
	Aggregate analysis
	Comparison with non-UIC publication trends and split sample analysis
	Regional breakdown

	Conclusions
	Acknowledgements
	References




