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ABSTRACT 
The 2007/2008 financial crisis, and ensuing economic recession, had a direct negative effect 
on university-industry research cooperation in the OECD countries and other economies – it 
diminished the number of university-industry co-authored research publications (UICs) 
during the period 2008-13 by 7%. It also changed the relationship between national business 
expenditure on R&D and UIC output levels. Before the recession the relationship was 
negative, but became positive during the years 2008-2013. The few countries where business 
expenditure on R&D increased during recession saw UIC numbers rise. This moderating 
effect of the recession applies only to ‘domestic UICs’, where universities cooperated with 
business companies located in the same country. Micro-level research is needed to assess the 
contributing effects on large university-industry R&D consortia on both domestic and 
international collaboration patterns. 

INTRODUCTION 
Technological innovation and industrial R&D often relies on academic research and 
university-industry collaboration (Cohen et al., 2002). The financial crisis of 2008 not only 
ushered in an era of austerity in public finances in many advanced industrialized nations, but 
it also affected business sector R&D spending which fell 4.5% in 2009 when many corporate 
strategies shifted from long-term competitiveness to short-term survival (OECD, 2012). What 
was the net effect of the economic crisis and these developments, initiated both in the 
business sector and public sector, on the levels of university-industry R&D interaction and 
collaboration across the globe? There are no survey-based sources, neither at national 
statistical offices nor at supranational agencies such as the OECD, to systematically assess 
and compare trends within and across nations worldwide. To examine large-scale effects of 
changes in corporate R&D spending, our descriptive empirical analysis relies by necessity on 
a measurement approach that extracts its data from hundreds of thousands of research articles 
in the open scientific literature. In this paper we analyze recent trends in university-industry 
co-authored research publications (UICs for short), one of the main outputs of successful joint 
research where academics and corporate R&D staff actively collaborated to produce new 
knowledge. This 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 Scoreboard. 

1 Another version was finalist of the VII UAM-Accenture Chair Award (2015). 
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Operationalized in terms of UIC output data, two main research questions emerge: 

• Did the economic crisis and recession affect UIC output levels across countries worldwide?
• Did this economic shock change the current relationship between R&D spending input and

UIC output?

CONCEPTUAL FRAMEWORK 
Our conceptual framework, depicted in Fig. 1, assumes a time-delayed direct relationship 
between R&D spending inputs and UIC output that is affected by the onset of the financial 
crisis and subsequent economic recession. 

Fig. 1. Conceptual framework for studying the impact of the economic recession on the 
production of university-industry co-publications within national university systems. 

THE EFFECT OF R&D ON UICS 
Scientific production in the form of published articles implies underlying R&D activities at 
universities (Adams and Griliches, 1996; Crespi and Geuna, 2008) and business enterprises 
(Halperin & Chakrabarti, 1987; Chakrabarti, 1990). UICs are produced by universities as an 
output from successful collaboration with ‘science-based’ firms that partially outsource their 
scientific or technological research to universities or other specialized institutes. Typical 
science-based industries included pharmaceuticals and biotechnology, chemicals and food, 
electronics, computers and information technology. The R&D rate of return, in terms of a 
joint publication output such as UICs, is almost unpredictable, especially when high-risk 
‘discovery’ research is involved. A wide range of models and 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 –focusing either on transaction 
costs (Bruneel et al., 2010), or property rights (Rappert et al., 1999) –suggest negative 
relationships between those inputs and outputs. Other models suggest that knowledge 
absorptive capacity within companies or the open innovation paradigm (Cohen & Levinthal, 
1990; Perkmann & Walsh, 2007), imply positive relationships. 

UIC output 
(domestic and/or foreign 

industry partners)  

Business sector R&D spending and 
funding 

University R&D spending 

Financial crisis and 
recession 

(2008-2015) 

214



STI Conference 2016 · València 

This work is licensed under a Creative Commons License: Attribution-NonCommercial-NoDerivatives 4.0 International. 

HOW THE RECESSION MAY HAVE CHANGED THE RELATION 
BETWEEN R&D AND UICS 
The economic crisis and its subsequent wave of austerity measures are likely to have had 
significant effects on both business sector R&D and university research.  Without systematic, 
empirical evidence one can only speculate about the nature and extent of these impacts so far. 
With regards to the business sector, a downturn in available funds for in-house R&D might 
have sparked a heighted awareness of competitive advantages and the value of knowledge-
based assets that universities may offer. This in turn could have impinged on corporate 
strategies and policies to either restrict the publishing research findings through UICs or 
otherwise (in order to protect investments and intellectual property) or, conversely, embrace 
resource-sharing strategies that may boost research productivity and UIC outputs. University-
industry research programs can also help shape open source platforms and seeding a new 
R&D-based innovation ecosystems (Boudreau & Lakhani, 2009). Another advantage of such 
programs is that, especially in times of R&D budget constraints, companies can leverage 
additional funds from the public or third-sector sources. High leverage ratios can be achieved 
if projects are pursued in long-term consortia with established partner universities in the same 
country, which drastically reduces transaction costs, arising from lengthy negotiations with 
universities, and forces partners to relinquish IPR control rights. Following these arguments 
one would expect more public-private R&D collaboration but not necessarily more UICs 
because of the transaction costs involved in producing the publication. 

As for the public sector expenditure on university research, in several countries resources 
have been constrained, or even cut back, because policymakers may have perceived such 
expenditures less likely to have immediate positive effects on job creation and economic 
growth in the near future (i.e. the current political cycle). Moreover, longer-term benefits of 
research may also accrue to other countries, thus strengthening the policy rationale for 
national disinvestments - either temporary or structural - in R&D subsidies for specific 
industrial sectors or allocation of research funds in specific fields of science. University 
departments effected by these austerity measures are likely seek for funding elsewhere to 
retain their research capacity. Those with strong pre-existing linkages to (local) R&D-
intensive industries are likely to succeed in attracting such funds. The UIC production of such 
departments will remain at the same level. We expect to see UIC output declines at 
universities or countries where such favourable framework conditions are less frequent. 

DATA AND METHODS 

THE STATISTICAL MODEL 
Following the knowledge production function approach (Adams and Griliches, 1996; Crespi 
and Geuna, 2008) we wish to fit the econometric model: 

𝑈𝐼𝐶𝑖𝑡 = 𝛽0 + 𝛽1𝑅&𝐷𝑖,𝑡−𝜏 + 𝜖𝑖𝑡 (1) 

Where ‘UIC’ is the UIC frequency of country i in year t, ‘R&D’ are different indicators of 
R&D size, expenditure and funding of the same country  years before t, and  is the error 
term. We have set =3 following the idea represented in Fig. 2: R&D inputs from year t-3 
generate unpublished research outputs, which are sent for peer-review in year t-2 and will be 
accepted for publication in year t-1, and published in a WoS-indexed source year in t. 
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Fig. 2. Conceptual time lag from R&D inputs to UIC output. 

VARIABLES 
We measure UIC outputs through the number of university-industry co-publications. The UIC 
data were extracted from research publications indexed by the CWTS-licenced version of 
Web of Science database (WoS) which is published by Thomson Reuters. The WoS includes 
some 12,000 sources, i.e. peer-reviewed journals and conference proceedings, that cover the 
world’s mainstream scientific and technical literature. Given the fact that the vast majority of 
industry R&D and UICs are in other fields of science, our analysis excludes all WoS-indexed 
research publications in the social and behavioural sciences, as well as the arts and 
humanities. Each UIC is assigned in full to all ‘university partner countries’ corresponding to 
the author affiliate address(es) of the university staff. Our initial dataset contains data for an 
incomplete panel of around 200 countries and 16 years (1998-2013). To smooth the 
distribution of the observations, we use the variable in logs.  

We matched these data with three-year-lagged R&D statistics from OECD’s Main Science 
and Technology Indicators (MSTI) online. This source covers 41 countries (34 OECD 
member states, 7 other economies), so the number of observations after matching decreases 
(Fig. 3 may help visualise the matching procedure). In addition, there are missing R&D data, 
which leaves us with a sample of 510 observations. 
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Fig. 3. Number of observations in the sample. 

The R&D variables included are: 

• A control for size: gross expenditure on R&D (GERD), at constant prices and purchasing
power parities, which we take in logs.

• Ratios to measure our three predictors: business expenditure on R&D as a percentage of
GDP of (BERD/GDP), higher education on R&D as a percentage of GDP (GERD/GDP) and
percentage of HERD funded by industry (industrial funding/HERD).

• Plus a control for the strength of public research organisations, which in some countries is
large and can act as a substitute for university R&D: government expenditure on R&D as a
percentage of GDP (GOVERD/GDP).

Most variables contain non-stationary panels according to unit root tests, also when we 
include a trend (we conducted Im-Pesharan-Shin, Dickey-Fuller and Phillips-Perron tests). In 
order to avoid spurious results from regression analysis, we generate a first-difference 
estimator with a constant, so the model becomes: 

∆𝑈𝐼𝐶𝑖𝑡 = 𝛽1∆𝑅&𝐷𝑖,𝑡−3 + 𝛿0 + ∆𝑢𝑖𝑡 (2) 

Where  represents a year increase, the differences remove 0 and the time constant part of 
the error term in equation 1, there remains an idiosyncratic error term uit, and a new constant 
0 expresses a year increase in the trend. Taking differences removes the first period from the 
sample and the number of observation drops from 510 to 413. 
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We use a dummy for identifying the recession, as in previous works (Klapper and Love, 
2011; Furceri and Mourougane, 2012; Daim and Ozdemir, 2015). The dummy takes value 1 
in years 2008-2013. We expand the previous model as follows: 

∆𝑈𝐼𝐶𝑖𝑡 = 𝛽1∆𝑅&𝐷𝑖,𝑡−3 + 𝛾1𝑐𝑟𝑖𝑠𝑖𝑠𝑡 + 𝛿0 + ∆𝑢𝑖𝑡 (3) 

RESULTS 
Table 1 presents the estimation results. Column 1 contains R&D variables only. The 
coefficient of the size variable, GERD, is positive and significant, which is intuitive: larger 
national research systems generate larger numbers of UICs. One out of our three predictors is 
significant, BERD intensity, with a negative sign: countries with scientifically stronger firms 
find universities less necessary, and fewer UICs arise. 

Table 1. First-difference estimation of  log number of UIC outputs 

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

The coefficient of HERD intensity is not significant, suggesting that business firms lead the 
production of UICs, vis-à-vis universities. Industrial funding of HERD does not exert a 
significant influence either –a sign that numbers of UICs depend on business scientific 
strength rather than business attempts to orient university research. 

1 2 3 4 5 6 
 Log GERD 0.51*** 0.49*** 0.53*** 0.50*** 0.50*** 0.53*** 

(0.16) (0.15) (0.14) (0.15) (0.14) (0.14)   
 BERD/GDP -0.17* -0.17* -0.22** -0.17* -0.17* -0.22** 

(0.09) (0.08) (0.09) (0.09) (0.08) (0.10)   
 HERD/GDP -0.48 -0.33 -0.38 -0.35 -0.35 -0.40   

(0.50) (0.49) (0.49) (0.54) (0.49) (0.54)   
 Industrial 
funding/HERD 

0.00 0.00 -0.00 0.00 -0.00 -0.00   
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)   

 GOVERD/GDP -0.42** -0.32 -0.44** -0.34 -0.30 -0.42*  
(0.19) (0.21) (0.20) (0.22) (0.21) (0.21)   

Recession 2008-2013 -0.06*** -0.07*** -0.06*** -0.06*** -0.07*** 
(0.01) (0.01) (0.01) (0.01) (0.01)   

 BERD/GDP  
Recession 2008-2013 

0.44*** 0.43*** 
(0.15) (0.15)   

 HERD/GDP  
Recession 2008-2013 

0.14 0.04
(0.62) (0.59)   

 Indl. fung./HERD  
Recn. 2008-2013 

0.01 0.01
(0.01) (0.01)   

Constant 0.04*** 0.04*** 0.04*** 0.04*** 0.04*** 0.04*** 
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)   

Observations 413 413 413 413 413 413
Clusters 35 35 35 35 35 35
R2 0.04 0.08 0.10 0.08 0.08 0.10
p 0.04 0.00 0.00 0.00 0.00 0.00
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All these results are consistent across the different specifications and columns of Table 1. The 
impact of the control variable GOVERD intensity is somewhat erratic –always negative 
(indicating a substitution effect between universities and public research organisations as 
research partners for firms), but not always significant. Deepening into the reasons for this 
uneven behaviour lies beyond the scope of the paper, which focuses on university and 
industry, but exploratory analysis suggests that it is a case of moderated mediation with 
BERD intensity. In our preferred model (column 6), the coefficient of GOVERD intensity is 
negative, weakly significant, which we take as the most precise estimation. 

In Column 2, we add the recession dummy. This is negative and significant, and so in the rest 
of the columns. It indicates that the direct effect of the recession on UIC outputs was an 
average reduction of 6-7 percent per country and year. 

In Columns 3-5, we interact the recession dummy with each one of our predictors. The only 
significant one is the interaction term with BERD intensity (Column 3). This implies that the 
recession positively moderated the effect of BERD intensity on UIC outputs. The pre-
recession negative impact of BERD intensity on UICs shifted to a positive impact during the 
recession, which suggests that UIC turned into a complementary asset to firms. In Column 6, 
we put all interaction terms together, and this result still holds. 

Fig. 4, plotted after calculating the marginal effects of the recession at various points of 
BERD intensity, further illustrates the former result.  

Fig. 4. The moderating effect of the 2008-2015 recession on BERD intensity-UIC relation. 

The area between the two lines represents how the recession moderated the impact of BERD 
intensity. Decreases of BERD correspond to decreases of UIC outputs higher than the average 
7%, which was the direct effect of the recession (a 0% increase in BERD intensity 
corresponds to the average 7%). For small increases in BERD intensity (between 0% and 
40%), the effect of the recession on UICs was not significant. For large increases in BERD 
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intensity (from 40%), there were net gains from the recession in terms of increased UIC 
outputs. A closer look at the distribution of the sample shows that more than one half of the 
observations lie in the segment of small BERD increases, around one third in that of 
decreasing BERD and a bit more than ten percent in the large BERD increase segment. 

The dependent variable, number of UICs, can be decomposed between domestic and foreign 
(68 and 32% of all UICs, respectively). We estimated the models using this breakdown. The 
results on the main terms are identical to the aggregate in sign and significance. The results on 
the interaction term change, though: they hold for domestic UICs, not for foreign ones, i.e. the 
moderating effect of the recession on the BERD intensity-UIC relation is only significant in 
the case of domestic UICs. 

CONCLUSIONS 
Overall, the macro-level trends with UIC production worldwide provide empirical, albeit 
circumstantial, evidence that the economic recession had a significant influence on research 
collaboration between the business sector and universities. Obviously, our country-level ‘one-
size-fits-all’ explanatory model cannot grasp the real-world complex dynamics of 
relationships between research funding and UIC outputs. Structural determinants, 
supplementary to those we have now introduced and analysed, should also be investigated, 
notably: institutional characteristics of national science systems, the nature and scope of 
national research funding schemes, the effects of academic reward and incentive systems, as 
well as the existence of (inter)national initiatives to promote corporate R&D and university-
industry cooperation. 

The success of some European large public-private R&D programs during the years 2008-
2014, such as the Innovative Medicines Initiative, consisting of many dedicated university-
industry R&D consortia , suggests the latter strategy among pharmaceutical companies (Gunn 
et al., 2015). As such, the recession may have contributed to the rise of ‘open science/open 
innovation’ modes of cooperation (Gassman et al., 2012).  

Further data gathering and detailed comparative analysis is needed to closely monitor and 
assess these processes and to corroborate our macro-level findings. UIC data exclude 
information from social sciences and humanities, whereas R&D data do not, hence refining 
UIC data to include social sciences and humanities would provide a more accurate match. 
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 government R&D support 
initiatives. 
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