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Abstract: We examine the determinants of innovation cooperation in general, 
and with science in particular. First, the focus was on innovative firms: the ones 
that may decide to cooperate in innovation. Second, the cooperation with 
science was only defined for firms which decide to cooperate. A trivariate 
model with double sample selection was estimated to address the potential bias 
due to self-selected subsamples. Innovative firms that cooperate with science 
had a better in-house capability, were larger, and received more R&D support 
than innovators that cooperate with other partners. Furthermore, their 
probability of cooperating with science increased with the level of protection. 
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1 Introduction 

There is a broad consensus as to the interactions between industry and science as 
promoters of knowledge diffusion (e.g., Robin and Schubert, 2013) and evidence based 
on several empirical studies suggests a positive effect of knowledge transfers from 
science to industry (Veugelers and Cassiman, 2005). In the last two decades, 
governments and policy-makers have implemented several programs to foster the 
cooperation between enterprises and external sources of knowledge, especially public 
science institutions such as universities. These initiatives are often based on the 
expectation that university-industry interactions can increase innovation rates in the 
economy by making use of synergistic effects due to a mutual exchange of information 
and ideas (Barge-Gil et al., 2010; Spencer, 2001). Several empirical studies have 
demonstrated a positive relationship between the use of some external knowledge  
sources and innovative performance (e.g., Oluwatope et al., 2016). The importance of  
university-industry-government relations for a successful innovation is highlighted by the 
Triple Helix concept (Etzkowitz and Leydesdorff, 1995), which emphasises the idea that 
the cooperation among societal actors within adequate networks is crucial for knowledge 
diffusion, and thus for economic development (Günther, 2004). It is also acknowledged 
that “universities are playing a critical role in the development of high-tech products and 
services, in the generation of new knowledge and the spin-off of a new business venture” 
(Al Kharusi and Al Kindi, 2018). Innovation cooperation between universities and 
enterprises is also encouraged by the Lisbon strategy (DG IPOL Dep A, 2010) and the 
Europe 2020 strategy (European Commission, 2010) for its decisive role in preserving 
Europe’s economic competitiveness and as a way to react to the general economic and 
structural problems the European Union faced during the early 1990s. 

As reported in Cardamone and Pupo (2015, p.1), “cooperation between businesses 
and universities encourages the transfer and sharing of knowledge, helps create long-term 
partnerships and opportunities, and drives innovation.” In this context, formal 
cooperation between enterprises and science must be studied in order to inform actors 
and policymakers. 

Our objective is to deepen the study of the determinants of innovation cooperation in 
general, and with science in particular for the German manufacturing firms. To this 
purpose we simultaneously model the firm’s decision to innovate, to cooperate and to  
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cooperate with science. These three decisions taken by the firm lead to a self-selection 
issue that is usually ignored in the literature. In this paper, science is defined on the basis 
of the community innovation survey (CIS) questionnaire, which includes not only 
universities, but also other higher education institutions and government, public, or 
private research institutes. In general, contrasting cooperation effects might affect a 
company’s decision to enter into a cooperation agreement with science. On the one hand, 
enterprises that cooperate with public bodies might benefit from the fact that those bodies 
are not interested in the commercialisation of new ideas, but rather either in further 
research opportunities or in the production of new knowledge through ‘open science’ 
(Robin and Schubert, 2013). Furthermore, public bodies are not direct competitors on the 
output markets of the cooperating enterprise, and the inability to obtain exclusive benefits 
from the new know-how generated is thus not an issue (Veugelers and Cassiman, 2005). 
On the other hand, differences in objectives and the nature of public bodies’ research 
might represent a barrier to cooperation. Divergence in objectives may mainly concern 
the time horizon (long-term versus short-term) and knowledge dissemination (public 
disclosure vs. non-disclosure) (Robin and Schubert, 2013). However, enterprises can 
consider public research institutes stable and reliable partners, thanks to their inertia 
against market turbulence and the government funds available for them (Ahrweiler et al., 
2011). For those reasons, Hall (2003) described the university-industry relationship as the 
‘two-worlds’ paradox. 

It is evident that the literature on business-science cooperation in innovation has 
exponentially evolved over time, giving rise to a large body of research on this topic. 
Nevertheless, there are no definitive conclusions on the drivers of cooperation with 
science and, as already anticipated, little or superficial attention has been devoted to the 
selection issue that, if not properly considered, may bias results. Our analysis is 
motivated by a call for more rigorous methods, which take this problem into greater 
consideration in order to generalise findings (e.g., Vivas and Barge-Gil, 2015). In this 
scenario, our goal is to provide more in-depth knowledge about strategic determinants 
that lead enterprises to cooperate in innovation properly dealing with the selectivity issue. 
As we will show in the results section, differences between results obtained without 
properly considering selectivity and those obtained by properly considering it, confirm 
that for our sample the selection process cannot be ignored. For our purposes, we used 
micro-data provided by Eurostat in their 2012 CIS for 3,286 German manufacturers that 
contains very detailed information about firm-level innovations and innovation activities. 
Germany is an interesting case because in it the percentage of innovative enterprises with 
cooperative agreements with universities is much higher (more than 30% according to the 
evidence from 2012 CIS data) than in the rest of European countries. Moreover, Germany 
has a strong science base leveraged by consolidated links between industry and science, 
with a high public sector expenditure on research (OECD, 2012) and, at the same time, a 
large share of public research funded by industry. The above considerations have 
motivated the following research questions: 

RQ1 What are the key determinants of a cooperation with science? 

By considering the above mentioned ‘two-worlds paradox’, in order to study the 
determinants of the cooperation with science, special attention will be devoted to the 
appropriability issue. Therefore, we put forward the following hypothesis: 
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H1 The higher the level of protection on the side of firms, the higher the probability to 
engage in formal cooperation with science. 

To answer question RQ1 and verify hypothesis H1, we must consider that those 
enterprises cooperating with science are a self-selected subgroup of the enterprises which, 
in general, engage in cooperation because the possibility to cooperate also involves other 
kinds of partners. To take this fact into account and to verify possible differences with the 
more specific decision of cooperating with science, we pose the second research 
question: 

RQ2 What are the key determinants for engaging in a formal cooperation with any kind 
of partner? Are there differences from a cooperation with science? 

We model the probability of cooperating with any partner as a function of some 
determinants of cooperation decision.1 In this respect, unlike most previous studies that 
would often consider size, R&D activity, and industrial sector,2 this paper considers a 
rich set of cooperation determinants. Furthermore, we must consider that cooperating 
enterprises are, in turn, a self-selected subgroup of innovative enterprises, because only 
they might cooperate in R&D. The decision to cooperate in innovation is conditional to 
the fact of being an innovative firm. Therefore, we modelled the decision to innovate by 
posing the following research question: 

RQ3 What are the drivers of innovation?3 

The fact of dealing with a sequential decision problem – firms may decide to innovate, 
and innovative firms may decide to cooperate,4 while only cooperating firms can 
cooperate with science – (Figure 1), poses a double selection bias issue especially if  
the probabilities of innovating, cooperating, and cooperating with science are related  
two-by-two. Therefore, on the methodological side, unlike the great majority of previous 
studies that did not consider self-selection, as demonstrated in the recent review by Vivas 
and Barge-Gil (2015), the potential bias due to selection processes must be addressed. 

This paper fills such a methodological gap by targeting the entire population of 
enterprises and adopting the trivariate probit with double sample selection [Greene, 
(2012), pp.920–923]. The adopted model takes into account the eventual correlation of 
residuals across equations, thus leading to efficiency improvements of estimates and 
making it possible to estimate cross-equation marginal effects. Furthermore, as the 
second and third outcomes are defined on self-selected subsamples, our model enables us 
to determine whether the two selection processes introduce bias and, if so, as happens in 
our empirical analysis, to address that issue. 

The paper is organised as follows. Section 2 describes the conceptual framework and 
reviews the literature on innovation cooperation and cooperation with science with a 
focus on the appropriability issue; Section 3 presents data and variables; Section 4 
describes the econometric model; Section 5 reports results; Section 6 discusses and 
Section 7 concludes. 
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Figure 1 The three stages sequential decision problem 
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2 Conceptual framework and related literature 

In this section, we first explore the peculiarities of innovation and cooperation with 
external partners by manufacturing firms in general. Second, we explore innovation and 
cooperation with science by devoting special attention to the appropriability issue. 

2.1 Innovation and cooperation 

In literature, various theories can be found on drivers of innovation cooperation. From the 
industrial organisation perspective, technological spillovers are the most important 
factors that affect innovation cooperation (e.g., Kamien et al., 1992). In neoclassical 
industrial economics, technological spillovers were considered to have a negative effect, 
as they were expected to reduce the appropriability of the innovation output (i.e., the 
enterprise’s ability to protect and exploit the property rights originating from its 
innovation) and, consequently, investments in innovation. At the end of the 1980s this 
view changed, and incentives to engage in R&D appeared far less endangered by 
technological spillovers. D’Aspremont and Jacquemin (1988) argued that R&D 
cooperation can lead to higher R&D intensity when the level of technological spillover is 
significant. Later, Chun and Mun (2012) found that a high level of R&D spillovers in 
some way increases the probability to engage in a R&D cooperation. Close to this view, 
there is a strand of empirical innovation literature that predicts that firms engage into 
cooperative R&D because “this enables them to internalize knowledge spillovers, thus 
eliminating the disincentive effect of spillovers on R&D” [Scandura, (2016), p.1908]. 

From the management literature perspective, the resource constraints of enterprises 
are the most important determinants of R&D cooperation (e.g., Hagedoorn et al., 2000). 
According to such a perspective, enterprises find partners to access complementary 
knowledge, either pooling risks or sharing costs (e.g., Hagedoorn, 1993). Cooperation 
can reduce transaction costs (e.g., Pisano, 1990; Hennart, 1998) and help to maximise 
enterprise value by combining partners’ resources and exploiting their complementarities 
(Kogout, 1988; Das and Teng, 2000). 

According to the transaction costs theory, cooperating enterprises may have more 
control over technology (Van Beers and Zand, 2014) and, especially small enterprises, 
may be able to mitigate their innovation disadvantages, stemming from scant 
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technological knowledge and limited access to financial resources (Chun and Mun, 
2012). 

2.2 Collaboration with science and appropriability 

The interest in cooperation with science originates from the recent rise in  
university-industry partnerships (e.g., Gussoni, 2009) that has spurred a public policy 
debate on how the industry-science link affects innovative research (e.g., Iskanius and 
Pohijola, 2016; Segarra-Blasco and Aranzo-Carod, 2008; Cohen et al., 2002).5 

Several studies have examined the link between enterprises and universities or higher 
education institutions (Aiello et al., 2019; Gretsch et al., 2019; Hewitt-Dundas et al., 
2019; de Moraes Silva et al., 2018; Miozzo et al., 2016; Janeiro et al., 2013; Howells  
et al., 2012). Howells et al. (2012) explained the university-firm relationship in light of 
several factors: size, familiarity with universities, absorptive capacity, and ability to share 
knowledge. Jainero et al. (2013, p.2022) found that “successful enterprises are also those 
that tend to rely more on universities”, and perceived a causal relationship between 
successful innovation and access to a university as an information source. Gretsch et al. 
(2019) found that university-industry collaboration has a mixed impact on front-end 
success depending on the degree of innovativeness, and it particularly strengthens  
front-end success for more radical innovations. 

Aiello et al. (2019) found that export status, firm innovative efforts and the R&D 
government support are positively related to business-industry links in almost all the 
countries they examined. Furthermore, among the considered countries, the authors found 
that meritocratic managerial practices positively affect the university-industry link only in 
Germany, France and the UK. de Moraes Silva et al. (2018) found size, extramural R&D 
and product innovativeness as the main industry-science R&D cooperation determinants. 
Moreover, enterprises cooperating with science are those searching for an up-to-date 
knowledge (Miotti and Sachwald, 2003) and those belonging to high-tech (HT) sectors, 
where innovation activities play an important role (Veugelers and Cassiman, 2005). 

Drejer and Ostergaard (2017) demonstrated how “the social, cognitive and functional 
dimensions of employee-driven relations influence university-industry collaboration on 
innovation” and found that “having employees who are graduates from a specific 
university in most cases is positively associated with a firm’s likelihood to collaborate 
with that specific university.” 

Nevertheless, the reasons for cooperating and consequent advantages are still 
somehow controversial, because of the different objectives of the two partners and the 
difficulties in evaluating the benefits of cooperation from the standpoint of a single firm 
(Günther, 2004). A barrier to university-business collaboration is represented by the 
value and ownership of intellectual property, which further accentuates differences 
between universities and firm’s objectives for innovation (Hewitt-Dundas et al., 2019).  
In fact, as reported in Hewitt-Dundas et al. (2019), on the side of firms, proprietary 
knowledge represents a potentially valuable commercial asset, while, on the side of 
universities, knowledge should be a public good. Furthermore, the authors have found 
that firms’ experience of prior collaboration with non-university partners can generate 
learning which can help to overcome the ‘two-worlds paradox’. This happens, for 
example, because previous collaborations help to overcome orientation-related and 
transaction-related barriers to collaboration (Bruneel et al., 2010), or because repeated 
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collaborations allow to establish routines on research targets, dissemination of results and 
timing of deliverables (Thune, 2011; Gomes et al., 2005; Hall, 2003). 

In conceptualising innovation cooperation with science by firms, we assume that 
firms need to protect themselves before engaging in cooperation with science motivating 
the hypothesis H1. On the one hand, our hypothesis is in line with the stream of literature 
that assumes that, under strong appropriability regimes, firms are more willing to 
cooperate in innovation in general (Pisano and Teece, 2007). On the other hand, it is in 
contrast to the stream of literature that assumes that the incentive for cooperation with 
science is strong when research outputs cannot be fully appropriated by enterprises  
(e.g., D’Aspremont and Jacquemin, 1988; Kamien et al., 1992). According to such a 
view, under imperfect appropriability, cooperation with science may be preferred because 
universities are not generally interested in the commercialisation of innovation, but rather 
in new research opportunities. 

Obviously, the institutional context affects the nature of innovation as well  
as the collaborative activities undertaken by the enterprises of a given nation  
(e.g., Bodas-Freitas and Verspagen, 2017). Love and Roper (2004) found that German 
enterprises greatly value cost- and risk-sharing and technical rather than market aspects 
of the innovation process, and they argue that their frequent cooperation is consistent 
with the strategy of involving potential competitors to reduce the risk of dissipation of 
property rights. Science and technology innovation policies in Germany are defined 
within a decentralised, federal political system, where states (Lander) are given a very 
large degree of autonomy. Regarding innovation cooperation, technology transfer offices 
form a widespread policy tool common to all Lander and are present in many German 
universities and public research institutes. These offices play the important role of 
assisting public research institutes in managing their intellectual assets, and among their 
tasks there is also that of helping to establish relationships between universities and 
enterprises. In Germany, knowledge and technology transfer (KTT) have also been a 
central concern for the federal government since the 1980s. Among other aims, an 
objective worthy of mention was that of increasing the incentives for universities and 
other research institutes and, likewise, for enterprises to engage in KTT (Robin and 
Shubert, 2013). 

3 Data sources and variables 

This study is based on microdata from the European Union’s ‘CIS’.6 National statistical 
offices conduct the survey following a harmonised questionnaire separately in their 
country and the dataset are compiled by Eurostat. In particular, we used the CIS 2012 
wave for Germany, which refers to the study period 2010–2012. These anonymised data 
comprise information on 6,328 Germany manufacturing and service enterprises with 
more than ten employees and, among these, 3,286 manufacturing enterprises represent 
the focus of our analysis. Of 3,286 German manufacturing enterprises, 75.5%  
are innovative. Among the innovative enterprises, approximately 49% are engaged  
in at least one innovation cooperative activity with any type of partner. Among 
innovative-cooperating enterprises, around 79% are engaged in an innovation cooperation 
with science. Enterprises cooperating with science may also cooperate with other types of 
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partners: other enterprises within the same enterprise group, suppliers, clients or 
customers, competitors, consultants and commercial labs. 

The rationale for the inclusion of each auxiliary variable in the adopted model is 
briefly explained below.7 

3.1 Dependent variables 

To answer question RQ1, we constructed a dummy variable that assumes value 1 if the 
company cooperates with science. Science is a broad concept which includes the 
cooperation in R&D with universities or higher research institutes and/or government, 
public or private research institutes and does not permit us to differentiate between the 
different types. It is worth mentioning that, by construction, the dummy does not rule out 
the possibility of cooperation with other partners. 

To answer question RQ2 we consider a dummy variable that assumes value 1 if the 
enterprise is engaged in at least one innovation cooperative activity with any type of 
partner. 

Finally, to answer question RQ3 we consider a dummy variable that assumes value 1 
if the enterprise has introduced at least one product/process innovation or is engaged in 
innovation activities not completed or still ongoing. 

3.2 Explanatory variables 

The firm’s size that is generally positively correlated with the probability of cooperating 
in R&D (e.g., Aristei et al., 2016), is represented by four dummies, whose inclusion in 
equations enabled us to take into account its possible nonlinear effect on the probability 
of innovating, innovation cooperation, and innovation cooperation with science. The 
employee growth rate during the period 2010–2012 was included in order to evaluate the 
possible link between the growth of the firm and its propensity to cooperate. Exporting 
behaviour, whose link with innovation is controversial in the literature, is taken into 
account by an export dummy that is set equal to 1 if enterprises sell goods and/or services 
in European countries or other countries. Group membership has been considered 
because it might affect an enterprise’s interaction with other enterprises (Aristei et al., 
2016). Enterprises which are part of a group are more likely to engage in cooperation to 
reduce transaction costs and because they are attracted by the higher financial and 
technological resources available from cooperation partners (Belderbos et al., 2004).  
We also included a dummy variable that keeps track of whether the firm belongs to a 
foreign multinational enterprise group. Following Van Beers and Zand (2014), we expect 
that enterprises with international affiliates would be more likely to engage in formal 
cooperation with external partners. Furthermore, the educational level of employees was 
considered because it is linked to the possible drive to resort to cooperation. Also, with 
the aim of establishing whether enterprises that benefit from some form of public support 
for R&D are more prone to engage in formal cooperation, we constructed a public 
financial support dummy8 that assumes value 1 if the firm receives public incentives from 
at least one level of government (local or regional, central, European). We expect a 
positive link between public innovation subsides and cooperation on the basis of several 
studies that found that enterprises with access to R&D public subsidies tend to cooperate 
more (e.g., Segarra-Blasco and Aranzo-Carod, 2008). The cost of the innovation process 
positively affects the use of the knowledge source (e.g., Vivas and Barge-Gil, 2015).  
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This might be attributed to the fact that expenditures in R&D or other innovation 
activities could increase enterprises’ absorptive capacity (Cohen and Levintal, 1990) and, 
therefore, in addition to the creation of new knowledge, it might help the firm to exploit 
knowledge from external sources (e.g., Cardamone and Pupo, 2015). To this end, 
following Janeiro et al. (2013), we considered the total expenditures on innovation 
activities in 20129 as a measure of innovation intensity, expressed as a percentage of the 
total turnover, in the same manner as the most common proxy of a firm’s absorptive 
capacity used in the literature. Following Laursen and Salter (2004, 2006) and Robin and 
Schubert (2013), a count variable for the number of the external sources used, ranging 
from 0 (no external sources are used) through 10 (all external sources are used),  
was included as an openness indicator. It is assumed that the more sources a firm uses, 
the more open and more prone to cooperate it is. Lastly, a dummy variable that considers 
the importance of building alliances with other enterprises or institutions was considered. 
It assumes value 1 if the importance is crucial and 0 if it is not. As reasons for using 
certain knowledge sources, we considered a set of 11 dummies that capture how 
enterprises rate different types of partners as information sources, which can be 
interpreted as a type-specific direct measure of the importance of incoming spillovers 
(see Belderbos et al., 2004). This information was asked in the 2012 CIS survey to 
innovative firms. We expect that the innovation cooperation with a specific partner is 
more likely if incoming spillovers from potential partners are crucial. The role played by 
obstacles to innovation is represented by eight dummies which capture the relevance of 
several obstacles to meeting enterprise goals and potentially lead the firm to engage in 
innovation cooperation with other partners. 

In addition to the determinants of cooperation abovementioned, as determinants of 
innovation cooperation with science we also considered the appropriability mechanism, 
which is acknowledged as an organisational determinant of partner selection (Van Beers 
and Zand, 2014). This is a key mechanism in protecting the intellectual property and 
competitive advantage of a firm (Cohen et al., 2000; Geroski, 1995) and is expected to 
influence the firm’s choice of partner (Van Beers and Zand, 2014). Following Aristei  
et al. (2016), we built a variable that approximates the appropriability condition.  
We constructed it by summing up a set of eight dummies created for each form of 
protection adopted by the firm,10 and then obtained a rescaled measure by dividing the 
value obtained by 8. Based on such an indicator, as hypothesised in the conceptual 
framework section, we expect that the higher the forms of protection number, the more 
willing enterprises are to engage in cooperation with science to the detriment of other 
types of partners. 

As determinants of the innovation decision, we included traditional firm 
characteristics (i.e., export status, group membership, size). Lastly, the sector of activity 
was included in all the equations. Considering that the technological intensity of the 
sector is an important determinant of the heterogeneity of the firm’s innovation 
cooperative behaviour (Gussoni, 2009), we created a new enterprise classification by 
sectors, which was more appropriate for our purposes, by aggregating the available  
two-digit NACE classification according to the technology intensity of sectors  
[see Eurostat indicators of HT industry (OECD, 2003)]. 
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4 Econometric analysis 

In our empirical setting, only innovative firms can cooperate in innovation and, only 
cooperating enterprises can cooperate with science. When decisions are sequential, if 
there are common omitted variables, decisions will be correlated. For this reason, to 
estimate the above three-stage decision problem, this study used the trivariate probit with 
double sample selection [Greene, (2012), pp.920–923] that allows for correlated residuals 
across equations. We consider the following dependent variables: y1i, that is equal to 1 
whether the ith firm innovates and 0 otherwise; y2i, that is equal to 1 whether the ith firm 
cooperates and 0 otherwise; y3i, that is equal to 1 whether the ith firm cooperates with 
science and 0 otherwise. The models for y2 and y3 are estimated using groups of  
self-selected enterprises. Due to self-selection we cannot identify P(y2 | y1 = 0),  
P(y3 | y1 = 0) and P(y3 | y1 = 1, y2 = 0). To obtain unbiased estimates in the second and 
third regression, they should not be estimated alone, but the factors affecting the 
decisions to innovate (y1 = 1) and cooperate (y2 = 1) should also be considered. Following 
Greene (2012, p.726), we assumed the existence of three latent variables corresponding 
to the above three dichotomous dependent variables and we derived the following  
three-equation model: 

* *
1 1 1 1 1 1 1

* *
2 2 2 2 2 2 2

* *
3 3 3 3 3 3 3

1 if 0, 0 otherwise

1 if 0, 0 otherwise

1 if 0, 0 otherwise

i i i i i i

i i i i i i

i i i i i i

y ε y y y

y ε y y y

y ε y y y

    
    
    

x

x

x







 (1) 

With y2i observed only if y1i = 1 and y3i observed only if both y1i and y2i are equal to 1. 

mix  is the vector of explanatory variables for the ith firm in the mth equation (m = 1, 2, 3), 

m is the vector of regression coefficients in the mth equation. Residuals are assumed to be 
independently and identically distributed and to have a trivariate normal distribution,  
εi ~ N(0, Ω) where εi = (ε1i, ε2i, ε3i). The terms on the main diagonal of Ω are normalised 
to 1, such that the off-diagonal elements ρmj, m, j =1, 2, 3, m ≠ j are correlations among 
the residuals. If ρ12 and ρ13 are significantly different from zero, the unobserved 
characteristics affecting the choice to innovate also affect the possibility of cooperating 
and cooperating with science, respectively. Moreover, if ρ23 is significantly different from 
zero, the unobserved characteristics affecting the choice to cooperate also affect the 
possibility of cooperating with science. In those cases, the estimation of the second/third 
equation individually can lead to serious sample selection bias. On the basis of the 
assumption mentioned above, 1, 2, 3 can be estimated jointly. The likelihood function 
for the model may be constructed by considering the probabilities for the four possible 
outcomes. The probability of a firm innovating, cooperating, and cooperating with 
science: 
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The probability of a firm innovating, cooperating, but not cooperating with science: 

     
   

* * * * * *
1 2 1 3 1 2

2 1 1 2 2 12 3 1 1 2 2 3 3 12 13 23
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, ; , , ; , ,

i i i i i i

i i i i i
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      x x x x x    
 (3) 

The probability of a firm innovating and not cooperating: 

       * * *
1 2 1 1 1 2 1 1 2 2 120 0 0 , ;i i i i i iP y P y y ρ        x x x    (4) 

And the probability of a firm not innovating: 

   *
1 1 10 1i iP y    x   (5) 

In previous formula Φ3(.) denotes the trivariate standard normal cumulative distribution 
function, Φ2(.) is the bivariate standard normal cumulative distribution function, and Φ(.) 
is the standard normal cumulative function. Given the possible outcomes and their 
correspondent probabilities, the log-likelihood function may be written as: 
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Parameter estimates and correlation terms were obtained using the cmp Stata command 
(Roodman, 2011) that implements a maximum simulated likelihood (MSL) estimation 
method.11 

MSL methods provide multivariate normal probabilities by simulating  
likelihoods and then averaging over these. The cmp command implements the  
Geweke-Hajivassiliou-Keane algorithm for this purpose. For further details on MSL 
estimation, see Greene (2012, par. 15.6). 

5 Empirical results 

Table 1 shows that the correlation between the first two equations’ residuals (innovation 
and cooperation) and the second and the third equations’ residuals (cooperation and 
cooperation with science) are significant at the 5% and 10% level, respectively. On the 
other hand, the correlation calculated between the first and the third equations’ residuals 
is not significant: only the residuals of equations that are next, in the order, are correlated. 
The atanhrho values can be interpreted as a primary measure of selection bias. Based on 
their significance, we can conclude that the selection process cannot be ignored. In 
particular, a negative correlation, such as in this case, may be interpreted from the 
following behavioural perspective: unobserved firm characteristics that are conducive to  
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innovation do not lead to cooperation, and vice versa, and unobserved firm characteristics 
that are conducive to the decision to cooperate in general do not lead to the decision to 
cooperate with science, and vice versa. With reference to the latter, the negative 
correlation indicates the lack of complementarity between the two phenomena and may 
be due either to firm-specific characteristics or to factors that are common only to a  
sub-sample of enterprises. 

Table 1 Results for equations’ residual correlations 

Coefficient Estimate Std. err. Z p-value 95% confidence interval 

Atanhrho12 –0.8724 0.3574 –2.44** 0.015 –1.573 –0.172 

Atanhrho13 0.8450 0.8650 0.98 0.329 -0.850 2.540 

Atanhrho23 –0.7311 0.4211 –1.74* 0.083 –1.556 –0.094 

Notes: ***1% significance, **5% significance and *10% significance. 
The subscripts 1, 2 and 3 denote the innovation equation, the cooperation equation 
and the cooperation with science equation, respectively. 

Source: Own elaboration of the CIS 2012 

The following Sub-sections 5.1–5.3 report the results obtained from the trivariate probit 
model with double sample selection. Moreover, with the aim to strengthen the need of 
considering selectivity to obtain unbiased results, we also report and discuss in  
Sub-section 5.4 the results obtained by estimating three independent univariate probit 
models, one for each decision stage: innovating, cooperating and cooperating with 
science (confirming the same set of independent variables used in each equation of the 
trivariate probit model with double sample selection). 

5.1 The probability of innovating 

The following variables were significant at the 1 or 5% level: sector, size, employee 
growth rate, export behaviour, percentage of employees with a university degree, being 
part of a group, and being a multinational firm. Table 2 (columns 2 and 3) shows that the 
probability of innovating differs from the reference category (low-tech sectors) to the 
greatest extent for the HT sectors (+16%), followed by the medium-HT sectors (+10%). 
Furthermore, the probability of being innovative increases as size classes increase  
(the smallest class dummy ‘1–49 employees’ was excluded from the model). As reported 
in Zemplinerovà and Hromàdkova (2012) large firms as compared to small firms have 
advantages in financing R&D, have the possibility of diversifying the risks connected to 
innovation and might benefit of scale economies in R&D. In particular, this probability is 
5, 13, and 20% higher, respectively, for enterprises belonging to the ‘50–249 employees’, 
‘250–499 employees’, and ‘500 and more employees’ classes. Exporters experience a 
higher probability of innovating (+13%), as well. Furthermore, if either the employment 
growth rate or the share of qualified personnel increases by 1%, the probability of 
innovating increases respectively by 12 and 0.4%. Conversely, the probability of being an 
innovator is lower for enterprises that are part of a group or part of a multinational group 
(-6% in both cases). 
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Table 2 Results for the probability of innovating, the probability of cooperating and the 
probability of cooperating with science 

Innovating Cooperating Cooperating with 
science 

Covariate 
AMEs 
(SE) 

Z 

 
AMEs 
(SE) 

Z 

 
AMEs 
(SE) 

Z 

HT 0.164 
(0.02) 

6.52***  0.102 
(0.05) 

2.09**  0.083 
(0.09) 

0.94 

Medium-HT 0.098 
(0.02) 

4.72***  0.033 
(0.04) 

0.91  0.073 
(0.06) 

1.28 

Medium-low-tech 0.021 
(0.02) 

1.16  0.003 
(0.03) 

0.11  0.039 
(0.05) 

0.79 

50–249 employees 0.048 
(0.02) 

2.62***  0.058 
(0.03) 

2.18**  0.071 
(0.04) 

1.69* 

250–499 employees 0.128 
(0.03) 

4.35***  0.181 
(0.05) 

3.36***  0.148 
(0.07) 

1.98** 

>500 employees 0.202 
(0.02) 

9.46***  0.310 
(0.05) 

5.60***  0.390 
(0.07) 

5.25*** 

Emp_growth 0.115 
(0.04) 

2.82***  –0.010 
(0.03) 

–0.30  0.098 
(0.07) 

1.44 

Export 0.126 
(0.02) 

6.40***  0.068 
(0.04) 

2.00**  0.050 
(0.06) 

0.79 

Group membership –0.062 
(0.03) 

–1.99**  0.045 
(0.045) 

1.12  –0.028 
(0.06) 

–0.56 

Foreign 
multinational 

–0.065 
(0.03) 

–2.16**  0.025 
(0.04) 

0.66  –0.008 
(0.06) 

–0.14 

Qualified personnel 0.004 
(0.00) 

7.06***  0.002 
(0.00) 

3.26***  0.003 
(0.00) 

2.42** 

Openness    –0.005 
(0.00) 

–1.16    

Support    0.428 
(0.03) 

13.62***  0.330 
(0.10) 

3.41*** 

Innovation intensity    0.046 
(0.08) 

0.61    

Sentg_crucial    –0.017 
(0.02) 

–0.75    

Ssup_crucial    0.013 
(0.04) 

0.34    

Sclpr_crucial    0.021 
(0.02) 

0.89    

Sclpu_crucial    –0.067 
(0.04) 

–1.82*    

Notes: ***1% significance, **5% significance and *10% significance. 
AMEs are average marginal effects (AMEs). For factor levels they represent  
the discrete change from the base level. Standard errors (SE) are reported in  
brackets. Model estimated using 2653 observations. 

Source: Own elaboration of the CIS 2012 
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Table 2 Results for the probability of innovating, the probability of cooperating and the 
probability of cooperating with science (continued) 

Innovating Cooperating Cooperating with 
science 

Covariate 
AMEs 
(SE) 

Z 

 
AMEs 
(SE) 

Z 

 
AMEs 
(SE) 

Z 

Scom_crucial    –0.037 
(0.03) 

–1.22    

Sins_crucial    0.016 
(0.05) 

0.30    

Suni_crucial    0.319 
(0.05) 

6.51***    

Scon_crucial    –0.005 
(0.03) 

–0.15    

Sjou_crucial    0.110 
(0.05) 

2.01**    

Spro_crucial    –0.032 
(0.06) 

–0.54    

Obspr_crucial    0.050 
(0.02) 

2.09**  –0.064 
(0.05) 

–1.20 

Obsql_crucial    –0.036 
(0.02) 

–1.43  –0.026 
(0.04) 

–0.69 

Obslde_crucial    0.024 
(0.03) 

0.83  0.009 
(0.04) 

0.23 

Obscp_crucial    0.061 
(0.05) 

1.27  –0.013 
(0.06) 

–0.23 

Obsdmk_crucial    –0.008 
(0.03) 

–0.23  0.049 
(0.06) 

0.86 

Obsprs_crucial    0.000 
(0.03) 

0.02  –0.048 
(0.05) 

–1.02 

Obsfin_crucial    0.041 
(0.04) 

1.04  0.053 
(0.06) 

0.88 

Obsamk_crucial    0.014 
(0.03) 

0.44    

Obsreg_crucial    –0.012 
(0.03) 

–0.43    

Building alliance    0.069 
(0.04) 

1.62    

Appropriabillity       0.132 
(0.07) 

1.77* 

Notes: ***1% significance, **5% significance and *10% significance. 
AMEs are average marginal effects (AMEs). For factor levels they represent  
the discrete change from the base level. Standard errors (SE) are reported in  
brackets. Model estimated using 2653 observations. 

Source: Own elaboration of the CIS 2012 
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Table 3 Individual probit results for the probability of innovating, cooperating and cooperating 
with science 

Innovating Cooperating Cooperating with 
Science 

Covariate 
AMEs 
(SE) 

Z 

 
AMEs 
(SE) 

Z 

 
AMEs 
(SE) 

Z 

High-tech 0.159 
(0.02) 

7.05***  0.171 
(0.06) 

2.73***  0.012 
(0.05) 

0.22 

Medium-high-tech 0.099 
(0.02) 

4.85***  0.072 
(0.05) 

1.39  0.035 
(0.04) 

0.78 

Medium-low-tech 0.022 
(0.02) 

1.17  0.030 
(0.05) 

0.58  0.037 
(0.04) 

0.85 

50–249 employees 0.046 
(0.02) 

2.49**  0.098 
(0.04) 

2.26**  0.044 
(0.04) 

1.22 

250–499 employees 0.119 
(0.03) 

4.41***  0.248 
(0.06) 

4.04***  0.060 
(0.04) 

1.36 

500 and more 
employees 

0.193 
(0.02) 

10.08***  0.360 
(0.05) 

7.16***  0.159 
(0.03) 

5.09*** 

Emp_growth 0.107 
(0.04) 

2.55***  –0.042 
(0.05) 

–0.83  0.058 
(0.06) 

0.91 

Export 0.126 
(0.02) 

6.40***  0.121 
(0.5) 

2.57**  0.006 
(0.05) 

0.13 

Group membership –0.061 
(0.04) 

–1.82*  0.099 
(0.06) 

1.56  –0.037 
(0.05) 

–0.67 

Foreign 
multinational 

–0.066 
(0.03) 

–2.18**  0.053 
(0.06) 

0.65  –0.007 
(0.05) 

–0.14 

Qualified personnel 0.004 
(0.00) 

7.02***  0.003 
(0.00) 

2.92***  0.001 
(0.00) 

1.48 

Openness    –0.012 
(0.01) 

–1.57    

Support    0.507 
(0.03) 

16.69***  0.264 
(0.05) 

5.42*** 

Innovation intensity    0.072 
(0.13) 

0.56    

Sentg_crucial    –0.048 
(0.04) 

–1.29    

Ssup_crucial    0.057 
(0.06) 

0.97    

Sclpr_crucial    0.044 
(0.04) 

1.16    

Sclpu_crucial    –0.119 
(0.07) 

–1.75*    

Notes: ***1% significance, **5% significance and *10% significance. Marginal effects 
are AMEs. For factor levels they represent the discrete change from the base level. 
SE are reported in brackets. In bold we denote coefficients whose significance 
changed with respect to the trivate probit with double sample selection. 

Source: Own elaboration of the CIS 2012 
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Table 3 Individual probit results for the probability of innovating, cooperating and cooperating 
with science (continued) 

Innovating Cooperating Cooperating with 
Science 

Covariate 
AMEs 
(SE) 

Z 

 
AMEs 
(SE) 

Z 

 
AMEs 
(SE) 

Z 

Scom_crucial    –0.060 
(0.05) 

–1.14    

Sins_crucial    0.105 
(0.07) 

1.36    

Suni_crucial    0.354 
(0.04) 

7.72***    

Scon_crucial    –0.001 
(0.05) 

–0.02    

Sjou_crucial    0.175 
(0.07) 

2.37**    

Spro_crucial    –0.123 
(0.10) 

–1.21    

Obspr_crucial    0.089 
(0.04) 

2.20**  –0.073 
(0.03) 

–2.33** 

Obsql_crucial    –0.061 
(0.04) 

–1.44  –0.008 
(0.04) 

–0.22 

Obslde_crucial    0.033 
(0.05) 

0.72  0.001 
(0.04) 

0.04 

Obscp_crucial    0.109 
(0.07) 

1.57  –0.028 
(0.06) 

–0.48 

Obsdmk_crucial    –0.022 
(0.06) 

–0.38  0.050 
(0.04) 

1.28 

Obsprs_crucial    0.001 
(0.05) 

0.02  –0.057 
(0.05) 

–1.20 

Obsfin_crucial    0.059 
(0.06) 

0.96  0.038 
(0.04) 

0.87 

Obsamk_crucial    0.023 
(0.05) 

0.43    

Obsreg_crucial    –0.029 
(0.05) 

–0.61    

Building alliance    0.091 
(0.06) 

1.42    

Appropriability 
scaled 

      0.103 
(0.05) 

1.92* 

 n = 2,653, Lr chi2 
(111) = 420.07,  

prob. > χ2 = 0.0000 

 n = 1,175, Lr chi2 
(111) = 595.00,  

prob. > χ2 = 0.0000 

 n = 620, Lr chi2 
(111) = 88.21,  

prob. > χ2 = 0.0000 

Notes: ***1% significance, **5% significance and *10% significance. Marginal effects 
are AMEs. For factor levels they represent the discrete change from the base level. 
SE are reported in brackets. In bold we denote coefficients whose significance 
changed with respect to the trivate probit with double sample selection. 

Source: Own elaboration of the CIS 2012 
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5.2 The probability of cooperating 

Table 2 (columns 4 and 5) provides estimated marginal effects of the potential 
determinants of cooperation on the probability of cooperating, which is conditional  
on being an innovative firm. In line with the literature, we found that the firm’s 
technological level is a determinant of cooperation. The conditional probability of 
cooperating is higher in HT sectors (+10%) than in low-tech sectors consistently with 
previous studies (e.g., Miotti and Sachwald, 2003), and this is probably due to the more 
complex innovation projects that they undertake (e.g., Miotti and Sachwald, 2003; 
Becker and Dietz, 2004; Sandulli et al., 2012). The size is crucial for the decision  
to cooperate: the probability of being a cooperating firm significantly increases  
for enterprises with more than 500 employees (+31%), followed by medium-sized  
(250–499 employees) (+18%), and medium-small (50–249 employees) (+6%), compared 
to smaller enterprises. In addition, a significant effect of the export behaviour was found, 
confirming that firms that sell part of their production abroad are more likely to engage in 
a formal cooperation in innovation (+7%). Conversely to what was expected, being part 
of a group does not affect the firm’s likelihood to cooperate, which is conditional on the 
decision to innovate. The degree of personnel education is highly significant (+0.2%) and 
it is commonly associated with the capacity to capture externalities (de Faria et al., 2010) 
and the ability of enterprises to share knowledge with partners. 

The latter is corroborated by findings of Howells et al. (2012) as far as universities 
are concerned. Rating clients or customers from the public sector as crucial negatively 
affects the probability of participating in a cooperation agreement (–7%). It thus emerged 
from our results that enterprises working for the public sector feel less need to cooperate.  
On average, enterprises that benefit from public funding for R&D are more prone to 
cooperate (+43%); such a result is in line with the literature (e.g., Aristei et al., 2016). 
The hypothesis that incoming spillovers positively affect the probability of cooperation  
is in part confirmed. Among spillover variables we find that only spillovers from 
universities and scientific journal and trade/technical publications have a significant 
positive effect on the decision to cooperate (+32% and 11%, respectively), while 
spillovers from clients or customers from the public sector have a significantly negative 
effect. This confirms that market relationships with the public sector discourage 
cooperation, which is seemingly deemed unnecessary or not useful. All these variables 
can be interpreted as components of the measure of incoming spillovers, and such a result 
is in line with Chun and Mun (2012), who found that enterprises are more likely to 
cooperate in R&D when they rate incoming spillovers as crucial. As far as external 
sources of information are concerned, universities and research institutes have the most 
important positive impact on the probability of cooperating. It is worthy of note that 
information stemming from some private market sources does not have any significant 
impact on the probability of cooperation. The effect of the internal knowledge-flow 
variable was negative as expected, but not significant. We did not find a significant 
relationship between R&D intensity and cooperation, in line with König et al. (1994) and 
Vonortas (1997). An obstacle variable also showed a significant effect: rating the price 
competition as a crucial obstacle increases the probability of cooperating (+5%), and  
such a result is in line with our expectations – motivated by literature (e.g., Vivas and  
Barge-Gill, 2015) – that costs and risks positively affect the use of external knowledge 
sources. 
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5.3 The probability of cooperating with science 

Table 2 (columns 6 and 7) shows the estimated marginal effects of the potential 
determinants of cooperation with science on the probability of cooperating with science, 
which is conditional on being a cooperating firm. The probability of cooperating with 
science significantly increased with the size as for cooperation in general. The sign of its 
influence was always positive. However, its influence was highly significant for high 
values of size (more than 500 employees) (+39%), followed by medium-sized (+15%), 
and medium-low-sized (+7%), compared to low-sized enterprises. Such a result was in 
line with other studies (e.g., Veugelers and Cassiman, 2005), and might be due to the 
small enterprises’ lack of critical size for cooperating with science (Belderbos et al., 
2004). Furthermore, the percentage of qualified personnel positively affects the decision 
to cooperate with science (+3%), thus confirming literature results. Therefore, investing 
in employee training may increase the ability of the firm to assimilate knowledge from 
external sources (Van Beers and Zand, 2014). On average, enterprises that benefit from 
public funding for R&D were more prone to collaborate with science (+33%), a result 
consistent with other studies (e.g., Miotti and Sachwald, 2003). Finally, unlike Veugelers 
and Cassiman (2005), our results showed that the appropriability issue positively affects 
the enterprises’ decision to cooperate with science confirming our hypothesis H1. In our 
sample, the firm’s probability of cooperating with science increased with the level of 
protection (+13%). Therefore, enterprises that can better appropriate the results of an 
innovation process have a higher probability of cooperating with science. Such a result 
was in line with Hall et al. (2001), who found that intellectual property rights matter even 
in the link between enterprises and universities. 

5.4 Individual probit results 

From Table 1 we note that the correlation coefficients of the error terms between two 
couples of equations are significant confirming that the selection process cannot be 
ignored. The results obtained by estimating three independent univariate probit models 
are reported in Table 3. 

Regarding the probability of innovating, the results suggest that the coefficient of size 
‘50–249 employees’, for example, does reduce its significance when selectivity issue is 
not taken into account moving from 1% to the 5% level. The same occurs with  
reference to the group membership indicator. The results obtained for the probability  
of cooperating show that various coefficients change somehow their significance.  
The coefficient of the ‘HT’ sector, for example, does increase its significance  
when selectivity issue is not taken into account moving from 5% to the 1% level.  
The most evident differences are found for the probability of cooperating with science. 
Differently from what reported in Table 3, the size indicators ‘50–249 employees’ and 
‘250–499 employees’ and the ‘qualified personnel’ variable do not reach significance 
when selectivity issue is not taken in the account. On the contrary, the variable ‘strong 
price competition’ results significant. Therefore, in the science cooperation decision 
stage, taking into account the selectivity issue matters, and its consideration, while 
producing unbiased results, does change results interpretation and thereafter affects 
policy implications. In fact, differently from results obtained considering selectivity, from 
Table 3 emerges that the probability of cooperating with science increases with the size 
of firm only for the highest class size (more than 500 employees) (+16%) compared to 
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lowest-sized class, and the percentage of qualified personnel does not affect the  
decision to cooperate with science. Moreover, the probability of cooperating with science 
significantly decreases as the strong price competition is rated crucial (–7%). 

Differences between the significance of some auxiliary variables obtained estimating 
three independent univariate probit models and that obtained by estimating the trivariate 
model confirm that the double selection process cannot be ignored. 

6 Discussion 

To summarise our results and compare them with those already presented in the 
literature, we can distinguish the expected and already consolidated results, from those 
unexpected or conflicting with what is acknowledged in literature. 

Most of the significant determinants that we find for innovation, cooperation and 
cooperation with science are in line with the literature.12 The size is a crucial determinant 
for all the choices: the choice to innovate, to cooperate and to cooperate with science. 
While in the first two cases this result is obvious and acclaimed in the empirical 
literature, what is more interesting is that the probability of cooperating with science, 
conditional on cooperation, is higher for larger firms (see for example Belderbos et al., 
2004; Veugelers and Cassiman, 2005; Gussoni, 2009). The possibility of cooperating 
with scientific institutes is evidently connected to the availability of adequate resources to 
implement an innovation strategy together. Small and medium-sized enterprises lack the 
critical size necessary to cooperate (e.g., Belderbos et al., 2004), while larger enterprises 
are more likely to have the necessary absorptive capacity required to cooperate, and this 
effect appears more evident in the decision to cooperate with science. 

Firms belonging to high technology sectors are more prone to innovate and to 
cooperate. Also this result is expected and consistent with previous studies (Miotti and 
Sachwald, 2003; Becker and Dietz, 2004; Sandulli et al., 2012). Nevertheless, the type of 
sector does not affect the probability that a cooperating firm cooperates with science, that 
is, firms belonging to high technology sectors do not show a preference to cooperate with 
science or with other partners. This result is in line with Aiello et al. (2019) who found 
that, in studying the determinants of firm-university linkages in Europe, the sector does 
not seem to play a significant role in all the examined countries. On the other hand, this 
result is in contrast with other studies (Veugelers and Cassiman, 2005) that used a more 
detailed definition of sector of activity. 

The degree of personnel education is strictly linked to all the three studied 
probabilities. This result is widely confirmed in the literature and explained with the 
ability to share knowledge between cooperating partners (de Faria et al., 2010; Howells  
et al., 2012; Drejer and Ostergaard, 2017). 

Likewise, firms receiving R&D subsidies are more likely to establish research 
collaborations in general and in particular with science. This result is in line with the 
literature (Aristei et al., 2016; Miotti and Sachwald, 2003) and means that innovation 
policies constitute a further incentive to co-operate and to choose, among possible 
partners, universities and public research institutions. This can be for example the case of 
the EU-sponsored research consortia, to which German firms may participate. 

The fact of being an exporting firm affects the probability of innovating and of 
cooperating, but it is not significant for the choice of cooperating with science. Even this 
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result can be considered in line with the literature (Dachs et al., 2008; Aristei et al., 2016; 
Calia et al., 2016). Firms active abroad, although willing to increase competitiveness 
through cooperation in general, they are not particularly interested in cooperation  
with science, maybe because of the lack of the specific competencies necessary to  
engage research projects with university or research institutes or because they consider 
cooperation with science or other partners (such as customers, suppliers or competitors) 
equally profitable. 

The importance of only certain incoming spillovers on encouraging cooperation is 
confirmed by our results. These results are in line with the industrial organisation 
literature, according to which technological spillovers influence firms to engage in 
cooperation, as spillovers arise when new knowledge created by a firm is also beneficial 
to other firms (Katz, 1986; D’Aspremont and Jacquemin, 1988; Kamien et al., 1992). 
Moreover, Belderbos et al. (2004) notice that the effects of spillovers on cooperation 
depend on which kind of partner the spillovers are from. 

On the contrary, the results obtained for being part of a group are unexpected and in 
contrast with those presented in other works, where the fact of belonging to a business 
group is found to influence how the firm cooperates with other partners (Miotti and 
Sachwald, 2003; Aristei et al., 2016). In our case this variable has a negative effect on the 
probability of innovating and it is not significant for the conditional probabilities of 
cooperating and cooperating with science. However, the negative sign for the probability 
of innovating is in line with the analysis of Zemplinerovà and Hromàdkova (2012) who 
argue that the probability of innovation decreases most likely due to the direct transfer of 
knowledge and technology from the mother firm. Moreover, the potential positive effect 
of a group membership on the probability of innovating could also be partially captured 
by the size dummies. 

Finally, our result on appropriability is in contrast to Veugelers and Cassiman (2005, 
p.373) who found that “a firm’s capacity to effectively protect the returns from 
innovation is not a significant factor for cooperation with universities.” On the other 
hand, our result is in line with the stream of literature that considers the better 
appropriability conditions linked to the reduction of outgoing spillovers (e.g., Aristei  
et al., 2016; Abramovsky et al., 2009), and to the greater ‘control of the outflow of 
commercially sensitive information’ [Chun and Mun, (2012), p.425], which could 
reassure enterprises and encourage them to cooperate with science. Moreover, our result 
is in line with the stream of literature (e.g., Milesi et al., 2017) that emphasises two main 
risks in the cooperation with public sources of knowledge: 

a the possibility that public researchers undertake their own entrepreneurial business 

b the possibility that public researchers convey useful information to competitors  
(e.g., Bonaccorsi and Piccaluga, 1994). 

The first risk might be more likely in the Germany case, since it is acknowledged that in 
some instances, fostered by government assistance and promotion, universities become 
directly involved in establishing companies on their own (Röpke, 1998), thus justifying 
the positive sign of the appropriability. 
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7 Conclusions 

This study investigates the determinants of science cooperation among German 
manufacturing enterprises using an econometric method that addresses the double 
selectivity problem. Our results shed some light on the profile of cooperating enterprises 
and enterprises cooperating with science. Cooperating enterprises, compared to  
non-cooperating enterprises, tend to be larger, belong to HT sectors, receive more R&D 
subsidies, and have more qualified personnel. The following determinants had a 
significant (and positive) effect on the more specific decision to cooperate with science: 
size, the presence of qualified personnel, the granting of R&D subsidies, and the level of 
protection. The present section is organised as follows. Sub-section 7.1 highlights the 
contributions offered by the paper, Sub-section 7.2 discusses some implications and  
Sub-section 7.3 discusses some limitations of the work and identifies possible directions 
for future research. 

7.1 Contributions 

As far as the sign of the appropriability indicator is concerned, our study offers  
an additional interesting contribution to the debate on the determinants of  
industry-university links. In fact, the sign of the appropriability indicator was in contrast 
with general findings typical of one stream of the empirical literature (e.g., Veugelers and 
Cassiman, 2005). Our result confirms that appropriability also matters in the link between 
enterprises and science, as reported in Hall et al. (2001) with reference to universities.  
In the Germany case, the positive relationship between appropriability and cooperation 
with science is probably due to the risks, advocated by a stream of literature, that exist in 
undertaking a collaboration with universities that might commit to the entrepreneurial 
culture. 

Moreover, the present work offers an important contribution on the methodological 
side. In order to study the drivers of cooperation between science and firms we propose to 
estimate the probability of entering a cooperation agreement with science as a multi-stage 
decision. The subsequent decisions to innovate, cooperate and cooperate with science are 
simultaneously modelled. This enabled us to consider both innovative and cooperating 
enterprises as self-selected subpopulations and limit hurdles due to selection bias typical 
of the three-stage decision problem. This issue had not been considered in the majority of 
the previous studies which explicitly recognised this lack as a methodological limitation. 
Considering the selectivity issue, allows to produce unbiased results and generalisable 
findings and also matters for policy implications. As demonstrated in the results  
section, contrasting findings, and consequent different policy implications, are derived if 
considering and not considering the selectivity issue. 

7.2 Implications 

Some policy implications may be derived from our results. We found that, among 
innovative enterprises, small size and a lack of qualified personnel led to less 
cooperation, both in general and with science. Obviously, small sized enterprises suffer 
from a lack of human, financial, and material resources, which prevents them from 
engaging in cooperation activities. Small enterprises should be incentivised more than 
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larger ones to develop innovation linkages with external partners, and helped in making 
contact with partners and in dealing with the knowledge they receive from and share with 
them. 

On the management side, the result obtained for the qualified personnel highlights the 
strong relationship existing between the presence of high educated workforce and the 
firm’s capability of collaborating with science or other partners. This evidence suggests 
the chance to foster firm’s cooperation in innovation by improving their intellectual 
capital. This could be done by investing in employee training and development, in order 
to instil in the employees those skills and knowledge needed to enhance strategies for the 
collaboration with new partners and the use of their resources. 

Furthermore, findings on appropriability suggest that governments in fostering the 
industry-science collaboration should take into consideration the need of protection on 
the side of enterprises. A possible practical implication, as suggested in Cunningham and 
Link (2015), could be that national innovation systems have to be harmonised, with 
standard terms sheet, intellectual property agreement protocols, industrial partnership 
agreement templates and common methodologies to assess intellectual property value. 
The aim is to ensure that the interaction between universities and industry is simplified, 
protects both parties and allows for effective exploitation. On the management side, firms 
need to develop appropriability strategies that are not limited to formal methods, like 
patenting, but involve for example time-to-market and unique skills of employees.  
This holds especially for those firms that are expanding their activities to other countries. 

7.3 Limitations and future research directions 

Our study is not without limitations. It was based on a sample of enterprises from 
Germany, whose cross-sectional nature did not enable us to draw valid conclusions 
regarding any association or possible causality, as the anonymised CIS data does not 
allow to match enterprises across different waves. Some empirical studies based on  
non-anonymised CIS data have considered only the same enterprises available on 
different waves, at a price of a notably reduced sample size and an imbalance in favour of 
large sized enterprises. Panel data would have enabled us to analyse the cooperation in 
innovation behaviour over time and to check, for example, whether previous 
collaboration with a particular partner might have affected the likelihood of the 
subsequent collaboration decision. Hewitt-Dundas et al. (2019, p.1319), for example, 
using a panel data for UK companies which cover the period 2004 to 2014 found 
evidence that “firms’ experience of prior collaborations with non-university partners 
increases the probability of subsequent university collaboration.” 

Moreover, our empirical analysis is based on a single country only, which precludes 
identifying the extent to which different institutional contexts affect the results. Despite 
only few other studies (Pejić Bach et al., 2015; Robin and Schubert, 2013; Van Beers  
et al., 2008 being some exceptions) on sources of information and cooperation are 
conducted on more than one country, we recognise the importance of the institutional 
context on the decision to cooperate in innovation. 

Not only our empirical analysis is based on a single country, but also information was 
not available on the Lander where enterprises are located, whereas it is well known that 
the regional environment is an important determinant of firms’ innovation activity 
(Disoska and Toshevska-Trpchevska, 2019). In the case of Germany, disparities among 
enterprises are above all connected to the part of the country where they are located, 
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Eastern or Western (Günther, 2004). This geographic information would be useful for 
studying and monitoring differences in firms’ innovation behaviour over time. 

As far as data availability is concerned, we do not have the information on the 
geographical proximity between industry and university. A large body of literature 
assumes that firms located near universities are more prone to collaborate with them and 
benefit from knowledge spillovers (e.g., D’Este et al., 2013). Furthermore, we  
cannot identify university characteristics (e.g., academic research quality, university  
size, faculty/discipline composition, department size) that matter as determinants of  
university-industry collaboration (see Maietta, 2015). 

This empirical work paves the way for further research, leveraging from its 
limitations. Future research agenda would encompass the following. First, it would be 
needed a focus on the drivers and the barriers that may be encountered when engaging in 
a formal cooperation with one or another special type of partner (e.g., horizontal or 
vertical cooperation vs. science). Second, the costs encountered in developing a 
relationship with external partners seem to be too high for small enterprises. However, 
little is known about these costs, and future works might analyse this aspect in detail. 
Finally, a comparison with different countries and different institutional contexts would 
be needed in order to strengthen the robustness of results and verify their generality by 
checking whether they remain valid for other firms. 

Disclaimer 

This paper is based on anonymous data from Eurostat, Community Innovation Survey, 
CIS 2012. The results and the conclusions are given by the authors and represent their 
opinions and not those of Eurostat, the European Commission or any of the national 
statistical authorities whose data have been used. The responsibility for all conclusions 
drawn from the data lies entirely with the authors. 
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Notes 

1 See the Appendix for a comprehensive list of cooperation determinants. 

2 See Vivas and Barge-Gil (2015) for a comprehensive review. 

3 We adopt the broad definition of an innovative enterprise used in the CIS questionnaire: a firm 
which introduced at least one product and/or process innovation, or had an innovation activity 
that did not result in a product or process innovation because the activity was not completed or 
is still ongoing. 

4 As recently found by Carvalho et al. (2019), innovative and non-innovative manufacturing 
small and medium-sized enterprises reveal different strategies and most of them are more 
associated to innovative enterprises. 

5 See Rybnicek and Königsgruber (2019) for a comprehensive review. 

6 The responsibility for all conclusions drawn from the data lies entirely with the authors. 

7 The precise definition of variables is presented in the Appendix that is available upon request. 

8 We opted for such a dummy because receiving or not receiving one form of public financial 
support from a certain level of government does not bar a firm from benefiting from possible 
other financial support. 

9 That is, R&D expenditures plus expenditures on other innovation inputs. 

10 Patents, utility patents, design registration, copyrights, trademarks, lead time advantages, 
complexity of good or services, secrecy. 

11 MSL methods provide multivariate normal probabilities by simulating likelihoods and then 
averaging over these. The cmp command implements the Geweke-Hajivassiliou-Keane 
algorithm for this purpose. For further details on MSL estimation, see Greene (2012,  
par. 15.6). 

12 In general, the determinants of industry-science cooperation identified in literature are size, 
age, intra and extramural R&D, ownership structure and innovation subsides (see Maietta, 
2015) and, conditional to data availability, are confirmed by our analysis. 
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Table 1 Definition of variables 

 

L
ab

el
 

D
ef

in
it

io
n 

D
es

cr
ip

ti
on

 
T

yp
e 

In
no

va
tio

n 
C

oo
pe

ra
ti

on
 

C
oo

pe
ra

ti
on

 
w

ith
 s

ci
en

ce
 

D
ep

en
de

nt
 v

ar
ia

bl
es

 
 

 
 

 
 

 

 
P

D
PS

_A
T

IN
 

In
no

va
ti

on
 

=
1 

if
 th

e 
en

te
rp

ri
se

 h
as

 in
tr

od
uc

ed
 a

t l
ea

st
 o

ne
 

pr
od

uc
t/p

ro
ce

ss
 in

no
va

ti
on

 o
r 

is
 e

ng
ag

ed
 in

 in
no

va
ti

on
 

ac
ti

vi
ti

es
 n

ot
 c

om
pl

et
ed

 o
r 

st
il

l o
n-

go
in

g;
 =

0 
ot

he
rw

is
e 

D
um

m
y 

X
 

 
 

 
C

O
 

C
oo

pe
ra

tio
n 

=
1 

if
 th

e 
en

te
rp

ri
se

 e
ng

ag
ed

 in
 a

t l
ea

st
 o

ne
 in

no
va

tio
n 

co
op

er
at

iv
e 

ac
ti

vi
ty

 w
it

h 
an

y 
ty

pe
 o

f 
pa

rt
ne

r;
  

=
0 

ot
he

rw
is

e 

D
um

m
y 

 
X

 
 

 
C

O
_S

C
IE

N
C

E
 

S
ci

en
ce

 c
oo

pe
ra

ti
on

 
=

1 
if

 th
e 

en
te

rp
ri

se
 is

 c
oo

pe
ra

tin
g 

in
 R

&
D

 w
it

h 
un

iv
er

si
ti

es
 o

r 
hi

gh
er

 r
es

ea
rc

h 
in

st
itu

te
s 

an
d/

or
 

go
ve

rn
m

en
t, 

pu
bl

ic
 o

r 
pr

iv
at

e 
re

se
ar

ch
 in

st
it

ut
es

;  
=

0 
ot

he
rw

is
e 

D
um

m
y 

 
 

X
 

E
xp

la
na

to
ry

 v
ar

ia
bl

es
 

 
 

 
 

 
 

 
E

X
P

O
R

T
 

E
xp

or
t 

=1
 if

 th
e 

en
te

rp
ri

se
 s

el
ls

 g
oo

ds
 a

nd
/o

r 
se

rv
ic

es
 in

 o
th

er
 

E
ur

op
ea

n 
U

ni
on

 o
r 

as
so

ci
at

ed
 c

ou
nt

ri
es

 o
r 

in
 o

th
er

 
co

un
tr

ie
s 

D
um

m
y 

X
 

X
 

X
 

 
G

P
 

G
ro

up
 m

em
be

rs
hi

p 
=

1 
if

 th
e 

en
te

rp
ri

se
 b

el
on

gs
 to

 a
n 

en
te

rp
ri

se
 g

ro
up

 
D

um
m

y 
X

 
X

 
X

 

 
F

M
 

F
or

ei
gn

 m
ul

tin
at

io
na

l 
=

1 
if

 th
e 

en
te

rp
ri

se
 h

ea
dq

ua
rt

er
 is

 lo
ca

te
d 

ou
ts

id
e 

th
e 

ow
n 

co
un

tr
y;

 =
0 

ot
he

rw
is

e 
D

um
m

y 
X

 
X

 
X

 

 
S

U
PP

O
R

T
 

R
&

D
 s

ub
si

dy
 

=1
 if

 th
e 

en
te

rp
ri

se
 r

ec
ei

ve
d 

pu
bl

ic
 f

un
di

ng
 to

 R
&

D
; 

=
0 

ot
he

rw
is

e 
D

um
m

y 
 

X
 

X
 

 
R

A
L

L
X

_R
A

T
 

In
no

va
ti

on
 in

te
ns

it
y 

T
ot

al
 e

xp
en

di
tu

re
s 

on
 in

no
va

ti
on

 a
ct

iv
iti

es
 in

 2
01

2 
 

(%
 o

f 
to

ta
l t

ur
no

ve
r)

 
C

on
tin

uo
us

 
 

X
 

X
 

 
S

IZ
E

_4
 

E
nt

er
pr

is
e 

si
ze

 
T

ot
al

 n
um

be
r 

of
 e

m
pl

oy
ee

s 
in

 2
01

2 
in

 c
la

ss
:  

49
 e

m
pl

oy
ee

s 
or

 le
ss

; 5
0–

24
9 

em
pl

oy
ee

s;
  

25
0–

49
9 

em
pl

oy
ee

s;
 5

00
 a

nd
 m

or
e 

em
pl

oy
ee

s 

C
at

eg
or

ic
al

 
X

 
X

 
X

 

 
E

M
P

_G
R

O
W

T
H

 
G

ro
w

th
 r

at
e 

(T
ot

al
 n

um
be

r 
of

 e
m

pl
oy

ee
s 

in
 2

01
2 

– 
to

ta
l n

um
be

r 
of

 
em

pl
oy

ee
s 

in
 2

01
0)

 / 
to

ta
l n

um
be

r 
of

 e
m

pl
oy

ee
s 

in
 

20
10

 

C
on

tin
uo

us
 

X
 

X
 

X
 

N
ot

es
: 1 P

os
si

bl
e 

ex
te

rn
al

 s
ou

rc
es

 a
re

: s
up

pl
ie

rs
 o

f 
eq

ui
pm

en
t, 

m
at

er
ia

ls
, c

om
po

ne
nt

s,
 o

r 
so

ft
w

ar
e;

 c
li

en
ts

 o
r 

cu
st

om
er

s 
fr

om
 th

e 
pr

iv
at

e 
se

ct
or

; c
li

en
ts

 o
r 

cu
st

om
er

s 
 

fr
om

 th
e 

pu
bl

ic
 s

ec
to

r;
 c

om
pe

ti
to

rs
 o

r 
ot

he
r 

en
te

rp
ri

se
s 

in
 th

e 
sa

m
e 

in
du

st
ry

; c
on

su
lta

nt
s 

an
d 

co
m

m
er

ci
al

 la
bs

; u
ni

ve
rs

it
ie

s 
or

 o
th

er
 h

ig
he

r 
ed

uc
at

io
n 

in
st

itu
tio

ns
;  

go
ve

rn
m

en
t, 

pu
bl

ic
, o

r 
pr

iv
at

e 
re

se
ar

ch
 in

st
it

ut
es

; c
on

fe
re

nc
es

, t
ra

de
 f

ai
rs

, e
xh

ib
iti

on
s;

 s
ci

en
ti

fi
c 

jo
ur

na
ls

 a
nd

 tr
ad

e/
te

ch
ni

ca
l p

ub
li

ca
tio

ns
; p

ro
fe

ss
io

na
l a

nd
 in

du
st

ry
  

as
so

ci
at

io
ns

. C
IS

 d
at

a 
on

ly
 in

di
ca

te
 th

at
 a

n 
ex

te
rn

al
 s

ou
rc

e 
of

 k
no

w
le

dg
e 

is
 u

se
d,

 b
ut

 th
is

 d
oe

s 
no

t n
ec

es
sa

ri
ly

 im
pl

y 
an

y 
fo

rm
al

 c
oo

pe
ra

ti
on

. T
he

 la
tt

er
 is

 m
ea

su
re

d 
 

us
in

g 
an

ot
he

r 
se

t o
f 

va
ri

ab
le

s.
 



   

 

   

   
 

   

   

 

   

   30 I. D’attoma et al.    
 

    
 
 

   

   
 

   

   

 

   

       
 

Table 1 Definition of variables (continued) 
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Table 1 Definition of variables (continued) 
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