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Abstract

This paper investigates the contribution of the personal ties of former graduate students to
university-firm collaboration. Using the proximity framework and the underlying assump-
tions of social proximity, we argue that the academic relations these students developed
through graduate education can reduce the social distance between universities and firms,
thus favoring collaborative research and technology transfer. Based on this argument, two
hypotheses are presented to explain how the hiring of a former graduate student is associ-
ated with firms’ collaboration decisions, constituting a driver of technology transfer. We
empirically test these hypotheses with a new empirical strategy and use a novel and com-
prehensive dataset on university-industry linkages in Brazil. We find that approximately
40% of the collaborations were developed by firms with ‘socially proximate’ research
groups, i.e., those hosted by universities where one or more firm employees attended grad-
uate education. The estimates suggest that if a research group is socially proximate to a
firm, the latter is more likely to choose this research group to partner with (relative odds
approximately 2.5 times higher) and to engage in collaboration with (odds ratio more than
8 times higher). These results suggest new approaches for policy support to these partner-
ships, using academic relations as a lever to new collaborative projects.
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1 Introduction

Graduate education has been growing steadily in recent decades (Nerad & Evans, 2014).!
As the most advanced level of academic training, it provides students not only with deep
knowledge and analytical skills but also with opportunities to interact with and develop
relations with other researchers. Such relations constitute important social bonds, and they
can help students foster new projects and partnerships after they graduate. Although the
importance of such ties for collaborative research is acknowledged in the literature (Pon-
omariov, 2009), the measurement of their contribution is scarce, which indicates the need
for novel empirical analyses on the topic.

Scientific partnerships are an important piece of the strategy for creating and trans-
ferring technology from universities to firms (Muscio, 2010), and they have become an
important source of productivity enhancement for firms in different fields and sectors in
recent decades (Bozeman et al., 2013; Colombo et al., 2021). Doctoral students and grad-
uates can be a major asset for collaborations (Ponomariov, 2009), and for this reason,
innovation policies have stressed the importance of doctoral education for collaborative
arrangements (Thune, 2009). Firms hiring such professionals not only increase their ability
to evaluate, assimilate and exploit external knowledge (Cohen & Levinthal, 1990) but also
obtain access to the ‘academic relations’ of these individuals (Vinding, 2004), interpreted
herein as the social ties developed with advisors, professors, peers and other members of
their universities.

The existing research on this subject is limited and nonsystematic (Thune, 2009), and
the related empirical evidence is scarce (Santos et al., 2020). In particular, there is still
room to analyze these personal ties of former graduate students from the lens of knowledge
transfer from academic research to industrial innovation (Granovetter, 2005; Mansfield,
1995). This literature has considered different factors as determinants of social proximity
(Huber, 2012), including firms founders relations (Colombo et al., 2021) and ‘employee-
driven relations’ of those who attended college at local universities (Drejer & @stergaard,
2017; @stergaard, 2009). However, social ties developed during doctorate training should
also be important for scientific collaborations. This configures a gap in the existing litera-
ture and a promising research agenda that can provide new insights into the understanding
of collaborative research.

This paper aims to fill this gap by investigating how the academic relations of former
graduate students contribute to scientific collaboration between universities and firms
by reducing the social distance between universities and firms. We explain how and test
whether hiring a former graduate student is associated with the likelihood of a firm col-
laborating with a research group belonging to the employee’s graduate university. The
proposed hypotheses are tested empirically using firm-level data on university-industry
linkages in Brazil. The results confirm that academic relations are significant predictors
of collaborations, thus suggesting that they constitute an important component of social
proximity between partners. The results also indicate that the magnitude of this association
varies substantially according to the knowledge area.

Our contributions to the existing literature are threefold. The theoretical contribu-
tion is the analysis of academic relations in light of the underlying assumptions of social

! Herein interpreted as referring exclusively to master’s and PhD programs, which constitute ‘stricto sensu’
graduate education in Brazil, that is, the only programs that grant an academic degree, not including any
other programs that award a nonacademic certificate (such as professional training).
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proximity, using such a framework to explain how such relations constitute drivers of tech-
nology transfer and collaborative research. The empirical contribution is to test and meas-
ure the importance of such relations using a novel and comprehensive dataset and applying
a new empirical strategy that models firms’ decisions in two steps (the choice of partner
and the decision to collaborate). The third contribution is to estimate the parameters of the
model for each knowledge area separately. This addresses a major gap in the literature, as
most empirical studies limit the analysis to a specific knowledge area or sector (Broekel &
Hartog, 2013), although there are sound arguments to suspect that scientific disciplines can
work as ‘potential moderators’ of proximity dimensions (Rybnicek & Konigsgruber, 2019).

Our empirical analysis is based on Brazilian data. The landscape of innovation and uni-
versity-firm collaboration in the country has been extensively discussed in previous stud-
ies (Mazzucato & Penna, 2016). Brazil has a low but heterogeneous innovation base, with
a small group of excellent research centers. University-firm collaborations for innovation
projects are highly concentrated in the southern part of the country (Garcia et al., 2015),
with public support focused on low and medium-tech industries (Freitas et al., 2013).

The second section following this introduction briefly discusses the main developments
and the state of the art of the relevant literature on university-firm partnerships and social
proximity. The third section presents the main arguments and research hypotheses, which
are tested using the data presented in the fourth section and according to the empirical
strategy described in the fifth section. The sixth section presents and discusses the findings
of the empirical analysis, and the final section summarizes the main results and suggests
potential research topics for future studies.

2 Literature review

Universities have been increasingly engaging in collaboration with industry (OECD, 2019).
However, academia and industry operate in distinct institutional environments that are
characterized by norms and incentives that can conflict with one another (Partha & David,
1994). Research in universities and public research institutes can differ from that carried
out by firms in terms of ‘basicness’, scope and impact (OECD, 2019). On the one hand,
academic researchers are keen to generate new knowledge and publish their results in high-
impact journals; on the other hand, industrial scientists and engineers are more interested
in producing applied knowledge in the form of products and manufacturing processes.

These differences give rise to barriers that can hinder collaboration between these
organizations. Due to orientation barriers, academic researchers can be reluctant to engage
with industry because collaboration can pose potential dilemmas for scientific research
(Perkmann et al., 2021). The motivation of academic researchers to collaborate with firms
is mostly driven by the aim of promoting their own research agenda. In this way, collab-
orative projects with the private sector should be complementary to the norms of open
science, and they require a better understanding of the context in which basic research is
applied so that these researchers can access resources and skills that are not available in
universities (Tartari et al., 2012). University-firm collaboration can also be hampered due
to complementarity barriers, defined as the lack of complementarity between industry-
related scientific activities and academic research.

The evolution of knowledge networks that comprise university-firm collaboration has
received growing attention in the economic geography literature (Broekel, 2015; Ter Wal
& Boschma, 2009). Recent studies have tried not only to explain the underlying dynamics
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of network evolution but also to understand to what extent geographical proximity is
important to the establishment of collaboration ties among different partners.

Geographical proximity facilitates linkages due to the existence of mechanisms such as
frequent interactions and face-to-face contacts. Firms often prefer to collaborate with prox-
imal universities because they can reduce the costs of partnerships (D’Este et al., 2013),
capture geographically bounded knowledge spillovers and understand local researchers’
projects and activities due to their social ties (Drejer & @stergaard, 2017). However, other
dimensions of proximity can foster interactive learning among partners. Cognitive prox-
imity is related to the level of overlap in two actors’ knowledge bases (Nooteboom et al.,
2007), and there is evidence that it is important for increasing the frequency of collabora-
tions (Muscio, 2013; Muscio & Pozzali, 2013). Institutional proximity indicates the degree
to which two institutions are subject to the same institutional framework, background, and
systems of rewards and values (Broekel, 2015; Ponds et al., 2007). Organizational proxim-
ity refers to the degree of strategic interdependence or control induced by the link between
partners, such as the one shared by firms belonging to the same corporate group (Balland,
2012).

Within such a framework, social proximity measures the strength of interpersonal link-
ages or the extent to which individuals know each other and interact in personal or profes-
sional contexts (Huber, 2012). It describes agents’ social embeddedness in terms of friend-
ship, kinship and experiences (Granovetter, 1985). It also underlines the role of trust, which
can be positively influenced by social proximity (Broekel, 2015; Nooteboom, 2002). The
main argument is that strong, trust-based ties facilitate knowledge sharing and interactive
learning (Gertler, 2003; Huber, 2012). Empirical studies have shown that social proximity
increases the likelihood of linkages among actors (Cassi & Plunket, 2014; Huber, 2012).

The importance of graduate education for social proximity has not been properly
addressed. However, former graduate students should also play an important role in the
formation of knowledge networks (Ponomariov, 2009), not only because they add to the
firm’s absorptive capacity (Garcia-Quevedo et al., 2012) but also because of their social
relations within the scientific community. Such relations are relevant, as they are mostly
nurtured through proper scientific activities such as the development of research projects,
publications, professional societies and attendance at congresses and professional meetings
(Roach & Sauermann, 2010). As a result, these ‘linked scientists’ end up having personal
relations in (and valued by) both the academic and private sectors, putting them in an ideal
position to function as nodes of knowledge networks (Lam, 2005) or as ‘bridge builders’
between industry and academia (Thune, 2010), helping to overcome orientation and com-
plementarity barriers.

There are different reasons why the social relations of these students and graduates may
improve social proximity and help foster collaborative research and development (R&D).
First, the ‘relational capital’ built during graduate training signals trust and respect (Attia,
2015; Canhoto et al., 2016), which discourages malfeasance and opportunistic behavior,
smooths negotiations and constitutes a driver of partnerships between the private sector
and the scientific community. Second, graduate degree holders are likely to share a com-
mon language with their university peers and professors, which can help them overcome
information barriers (Baba et al., 2010; Gawel, 2014). Additionally, collaborating universi-
ties and firms face their costs of bridging their differences in norms and modes of operation
(Colombo et al., 2021), and workers with graduate degrees can help to reduce this cul-
tural gap, balancing different priorities, goals and timing among the organizations involved
(Barnes et al., 2002). Finally, employees with graduate training can also strengthen firms’
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commitment to collaboration, increasing the willingness to allocate effort and resources to
these projects (Attia, 2015).

The empirical literature on the importance of these social relations is still scarce, but the
existing evidence suggests that doctoral students’ research can positively influence knowl-
edge transfer and collaboration (Santos et al., 2020). On the university side, scientists that
interact with graduate students have been found to be more likely to collaborate with the
industrial sector (Ponomariov, 2009), and there is also evidence that graduate students are
important channels linking applied researchers and professors to the industry (Balconi &
Laboranti, 2006).

The arguments and evidence discussed in this section suggest that incorporating the
social relations of former graduate students within the economic geography framework
can provide both relevant insights to understand university-firm collaborations and policy
options to foster them. In the next section, we present a set of hypotheses aimed at filling
this gap, using social proximity as the conceptual building block of the analysis.

3 Research hypotheses

We argue that professionals who have attended graduate education can act as catalysts of
partnerships and technology transfer between institutions because they are an important
source of knowledge and for their academic relations within the university where they pur-
sued graduate-level studies.

We argue that a firm employing a former graduate student obtains access to his or
her academic relations. Such employees serve as a link, increasing the social proximity
between the employer organization and the university, thus affecting its incentives, costs
and expected returns of collaboration (Colombo et al., 2021). Based on the theoretical
arguments described in the previous section, we present two hypotheses regarding how
employing a former graduate student can be associated with the likelihood of collaboration
between universities and firms.

We first consider the choice of a research group or university with which to collabo-
rate. We expect that the social proximity emerging from academic relations can reduce the
perceived risks related to the partner’s innovation capabilities, opportunistic behavior or
lack of engagement. The former student in the workforce strengthens trust and commit-
ment between partners (Attia, 2015; Canhoto et al., 2016; Teirlinck & Spithoven, 2013)
because of previous interactions, long-term relations and the likelihood of future collabo-
rations. Such employees are also in a better position to forecast the potential results of the
collaboration and reduce orientation and complementarity barriers, as they are likely to
have a better understanding of the skills and knowledge of the research group and of the
institutional framework and culture of the university. Therefore, proximity can facilitate
negotiations for knowledge transfer, the allocation of resources, and the division of project
results. Consequently, academic relations reduce uncertainty and add value to the expected
return of collaborative projects, which leads to the first hypothesis:

Hypothesis 1: Firms are more likely to choose a research group to collaborate with
if one or more of its employees have attended graduate education at the group’s host
university.

A much less studied topic in this literature is the investigation of factors associated with
the firm’s decision to engage or not engage in collaboration with any university. However,
this constitutes a promising research agenda to be explored, as the few existing studies on
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this topic have found evidence of the correlation of distinct factors with such decisions
(Drejer & @stergaard, 2017; Maietta, 2015). The social proximity induced by academic
relations is a relevant point to be considered in this agenda. When firms hire a former
graduate student, they improve their social proximity with the scientific community of the
employee’s university by reducing the cultural and language gap, mitigating potential bar-
riers and information asymmetries, and strengthening trust and commitment. Therefore, we
expect academic relations to be associated with the decision to collaborate or not, as sug-
gested by Hypothesis 2.

Hypothesis 2: Firms are more likely to engage in collaboration if they employ one or
more former graduate students from the university that hosts the research group that is the
most likely partner.

4 Data, sample and variables

To test the research hypotheses, we use a novel and rich dataset that comprises confidential
microdata on a large number of firms in Brazil at the employee level, with information on
their collaboration with academic research groups and the employment of former graduate
students.? For the empirical analysis, we interpret as “firms” not only commercial firms but
also other organizations operating under private law (private nonprofit organizations, pub-
licly held corporations, and public organizations operating under private law).

We assemble the dataset by merging information from three databases: (i) the ‘2016
Census of Research Groups’ (CNPQ, 2016); (ii) employment data from the ‘Annual Social
Information Report — RAIS’ of the Ministry of Economics (2015); and (iii) the database
of Brazilian graduate students (CAPES, 2017). The sample used in the study consisted of
local units of firms with at least one employee with a higher education degree in 2015
and their collaborations with research groups within Brazilian universities in 2016. The
employees analyzed to assess social proximity are those who ever enrolled in a Master’s or
PhD program from 1996 to 2015. The main fields of education of the research groups were
used to classify them into different knowledge areas (UNESCO-UIS, 2015). Information
on collaborations in the CNPQ (2016) database is self-reported by research groups, which
provides a broader and more adequate indicator of such partnerships, as it is not publica-
tion-based and gives the respondents flexibility to decide whether an interaction with a firm
can be considered a collaboration (Bozeman & Corley, 2004; Bozeman et al., 2013).

The main variable of interest is social proximity, represented by a dummy indicating
whether the firm employed one or more former graduate students from the university that
hosts the academic research group. Geographical proximity is measured by its inverse, i.e.,
the distance (in 100 km) between the cities of each part of the dyad, following previous
papers that also used continuous variables to study or control for this factor (D’Este et al.,
2013; Drejer & @stergaard, 2017; Garcia et al., 2018). The institutional proximity dimen-
sion is measured by a dummy indicating whether the host university is private, such that
it is subject to a similar set of rules and legal statutes as the firm. And cognitive proxim-
ity is represented by the narrow knowledge area® within which firms search for a research

2 Access to confidential data was granted by the Brazilian Institute of Educational Research (Inep) for pur-
poses of this research.
3 We use the ‘main field of education’ of each research group (CNPQ, 2016) as the narrow knowledge area.
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partner. We also control for attributes of both the research group and the host university,
and we add state dummies to indicate the location.

In the second stage, features of the firm are also included as explanatory variables,
including sectoral dummies (ISIC, 2-digit level). We proxy the absorptive capacity of firms
using both the share of employees with higher education (following Garcia et al., 2018 and
Drejer & @stergaard, 2017) and the share with a graduate degree. In light of the structure
and updating procedures of the databases used in the analysis, we assume that collabora-
tion decisions in year ‘¢’ are based on attributes of the research groups and host universities
in the same period and on features of the firms’ and employees’ educational attainment
observed in period ‘¢ -1".

All variables used in the study are listed in Table 1. For comparison purposes, descrip-
tive statistics are presented for the entire sample and for only firms that collaborated.

Table 2 presents the distribution of collaborations and collaborating entities per knowl-
edge area, and it provides a first idea of the importance academic relations and social
proximity can have on the formation of these links, in favor of the research hypotheses.
Approximately 40% of the collaborations were developed by firms with a research group
from a host university where one or more firm employees attended graduate education.
Such a proportion is higher in ‘Education’, ‘Social Sciences, Journalism and Education’
and ‘Health and Welfare’. Table 2 also shows that firms developed, on average, more than
two collaborations in the relevant period.

5 Empirical strategy

The objective of the empirical analysis is to investigate whether hiring a former graduate
student is associated with the firm’s decision to collaborate with a research group hosted by
the employee’s university. We use a multiple-stage model to describe the firm’s decision-
making process for collaborating with a research group, following De Fuentes and Dutrénit
(2012) and Laursen et al. (2011). The model used herein was originally developed by Long
(2004) and Skinner (2019) to explain higher education choices. We adapted this framework
to the context of university-firm collaboration, an original approach not considered in pre-
vious studies.

Each collaboration available to a firm is considered ‘a package containing various attrib-
utes’ (Long, 2004), including the dimensions of proximity. Firms compare the expected
returns of all potential choices of collaboration, including the option of not partnering with
any research group. Although one can observe only the final decision made by the firm
(i-e., to collaborate with a specific group or to not collaborate at all), this choice can be
divided into two stages, and each one tests one of the above research hypotheses. First, the
firm considers all potential research groups available for collaboration, identifying the one
with the highest expected net result. In the second stage, it compares such choice with the
option of not collaborating, deciding the best course of action.

5.1 The first stage: choice of partner
In the first stage, firms search among all potential partners to identify the most rewarding

collaboration, considering the expected costs, returns and risks of each choice. To make
this decision, they consider features of the research group and its host university, along
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with proximity factors, including the social dimension, represented by the academic rela-
tions of former graduate students (Hypothesis 1). To control for cognitive proximity, we
follow Ponds et al. (2007) and assume that the search for a partner is limited to a narrow
knowledge area such that all potential research groups available for collaboration present a
(similar) small cognitive distance.

We model this stage as a probabilistic equation (Long, 2004; Skinner, 2019) to measure
and test the association of different factors with this decision. The conditional probability
(Py) that a random firm i will choose a research group j (choice;=j, where j=1, 2, ... J) as
the one with the highest net expected result is (Greene, 2011)

exp (prx;)
Zizl exp (ﬁlxik)

where X;; is a vector of explanatory variables associated with the probability that a firm
will choose a particular research group (the ‘attributes of the research group and host uni-
versity’ and ‘proximity factors’ listed in Table 1), and f is the vector of parameters (to be
estimated) that indicate the magnitude of the association. The estimation is based on the
conditional logit or McFadden’s discrete choice model (Greene, 2011), which is suitable
for cases in which the decision-maker is faced with a great number of choices, as it exploits
the variation of attributes and interaction terms (Long, 2004). This model also has the
advantage of controlling for individual attributes of firms that do not need to be included as
independent variables, as they are differenced out of the equation.

For this estimation, we use data from collaborative firms and research institutes, assum-
ing that all firms have decided on the collaborations with the highest expected return. The
initial dataset is expanded to cover all potential choices of collaborative firms, i.e.: for each
actual collaboration, we pair the firm with all existing research groups within the narrow
knowledge area of the actual partner in the original dataset. Each choice is considered sepa-
rately, so if a firm collaborated more than once, the dataset is expanded for each collabora-
tion to comprise all possible dyads. The resulting expanded database comprises 2,110,638
observations,* and it includes a dummy that informs the realized ties (the original choice of
collaboration), which constitute the response variable of the probabilistic model.

P;; = Prob(choice; = j|X;;) = o

5.2 The second stage: decision to collaborate

In the second stage, firms consider the expected costs and benefits of their best choice for
collaboration (selected at the first stage), comparing it with the alternative of not engag-
ing in collaboration. For analytical purposes, this stage encompasses not only the firm’s
decision but also other transaction costs, such as project negotiation, intellectual property
issues, and any other obstacles that need to be overcome for collaboration to occur.

To investigate how proximity factors and academic relations are associated with
the decision at this stage, we must include firms that did not collaborate in the dataset.

4 The number of collaborations (column 4 of Table 2) multiplied by the number of available research
groups in the respective narrow knowledge area (column 3 of Table 2).
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However, in these cases, we do not have a chosen research group with which to calculate
the proximity variables. To overcome this problem, we pair each firm with an estimated
‘most likely partner’ (Long, 2004; Skinner, 2019), as follows: first, a narrow knowledge
area of interest is selected for each firm>; then, we expand the dataset to cover all potential
collaboration choices for each firm (i.e., all research groups within the respective narrow
knowledge area); third, we apply the f parameters estimated at the first stage (for each
broad field) to all dyads and calculate the probability that each link is formed (P), with
no minimum probability cutoff; finally, the research group with highest P; is selected as
the ‘most likely partner’ and paired with the respective firm, excluding all other potential
choices. The most likely partner of firms that actually collaborated may not necessarily be
the one in the original dataset.®

The response variable in the second stage is a dummy that represents the decision of
firm i to engage in collaboration (collaboration;= I) or not.

(collaboration;=0). The decision is modeled as presented in Eq. 2, where P; is the
probability that firm i decides to engage in collaboration, conditional on the ‘most likely’
partner chosen at the first stage being j. Z; is the set of explanatory variables associated
with this decision listed in Table 1, which includes ‘features of the firm’, ‘attributes of the
research group and host university’, and ‘proximity factors’. The associations of different
factors with the likelihood of the outcome are represented by the vector 5, which is esti-
mated using a standard logistic regression (Greene, 2011).

exp (f/z;
P;i(collaboration, = 1|choice; = j, Z;) = (hrz;)

a 1+ exp (ﬁlzij) (2)

6 Results and discussion

Tables 3 and 4 present the estimated parameters for the first and second stages of the
model. They are presented in odds ratios, which inform how a unit increase in the value
of an explanatory variable (holding all others constant) is associated with a change in the
relative odds of the outcome represented by the dependent variable (i.e., the odds of a firm
engaging in collaboration divided by the odds of the firm not collaborating). The associa-
tion is positive if the estimated odds ratio is greater than one, meaning that a higher value
of the explanatory variable is correlated with a higher likelihood of collaboration. On the
other hand, a negative association is represented by an odds ratio coefficient between zero
and one.” The statistical significance of the parameters was assessed at a 0.05 significance
threshold (a 95% confidence interval).

5 For firms that collaborated, the narrow knowledge area of interest is the one of the actual partner research
groups, while for firms that did not collaborate, we use the most frequent narrow knowledge area of part-
ners of firms of the same sector (using the International Standard Industrial Classification — ISIC, 2-digit
level).

® The similarities between the actual and estimated most-likely partners are discussed with the results of
the empirical analysis.

" Therefore, e.g., the odds that a research group is chosen by a collaborative firm at the first stage is 1.7%
higher than the odds of a younger group for each year of difference in age between them (column 1 of
Table 3). On the other hand, commercial firms are 54.8% (I — 0.452) less likely (i.e., lower relative odds) to
engage in collaboration at the second stage than noncommercial firms (column 1 of Table 4).
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The estimates for the first stage (Table 3) provide strong empirical support for Hypoth-
esis 1. For all knowledge areas (and both for the entire sample), the estimated social prox-
imity coefficients are positive and statistically significant, which suggests that firms are
more likely to collaborate with a research group if it is hosted by a university at which one
or more of their employees pursued graduate-level studies. Considering the entire sam-
ple (column 1), the relative odds are 2.5 times that of groups with no social proximity.
Although the magnitude of parameters varies per knowledge area, the likelihood is at least
69.8% higher (odds ratio found for ‘Business, Administration and Law’).

The coefficients estimated for the first stage were used to predict the most likely partner
for each firm in the dataset. Descriptive statistics and the similarities between actual and
estimated most likely partners for collaborative firms are presented in Tables Al and A2 of
the Online Appendix. Most attributes and proximity factors for both partners present simi-
lar values,® suggesting that predicted partners have similar features to those actually chosen
by collaborative firms in terms of observable features, thus providing grounds for accepting
the prediction model.

The results for the second stage in Table 4 show that social proximity is positively asso-
ciated with the decision to engage in collaboration, as suggested by Hypothesis 2. Consid-
ering the whole sample, firms are more than eight times as likely to collaborate if one or
more of their employees have attended graduate education at the university that hosts the
most likely partner. We also find a positive and significant association for most knowledge
areas.

The empirical results support the hypotheses regarding the association between employ-
ing a former graduate student and the likelihood of collaboration presented in Sect. 3. The
importance of academic relations can be explained by the social dimension of proxim-
ity, based on the ideas of trust, common language, culture, and commitment (Rybnicek &
Konigsgruber, 2019), and how these factors affect the expected costs and returns arising
from collaborations. These are novel findings on the role of social proximity in fostering
university-firm collaboration, since we incorporate the value of academic relations to sci-
entific collaborations. They confirm that former graduate students play an important role as
‘linked scientists’ or nodes of knowledge networks (Lam, 2005) and that their interpersonal
linkages are representative of the social dimension of proximity (Huber, 2012). As gradu-
ate students leave academia to work in private organizations, their personal and profes-
sional connections within the scientific community bring organizations closer.

Confirming the theoretical expectations, academic relations of former graduate students
facilitate communication and negotiation between firms and academic research groups,
adding value to the expected return of the collaborative initiative (Colombo et al., 2021).
As social proximity improves the prospects of successful and profitable collaboration,
firms are prone to collaborating with socially proximate research groups (Hypothesis 1),
in addition to becoming more inclined to pursue this strategy to develop new technologies
and find new market opportunities (Hypothesis 2).

Our findings can also be construed as evidence of the role of former graduate students
in building bridges that enable collaboration between academic research and firms, miti-
gating potential orientation and complementarity barriers (Partha & David, 1994; Tartari
et al., 2012). These professionals are in general socially closer to academic researchers,

8 The social proximity variable presents the same value in 80% of the cases; the values for institutional
proximity matches 71% of the times; and the average difference of geographical distance is only 0.72 (14%
of the standard deviation presented in Table 1).
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being in a better position to build a strong relationship between academic researchers and
the R&D staft of the collaborative firm. In this way, former graduate students can help to
manage differences in alignment and incentives between academics and industrial scien-
tists and engineers.

Another important result is that the share of firms graduate personnel is also an impor-
tant predictor of collaboration, as firms are more than 6 times as likely to collaborate per
additional share of employees with a graduate degree in their workforce (considering the
entire sample). These estimates may be construed as evidence of another channel through
which graduate degree personnel may contribute to research collaboration (in addition
to their academic relations) and indirectly to innovation. The results are in line with the
argument that personnel with graduate degrees enhance the absorptive capacity of firms
(Balland, 2012; Garcia-Quevedo et al., 2012; Giuliani & Bell, 2005), constituting ‘vessels
of knowledge transfer’ (Thune, 2009). These highly qualified employees enhance firms’
ability to assimilate knowledge and generate new technology and henceforth to extract
value from research collaborations, making them more prone (and therefore more likely)
to collaborate.

Our findings also confirm that scientific collaboration is spatially concentrated, as con-
cluded by nearly all previous studies on the subject (Hinzmann et al., 2019; Rybnicek &
Konigsgruber, 2019). In the first stage, firms are approximately 21% less likely to choose
a research group to partner with for each 100 km of distance between their cities (whole
sample estimate in column 1). Estimated parameters for different knowledge areas are all
statistically significant and similar, with odds ratios ranging from 0.74 to 0.83. This finding
can be explained by the typical forms of interaction between actors at the local level, such
as face-to-face contact and frequent communications. Through face-to-face contact, agents
can more easily solve conflicts and align expectations, with positive effects for the interac-
tive learning process. The search for common interests among actors becomes an easier
task, even when different organizations with different incentive systems are involved. Addi-
tionally, local interactions can also reduce the costs of knowledge transfer across larger
distances. (Fitjar & Gjelsvik, 2018; Ponds et al., 2007).

While our empirical analysis is restricted to Brazil, we believe that the arguments and
findings presented in this paper are general enough to be applied to other contexts for three
main reasons. First, firms both in Brazil and in other economies are seeking new sources of
technological and scientific knowledge to support innovation. In the context of new knowl-
edge-intensive technologies (often associated with so-called ‘Industry 4.0°), firms are con-
tinuously pushed to intensify their search for new technological knowledge, while universi-
ties continue to be a major source of it. Second, building channels of interaction between
universities and firms is a growing challenge not only for firms and universities but also
for policy-makers in any country, and our results suggest important insights that contribute
to this goal. Finally, our theoretical arguments do not rely on any of the previously men-
tioned characteristics of the Brazilian industrial and innovation landscape, and our empiri-
cal results do not seem to be critically dependent on such features.

In recent decades, university-firm collaboration has entered the policy agenda as a strat-
egy for fostering technology transfer (Muscio, 2010). The findings presented herein sup-
port policies aimed at promoting university-firm collaboration by boosting and exploiting
the social networks of former graduate students. Suggested measures currently in place in
different countries include tax breaks for firms hiring master’s and PhD graduates, financial
support and the promotion of ‘revolving door’ mobility of industrial researchers (tempo-
rary placement in universities), joint supervision and co-financing, and ‘soft instruments’
to raise researchers’ awareness of entrepreneurship (OECD, 2019; Thune, 2009). These
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instruments, however, are mostly recent and restricted to a few initiatives in industrial-
ized countries, thus requiring further investigations on their actual impact and applicability
to less developed industrial economies. In addition, such measures should be considered
within a broader policy strategy that also addresses other challenges of university-firm col-
laboration, such as financial and regulatory constraints to knowledge transfer and lack of
awareness of the importance of collaborations and entrepreneurship by university staff.

This empirical analysis has limitations that must be considered when interpreting the
results. First, it relies on data available in the original databases, following a ‘complete
case analysis’ approach to deal with any missing data (Hughes et al., 2019). Although we
expect our dataset to be representative of the collaborations between universities and firms
in the country, we cannot ensure that nonreported or nonavailable data are ‘missing at ran-
dom’. In addition, the conditional logit used to estimate the first-stage parameters is based
on the strong assumption of independence of irrelevant alternatives (IIA), although there
are good arguments to maintain that this should not pose a threat of bias in this case (Skin-
ner, 2019), i.e., completeness of the choice set; independence of the negotiations and trans-
actions for different research groups; and the differences and unique features of each group
and university.

The results of the second stage present additional limitations that are worth noting.
First, the low proportion of correct predictions of the most likely partner (as presented in
Table A1) suggests that there is room for improvement of the prediction model. Second,
the small proportion of firms that actually collaborated (as reported in Table 4) indicates
the possibility of a ‘rare events’ problem in the results (Leitgob, 2020; Van der Paal, 2014),
although the pseudo-R? of the estimates are all above 0.2, indicating a good fit of the model
(Hemmert et al., 2018; McFadden, 1979).9 Finally, the social proximity coefficient presents
very high values (odds ratio above 20) for two knowledge areas,'® suggesting the impor-
tance of investigating these collaborations more carefully. Mitigating these problems and
confirming the findings of the second stage constitute important topics to be addressed by
future research.

Finally, in addition to these limitations, this study does not aim to demonstrate a causal
effect between the explanatory and dependent variables. Accordingly, the empirical results
only confirm that academic relations are associated with collaboration decisions, thus
constituting significant predictors of such partnerships. Proving the effect or the chan-
nels through which social proximity actually affects collaboration is a promising research
agenda that falls outside the scope of this paper.

7 Concluding remarks

Universities and governments are striving to foster scientific collaborations to enhance
technological development and transfer, providing benefits for both partners and for the
economy. Alumni of graduate programs are in a privileged position to foster these partner-
ships, as they are a point of contact between the scientific and industrial communities, with

% ‘Rare events’ estimators may create additional problems by overcorrecting (Leitgdb, 2013) or introduc-
ing other biases in the estimates (Elgmati et al., 2015; Puhr et al., 2017). For such reasons, we followed the
previous studies (Long, 2004; Skinner, 2019) that have used the standard logistic regression to estimate the
second stage.

10" “Natural Sciences, Mathematics and Statistics’ and ‘Information and Communication Technologies’.
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personal relations on both sides that can help to reduce uncertainties, build trust, and set
goals and objectives and thereby reach agreements that are beneficial from both the scien-
tific and commercial perspectives.

This paper discusses how the academic relations of former graduate students improve
social proximity between firms and universities. Using a two-step model estimated with
a novel database, we find that if a research group is hosted by a university in which one or
more employees of a firm attended graduate-level education, the organization is more likely to
choose this group to partner with (relative odds approximately 2.5 times higher) and to engage
in collaboration with (odds ratio more than 8 times higher). Positive and statistically signifi-
cant associations are found in both stages for the entire sample and for nearly all knowledge
areas. The magnitude of the association varies depending on the knowledge area, in support
of the argument that scientific disciplines work as ‘moderators’ of proximity factors. These
results constitute the main contributions of the paper to the understanding of university-firm
collaboration and to the creation and transfer of technology between them.

The results of this analysis contribute to the literature not only by adding to the (small)
existing evidence on the importance of former graduate students to university-firm collabora-
tion but also by building and interpreting this evidence based on the framework of economic
geography and considering the different dimensions of knowledge networks (Broekel, 2015;
Ter Wal & Boschma, 2009). From this perspective, the importance of academic relations is
explained through the social dimension of proximity (Rybnicek & Konigsgruber, 2019). The
empirical strategy constitutes an additional contribution, as it allows us to test and confirm that
social proximity and academic relations are associated both with the choice of the academic
partner and with the decision to engage in collaboration.

The analysis also points to future research questions to improve our understanding of the
connections between graduate education and scientific collaboration. The parameters esti-
mated for individual knowledge areas suggest that academic relations may play different roles
in each knowledge area, pointing to the need for specific studies dedicated to each one. Addi-
tionally, as previous studies have used other measures of social proximity (Broekel, 2015;
Cassi & Plunket, 2014; Drejer & @stergaard, 2017; Hong & Su, 2013; @stergaard, 2009;
Petruzzelli, 2011), an empirical analysis considering all these variables may provide a clearer
picture of how these different networks are related and how they predict university-firm col-
laboration. It would also be important to replicate this empirical investigation using data from
other countries to confirm that the arguments and findings presented herein can be general-
ized to other economies and industrial contexts. Finally, modeling academic relations using
the number or share of former students in the firm’s workforce (instead of the dummy variable
used herein) can be a possible extension of this work, providing insights into how the interac-
tion between multiple former students can contribute to the formation of ties.
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