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Abstract

Despite the growing interest of scholars and policymakers to better understand the
determinants for researchers in public science to transfer knowledge and technology to firms,
little is known how temporary international mobility of scientists affects both their propensity
to engage in knowledge and technology transfer (KTT) as well as the locus of such transfer.
Based on a sample of more than 950 German academics from science and engineering
faculties, we investigate how the duration and the frequency of scientists’ visits at research
institutions outside their home country affect KTT activities. We find that most mobile
scientists engage in KTT to firms both in the host and in their home country, suggesting that
KTT activities to firms abroad do not substitute or crowd out, but complement KTT to firms
in the home country. We further find that the longer research visits abroad are, the higher the
likelihood that scientists engage in KTT to firms, again both in the host and the home country.
However, the more frequently scientists visit institutions abroad, the more likely they are to
engage in KTT to firms only in their home country. Our results therefore provide evidence for
the benefits of “brain circulation”. The article contributes to the growing strand of literature
on scientist mobility and on the determinants of industry-science linkages at the individual
level.
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1 Introduction

It has almost become conventional wisdom that knowledge originating from universities and
public research centres is a crucial constituent of technological change and economic growth
(e.g., Jaffe, 1989; Adams, 1990; Mansfield, 1991; Salter and Martin, 2001). In fact,
knowledge and technology transfer (KTT) from academia to industry has attracted
considerable attention in the literature with a focus on the scientists involved, the research
institutions, the agents in technology commercialisation (e.g. transfer offices), or on the
modes of transfer, such as formal and informal KTT (e.g., Schmoch et al., 2000; Siegel and
Phan, 2005; Link et al., 2007; Rothaermel et al., 2007). Yet, despite the growing interest of
scholars and policymakers in science, technology and innovation (STI) policy to better
understand the factors motivating scientists® to transfer knowledge and technology to firms,
little is known how temporary international mobility’ of these scientists affects both the
propensity to engage in KTT as well as the locus of such transfer.

This question is important for at least two reasons. First, international mobility of
researchers in public science has increasingly become an integral part of academic careers
(Edler, 2007; Ackers and Gill, 2008; Cox and Verbeek, 2008), and understanding the effects
that mobility has on collaboration with industry can be assumed to yield insights for policy
making. Second, international scientist mobility is implicitly associated with a discourse on
“brain drain”, affecting the technological capabilities through an absence of skilled workers
and thus eventually the competitiveness of the home countries of mobile scientists in
academia (Adams, 1968; Mountford, 1997). Moreover, temporary mobility might lead to
permanent migration of scientists. In this respect, policy makers in all countries — not only in
developing or emerging economies — are concerned that research activities of mobile
scientists result in KTT to firms predominantly in the host country, although the scientist’s
research was substantially funded by the home country (OECD, 2002, 2007; Nguyen, 2006).
Despite the vivid discussion of potential negative effects of international scientist mobility on
the scientist’s home country, however, a more recent approach has coined the term “brain
circulation” to put emphasis on the benefits for both home and host country from scientists’
international mobility (Regets, 2007).

Hence, in this paper we aim at shedding light on the relationship between international
scientist mobility and scientists” KTT activities by analysing the role of both the duration of a
research visit outside the scientist’s home country and the frequency of such visits. In a first
step, we identify the factors that motivate scientists in academia to become internationally
mobile. We define scientist mobility® as research visits at a host institution outside the
scientist’s home country that take longer than one month. Shorter activities, which for

1 In the following, we will use the term “scientist” as short-hand for scientists employed at universities and

other public research institutes and centres in the field of science and engineering.

Mobility, obviously, is a complex term. In this paper, we focus on inter-national yet intra-sectoral mobility,
i.e. mobility within academia. Thus, we are not concerned with moves from public research into firms, but
with cross-border moves of university scientists.

We use the more general term mobility in contrast to other authors like Ackers and Gill (2008) who use the
terms mobility and migration synonymously.
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example would also include the attendance of international conferences, can be assumed to
impact KTT activities differently than being embedded as a visiting researcher at a host
institution. Moreover, we do not consider permanent moves to another country which imply
that the scientist does not have an immediate intention to return to the home country. In a
second step, we focus on the scientist’s decision to engage in KTT and on the locus of such
activities.

Our theoretical reasoning is guided by the scientific and technical human capital approach
(e.g. Bozeman et al., 2001; Bozeman and Corley, 2004; Boardman, 2009; Ponomariov and
Boardman, 2010). Scientific and technical human capital has been described as “the sum of an
individual researcher’s professional network ties, technical knowledge and skills, and
resources broadly defined” (Bozeman et al., 2001: 636). Consequently, international mobility
can be characterised as a way to augment the scientist’s professional network and the
resources available, thus increasing the scientist’s scientific and technical human capital. We
suggest in this paper that scientific and technical human capital plays a key role in the
transmission of scientific knowledge from academia to industry as it influences the ability and
inclination of individual scientists to engage in KTT activities.

The empirical part of our paper is based on a random sample of more than 950 public
scientists in Germany. We estimate Heckman selection models to account for the fact that not
all scientists have international research experience. The paper further explores how KTT
activities to home and host country firms relate to each other, i.e. we investigate whether KTT
to host country firms substitutes or crowds out KTT to firms in the home country, or whether
the two are complementary and mutually reinforcing. In this respect, we contribute to the
literature in a number of ways. For the first time, we provide a direct link between
international mobility and the KTT activities of scientists. While the effects of permanent
migration have been studied in more detail, little is known about temporary mobility. Insights
on this can be assumed to sharpen our understanding of the determinants of scientists’
engagement in KTT activities and to inform STI policy making. Moreover, our data on
mobile and non-mobile scientists allow for an investigation of the factors that encourage or
discourage scientists to become internationally mobile. From a theoretical perspective, we
conceptualise mobility as a driver of scientific and technical human capital which has been
frequently shown to impact on scientific productivity.

The paper is organised as follows. The next section gives a brief review of the literature on
scientist mobility and KTT activities and links the two in order to specify our hypotheses.
Section 3 provides an overview of our empirical methods, before section 4 will show the
empirical results. The paper concludes by outlining the implications of our findings for
science and technology policy and by identifying further research opportunities at the
intersection of scientist mobility and KTT activities.



2 Literature background

2.1 Mobility of scientists

The discourse on the causes and effects of mobility of academics and highly skilled workers
has frequently been associated with concerns about a potential brain drain. As a consequence,
mobility has been framed in a context of loss and possible negative effects. This discussion
goes back at least to Adams (1968) and has been coined in the context of development policy,
analysing the scale, scope and consequences of the movement of scientific and economic
elites from developing and emerging countries to a richer nation (Adams, 1968; Mountford,
1997; for an overview see Nguyen, 2006). However, while the discourse has long been
focused on developing countries, initially the brain drain discussion was led in the United
Kingdom in the 1950s and 1960s, when a loss of highly skilled workers and scientists to the
United States had become apparent (Cervantes and Guellec, 2002). In the 1990s, the
economic consequences of scientist and highly skilled worker mobility came back on the
agenda of OECD countries (Salt, 1997; OECD, 2002; Schiff, 2005; Hunter et al., 2009).
Recognising the importance of a sufficient pool of scientists and highly skilled workers, even
in advanced countries worries about brain drain have re-emerged and been counteracted by
policy schemes to retain the scientific elites. Indeed, the phenomenon of scientist mobility has
been discussed in most OECD countries as a potential risk to the economy of the sending
country.* For example, the United Kingdom and the United States have intensified their
efforts to re-attract or retain scientific elites at the end of the 1990s and beginning of the
2000s (Cervantes and Guellec, 2002).

However, the risk discourse around international mobility of scientists has not prevented a
strong increase of international scientist mobility (Casey et al., 2001; OECD, 2002). Part of
this mobility is migration, i.e. the move to another country in order to stay there for an
indefinite time, and part is temporary. Although European governments in particular have
been worried about a potential brain drain to the United States, existing data show that actual
migration, i.e. the emigration of scientists, is rather limited (Cervantes and Guellec, 2002;
Robinson et al., 2007). In contrast, temporary mobility has become more important in recent
years, as scientists — and particularly PhD students and Post-Docs — gain experience abroad to
come back and exploit the knowledge gained in their home country. Thus, the term brain
circulation was coined in order to signal the potential gain stemming from temporary
mobility, as such circulation implies linkages between national science and innovation
systems (Saxenian, 2002).

The overall allocation of benefits from scientist mobility is, however, not entirely clear.
Several authors find that higher mobility in terms of brain circulation not only leads to a better
career development of individual scientists,® but also contributes to the overall production and
exchange of knowledge and subsequently potentially increases welfare (e.g., Thorn and

For the developing countries — which are not within the scope of our paper — this is obvious, although some
views in the 1990s have claimed that the benefit for the sending country might be higher than the costs,
which is — at least — a highly contested conclusion (Fiani, 2003).

Cox and Verbeek (2008) have shown that the impact on scientists is not always and automatically positive.
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Holm-Nielsen, 2006; Edler, 2007; Cox and Verbeek, 2008. Freeman (2010) presents data on
the mobility of scientists, highly skilled workers, students and graduates (see also de Grip et
al., 2010), together with shifts in global talent production towards Asia. He argues that
mobility creates benefits with respect to the speed and breadth of knowledge production as
well as regarding the global transfer of knowledge. At the same time, these benefits are
accompanied by challenges for advanced Western countries in their competition with
emerging economies like China or India (Freeman, 2010).

Scientist mobility is therefore said to enrich careers, create networks, support a better
international flow of knowledge, better job matches through global job search and greater
ability of employers to find rare or unique skill sets (Regets, 2007). All this allegedly leads to
some form of cognitive integration in scientific fields across borders, facilitating
complementarities in knowledge production. Regets (2007), in compiling international
country-level data on mobile scientists with a focus on the US, claims not only an overall net
benefit for the global economy and the receiving (host) countries, but also for the sending
country. For the host country, Regets (2007) suggests increased incentives for natives to seek
higher skills leading to an increase in domestic economic returns to human capital
investments, increased knowledge flows and collaboration as well as increased ties to foreign
research institutions, export opportunities for technology, remittances, and other support from
“diaspora networks”. Interestingly, and most important for our concern in this paper, Regets
(2007) envisions very similar effects for the sending countries, thus making a strong argument
for circulation and bi-directional benefits. However, these largely positive net effects of
mobility for the receiving countries are not unambiguously supported in the literature. Both
Bekhradnia and Sastry (2005) and Ackers and Gill (2008) argue that a high level of inward
mobility may lead to dependencies on foreign in-flow that is unstable and hard to sustain —
combined with the risk of mobile researchers returning to their home countries, “taking their
skills with them” (HEFCE, 2006: 44).

While brain drain remains an issue on the political agenda of some countries, the recent
discourse has been about circulation and the requirement to enable and foster short and
medium term stays. A major rationale behind those circulation programmes has been the
insight that becoming part of global networks and collaborating with other scientists abroad
enhances the capabilities and productivity of mobile scientists (Edler, 2007; Defazio et al.,
2009). Scientists realise a whole range of positive individual benefits, and by doing so they
create positive net effects in the country in which they are originally based and to which they
return or keep up linkages. Therefore, European countries have intensified efforts to govern
brain circulation in order to increase their benefits from scientist mobility (e.g., Thorn and
Holm-Nielsen, 2006). Moreover, the insights on the benefits of scientist mobility have led to a
“mobility strategy for the European Research Area (ERA)” in which mobility — with a focus
on circulation — is seen as a major pillar for the creation of a single European market in
science.® x

In sum, apparently the fear of brain drain in some OECD countries has made way for more
hope for brain circulation and related economic benefits. One increasingly recognised issue is

® For a summary see COM (2005).



the potential benefit for home countries of temporarily mobile scientists through an increased
“knowledge flow across borders” (Regets, 2007). There is however a severe shortage of
empirical knowledge about the modes, scale and scope of effects of circulation of public
scientists for the innovation system of both receiving and sending countries. We do not know
to what extent mobile scientists do engage in KTT and where they mainly do it, either in the
receiving or the sending country. Moreover, we know little about the factors that determine
why scientists engage in KTT and, equally important, what drives them to become
internationally mobile in the first place. Our paper is intended to fill this specific gap. It does
not claim to discuss the broader consequences of migration or mobility, but instead focuses on
one specific aspect in-depth using a novel dataset. In the following section we will review the
existing evidence on causes and effects of KTT activities from academia to industry, which
subsequently will be linked with the discussion of scientist mobility in order to derive our
hypotheses.

2.2 Knowledge and technology transfer from academia to industry

There is wide agreement today that collaboration between science and industry plays a
crucial role for the innovative capabilities of firms as well as for the overall economic
development of a country (e.g., Hall et al., 2003; Link and Scott, 2005). With the rise of the
“mode 2 concept” (Gibbons et al., 1994) which posits a close interaction between scientific
and industrial actors in the production of knowledge, KTT activities between academia and
industry have gained further importance. Minbaeva et al. (2003) define knowledge transfer as
a multi-stage process which involves the identification of relevant knowledge, the actual
transfer of knowledge, as well as its final use by the receiving organisational unit. However,
since the subject of knowledge transfer cuts across a variety of academic fields and
application contexts, there is no common definition of the term across the disciplines, and the
definition depends on how knowledge itself is defined (Bozeman, 2000; Cummings and Teng,
2003). Moreover, Sahal (1981) and Bozeman (2000) emphasise that there is no clear
distinction between knowledge transfer and technology transfer, since technology is always
based on knowledge and this knowledge is always transferred in the moment when a
technology is transferred between two organisations, such as a public research organisation
and a firm.

There are numerous modes of KTT, both formal and informal. Formal KTT usually involves
a legal instrument like a patent, license, or royalty agreement (Bozeman, 2000; Feldman et al.,
2002; Thursby and Thursby, 2002). In contrast to this, informal KTT refers either to the
absorption of knowledge codified in specific research outputs or to interactions between
public scientists and industry personnel. In this sense, knowledge could flow for example by
technical assistance or consulting (Grimpe and Fier, 2010), within collaborative research
(Link et al., 2007) or through a temporary or permanent move from public research to
industry (COM, 2006). We use the term KTT in a broad understanding that refers to
knowledge embodied in technological artefacts, codified and non-codified knowledge, as well
as knowledge that is co-produced in various forms, e.g. in collaborative projects.

From the perspective of an industrial firm, interaction with public science is attractive for
several reasons. Firms tend to “underinvest” in the production of new knowledge and
5



technology through research and development (R&D) as the results achieved may be relevant
for other companies and may thus spill over to competitors (Arrow, 1962). Further,
knowledge production incurs high costs, as knowledge often involves complex and dynamic
processes which firms cannot cope with internally (Dasgupta and David, 1994; Crespi et al.,
2006). Firms therefore strive to get access to complementary resources in universities and
public research organisations and to explore new technological opportunities (Jacobsson,
2002; Santor and Chakrabarti, 2002; Adams, 2006; Brostrom, 2010). Firms also need access
to the public scientists themselves in order to hire scientific personnel and thus to keep up
their absorptive capacity for future KTT activities (Hall et al., 2003), as knowledge sought
through external experts is often complementary to firms’ technological core (Song et al.,
2003). Within the last few years, several studies have evaluated the links between science and
industry with a view to firm success, typically finding that firms’ ability to innovate is
positively influenced by industry-science interaction (Arvanitis et al., 2008; Brostrom, 2010).
Further exemplary evidence includes Belderbos et al. (2004) who examine industry-science
interactions on the basis of a large scale innovation survey, concluding that interactions
between firms and universities or research institutes significantly increase the firm’s sales
with innovative products. A study of German companies found that firms sourcing knowledge
from universities are more likely to innovate (Edler, 2003).

While the generally positive effects of KTT on firm performance provide an explanation for
why firms seek to collaborate with academics, existing literature has also shed light on what
drives individual scientists to collaborate with firms and engage in KTT activities. This
literature has developed within connected but slightly different conceptual lenses. A first lens
is the resource-based view (e.g., van Rijnsover et al, 2007), which — in line with the original
concept developed for firms (e.g., Barney, 1991) — posits that individuals are enabled to
collaborate by the resources at their disposal. They seek collaboration to enhance these
resources and thus improve their personal competitive advantage vis-a-vis other researchers.
A second approach to look at individual determinants of KTT is to understand the
organisational context, i.e. the characteristics of organisations that encourage, enable or
constraint scientists in their KTT efforts (e.g., Meyer-Krahmer and Schmoch, 1998; Siegel et
al., 2003; Siegel et al. 2004; Ponomariov and Boardman, 2010). A third and related approach
is the scientific and technical human capital approach, which refers to scientific and technical
human capital as “individual endowments”, tacit and craft knowledge as well as social
contacts and networks (e.g., Bozeman et al. 2001; Bozeman and Corley, 2004; Boardman,
2009; Ponomariov and Boardman, 2010). All approaches have in common that they focus on
how various characteristics of individuals and their organisational environment influence their
ability and inclination to engage with firms and transfer knowledge.

With respect to resource-driven considerations, scientists seek access to complementary
knowledge, expertise and resources just like firms do (Katz and Martin, 1997; Melin, 2000;
Thorsteinsdottir, 2000; Beaver, 2001). Link et al. (2007) examined knowledge transfer
between academia and industry on the basis of a survey among university scientists. Their
results suggest that university researchers rank collaboration with industry as very important
because it allows them to benefit from the transferred knowledge and the use of equipment.
Siegel et al. (2004) find that many researchers benefit from collaboration and knowledge

6



transfer to industry due to the use of advanced equipment and laboratories at the firms’
premises. Meyer-Krahmer and Schmoch (1998) investigated the importance of different types
of interaction with industry. The interviewed scientists rated those interaction types with
industry as more important that involved a bidirectional exchange of knowledge with
industry, thus pointing towards the importance of both receiving and transferring knowledge.
Moreover, scientists seek to collaborate with industry in order to get access to research grants
as they have become a major source of university research funding (Beaver, 2001; Hall et al.,
2003; Bozeman and Corley, 2004).

A second approach focuses on the meaning of the organisational environment. It has been
shown that KTT differs depending on the mission and institutional context of public
scientists. Broadly speaking, there is a substantial difference between university-affiliated
scientists and those affiliated with institutionally funded basic research institutes on the one
hand and scientists at public research institutes that are mission-oriented or that are set up to
link science with industry on the other hand. For Germany, Schmoch et al. (2000) and Heinze
and Kuhlmann (2008) have demonstrated that researchers at universities and Max Planck
institutes, which are — by and large — more oriented towards basic research and publications as
major indicator of excellence, tend to be less active in collaboration with firms than scientists
from Fraunhofer institutes whose mission is application oriented and that need to acquire
industry funding. This result has been confirmed by Ponomariov (2008) for universities,
finding a negative correlation between scientific quality of university units and their
propensity to collaborate with firms. Moreover, Ponomariov (2008) finds that the presence of
industry near or on campus increases KTT activities.

Similarly, Siegel et al. (2004) show that a considerable number of scientists rate the reward
systems for KTT at the research institutions as insufficient, thus obstructing a higher level of
transfer activities. In fact, several papers have highlighted the importance of an appropriately
designed reward system at the research institutions to stimulate the scientists’ engagement in
KTT. In this context, Friedman and Silberman (2003), Lach and Schankerman (2004) and
Link and Scott (2005) find a positive relationship between royalty payments and the
scientists’ propensity to engage in KTT activities. Jensen et al. (2001), Owen-Smith and
Powell (2001), and Thursby and Kemp (2002) highlight the critical role of intellectual
property rights, such as patents, for KTT. They find that the faculty’s awareness of
commercialisation opportunities and an active involvement in the process of
commercialisation of scientific discoveries positively influence the patenting behaviour of
scientists. Patents, in turn, create opportunities to enter the “market for technology” and
facilitate the exchange of knowledge assets (Arora et al., 2001). Finally, there is also clear
evidence that scientists in different scientific fields have different collaboration behaviours
(Meyer-Krahmer and Schmoch, 1998; Schmoch et al., 2000; Heinze and Kuhlmann, 2008).

Finally, the third approach, the scientific and technical human capital approach, puts
emphasis on individual-level research capacity. It combines the first two lenses, but is slightly
broader in discussing determinants of individual research capacity. Belkhodja and Landry
(2007) show that a number of factors driving the scientist’s scientific and technical human
capital like the career age, productivity, hierarchical position as well as previous successful
collaboration relate positively to the scale of collaboration with firms. Furthermore, scientists
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who are well connected, i.e. who occupy a central position in professional networks,
collaborate significantly more. Boardman (2009) as well as Ponomariov and Boardman
(2010) suggest that scientists affiliated with a university research centre may augment their
scientific and technical human capital and, in this respect, their ability to conduct research
together with industry and to publish the results. The underlying mechanism for this is the
notion that social capital creates human capital. Joining a research centre implies interaction
with other centre participants as well as access to centre resources. As a result, a scientist’s
centre-enhanced research capacity will facilitate industry-science interaction and KTT
activities.

This review has demonstrated that scientists may engage in KTT for a variety of reasons.
Although the three theoretical lenses presented — and particularly the resource-based view and
the scientific and technical human capital approach — are interconnected, the following section
will primarily draw from the scientific and technical human capital approach. This approach
combines important perspectives of the other two approaches. However, it focuses on the
influence that the broader environment and a whole range of factors related to the individual
— such as career pathways, social position in networks (social capital) — have on the actor’s
resources and their application and hence on their behaviour. In short, a change in the broader
environment or in those key factors can trigger a change in behaviour. For our study, this
perspective best helps us to delineate the effects that international mobility of scientists — a
feature of scientists’ career paths that has become increasingly important — will likely have on
engaging in KTT activities with firms both in the home and the host country.

2.3 Linking KTT with international mobility of scientists

Both KTT activities and scientist mobility have been characterised as increasingly important
phenomena, and both promise benefits at the individual and systemic level. In this respect, it
becomes imperative to explain the mechanism through which international mobility might
have an impact on scientists’ KTT activities. As indicated before, our theoretical reasoning
will be guided by the scientific and technical human capital approach which has been applied
in a number of recent studies investigating industry-science collaboration (e.g., Bozeman and
Corley, 2004; Boardman, 2009; Ponomariov and Boardman, 2010). The scientific and
technical human capital approach is particularly appropriate because of its emphasis on
individual-level research capacity which can be affected — inter alia — by professional
relationships and network ties. Our starting assumption is that international mobility might
serve as a prominent way to increase an individual’s embeddedness in professional —
academic and non-academic — networks which translates into higher scientific and technical
human capital. Our overarching research hypothesis is therefore that international mobility of
scientists increases the propensity that these scientists will engage in KTT activities to firms.

As our starting point, we identify two major dimensions of mobility that may have an
influence on KTT activities of mobile scientists: the duration of a focal research visit to a host
country institution, as well as the scientist’s more general international orientation in her or
his academic career, which we define as the frequency of research visits relative to the
scientist’s career age. Proponents of the scientific and technical human capital approach have
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argued that “social capital begets human capital” (Ponomariov and Boardman, 2010: 616).
Mobile scientists are exposed to collaborators and probably resources they did not have access
to before. In this respect, scientists increase their research capacity, i.e. their human capital,
some of which might be the result of further training and development. Moreover, by making
formal and informal connections, scientists also expand their social capital that eventually
might increase their ability to facilitate the transfer of knowledge and technology to firms
(Ponomariov and Boardman, 2010).

The duration of a research visit outside the scientist’s home country may thus impact the
scientific and technical human capital because longer research visits abroad result in more
intensive experiences and stronger embeddedness in the foreign context. Such visits create
opportunities for more intensive interaction and knowledge exchange or co-production of
knowledge. While these arguments suggest that longer research visits abroad predominantly
benefit KTT activities to firms in the host country, we might also expect positive effects of a
longer visit for KTT activities to firms in the home country. The reason is that industry in the
home country will typically have a higher interest in collaborating with a scientist with a
higher scientific and technical human capital gained through international exposure. This
opens the opportunity for firms to acquire more distant knowledge and technology with a high
degree of novelty and uniqueness from the firm’s point of view. Hence, our first hypothesis
can be stated as:

Hypothesis 1a (H1la): The longer the research visit to an institution outside the scientist’s
home country takes, the higher the likelihood that the scientist will engage in KTT activities to
firms in the home country.

Hypothesis 1b (H1b): The longer the research visit to an institution outside the scientist’s
home country takes, the higher the likelihood that the scientist will engage in KTT activities to
firms in the host country.

Second, the frequency of research visits abroad might have an important role to play as it
reflects a form of the scientist’s international orientation. Frequent research activities abroad
may, for example, lead to a higher number of contacts, the build up of reputation and,
therefore, also to a more diverse and broad potential for interactions. As before, a high
frequency of visits also suggests that the scientist may become well embedded into the
scientific context of the host country. This should particularly be true due to the cumulative
effects of repeat visits as these are likely to better facilitate building up social capital.
Moreover, we can assume that scientists with a high international orientation are generally
more open-minded, which might also help in terms of establishing contacts with industry. As
a consequence, a higher frequency of research visits abroad should facilitate KTT activities to
firms both in the host and the home country.

Hypothesis 2a (H2a): The higher the frequency of research visits to institutions outside the
scientist’s home country, the higher the likelihood that the scientist will engage in KTT
activities to firms in the home country.



Hypothesis 2b (H2b): The higher the frequency of research visits to institutions outside the
scientist’s home country, the higher the likelihood that the scientist will engage in KTT
activities to firms in the host country.

Finally, it is of particular interest for policy makers to explore the relationship between KTT
activities to firms in the host and the home country. If there was a positive correlation
between KTT of a mobile scientist to firms in the host country and the home country, then
international scientist mobility would have direct positive effects for firms in the home
country, as well. Mobile and transfer-active scientists would constitute a natural transfer
mechanism of relevant knowledge and technology to industry, regardless of national borders.
In turn, the more mobile and transfer-active scientists a country had, the more attractive it
would become as a location for international firms. In addition, a higher number of transfer
active and mobile scientists would contribute to a more efficient and effective linking of
complementary knowledge globally. Reflecting the brain drain discourse, there is an obvious
imbalance between the growing need to foster mobility and KTT on the one hand, and
concerns about a sufficient return of knowledge to the home country on the other hand. Both
the scientific and technical human capital approach and the resource-based view would
suggest that scientists prefer those transfer activities that promise a gain in knowledge for
them as well, i.e. they seek reciprocal partnerships with firms, in order to expand their
research capacities and human capital. If that is true, international KTT activities promise to
yield positive effects on the scientists and thus will also benefit the innovation system of the
scientist’s home country. Moreover, scientists with collaborative experience can be assumed
to be both more open to and more attractive for industrial partners as they understand the
application-oriented interest of firms and know how to manage relationships with firms
(Grimpe and Fier, 2010). If there are no confidentiality agreements between a scientist and a
particular firm in place, scientists are therefore likely to seek further collaboration
opportunities in order to acquire funding and to commercialise their knowledge and
technology. As a result, our third hypothesis reads:

Hypothesis 3 (H3): There is a positive correlation between KTT activities to firms in the host
and the home country.

In the following section we will outline our research methods used to test our hypotheses
before we present the results.

3 Research methods

3.1 Data

The data used in our empirical analysis originate from a survey among German scientists
carried out on behalf of the German Federal Ministry of Education and Research (Edler,
2007). The aim of the survey, which was part of a large-scale project on the
internationalisation of German publicly financed research and science, was to depict the
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willingness, the motives and the actual extent of international mobility of scientists in
Germany. Data were collected in 2006 using an online survey instrument.

An online survey is a particularly useful instrument in our case because it allowed us to
reach those scientists who were temporarily absent from their home office, i.e. who were on a
visit, in a quick and efficient way. In this respect, it can be regarded as superior compared to a
survey administered via mail. Moreover, it enabled us to reach a large number of scientists
who provided detailed information about their mobility pattern. While in-depth case studies
with a selected group of scientists could have generated even more detailed information, they
would have precluded further statistical analyses which allow us to draw conclusions based on
a large number of observations and controlling for several individual and institutional factors.
In any case, the information is self-reported, which could raise concerns with respect to
response accuracy. However, we believe that the advantages of such an online survey
outweigh the drawbacks (for a discussion see Bertrand and Mullainathan, 2001).

Two major data sources were used for the sampling procedure. In a first step, the population
of scientists holding a PhD and employed at German universities was derived from the
“Hochschullehrerverzeichnis” of the year 2005. The *“Hochschullehrerverzeichnis” is a
database containing the names, degrees and contact information of the academic personnel
employed at German universities.” In a second step, scientists at (partly) government-funded
public research institutes were identified via an internet search of the institutes’ websites.
These research institutes belong to the four large German science organisations: Max Planck
Society, Fraunhofer Society, Leibniz Association and Helmholtz Association. In total, around
20,000 scientists from 113 German universities and 231 research institutes were identified
with their e-mail addresses and invited to participate in our survey. Questionnaires of 1,509
respondents were retained; the overall response rate was 15.8 percent, which can be regarded
as satisfactory for such a large-scale online survey.® For the analysis, we limited the sample to
those scientific disciplines where a transfer of technological knowledge to firms is potentially
relevant — i.e. in agricultural and environmental sciences; biology and chemistry; physics,
mathematics and computer sciences; engineering sciences; medicine, psychology - thus
excluding social sciences and humanities. Excluding cases with missing values leaves 958
observations available for analysis.

3.2 Variables and measures

Dependent variable

To qualify the KTT activities of scientists, the respondents were asked to indicate whether
their most recent research activity outside of Germany resulted in a transfer of technological
knowledge or expertise to a firm in Germany and/or in the host country. We chose the most
recent visit as the focal visit of our analysis for several reasons. First of all, it could be argued
that the most recent visit was actually not relevant at all. However, letting a scientist choose
which visit to report from would probably heavily bias the results as scientists might only

This excludes the so-called “universities of applied sciences” whose major task is teaching and not research.
The response rate reflects the fact that many scientists could not be reached due to an outdated or misspelled
e-mail address.

8
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choose those visits where KTT occurred. Defining the most relevant visit creates additional
problems as scientists might have a different understanding of what they consider as relevant.
Second, we can assume that scientists are better able to recall their experiences when
reporting from the most recent visit compared to a visit that had taken place been a longer
time ago. We hence obtain two dummy variables. However, only 54 percent of all scientists in
our sample have international research experience. Whether KTT as a result of such activities
occurred or not is therefore not observable for scientists lacking this experience. We will
address this issue methodologically by estimating selection models (see the model section for
details).

Explanatory variables

In order to capture the international mobility of scientists, we use two survey variables: the
duration of the focal research visit, i.e. the scientist’s most recent visit abroad, and the
scientist’s more general international orientation which we associate with the frequency of
international visits.

International research activities can be limited in duration or indeterminate. The latter case
might for example apply to German scientists with a regular working contract at an institution
abroad. We therefore use four dummy variables for visits lasting between 1 to 3 months
(short-term), 4 to 12 months (medium-term), longer than 12 months (long-term) and for
research activities of indeterminate duration but at least for 12 months. The dummy for short-
term activities is used as the reference category in all regressions. It could be argued that the
choice for the length of each category is somewhat arbitrary. However, we believe that a
distinction between short-term, medium-term, long-term and research activities of
indeterminate length abroad makes sense as they are also associated with different levels of
effort for the scientist and corresponding administrative requirements. In this sense, short-
term stays of up to 3 months are relatively easy to realise as temporary accommodation and
office space would be rather easy to find. Moreover, it may not be necessary to apply for a
visa and deal with other bureaucratic issues. The U.S. Visa Waiver Program, for example,
allows German citizens to stay for up to three months in the United States without a visa, as
long as they do not take up employment. All these efforts can be assumed to increase with
medium-term stays that take up to one year. If a research activity is planned that takes even
longer, scientists will probably seek some form of permanent residency with consequences for
private and administrative aspects of their lives. Hence, although such a four-level
conceptualisation of duration is necessarily somewhat arbitrary, we believe that it represents a
pragmatic approach to capture the scientist’s mobility choice.

Our measure for the general international orientation of the scientist is defined as the
number of research visits abroad that took longer than 1 month, divided by the scientist’s
career age. The career age is defined as the number of years that have passed since the
scientist received her or his PhD. For obvious reasons, the career age is closely connected to
the scientist’s opportunities to engage in research activities abroad. Hence, we use the career
age to control for these age effects. The international orientation therefore shows the
importance of research visits abroad during the scientist’s career.
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Besides duration and frequency, we control for the destination of the scientist’s research
visit. In the questionnaire, scientists were asked to indicate the host country of their
international research activities. These were grouped into three groups and we include dummy
variables for Western Europe and North America. The rest of the world serves as the
reference category.®

We have argued that the scientist’s propensity to engage in KTT activities not only depends
on mobility but also on other personal characteristics of the scientist. Therefore, we include
several variables to control for the individual level effects. We measure the scientist’s
productivity by including dummy variables for her or his publication activities (i.e. 0 to 3, 4 to
6, and more than 6 articles in refereed journals) and for having applied for a patent. These
variables refer to the three years prior to the survey. We account for the age of the scientist by
including the career age in linear and squared form to control for potential non-linearity.
Moreover, we include dummy variables for the gender, whether the scientist is employed at a
university or at one of the institutes belonging to the large German science organisations (i.e.,
Fraunhofer Society, Max Planck Society, Helmholtz Association, and Leibniz Association
and other institutes, with the Leibniz and other institutes serving as reference group), and
whether the scientist received a grant for the international research visit.

Further, we measure the enabling and pull factors of international research activities with
two dummy variables. The first variable indicates enabling conditions. We asked whether the
scientist perceived the available funding opportunities for international research activities to
be sufficient. The second variable is the perceived importance of the research environment
abroad relative to the home environment. We use two variables on the number of research
groups or research institutions within Germany and outside of Germany which the scientist
indicated to be important for her or his research (none, 1 to 4, 5 to 10, more than 10). When
the number of important research groups abroad is higher than the number of domestic
research groups, then the new variable takes on the value of 1, if it is lower or the same, the
value is 0. Finally, we include discipline dummies (environmental sciences; biology,
chemistry, pharmacy; engineering sciences; medicine, psychology), with physics,
mathematics, computer sciences serving as a reference category in all estimations.

3.3 Estimation model

Our dependent variables, the transfer of knowledge and technology to firms in Germany or
in the scientist’s host country as a result of an international research visit, are only observable
if scientists have international research experiences. All other scientists would consequently
not be able to engage in such KTT. The sample is therefore censored, which implies that we
have to use a two-stage selection model. Estimating a simple regression model using only data
on scientists with international research experience (i.e. whether the scientist had been abroad
for at least a month in her or his career at all) would generate inconsistent estimates

As the descriptive statistics will show, 85 percent of the scientists indicated North America and Western
Europe as their destination. Despite a strong (politically motivated) interest in mobility to Asia and
particularly China, it would thus not make sense to include separate dummy variables due to the low number
of observations.
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(Heckman, 1979). Including international experience as an exogenous variable would ignore
the endogeneity between the KTT behaviour and international experience. We address this
issue by estimating probit models with selection correction. The models consist of estimating
two equations. In the first stage, the selection equation stage, the probability for having
international research experience at all is estimated. In the second stage, the regression of
interest, the determinants of the KTT activities to firms in the host and the home country are
investigated. The two stage selection model assumes that there is a potential correlation
between the error terms of the two equations (see Greene, 1993, for a discussion). If that
correlation is nonzero, estimates will be inconsistent unless accounted for through the
selection model.

The Heckman selection model requires that at least one factor be identified that influences
the selection (i.e. international experience), but not the dependent variable of the second stage
regression model (i.e. KTT). We argue that the two variables portrayed as enabling and pull
factors for international research activities fulfil this criterion. International research activities
require funding, which will typically not be provided by the host institution. Therefore,
scientists may apply for specific international grants or other grants. Moreover, research
abroad only makes sense if there are opportunities to learn from and to collaborate with
partners who work in similar fields and who provide an added value over domestic partners
(pull). This does not imply that scientists will not go abroad if there are more potential
domestic collaboration partners even though there are some research groups abroad which are
highly important. However, we argue that a higher relative importance of international
partners should at least result in a preference for international over domestic partners and thus
increase the likelihood that international research activities occur. At the same time, both
enabling and pull factors should not have any effect on the knowledge transfer behaviour of
scientists. We test this assumption empirically by including the enabling and pull factors in
both the first and second stage regression of a probit model with selection. As predicted, both
variables have a positive and significant effect on the international experience and no
significant effect on the KTT activities. Our estimation model can therefore be considered as
valid.

In the second step of our estimation we employ a seemingly unrelated bivariate probit
model. The model reflects our choice of two dummy variables as dependent variables: KTT to
firms in the host and the home country. As outlined above, we are not only interested in the
relation between the independent and the dependent variables, but also in the relation between
the two dependent variables. We have argued that the two variables have a complementary
relationship, i.e. KTT to firms in the host country does not substitute for knowledge transfer
to firms in the home country and vice-versa. Instead, a complementary relationship would
indicate that both directions of knowledge transfer occur at the same time. The bivariate
probit model provides an indirect test for complementarity. The idea is to test for a positive
correlation between the two practices conditional on a vector of covariates X (Athey and
Stern, 1998; Cassiman and Veugelers, 2006). If the resulting correlation coefficient rho is
positive and significant we can assume that both practices are complements rather than
substitutes.
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4 Results

4.1 Basic characteristics of scientist mobility and KTT

Table 1 shows the descriptive statistics of the dependent as well as our main explanatory
and control variables. Correlation tables for the variables in the first and second stage of the
selection models can be found in the appendix. There is no indication for collinearity in our
data as evidenced by the low values of the variance inflation factors (VIF) and condition
numbers (Belsley et al., 1980).

Table 1: Descriptive statistics — mobility of German scientists

Variable Obs. Mean Std. Dev.  Min. Max.
Transfer to firms in Germany (d) 514 0.163 0.370 0 1
Transfer to firms in the host country (d) 509 0.169 0.375 0 1
Short-term stay (1 to 3 months) (d) 514 0.461 0.499 0 1
Medium-term stay (4 to 12 months) (d) 514 0.138 0.345 0 1
Long-term stay (> 12 months) (d) 514 0.171 0.377 0 1
Stay of indeterminate length (d) 514 0.230 0.421 0 1
International orientation (ratio) 514 0.290 0.246 0 1.111
Grant received for the focal research visit (d) 514 0.796 0.404 0 1
Host country in Western Europe (d) 514 0.259 0.438 0 1
Host country in North America (d) 514 0.591 0.492 0 1
International experience of at least one month (d) 958 0.537 0.499 0 1
Career age (years) 958 15.437 10.283 0 41
Gender (d, 1=female) 958 0.148 0.356 0 1
Employed at a university (d) 958 0.467 0.499 0 1
Employed at Fraunhofer institute (d) 958 0.068 0.252 0 1
Employed at Max Planck institute (d) 958 0.134 0.340 0 1
Employed at Helmholtz institute (d) 958 0.244 0.430 0 1
Employed at Leibniz or other institute (d) 958 0.129 0.336 0 1
Patent application in last 3 years (d) 958 0.310 0.463 0 1
No. of publications in last 3 years 0-3 (d) 958 0.267 0.443 0 1
No. of publications in last 3 years 4-6 (d) 958 0.237 0.425 0 1
No. of publications in last 3 years >6 (d) 958 0.486 0.500 0 1
Environmental sciences (d) 958 0.144 0.351 0 1
Biology, chemistry, pharmacy (d) 958 0.290 0.454 0 1
Physics, mathematics, computer science (d) 958 0.310 0.463 0 1
Engineering sciences (d) 958 0.119 0.324 0 1
Medicine, psychology (d) 958 0.137 0.344 0 1
Satisfied with availability of funding for intern. mobility (d) 958 0.211 0.408 0 1
Rel. imp. of research groups abroad higher than at home (d) 958 0.693 0.461 0 1

(d): dummy variable

The descriptive statistics show that slightly more than half of the scientists in our sample do
have international experience and can be used in the second stage of the selection model. The
statistics further show that two dependent variables on the KTT behaviour are almost equally
distributed. About one out of five scientists transferred knowledge and technology to firms in
Germany during the focal research visit abroad. Slightly more scientists have engaged in KTT
to firms abroad, i.e. in their (former) host countries.

Regarding the explanatory variables, our main focus is on the mobility variables. It turns out
that, based on the information about their last research visit abroad, the majority of German
academics go abroad for a rather short period of 1 to 3 months. Medium-term stays are
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somewhat less common (14 percent) than long-term stays (17 percent). Moreover, 23 percent
of the scientists indicated their research activity abroad to be of indeterminate length. The
international orientation, expressed by the ratio of the number of research visits and the career
age, shows that on average scientists go abroad for at least one month about every fourth year.
Most of the scientists chose North America as the destination for their international research
activities and the vast majority received a grant for these activities.

The second group of explanatory variables reflects personal and professional characteristics
of the scientists in our sample. On average, the scientists have been active after their PhD for
15 years (career age), and 15 percent of the scientists in the sample are female. Moreover, the
descriptive statistics show that the sample is almost equally balanced regarding the locus of
employment of the scientists (universities vs. non-universitary, i.e. public research institutes).
Regarding the scientific productivity during the three years prior to the survey, it turns out
that around 30 percent of the scientists had applied for at least one patent and most of the
scientists had published more than 6 papers in refereed journals. With respect to the scientific
discipline, about every third scientist in our sample is working in the fields of physics,
mathematics or computer science. These disciplines are followed by biology, chemistry,
pharmacy (29 percent), environmental sciences (14 percent), medicine, psychology (14
percent), and engineering sciences (12 percent).

The last two explanatory variables work as exclusion restrictions in the selection models,
i.e. they are expected to determine the decision to be internationally mobile at all but they
should be irrelevant for the decision to transfer knowledge and technology. Only 21 percent of
the academics stated to be satisfied with the available funding opportunities for international
research activities. The second exclusion restriction reflects the scientists’ assessment of the
importance of research groups abroad. Almost 70 percent of the scientists indicated the
importance of foreign research groups to be higher than domestic research groups for their
own research activities.

4.2 International mobility as the determinant of KTT activities

Table 2 shows the results from our probit selection models for the scientists’ decision to
move abroad (first stage of the model) and to engage in KTT activities either to firms in
Germany or in the host country (second stage of the model). In the following, we will first
discuss the results from the first stage before we move on to the second stage. We can see
from the rho coefficient in the lower part of Table 2 that there is a significant correlation
between the error terms of the two equations for the second model (KTT to firms in the host
country). This indicates that a selection model is in fact required to yield consistent estimates
results.

The enabling and pull factors — availability of funding and relative importance of scientists
abroad — which serve as exclusion restrictions turn out to be significant in the two first stage
equations and they have the expected sign. The propensity to move abroad for a period of at
least one month increases when scientists are satisfied with the availability of funding for
such activities and when they realise that research groups or institutions abroad are relatively
more important than in the home country.
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Concerning the other explanatory variables of the decision to go abroad, our findings
indicate that neither the career age nor the gender have an effect. The organisational context
however, matters.. University scientists appear to be much more likely to go abroad compared
to scientists at Fraunhofer or Helmholtz institutes. A reason for this is that many scientists at
Fraunhofer and Helmholtz institutes are more likely to have permanent contracts, and they
focus more on application-driven research, often in close collaboration with industry. Thus,
they have lower pressure (or incentives) and less opportunities to become a visiting researcher
abroad.

Moreover, our results reveal a link between going abroad and being highly productive in
terms of publication output. Scientists with more than 6 publications achieved during a three-
year period prior to the survey (the reference group) are significantly more likely to go abroad
than those with lower publication output. There are indications for a virtuous circle: highly
credentialed scientists are more attractive as collaboration partners and thus more likely to be
invited to or engaged in international research activities. At the same time, these excellence-
driven research visits increase the likelihood for subsequent high level publications with
international colleagues. In contrast, and in line with our observations of non-university staff,
application-oriented research productivity (indicated in our survey by having previously
applied for a patent) is not linked to mobility.

Regarding the scientific disciplines, scientists in environmental sciences, engineering
sciences and medicine or psychology have a lower propensity to move abroad than the
reference group which are scientists in physics, mathematics and computer science.

Table 2:  Probit models with selection — determinants of the decision to go abroad (first
stage) and to engage in KTT to firms (second stage)

Decisiontogo KTT to firms | Decisiontogo KTT to firms
abroad in Germany abroad in host country
Medium-term stay (4 to 12 months) (d) -0.306 -0.207
(0.247) (0.197)
Long-term stay (>12 months) (d) 0.620*** 0.497**
(0.228) (0.214)
Stay of indeterminate length (d) 0.214 0.542**
(0.254) (0.234)
International orientation (ratio) 0.547* 0.156
(0.325) (0.235)
Grant received (d) 0.081 -0.09
(0.185) (0.131)
Host country in Western Europe (d) -0.202 -0.434**
(0.235) (0.212)
Host country in North America (d) -0.298 -0.403**
(0.220) (0.186)
Career age (years) -0.004 -0.027 -0.005 0.031
(0.017) (0.033) (0.017) (0.026)
Career age (years, squared) 0.000 0.001 0.000 -0.001
(0.000) (0.001) (0.000) (0.001)
Gender (d, 1=female) -0.024 0.016 -0.003 -0.01
(0.127) (0.227) (0.126) (0.174)
Employed at university (d) 0.512%** 0.034 0.470%** -0.344**
(0.120) (0.274) (0.119) (0.163)
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Decisiontogo KTT to firms | Decisiontogo KTT to firms
abroad in Germany abroad in host country
Employed at Fraunhofer institute (d) -0.582*** 1.050*** -0.650*** 0.917%**
(0.206) (0.356) (0.207) (0.298)
Employed at Max Planck institute (d) -0.121 -0.312 -0.178 -0.035
(0.158) (0.295) (0.160) (0.224)
Employed at Helmholtz institute (d) -0.440*** 0.059 -0.461*** 0.295
(0.134) (0.286) (0.133) (0.202)
Patent application (d) -0.057 0.587*** -0.071 0.310**
(0.103) (0.164) (0.103) (0.144)
No. of publications in last 3 years 0-3 (d) -0.639*** 0.332 -0.661*** 0.437**
(0.112) (0.294) (0.112) (0.198)
No. of publications in last 3 years 4-6 (d) -0.257** 0.148 -0.257** 0.168
(0.112) (0.197) (0.112) (0.149)
Environmental sciences (d) -0.361** -0.218 -0.389*** 0.168
(0.144) (0.281) (0.144) (0.203)
Biology, chemistry, pharmacy (d) -0.190 -0.263 -0.216* 0.025
(0.118) (0.217) (0.119) (0.166)
Engineering sciences (d) -0.781*** 0.716** -0.767*** 0.796***
(0.158) (0.353) (0.157) (0.220)
Medicine, psychology (d) -0.768*** 0.307 -0.779*** 0.374
(0.145) (0.336) (0.145) (0.252)
Availability of funding (d) 0.203* 0.176*
(0.109) (0.102)
Relative importance of scientists abroad (d) 0.259*** 0.265***
(0.100) (0.090)
Constant 0.384* -1.260** 0.440** -0.646
(0.223) (0.610) (0.220) (0.446)
Rho -0.254 -0.804*
(0.541) (0.204)
N (uncensored observations) 958 (514) 953 (509)
Wald Chi2 67.186 88.099
P-value 0.000 0.000

(d): dummy variable; standard errors in parentheses.
* ** *** indicate statistical significance at the 10%, 5% and 1% level
Short-term stays (1 to 3 months) and physics, mathematics, computer sciences serve as reference groups.

In the second stage, which explains the determinants of KTT activities, we find
differentiated results for KTT to firms in the home and the host country. First of all, long-term
visits beyond 12 months increase the likelihood that scientists engage in KTT activities to
firms in general, both in the home and the host country, in comparison to short-term visits, our
reference category. In contrast to this, medium-term stays do not show a significant effect.
With respect to stays of indeterminate length, our results indicate a positive effect only for
KTT activities to firms in the host country. By and large, these findings provide support for
hypothesis 1a and hypothesis 1b. Apparently, scientists need to be embedded into the host
country’s research environment for a year or more to fully realise the benefits from higher
social capital and to generate the opportunities that result in a transfer of knowledge and
technology. What is more striking, however, is that this not only holds true for the transfer to
firms in the host country but also relates back to firms in the home country. A longer visit
abroad is therefore beneficial to the innovation system of the scientist’s home country and not
detrimental as the discourse on brain drain might suggest. There is an additional benefit for
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the host country if the scientist’s stay is indeterminate in length but this does not imply that
there is a negative effect on KTT activities to firms in the home country. Hence, longer
research visits apparently lead to the creation of additional scientific and technical human
capital that facilitates collaboration with firms both in the host and the home country.

This finding is further supported when we look at the general international orientation of the
scientists (defined as the number of visits abroad divided by the scientist’s career age). Here
we find a positive and significant effect for KTT to firms in Germany, while there is no
significant effect for a transfer to firms in the host country. This finding supports hypothesis
2a but rejects hypothesis 2b. Higher international orientation apparently leads to an increased
attractiveness of the scientist for firms back in the home country (reputation, relevance), and it
can be interpreted as an instrument for the creation of an international network that facilitates
KTT opportunities. In short, frequent international mobility is conducive to KTT only in the
home country. In contrast, for KTT to firms abroad it is not frequent international mobility but
only the duration of the visits abroad which makes a difference. This confirms the need for
embedding and building up trust as a precondition for KTT abroad.

We find no effect of the scientist’s host country in the decision for KTT to firms in the
home country. However, our results show strong negative effects in the decision for KTT to
firms in the host country if the host country was in Western Europe or North America
compared to the rest of the world. It seems that there is a split between the knowledge and
excellence driven mobility to the U.S. and some advanced European countries that implies
less proximity to application and industry on the one hand and more pull from other countries
with a greater need for input to industrial R&D from outside the country on the other hand.
For those countries and the firms within them, mobility of scientists is one means to increase
knowledge inflow into the country.

With respect to the other explanatory variables for the decision to engage in KTT, we find
that grants supporting the international research activity do not have an effect, nor do the
career age or gender play a role. Being employed at a university and having a high publication
activity actually decrease the likelihood of KTT to firms in the host country, while there is no
significant effect for KTT to firms in Germany. In other words, highly credentialed scientists
with high academic output are less likely to transfer knowledge and technology to foreign
firms. For those scientists, mobility is not linked to transfer activities abroad. In contrast,
patents have a strong positive influence on the KTT activity in both models. The decisive
connection between patent applications of scientists and their KTT activity, as pointed out by
Schmoch et al. (2000) and Owen-Smith and Powell (2001), can thus be confirmed. This
finding also indicates that scientific and technical human capital is characterised by a build up
of skills and knowledge amenable to industrial application. Correspondingly, scientists at
Fraunhofer institutes, which are by mission application and transfer oriented, are more likely
to transfer knowledge and technology as opposed to their colleagues at universities (Heinze
and Kuhlmann, 2008). Strikingly, the effect on KTT is highest for scientists at Fraunhofer
institutes despite their low mobility. This combination of low mobility and high KTT activity
contrasts sharply with university scientists who exhibit high mobility but low propensity for
KTT and with scientists at Helmholtz institutes who exhibit both low mobility and a low
propensity for KTT. Again, the organisational context appears to moderate the extent to which
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scientific and technical human capital can be developed. Differences also emerge with respect
to the scientific disciplines. We find that engineers are much more likely to transfer
knowledge and technology than scientists from any other field to firms in the home and host
country. In fact, there is a strong tradition of industry-science collaboration in engineering
sciences in Germany (Grimpe and Fier, 2010).

Finally, Table 3 shows the results from the bivariate probit model for the relationship
between KTT activities to firms in Germany and, at the same time, to firms in the host
country, i.e. between our two dependent variables. In this model we can only use the data on
scientists who actually reported international experience, which explains the smaller sample
size. It turns out that the rho correlation coefficient — conditional on the vector of covariates X
— is highly significant with a value of 0.858. Apparently, there is no trade-off between both
transfer directions, but rather a mutually reinforcing, i.e. complementary, relationship.
Scientists who transfer technology to firms in Germany do so also to firms in the host country.
Transfer effects are thus distributed broadly and there is no clear home or host country
advantage. Consequently, hypothesis 3 receives full support. As a caveat, our data do not
allow us to investigate scientist behaviour over time, i.e. whether scientists started engaging in
KTT activities in the host country and continued in the home country.
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Table 3:  Bivariate probit model — determinants of the decision to engage in KTT to

firms

KTT to firms in Germany

KTT to firms in host country

Medium-term stay (4 to 12 months) (d) -0.232 -0.245
(0.258) (0.270)
Long-term stay (>12 months) (d) 0.692*** 0.725%**
(0.228) (0.220)
Stay of indeterminate length (d) 0.347 0.674***
(0.266) (0.255)
International orientation (ratio) 0.690* 0.162
(0.355) (0.343)
Grant received (d) 0.039 -0.117
(0.195) (0.184)
Host country in Western Europe (d) -0.073 -0.594**
(0.252) (0.235)
Host country in North America (d) -0.124 -0.578***
(0.235) (0.216)
Career age (years) -0.003 0.055
(0.034) (0.034)
Career age (years, squared) 0.001 -0.001
(0.001) (0.001)
Gender (d, 1=female) 0.032 -0.071
(0.241) (0.238)
Employed at university (d) 0.121 -0.069
(0.209) (0.198)
Employed at Fraunhofer institute (d) 1.149*%** 0.895**
(0.372) (0.353)
Employed at Max Planck institute (d) -0.309 -0.081
(0.311) (0.278)
Employed at Helmholtz institute (d) 0.038 0.033
(0.252) (0.243)
Patent application (d) 0.537*** 0.403**
(0.170) (0.167)
No. of publications in last 3 years 0-3 (d) 0.175 0.094
(0.208) (0.204)
No. of publications in last 3 years 4-6 (d) 0.081 0.053
(0.189) (0.185)
Environmental sciences (d) -0.195 0.031
(0.254) (0.239)
Biology, chemistry, pharmacy (d) -0.366* -0.098
(0.206) (0.191)
Engineering sciences (d) 0.694*** 0.477*
(0.269) (0.273)
Medicine, psychology (d) 0.223 -0.236
(0.251) (0.277)
Constant -1.824%** -1.386***
(0.542) (0.513)
rho 0.858***
N 488
Wald Chi2 688.49
P-value 0.000

(d): dummy variable; standard errors in parentheses.
* ** *** indicate statistical significance at the 10%, 5% and 1% level

Short-term stays (1 to 3 months) and physics, mathematics, computer sciences serve as reference groups.
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5 Conclusion and policy implications

Using a survey of more than 950 German scientists from universities and public research
centres, this paper for the first time links the determinants and patterns of international
mobility of scientists with their engagement in KTT activities. The findings confirm most of
our hypotheses, qualify others, and bring to the fore a set of results that need deeper and more
comparative research.

A first set of findings concerns the mobility patterns and conditions for mobility in general
as a pre-condition for international KTT. More than 50 percent of the scientists have been
abroad for at least a month during their career. We have found that mobile researchers are
more productive in terms of publications. In this respect, mobility can be characterised as a
consequence of as well as a catalyst for excellence. Moreover, in order to be mobile, 80
percent of the scientists indicated that their focal research visit had been funded at least
partially through grants. At the same time, only one fifth of all scientists are satisfied with the
support they can get for international mobility. The results further show that the existence of
strong and important research groups abroad is an important pull factor for mobility. Given
that excellence and relevance in scientific knowledge production are spreading across the
globe with the emergence of new scientific strongholds, the opportunities and needs for
international mobility can be assumed to increase accordingly.

Our analysis has produced a set of new insights as to the relationship between mobility and
KTT. First of all, scientists who transfer knowledge and technology do so, generally speaking,
both at home and abroad. In other words, there is a complementary relationship between both
activities (confirming H3). This is important as knowledge accumulates continuously through
KTT and subsequent KTT encompasses the knowledge of earlier transfers. Transferring
knowledge abroad while being mobile thus does not diminish the activities and effects of
subsequent transfers but rather increases them.

Second, the duration of research visits has a positive impact on the propensity to transfer
knowledge and technology in the host country and in the home country (confirming Hla and
H1b). While the simple transfer of artefacts or licenses can be achieved through short
contacts, transferring complex and maybe even tacit technological knowledge requires more
intensive contact over time. Third, and potentially more important, the more frequently
scientists are internationally mobile during their career, the more they engage in KTT
activities to firms in their home country (confirming H2a), while frequency does not have
implications for the likelihood to engage in KTT in the host country (rejecting H2b). Hence, it
apparently pays off for a country if its scientists are frequently abroad. Generally speaking,
mobility can thus be characterised as a driver for the scientific and technical human capital
that facilitates collaboration with industry. Fourth, the direction of mobility makes a
difference for KTT abroad but not at home. Mobile German scientists are more inclined to
engage in KTT to firms outside North America and Western Europe, while for KTT back
home it is not important in which country the scientists had been.

Finally, the institutional context matters considerably in that it appears to interact with the
creation of scientific and technical human capital. University scientists are much more likely
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to be mobile but less inclined to transfer knowledge and technology internationally than
scientists from public research institutes. In this regard, we find that scientists at Fraunhofer
institutes typically engage in KTT despite their low mobility which is in sharp contrast to
university scientists who have a higher likelihood to go abroad but are less inclined to engage
in KTT. Scientists at Helmholtz institutes also contrast sharply with Fraunhofer and university
scientists as they exhibit a low likelihood both to go abroad and to engage in KTT.

Our findings contribute to the literature in several ways. We provide for the first time
empirical evidence for the effects that international mobility has on KTT activities of
academics. In this respect, we extend existing literature that has so far predominantly focused
on permanent migration (e.g., Regets, 2007). Moreover, based on empirical evidence our
research provides insights into the factors that, on the one hand, drive scientists to go abroad
and, on the other hand, determine whether and where scientists engage in KTT. Form a
theoretical perspective, we extend the application of the scientific and technical human capital
approach by identifying mobility as a means to increase both the scientist’s human and social
capital that result from being embedded in an international network.

While these findings provide interesting insights, it is important to acknowledge the
limitations of our research. Mobility is a multi-faceted construct while our approach only
considers the most recent research visit that a scientist reports. In this regard, we do not
account for the individual “history” of a scientist’s research visits, for example repeat visits to
the same host country institution. Moreover, we know little about the specific circumstances
of the focal visit like the scientist’s motivation and objectives. Our findings are also limited to
the extent that KTT activities are measured using a dummy variable that does not account for
the different modes or types of knowledge to be transferred. Consequently, these limitations
have to be considered when it comes to the implications for STI policy.

As for policy and framework conditions, the main — and simplest — message is that
international mobility needs to be enabled and actively supported as it is positively linked to
excellence and KTT; it is beneficial in terms of enhancing scientific and technical human
capital of scientists and their propensity to transfer knowledge. From the perspective of the
home country, support mechanisms for outward mobility particularly pay off if they allow
scientists to gain experience abroad, to broaden networks and to frequently establish ties
internationally. This would call for enabling frequent research visits with the opportunity to
return to the home country, for example through secondments that allow scientists to stay
linked to their home organisation. Moreover, the findings indicate that the potential threats
from a brain drain are limited, even if the scientists opt for a long-term research activity
abroad. In this respect, supporting scientists at public non-university research institutes, who
tend to be less mobile than university scientists, would be most effective. This is obviously
most beneficial in systems with a large non-university public research sector. In Germany, for
example, there has long been a discussion as to how sensible it is to support mobility of such
non-university scientists that are often more application and industry oriented (Edler, 2007).
The findings in this study provide evidence for the benefits of outward mobility also for this
particular group of scientists.
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In order to benefit from inward mobility, it is most beneficial for the host country if
scientists stay for a considerable time period. Embedding into the host country system takes
time. KTT within a foreign innovation system typically does not take place on a short-term
basis but requires the build-up of trust, networks and mutual recognition. From the
perspective of the host countries of foreign scientists, this has important implications.
Attracting foreign scientists should be linked to specific collaborative projects, as this
increases the likelihood that firms in the host country benefit from KTT. In other words, brain
gain in public science should be turned into brain embedding through direct and close
collaboration if the local industry is intended to benefit. Further, policies should encourage
“shuttle” mobility. Rather than supporting a one-off part time attraction, they should enable
(repeated) circulation as this tends to increase the likelihood of mutual transfer (Ackers and
Gill, 2008). In fact, in Europe STI policy at all levels has already been quite eager to provide
framework conditions that allow public scientists to engage in international research activities
and in KTT.* The motivation to promote KTT and scientist mobility is similar: while the
individual and social benefit of both is high, transaction costs impede a full realisation of the
benefits. A re-examination of the effectiveness of these policy instruments and their interplay
in the light of our findings seems therefore warranted.

Our findings indicate that international mobility is part of an opening process of public
science that benefits the home economy in many ways and thus does not pose a threat but an
opportunity. Mobility can be supported for the benefit of the scientist, her or his scientific and
organisational environment and the national innovation system. However, to develop more
appropriate framework conditions and support mechanism, future research should particularly
try to develop a more nuanced understanding of both the scientists’ mobility patterns and the
different ways knowledge and technology transfer could occur. Moreover, we restricted our
understanding of mobility to intra-sectoral mobility and neglected inter-sectoral mobility. The
latter refers to mobility from public research to industry-funded research and has been shown
to be an effective mechanism to transfer both codified and tacit knowledge (OECD, 2002). It
is obvious that these two types of mobility could be better linked, e.g. by analysing the scale
and scope of cross-border mobility from the public research system into firms. If we want to
understand the contribution of public research to the globalisation of KTT activities, this gap
needs to be closed.

0 European science and technology policy is characterised by an abundance of measures and initiatives to

promote KTT, cooperation and mobility. Two European sources may suffice to illustrate this claim: first, the
European Trendchart Database (www.proinno-europe.eu) that gives an overview of all science and
technology policy initiatives within the EU countries; second, the ERAWATCH database that collects and
analyses science and technology policy across Europe (http://cordis.europa.eu/erawatch/).
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Appendix

Table 4: Correlation matrix (first stage of the selection model)

1. 2. 3. 4, 5. 6. 7. 8. 9. 10. 11. 12. 13. 14, 15.
1. Availability of funding (d) 1.00
2. Relative importance of scientists abroad (d) 0.02  1.00
3. Career age (years) 0.03 -0.14 1.00
4. Gender (d) -0.04 0.02 -022 1.00
5. Employed at university (d) 0.03 -0.03 0.08 -0.04 1.00
6. Employed at Fraunhofer institute (d) 0.01 -0.10 -0.03 -0.09 -0.17 1.00
7. Employed at Max Planck institute (d) 0.02 011 -0.08 002 -029 -0.11 1.00
8. Employed at Helmholtz institute (d) -0.03 0.03 -0.04 0.07 -044 -015 -0.22 1.00
9. Patent application (d) -0.01 -0.12 016 -0.12 -0.07 0.21 -0.10 0.02 1.00
10. Number of publications 0-3 (d) -0.02 -0.05 -0.10 005 -0.13 0.13 -0.04 0.05 -0.03 1.00
11. Number of publications 4-6 (d) -0.05 0.02 -011 005 -0.07 0.04 -003 008 -003 -034 1.00
12. Environmental sciences (d) 0.03 -0.07 003 003 -006 -008 -010 -001 -013 -0.01 0.05 1.00
13. Biology, chemistry, pharmacy (d) -0.04 0.06 -0.11 010 -0.08 -0.06 011 -0.02 0.12 -0.07 -0.02 -0.26 1.00
14. Engineering sciences (d) 0.02 001 006 -008 -004 006 009 008 -015 001 000 -028 -043 1.00
15. Medicine, psychology (d) -0.03 -0.06 0.04 -013 0.03 017 -012 004 024 011 0.05 -015 -024 -025 1.00
Variance inflation factor (VIF) 101 106 115 110 195 136 157 181 123 126 122 18 233 241 183
Condition number 12.56
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Table 5: Correlation matrix (second stage of the selection model)

1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13 14 15 16. 17. 18. 19. 20.
1. Medium-term stay (d) 1.00
2. Long-term stay (d) -0.18 1.00
3. Stay of indeterminate length (d) -0.22 -0.25 1.00
4. International orientation (ratio) -0.04 -0.15 0.11 1.00
5. Grant received (d) 0.05 0.00 -0.16 0.09 1.00
6. Host country in Western Europe (d) 0.07 -0.02 -0.03 0.08 -0.02 1.00
7. Host country in North America (d) 0.00 0.08 0.15 -0.08 -0.04 -0.71 1.00
8. Career age (years) 0.08 -0.13 -0.46 -0.30 0.02 -0.04 -0.14 1.00
9. Gender (d) -0.06 0.02 0.15 0.09 -0.12 0.03 0.04 -0.25 1.00
10. Employed at university (d) -0.01 -0.11 0.22 0.02 -0.04 -0.09 0.13 -0.05 0.01 1.00
11. Employed at Fraunhofer institute (d) -0.01 -0.08 -0.08 0.06 0.01 0.06 -0.05 0.05 -0.04 -0.11 1.00
12. Employed at Max Planck institute (d) -0.03 0.21 -0.15 0.03 -006 0.00 0.01 0.01 0.00 -0.37 -0.07 1.00
13. Employed at Helmholtz institute (d) 0.08 0.02 -021 -0.04 002 001 -001 012 0.01 -0.39 -0.08 -0.18 1.00
14. Patent application (d) 0.00 0.01 -0.07 -0.13 -0.02 -0.08 0.08 0.15 -0.12 -0.03 0.18 -0.07 0.00 1.00
15. No. of publications 0-3 (d) -0.06 0.04 0.10 -0.02 0.00 0.07 0.00 -0.16 0.13 -0.07 0.03 -0.02 0.00 -0.03 1.00
16. No. of publications 4-6 (d) 0.02 -0.04 0.06 002 004 -002 002 -008 005 -003 003 -006 009 -002 -024 100
17. Environmental sciences (d) -0.05 -0.02 -0.06 0.10 0.05 0.03 -0.21 0.03 0.00 -0.01 -0.04 -0.11 -0.01 -0.12 -0.02 0.02 1.00
18. Biology, chemistry, pharmacy (d) -0.07 0.18 0.06 -0.04 0.01 -0.02 0.07 -0.13 0.08 -0.02 -0.08 0.08 -0.10 0.11 -0.03 -0.03 -0.27 1.00
19. Engineering sciences (d) 0.03 -0.13 -0.04 0.03 -004 005 001 011 -008 -0.10 0.04 015 0.13 -0.16 000 0.01 -030 -051 100
20. Medicine, psychology (d) 0.09 -0.06 -0.13 -0.04 0.00 0.00 -0.04 0.09 -009 -001 012 -011 0.13 021 0.04 004 -011 -018 -0.20 1.00
Variance inflation factor (VIF) 119 144 184 124 108 226 246 175 113 173 117 160 160 118 116 112 211 265 294 1.63
Condition number 18.73
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