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a b s t r a c t

Although several studies in the wide body of literature on technology transfer have hinted at

differences across industries, this still remains an understudied issue. Our study addresses this topic

and considers to what degree technology transfer processes differ across different industrial sectors. To

that end, we study to what extent technology transfer processes differ along both types of transfer

mechanisms and key barriers inhibiting the transfer process. Based on a survey of Dutch practitioners

on both sides of the transfer process, we test a number of hypotheses that differentiates between

science-based regimes and development-based regimes. While our findings confirm our hypotheses

concerning differences between the regimes regarding the use of specific transfer mechanisms, we also

find that both regimes share a number of mechanisms that are similar. In addition, our findings show a

remarkable degree of similarity among barriers inhibiting the process. We discuss these findings within

the context of the broader literature and formulate policy implications.

& 2011 Elsevier Ltd. All rights reserved.
1. Introduction

In the vast and rapidly developing literature on technology
transfer, there is a growing understanding of its multifaceted
nature. It has been demonstrated how the transfer of technolo-
gical knowledge from academia to industry is affected by a wide
range of factors, such as type of transfer mechanisms employed
(Cohen et al., 2002; Balconi and Laboranti, 2006; Giuri et al.,
2007), the role of (regional) clusters (e.g. Porter, 1990) as well as
national legislation like the Bayh–Dole Act (Berman, 2008;
Kenney and Patton, 2009). These useful insights notwithstanding,
an under-addressed issue remains in how far technology transfer
processes are homogeneous across different industries, or more
heterogeneous instead. Although some literature has stressed the
differentiated nature of the contribution of academic research to
industrial innovation (Breschi et al, 2000; Marsili, 2001), we still
know little about the extent to which technology transfer pro-
cesses differ across industrial sectors, and whether these
ll rights reserved.
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differences are rather substantial or only minor. In this paper,
these differences form the central theme.

In the recent literature, there are two streams of research
suggesting that technology transfer processes do differ across
industries. The first stream suggests that differences apply espe-
cially to the use of certain types of transfer mechanisms relative
to others (e.g. Bonaccorsi and Piccaluga, 1994; D’Este and Patel,
2007; Bekkers and BodasFreitas, 2008; Yusuf, 2008), such as the
use of more formal mechanisms (e.g. licenses, patents or con-
tracts) versus more informal mechanisms (e.g. personal contacts
between academics and industrial researchers). In this literature
the primary focus is on differences between types of transfer
mechanisms facilitating knowledge flows between academia and
industry. The second strand of literature is more concerned with
the role of impeding factors in the transfer process and the
potential role of public policy in addressing these factors.
Although various studies have demonstrated that policy may
contribute to improving knowledge exchange between academia
and industry (Rasmussen, 2008; Bercovitz and Feldman, 2006;
Peneder, 2008; Krabel and Mueller, 2009), there have also been
concerns that such policies may ignore the presumed diversity in
different university–industry technology transfer activities and in
barriers impeding the process (e.g. Azagra-Caro, 2007; Boardman,
2008; Boardman and Ponomariov, 2009).

Despite their different emphasis, both strands of literature
share a focus on the differences between technology transfer
processes whereas they leave unexplained how far such
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differences are either very substantial or, alternatively, quite
limited. Nor do they reveal how much technology transfer
processes may possibly have in common. The purpose of this
paper is to address these issues. To accomplish this, we make an
explicit distinction between the role of technology transfer
mechanisms (i.e. an instrument or a channel through which
knowledge can flow from academia to industry; see below) and
barriers in the transfer process (i.e. factors that may affect the
functioning of mechanisms and inhibit the flow of knowledge
from academia to industry). Following this distinction, we address
the following two key questions. First, how far do technology
transfer processes differ regarding the dominant technology
transfer mechanisms employed? Second, how far do technology
transfer processes differ regarding barriers inhibiting the transfer
process? By addressing these questions, we can assess how far
technology transfer processes may possibly differ in one respect
(e.g. type mechanisms) but may still be rather similar in the other
way (e.g. barriers), or vice versa.

In this way, we contribute to the literature by elucidating to
what extent technology transfer processes differ across industries
regarding either the use of transfer mechanisms, barriers or
possibly both. While recent empirical studies have only consid-
ered technology transfer from either the perspective of industry
(Cohen et al., 2002; Fontana et al., 2006) or from the perspective
of academia (DiGregorio and Shane, 2003; Calderini et al., 2007),
our study is different in that we consider both sides of the transfer
process. A second contribution is that we develop a more
comprehensive view regarding the types of transfer mechanisms
being used. We not only consider the role of formal mechanisms
that especially facilitate the transfer of codified knowledge, as
most prevalent in the literature until now (D’Este and Patel,
2007), but also include the role of informal mechanisms that are
more relevant for the transfer of tacit knowledge (Ponomariov
and Boardman, 2008; Cohen et al., 2002). In addition, we consider
both more ‘passive’ mechanisms that tend to be more one-
directional (e.g. scientific publications, patent texts), and also
more ‘active’ mechanisms enabling more bidirectional knowledge
flows (e.g. temporary staff exchange) that have also been
neglected until now (D’Este and Patel, 2007). This paper is
structured as follows. Section 2 describes the development of a
theoretical framework that discriminates between two types of
technology transfer regimes. Section 3 introduces the survey
among academic and industrial researchers, which we used to
test our hypotheses. Section 4 discusses the empirical findings
Table 1
Taxonomy of two different types of technology transfer regimes.

(A) Key characteristics of knowledge and its importance to indu

(1) Degree of differentiation of
knowledge base

(2) Nature of
scientific
knowledge

Science-based
regimes

Low (‘stand-alone knowledge’; relatively

independent pieces of knowledge)a

Basic knowledge

Development-
based
regimes

High (‘systemic knowledge’; relatively

interdependent pieces of knowledge)

Applied knowledge

a Relatively independent pieces of knowledge.
and relates them to the hypotheses. Finally, in Section 5, we
discuss our findings within the context of the broader literature,
draw conclusions and discuss policy implications.
2. Conceptual framework and hypotheses: two regimes of
technology transfer

As a basis for our theoretical framework, we start from the idea
by Nelson and Winter (1982) that the nature of technological
knowledge affects its transfer and exchange between innovating
agents. Based on this, these authors differentiate between a so-
called more ‘entrepreneurial’ regime and a more ‘routinized’ regime
in order to understand the variety of innovation processes observed
across industrial sectors. An ‘entrepreneurial’ regime is charac-
terised by science-based technology in which the knowledge base
is non-cumulative and universal. In contrast, a ‘routinized’ regime is
characterised by more cumulative technological knowledge that is
specific to industrial applications (Nelson and Winter, 1982). These
profound differences in the nature of technological knowledge
underlying both regimes may also carry some important implica-
tions for technology transfer practices between science and industry
(Breschi et al., 2000). To specify this further, we build on Pavitt
(1984)’s original taxonomy and on later work by Marsili (2001) and
Marsili and Verspagen (2002) to examine to what extent technology
transfer processes between academia and industry differ across
industrial sectors. Table 1 shows the basic differences between both
types of technological transfer regimes. Here, we distinguish
between (A) key characteristics of scientific knowledge and its
importance to industry, and (B) key characteristics of the transfer
process. Below we provide a brief description of the five dimensions.
(1)
stry

(3) I
know

High

Low
Differentiation of the knowledge base points to the extent
to which knowledge is stand-alone or systemic. Teece (1986)
defines knowledge as stand-alone when it can be considered
as (relatively) independent from other knowledge. In contrast,
knowledge is systemic when its development or application
requires integration with other pieces of knowledge, which
may stem from different scientific and/or engineering dis-
ciplines, thus forming part of a larger system.
(2)
 The nature of scientific knowledge indicates whether
knowledge is more generic and broad or more specific and
specialized (Breschi et al., 2000). In the first case, it is formed
by more fundamental, scientific knowledge that represents
(B) Key characteristics of the transfer process

mportance of scientific
ledge to industry

(4) Intensity of
interaction

(5) Dominant
mechanisms
employed

to Very high Low to medium (division-

of-labour model)

Publications

Patents

Consultancy

Spin-offs

to Medium Medium To high

(participation in

application)

Joint R&D Programs

Participation in

conferences

Regional/

professional

networks

Inflow of PhD

graduates
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state-of-the-art advances in basic science, often referred to as
‘basic knowledge’. Alternatively, it can also be formed by
more specific, practically oriented knowledge, often referred
to as ‘applied knowledge’.
(3)
 The two regimes also differ in terms of the importance of
scientific knowledge. Obviously, in a science-based regime,
scientific knowledge is relatively more important and its
impact is relatively larger and more direct (Marsili, 2001). In
contrast, in a development-based regime, its importance is
relatively lower and complemented by other sources of
technological knowledge such as collaboration with users,
suppliers, competitors, consultants and so on (Marsili, 2001).
(4)
 Both regimes also differ in terms of the intensity of interac-
tion. Given the nature of technological knowledge, a science-
based regime may be characterised by a more limited degree
of interaction between science and industry, when compared
to a development-oriented regime. The latter tends to be
characterised by rather frequent contact and more durable
collaboration, in some cases covering many years (Balconi and
Laboranti, 2006).
(5)
 In this paper, we take a comprehensive approach to the
diversity of mechanisms employed for the transfer of tech-
nology. As already mentioned, we include both ‘active’
mechanisms and more ‘passive’ mechanisms (e.g. publica-
tions). After all, publications have consistently been found to
be among the most important ways for knowledge transfer
(Cohen et al., 2002; Arundel et al., 1995; Salter and Martin,
2001). In addition, we consider both more ‘passive’ mechan-
isms that tend to be more one-directional and more ‘active’
mechanisms enabling more bidirectional knowledge flows
(D’Este and Patel, 2007). Based on this taxonomy, we for-
mulate a number of hypotheses that specify the relative
differences between both regimes regarding transfer mechan-
isms (Section 2.1) and key barriers (Section 2.2).
2.1. Key transfer mechanisms: relative differences between regimes

2.1.1. Science-based regime

This regime is characterised by a relatively strong dependency
of industry on external sources of knowledge such as universities,
public research institutes and research-intensive firms (Pavitt,
1984; Coriat and Weinstein, 2001; Marsili, 2001; Nikulainen and
Palmberg, 2010). This contribution of academic research is large
and entails (highly) scientific, basic knowledge. Knowledge inputs
into the search processes are often formed by publicly available,
scientific knowledge, which is then transformed through the use
of formal scientific principles and methods into newly created
knowledge. Most of this newly generated knowledge is expressed
in written documents and is made available through publications,
research proceedings, reports and patent descriptions. As such,
the outcome of this search process is highly codified (McMillan
et al., 2000; Cohen et al., 2002). This knowledge is based on a
limited number of technological fields (Coriat and Weinstein,
2001; Coriat et al., 2003), which reflects the relatively stand-alone
nature of the as indicated by its low level of differentiation
(Marsili, 2001). Examples of technology transfer with a science-
based regime include, among others, those in pharmaceuticals
and chemicals. These fields benefit mostly from scientific
advances in biology, chemical engineering, chemistry and medical
science (Marsili, 2001).

Firms develop new technology based on a combination of
(formal) in-house R&D and collaboration with (public) research
institutes, as well as with small firms specialised in relevant fields
(Coriat and Weinstein, 2001). There tends to be a division of
labour between these organisations: academia specialises in basic
research whereas firms specialise in applied research. Never-
theless, in-house R&D must be at the leading edge in order to
create and maintain sufficient absorptive capacity in view of
cooperating with specialised research institutes (Cohen and
Levinthal, 1990; Fontana et al., 2006). In this way, (highly)
codified knowledge flows from academia to industry, implying
that mechanisms that especially facilitate the transfer of this
codified knowledge will be relatively more important than a
development-based regime. Still, the transfer process itself is also
characterised by trial and error, especially when firms actively
participate in scientific research. As a consequence, also informal
mechanisms, R&D collaboration and consultancy by academic
staff that facilitate the transfer of more tacit knowledge are of
importance in the transfer process (D’Este and Patel, 2007).
Another key mechanism for the transfer of both codified and
tacit knowledge components is formed by spinoffs. Academic
spin-offs form an effective vehicle to exploit radical, early-stage
technologies. It has the capacity to exploit the codified outcomes
by combining and integrating them with the tacit knowledge of
the inventors (as founders), which is required for the further
development of the new technology (Koumpis and Pavitt, 1999;
Gilsing et al., 2010).

2.1.2. Development-based regime

Compared to the previous regime, the development-based
regime is characterised by a lower degree of (direct) dependency
of industry on academic sources of knowledge. Although external
sources of knowledge can play a considerable role for firms in this
regime, these are often non-academic and can be formed by
bridging institutions, suppliers, (lead) users, consultants and so
on (Coriat and Weinstein, 2001; Marsili, 2001). In this way, the
contribution of academia occurs more indirectly way as knowledge
transfer to firms can take place through these parties (Martin,
1998; Swann, 2002). In cases where it contributes directly, it
entails more applied knowledge and tends to be relatively more
systemic as indicated by its higher degree of differentiation
(Marsili, 2001). This systemic nature makes that no single type of
actor disposes over all relevant pieces of knowledge, indicating that
academia forms part of a portfolio of external knowledge sources
from the perspective of firms. Examples of more engineering-
oriented industries include, among others, instruments,
electrical–electronic products, and motor vehicles, all of which
benefit mostly from academic research in mechanical and electrical
engineering, computer science and mathematics (Marsili, 2001).

The relatively more systemic nature of knowledge creates a need
for firms to integrate different yet related technological fields and
here a rather intensive interaction between academia and firms
may accommodate this integration process (Coriat and Weinstein,
2001). Compared to the science-based regime, the transfer process
in a development-based regime has more bi-directional knowledge
flows between academia and industry (Coriat and Weinstein, 2001).
As a consequence, transfer of technology depends more on mechan-
isms that support this need for a higher intensity of interaction such
as joint R&D projects, participation in conferences and/or work-
shops, regional and/or professional networks as well as inflow of
PhD graduates (Cohen et al., 2002). Codified knowledge such as
publications and patent texts remain a key source, but not to the
extent as in a science-based regime.

Based on the above, we formulate two hypotheses that specify
the relative importance of a number of key transfer mechanisms
as employed in a science-based regime as compared with a
development-based regime, and vice versa.

Hypothesis 1. Scientific publications, patent data and academic
spin-offs are more important means of technology transfer in
science-based regimes than in development-based regimes.
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Hypothesis 2. Joint R&D collaborations, participation in confer-
ences and in regional and/or professional networks, as well as
inflow of PhD graduates are more important means of technology
transfer in development-based regimes than in science-based
regimes.
2.2. Barriers inhibiting technology transfer

In this section we discuss barriers that may inhibit technology
transfer. We distinguish between barriers that are expected to be
similar for both regimes and barriers that differ.
2.2.1. Barriers that are similar for both a science-based and

development-based regime

An initial barrier may arise due to the risk of information

leakage. Especially in the context of research collaboration or
contract research, there is a general risk of information leakage to
partners and/or competitors, also referred to as (undesirable)
spill-overs (Gilsing and Nooteboom, 2006). This risk of informa-
tion leakage is especially a concern for firms, and is supposedly
greater when they collaborate with academia than when colla-
borating with other firms. Although knowledge spill-overs to
universities may not so much lead to acts of free-ridership as
such, the more fundamental problem is that universities may use
this knowledge to develop new inventions that they will subse-
quently (want to) disclose. In this way, specific knowledge held
by a firm may spill over to a much larger network than would be
the case in an alliance with one or two commercial partners
where exclusivity can be effectively agreed upon (Lin et al., 2009).
Instead, universities have the (regulatory) obligation to dissemi-
nate new technological knowledge as widely as possible. In other
words, collaboration with universities may amplify the risk of
information leakage to a considerable extent. Consequently,
rather than engaging in collaboration with academia, firms may
decide to avoid it altogether (Gilsing and Nooteboom, 2006).
Therefore, the risk of information leakage forms a barrier as it
may inhibit firms from engaging in technology transfer in the first
place.

A second barrier may arise from the risk of a conflict of

interests. Firms and universities are exposed to different incentive
schemes that shape their interests in the transfer process. For
firms it is especially important to appropriate new technological
knowledge in order to create a competitive advantage and ensure
rapid commercialisation (Teece, 1986). For universities it is most
important to contribute to the public knowledge domain by
means of rapid dissemination, especially through publications
and conferences. This contributes to their reputation and aca-
demic visibility (DiGregorio and Shane, 2003). As a consequence,
these different incentive schemes carry a risk of a conflict of
interests once firms and universities agree on collaboration or
interaction for technology transfer.

A third barrier is formed by scientific knowledge being too

general to be useful for firms. For scientific knowledge to be
useful to firms, it is crucial that it meets (very) specific knowledge
needs that cannot be fulfilled by other knowledge inputs, such as
those from external sources such as suppliers, customers, com-
petitors, new ventures, consultants, etc. (Marsili, 2001). The more
general the nature of knowledge, the more likely it is to overlap
with knowledge than can be obtained from such other sources,
reducing its usefulness to firms (Vanhaverbeke et al., 2009). On
the basis of the above, our third barrier inhibiting the transfer
process is constituted by scientific knowledge being too general in
nature and lacking sufficient specificity to address a firm’s
specialised knowledge needs. Overall, this suggests the following
hypotheses specifying three general barriers that can occur in
both a science-based regime and a development-based regime.

Hypothesis 3a. In both regimes, a major barrier is formed by a
risk of information leakage.

Hypothesis 3b. In both regimes, a major barrier is formed by a
risk of conflict of interests.

Hypothesis 3c. In both regimes, a major barrier is formed by
scientific knowledge being too general.

2.2.2. Barriers that are different for science-based regimes and for

development-based regimes

As discussed in Section 2.1, a science-based regime tends to be
characterised by some division of labour because academia
specialises in basic research whereas firms specialise mostly in
applied research. At the same time, in-house R&D at firms must
be at the leading edge in order to create and maintain sufficient
absorptive capacity in view of cooperating with specialised
research institutes (Cohen and Levinthal, 1990; Fontana et al.,
2006). Accomplishing the latter may carry high costs for firms in
order to stay up-to-date and to manage collaborative projects in
such a way that new, state-of-the-art knowledge can be effec-
tively integrated with their own internal knowledge base. These
high costs for knowledge absorption within its organisation may
form a barrier. This barrier is more likely to inhibit the transfer
process in a science-based regime, when compared to a develop-
ment-based regime. Because in a science-based regime there is a
high(er) necessity for firms to invest in costly basic research in
order to create and maintain sufficient absorptive capacity to be
able to deal with state-of-the-art, scientific knowledge from
academia.As discussed in Section 2.1, a development-based
regime tends to be characterised by comparatively lower (direct)
dependency of industry on academic sources of knowledge
because the major emphasis lies on the role of applied knowledge
(Marsili, 2001). In this regime, therefore, academic knowledge
may easily become too theoretical for firms to be useful to foresee
in their application-oriented knowledge needs. As a consequence,
academic knowledge being too theoretical may form a barrier
that is more likely to occur in a development-based regime. Based
on the above, we formulate our hypotheses that specify relative

differences between a science-based regime and a development-
based regime, regarding specific barriers inhibiting the process.

Hypothesis 4a. High costs of managing joint research projects are
more a barrier in a science-based regime than in a development-
based regime.

Hypothesis 4b. Knowledge being too theoretical for a firm is
more a barrier in a development-based regime than in a science-
based regime.
3. Data and methodology

For our empirical approach, we relied on input from university
and industry practitioners and considered what they actually use
in their daily practices (e.g. Welsh et al., 2008). This is in line with
recent suggestions in the literature not to rely on Technology
Transfer Offices (TTO) data or patent data nor on best practices
from the biotechnology sector. Instead, when collecting our data,
we have adopted such a practitioner’s perspective and studied
what the actual developers and users of knowledge perceive
as key mechanisms and barriers. To accomplish this, two
related questionnaires were developed that were sent to actual
academic and industry researchers, rather than to their seniors or
managers or to TTO staff. We are conscious of the fact that we are



Table 2
Individual characteristics of the surveyed researchers.

Individual characteristics Science-based

regime

Development-

based regime

Test

Age 43.28 41.67 3.58n

Number of authored papers 2.70 2.48 5.08nn

Number of patents where

listed as inventor

2.09 2.10 0.00

Spin-off founder 0.12 0.09 1.54

Start-up founder 0.11 0.09 0.55

Note: the values for patents and for papers are coded as follows: (1) one, (2) two

or three, (3) five to ten, (4) more than ten.

n po0.10.
nn po0.05.
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sometimes measuring perceptions here, and that there may be
intersubjectivity in interpreting questions and concepts (cf.
Boardman and Ponomariov, 2009). At the same tine, however,
we also note that these individuals are the practitioners and hence
directly involved in the transfer process through personal con-
tacts, by studying the literature, attending conferences, holding
dual positions and so on.

Given potential cultural differences in behaviour and/or the
impact of national policies, we have chosen to collect our data in
one single country. Because of our knowledge of the local
institutional environment, we chose The Netherlands. In The
Netherlands, public policy from about 2000 onwards has strongly
encouraged both universities and firms to become more active in
technology transfer. Although this policy stresses the importance
of technology transfer in general, it has not focused on one or
more specific transfer mechanisms in particular. While this Dutch
policy approach might have increased overall levels of technology
transfer, we have no reasons to expect that relative differences
between mechanisms and/or between regimes were affected. At
the same time, we recognise that each country has its specific
contextual features relating to its university system, and the
Netherlands form no exception to that. While it is beyond the
scope of this paper to present a fully international comparison, we
would like to note a few examples. First, Dutch institutions
encourage their staff to transfer their knowledge to industry, by
considering such activities as also forming part of their job
responsibility. Such encouragement includes basically all possible
mechanisms to transfer knowledge, though. Second, Dutch insti-
tutions generally allow staff to work part-time in industry, which
is also common in some other countries such as the US
(Boardman and Ponomariov, 2009). Third, The Netherlands have
no legislation comparable to the Bayh–Dole Act. The Bayh–Dole
Act entails a legal obligation for universities to install disclosure
procedures regarding their inventions, to report publicly on their
university patents and to be actively engaged in research com-
mercialisation. In The Netherlands such legal obligations do not
exist, leaving it to the individual universities whether (and how)
they engage herein or not (Bekkers et al., 2006). Such national
aspects may affect the degree to which our results could be
generalised to other countries, an issue we will come back to in
our concluding section.

Our survey was conducted in 2006 in The Netherlands and the
questionnaires are available from the internet at [removed for the
reviewing process]. One key measurement was the actual use and
the importance of 24 different mechanisms of technology transfer
(following Cohen et al., 2002 or D’Este and Patel, 2007). Note that
respondents could only rate the actual importance of specific
mechanisms if they actually used them. The other key measure-
ment was on the barriers for technology transfer.

To also provide background information, respondents were
requested to characterize, using a Likert scale, their research area
across 12 disciplinary fields, and 4 knowledge characteristics
(which in this paper are referred to as ‘systemic’, ‘embodied’,
‘codified’ and ‘breakthroughs expected’). Respondents were then
asked to identify what share of their research activities were basic,
applied and development (following Mansfield, 1980; Kenney and
Florida, 1994). Because the validity of such a ‘Frascati-style’ might
be somewhat limited, we will report these outcomes as back-
ground information only; they are not part of our hypotheses.
Finally, respondents were asked to identify the industry activity of
their employer (for industrial researchers) or the industry with
which they have most interaction (for university researchers). The
sample of university researchers was constructed by collecting
address information from all scientific staff at faculties in four
selected disciplines: pharmaceutics and biotechnology, chemistry,
mechanical engineering and electrical engineering. In particular,
respondents have been sought at two technical universities (Eind-
hoven University of Technology and Delft University of Technol-
ogy) as well as three regular universities (Rijksuniversiteit
Groningen, Universiteit Leiden and Universiteit Utrecht). A pilot
study was conducted, and the final survey was sent out to 2082
staff members. We collected 575 valid responses. Performing a
non-response analysis, we compared a number of distributional
features with known features of the full population, and found the
differences to be small. Full professors, associate professors and
assistant professors are somewhat under-represented in our sam-
ple (by approximately 20%), while Ph.D. students are somewhat
overrepresented (by approximately 20%).

Similarly, the sample of industry researchers was aimed at
selected sectors held exemplary in the Marsili and Pavitt taxo-
nomies and recognised in The Netherlands (Marsili and Verspagen,
2002): pharmaceutical or biotechnology sector, chemical sector,
machinery, basic and fabricated metal products, mechanics and
electrical and telecommunications equipment. Respondents were
asked to indicate the sector they worked in. A small number
indicated they worked in areas different from those described
above and their questionnaires were discarded for the analysis.
We selected industry researchers in three ways: Dutch individuals,
who were listed as inventors in EPO patents that were not owned
by universities; Dutch authors of papers published in selected
refereed journals for whom a non-university affiliation was given;
members of the Royal Institution of Engineers in The Netherlands
(KIVI NIRIA). The total sample amounted to 2088 and we received
422 valid responses. Our questionnaire to researchers at the
industry side produced quite a homogeneous response across the
sectors we aimed to study. An additional category called ‘Other
manufacturing’ represents 9.7% of the sample and a category
‘service sector’ accounted for 2.4%. Only 3.2% of the respondents
indicated they did not work in any of the categories mentioned.
3.1. Background data on our respondents

First, we provide some background data on our respondents,
differentiating between the science-based and the development-
based regime (Table 2). We observe that, on average, researchers
in the science-based regime are older and have more papers
published in refereed academic journals (in the four-years period
preceding the survey). No significant differences are found for the
number of researchers, who are listed as inventors on a patent, or
the number of researchers who had any personal involvement in
a spin-off or a start-up business during the 10 years preceding the
survey. If we split the university researchers and the industrial
researchers, however, we find quite significant differences within

the regimes (Table 3). On the whole, university researchers
are significantly younger, have more papers and appear less often
as inventors on patents. Table 4 presents the percentage of



Table 3
Individual characteristics of the surveyed researchers.

Individual characteristics Science-based regime Development-based regime Test difference between regimes

Industrial University Test Industrial University Test University Industry

Age 48.5 38.7 63.44nnn 47.2 37.5 76.57nnn 0.74 1.331

Number of authored papers 2.5 2.8 4.39nn 2.3 2.6 5.5nnn 2.99n 3.47n

Number of patents were listed as inventor 2.3 1.7 14.33nnn 2.3 1.6 24.71nnn 0.99 0.522

Spin-off founder 0.1 0.1 2.354667 0.1 0.1 4.28nn 1.28 0.338

Start-up founder 0.2 0.1 7.67nnn 0.1 0.1 2.309 0.06 1.134

n po0.10.
nn po0.05.
nnn po0.01.

Table 4
Basic, applied and experimental knowledge.

Form of knowledge transfer from universities to firms Science-based regime Development-based regime Test difference between regimes

Industrial University Test Industrial University Test University Industry

% basic research 14.86% 49.86% 89.6nnn 8.33% 31.7% 80.13nnn 27.39nnn 9.3nnn

% applied research 60.95% 39.44% 40.24nnn 54.28% 50.8% 1.77 16.74nnn 5.56nn

% experimental research 22.93% 11.48% 25.9nnn 36.83% 0.0% 52.16nnn 13.47nnn 26.76nnn

nn po0.05.
nnn po0.01.

Table 5
Importance rating for the surveyed knowledge transfer (scale 1–4).

Form of knowledge transfer from universities to firms Science-based

regime

Development-based

regime

Test difference

between regimes

Scientific publications in (refereed) journals or books 3.49 3.19 2.44nnn

Personal (informal) contacts 3.22 3.21 0.00

Patent texts, as found in the patent office or in patent databases 3.21 3.03 9.65nnn

Students working as trainees 3.20 3.18 0.00

Other publications, including professional publications and reports 3.01 2.99 0.11

Staff holding positions in both a university and a business 3.00 3.10 2.42

Joint R&D projects (except those in the context of EU Framework Programmes) 2.93 3.11 10.6nnn

Sharing facilities (e.g. laboratories, equipment, housing) with universities 2.86 2.91 0.66

Licenses of university-held patents and ‘know-how’ licenses 2.82 2.94 3.15n

University spin-offs (as a source of knowledge) 2.82 2.64 6.56nnn

Participation in conferences and workshops 2.74 2.85 3.82nn

Contract research (excl. Ph.D. projects) 2.64 2.69 0.68

Flow of university staff members to industry positions (exc. Ph.D. graduates) 2.64 2.67 0.04

Temporary staff exchange (e.g. staff mobility programmes) 2.57 2.48 2.01

Joint R&D projects in the context of EU Framework Programmes 2.56 2.48 1.66

Specific knowledge transfer activities organised by the university’s TTO 2.51 2.47 0.54

Personal contacts via alumni organisations 2.51 2.53 0.02

Financing of Ph.D. projects 2.46 2.50 0.33

Consultancy by university staff members 2.43 2.29 4.51nn

University graduates as employees (B.Sc. or M.Sc. level) 2.40 2.37 0.53

Personal contacts via membership of professional organisations (e.g. KIVI NIRIA) 2.14 2.27 3.43n

Contract-based in-business education and training delivered by universities 2.12 2.20 1.15

University graduates as employees (Ph.D. level) 1.92 2.09 7.05nnn

Total Average 2.74 2.76 0.02

Note: respondents, who indicated they did not use a specific channel were excluded for calculating these averages. Values range from 1 (‘of very little importance’) to 4

(‘very important’).

n po0.10.
nn po0.05.
nnn po0.01.
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researchers, who consider their work to be basic, applied or
experimental. It also shows the significance of the Mann–
Whitney T-test differences between the two regimes we
distinguish.
We find that in a science-based regime, the share of work that
is considered to be basic research is approximately 50% for
university researchers, compared to 15% for industrial researchers.
In the development-based regime, basic research has a share of



Table 6
Barriers identified by university researchers.

Science-based

regime

Development-

based regime

Test difference

between regimes

a. Joint R&D is hindered by conflicts between academic researchers, who want to publish research and

commercial researchers, who want to patent research

2.72 2.64 1.19

b. It is hard to find appropriate industrial partners for joint R&D projects 2.67 2.63 0.15

c. Companies do not want to cooperate on R&D with universities; they just want to absorb our knowledge 2.65 2.57 0.63

d. Cooperation with the industry is hindered by cultural differences between academic and commercial

researchers

2.55 2.51 0.36

e. Transferring knowledge to the industry is too costly for universities (either in terms of money or time) 2.47 2.22 10.10nnn

f. Universities are not willing to spend time and money in transferring their knowledge to industry 2.42 2.19 8.08nnn

g. Conducting contract research only results in more income for our research group. We do not learn

anything from conducting such research

2.35 2.11 7.72nnn

h. The industry is not interested in the knowledge developed at the university 1.98 2.07 1.11

nnn po0.01.

Table 7
Barriers identified by industrial researchers.

Science-

based

regime

Development-

based

regime

Test difference

between

regimes

a. Joint research projects with universities or PROs are difficult to manage and/or involve high overhead costs 2.70 2.54 2.78n

b. The results of joint research projects with universities or PROs imply a significant risk of leaks to competitors 2.33 2.30 0.26

c. Knowledge developed in universities and PROs is too general to address our specific knowledge needs 2.29 2.40 1.84

d. Being involved in the application of knowledge developed in universities or PROs is too costly (either in terms of

time or money)

2.27 2.35 1.24

e. Relevant knowledge developed in universities and PROs is difficult to locate (e.g., finding the right publications or

people)

2.24 2.49 8.78nnn

f. Researchers working in universities or PROs do not fit in well with our corporate culture 2.24 2.29 0.09

g. Knowledge developed in universities and PROs is too theoretic to be useful in our particular case 2.12 2.32 5.35nn

n po0.10.
nn po0.05.
nnn po0.01.

V. Gilsing et al. / Technovation 31 (2011) 638–647644
32% at universities and 8% at firms (for more results see Table 4).
Given such big differences, it comes as no surprise that the Mann–
Whitney T-test differences are highly significant. Our findings
confirm the expectation that, for the science-based regime, basic
research is predominantly the domain of universities and hence
technology transfer is likely to be mainly about outcomes of basic
research. The major focus in a development-based regime is more
on the creation and transfer of applied knowledge rather than on
fundamental, scientific knowledge.
4. Empirical findings

In this section we discuss how far our empirical findings
provide support for our hypotheses.

Hypotheses 1 and 2 specify the relative differences in the types
of transfer mechanisms being employed in the two regimes.
Hypothesis 1 predicts that ‘Scientific publications, patent data and

academic spin-offs are more important means of technology transfer

in science-based regimes than in development-based regimes’.
Table 5 presents our findings and provides information on the
correlation coefficients for the significant Mann–Whitney T-test
differences between the two regimes. As can be seen, the three
mechanisms specified in the hypothesis are more important
mechanisms for technology transfer in a science-based regime
than for a development-based regime. So, Hypothesis 1 can be
accepted. In addition, our findings indicate that consultancy by
academic staff is also more important in a science-based regime.
An explanation may be that this also forms a mechanism that, like
academic spinoffs, supports the combined exchange of codified
and tacit knowledge (Marsili, 2001). If we consider the overall
ranking of the various channels (see columns 2 and 3), though, we
see relatively small differences only. We will come back to this in
Section 5. Hypothesis 2 predicts that ‘Joint R&D collaborations,

participation in conferences and in regional and/or professional

networks, as well as inflow of PhD graduates are more important

means of technology transfer in development-based regimes than in

science-based regimes’. Again, all the specified mechanisms are
found to be more important in a development-based regime than
in a science-based regime. So also this hypothesis can be
accepted. Apart from the differences that form the core of our
hypotheses, it is worth emphasising that for the remaining
transfer mechanisms, differences are small and non-significant.
In other words, apart from exhibiting relative differences, the two
regimes also share a substantial number of similar transfer
mechanisms. We also come back to this issue in Section 5 of
our paper.

Hypothesis 3 specifies three barriers that are expected to occur
in both regimes, being information leakage (3a), conflict of
interests (3b) and scientific knowledge being too general (3c).
The first and third are – obviously – measured among the
industrial researchers, whereas for the second item we measure
among the academic researchers, as they are most likely to
perceive a conflict of interest. Here, Tables 6 and 7 demonstrate
that all items show no significant differences between the two
regimes that we distinguish. (For Hypothesis 3a, see Table 7 item
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b; for Hypothesis 3b, see Table 6 item a and for Hypothesis 3c, see
Table 7 item c.) So, the three hypotheses claiming that all three
barriers play a major role in both regimes can be accepted. In
addition, we can conclude that conflict of interest (from perspec-
tive of academia) and information leakage (from perspective of
industry) are considered to be the biggest barriers reported by our
respondents.

Finally, Hypothesis 4a claims that, specifically in a science-
based regime, a major barrier is formed by the high costs of
managing joint research projects. We measured this among
industrial researchers and, as shown in Table 7 (item a), this
can indeed be confirmed and its relevance is significantly higher
for a science-based regime than for a development-based one.
Similarly, university researchers acknowledge that technology
transfer activities involve high costs and time to the university
(Table 6, item f). Finally, we can also accept Hypothesis 4b stating
that in a development-based regime, a major barrier is the lack of
application-readiness of scientific knowledge (see Table 7, item
g). Because knowledge is considered to be more general, indus-
trial researchers in development-based regimes also report that
knowledge is difficult to locate (Table 7, item e). Although we
must note that these barriers are not among the most important
ones, they are indeed relatively more important for a develop-
ment-based regime.
5. Discussion and conclusions

While the general innovation literature until now has stressed
the differentiated nature of the contribution of academic research
to industrial innovation (Nelson and Winter, 1982; Breschi et al,
2000), there are still relatively few empirical insights into the
degree in which technology transfer processes differ across
industrial sectors. To address this, the purpose of this paper is
to determine the extent to which technology transfer processes
differ across industries and whether these differences are only
minor or possibly very substantial. Based on the distinction
between a science-based regime and a development-based
regime, we have analysed the extent to which are differences in
the mechanisms of technology transfer employed and barriers
inhibiting the transfer process.

A first key finding is that the two regimes exhibit a number of
relative differences regarding the type of transfer mechanisms
being employed. In a science-based regime, scientific publica-
tions, patent texts, academic spin-offs and consultancy by
academic staff are relatively more important than in a develop-
ment-based regime. Whereas in the latter, joint R&D programs,
participation in conferences, regional and/or professional
networks and inflow of PhD graduates are relatively more
important, when compared to the former. A second key finding
is that despite these relative differences, both regimes also share a
number of similarities regarding the type of mechanism for
technology transfer. Both regimes exhibit a similar use and
importance of personal and informal contacts, flows of under-
graduate students (B.Sc. or M.Sc. level), mutual exchange of staff
(permanent and temporary), sharing facilities and contract
research. Our results show that in both regimes the mechanisms
of knowledge transfer that are among the 10 most heavily-used as
well as among the 6 least-used are almost the same. A third key
finding is that both regimes are also largely similar regarding
major barriers inhibiting the process, formed by risks of informa-
tion leakage, conflicts of interests as well as by scientific knowl-
edge being too general. Relative differences regarding barriers are
limited to the high costs of managing joint research projects in a
science-based regime and the risk of scientific knowledge being
too theoretical to be useful for firms.
So, an important conclusion from our study is that although
technology transfer processes in science-based and technology-
based industries each have certain specificities, they also have a
lot in common regarding the use of transfer mechanisms as well
as their major barriers. This is an important conclusion that
contributes to the literature in the following way. Most studies
until have emphasised the highly idiosyncratic nature of technol-
ogy transfer processes and considered how the specific properties
of technology transfer vary from one process to another
(Bonaccorsi and Piccaluga, 1994; D’Este and Patel, 2007). Another
issue that emerges from the literature is that that most studies
have especially focused on the role of one-directional and/or
formal mechanisms such as patents, spinoffs, licenses and pub-
lications (e.g. Shane, 2004; Link et al., 2003; Jensen et al., 2003),
but have neglected the role of bi-directional and/or informal
mechanisms (Arundel and Geuna, 2004; D’Este and Patel, 2007).
When predominantly considering the role of formal and/or one-
directional mechanisms, our findings do indicate that the largest
differences between both patterns are to be found here as well, in
line with most studies until now. However, when considering a
more comprehensive set of transfer mechanisms, including dif-
ferent types of informal and/or bidirectional mechanisms, the
overall picture that emerges from our findings is not only that
these differences move to the background and are more relative
than absolute, but also that there is a remarkable degree of
similarity among transfer mechanisms. Seen in this way, it comes
as no surprise that barriers inhibiting the use of these transfer
mechanisms are then also more similar than different. In this way
our study makes an important contribution to the literature by
showing that when one keeps a focus on the role of formal and/or
one-directional mechanisms, one keeps seeing more differences
than similarities. However, when broadening the focus by also
including the role of other (more informal and/or bi-directional)
mechanisms, similarities between technology transfer processes
come much stronger to the foreground. So, whereas our findings
are in line with the idea of heterogeneity in technology transfer
processes as emphasised in most studies until now, we demon-
strate that, regarding facilitating transfer mechanisms and inhi-
biting barriers, these processes have much more in common than
that they differ and than what has been previously assumed.

These findings have implications for public policy, which
considers technology transfer as a key area within the broader
domain of innovation policy (OECD, 2003; Dosi et al., 2006;
European Commission, 2008). Despite some relative differences
between both regimes, the substantial degree of similarity does
not seem to justify a policy approach that explicitly focuses on
diversity among technology transfer processes. Based on our
findings, concerns that policy would possibly ignore too much
the role of diversity (e.g. Metcalfe, 1995; Nowotny et al., 2001;
Tödtling and Trippl, 2005), seem to be unnecessary. Our findings
suggest that policy that contributes most to the transfer process is
formed by a more generic policy approach that covers a wide
range of transfer mechanisms and addresses the major barriers,
regardless of specific industries. In addition, such a more generic
policy approach offers the requisite freedom for practitioners and
lowers the potential risk of government failure that may be
associated with specific, targeted policy instruments (Metcalfe,
1995; Dosi et al., 2006). Furthermore, given its fit with both a
science-based and development-based regime, this generic policy
approach may also be a potentially attractive, alternative
approach to the typically US-based, IP-focused technology trans-
fer model that overly focuses on a science-based regime but pays
insufficient attention to a development-based regime (e.g. Litan
et al., 2007; Kenney and Patton, 2009). In this way, our study may
inform the policy debate by suggesting an alternative policy
approach that may have been undervalued until now (Berman,
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2008; Kenney and Patton, 2009; Ponomariov and Boardman,
2008; Boardman and Ponomariov, 2009).

5.1. Limitations and future research

Given the nature of our study, some limitations must be taken
into account. First, there might be a bias induced by the sample
selection. We selected respondents in specific industries and
related academic disciplines. As a result, other industries may
have been somewhat underrepresented to the extent that these
might carry different features. This study has focused on the
perspectives of researchers that actually perform R&D activities.
As a consequence, technology transfer to firms without their own
in-house R&D is not covered. A survey focusing on all types of
firms, as the CIS survey has done, may possibly find a lower share
of respondents that use all the mechanisms surveyed and a
potentially higher rating of (some of) the barriers. Issues for
future research are as follows. First, future research could exam-
ine in how far our findings are generalisable to other countries.
Although it has been suggested that regimes of technological
innovation are remarkably similar across countries (Breschi et al.,
2000), it remains an under addressed issue in how far this is also
the case for technology transfer regimes (Decter et al., 2007). As
argued above, there may be national, cultural or policy factors
that affect the use of technology transfer mechanisms. Future
research could verify this. Particularly a multi-country approach
could be useful. Second, this study did not address potential
diversity within the country. Future studies may consider how
much practitioners may be supported or constrained by their
institutional environment such as university or departmental
policy for academic researchers, and corporate or business unit
strategy for industrial researchers.
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