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Abstract

Although several studies in the wide body of litara on technology transfer have hinted at
differences across industries, this still remaimsiaderstudied issue. Our study addresses this
topic and considers to what degree technology feansrocesses differ across different
industrial sectors. To that end, we study to whaém technology transfer processes differ
along both types of transfer mechanisms and keyidoarinhibiting the transfer process.
Based on a survey of Dutch practitioners on botlessiof the transfer process, we test a
number of hypotheses that differentiate betweernse-based regimes and development-
based regimes. While our findings confirm our hyygses concerning differences between
the regimes regarding the use of specific transkechanisms, we also find that both regimes
share a number of mechanisms that are similarddiitian, our findings show a remarkable
degree of similarity among barriers inhibiting thecess. We discuss these findings within

the context of the broader literature and formupatkcy implications.
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1. Introduction

In the vast and rapidly developing literature ochteology transfer, there is a growing
understanding of its multifaceted nature. It hagrbelemonstrated how the transfer of
technological knowledge from academia to indussraffected by a wide range of factors,
such as type of transfer mechanisms employed (Cehah, 2002; Balconi and Laboranti,
2006; Giuri et al., 2007), the role of (regiondlsters (e.g. Porter, 1990) as well as national
legislation like the Bayh-Dole Act (Berman, 2008enfey and Patton, 2009). These useful
insights notwithstanding, an under-addressed isso&ins in how far technology transfer
processes are homogeneous across different inekjstor more heterogeneous instead.
Although some literature has stressed the diffeatad nature of the contribution of academic
research to industrial innovation (Breschi et @0@ Marsili, 2001), we still know little about
the extent to which technology transfer procesdésr édcross industrial sectors, and whether
these differences are rather substantial or onhomin this paper, these differences form the
central theme.

In the recent literature, there are two strearhgesearch suggesting that technology
transfer processes do differ across industries.fifétestream suggests that differences apply
especially to the use of certain types of transfe¥chanisms relative to others (e.g.
Bonaccorsi and Piccaluga, 1994; D’Este and Pa@f72Bekkers and BodasFreitas, 2008;
Yusuf, 2008), such as the use of more formal mashan(e.g. licenses, patents or contracts)
versus more informal mechanisms (e.g. personalactsmbetween academics and industrial
researchers). In this literature the primary fomusn differences between types of transfer
mechanisms facilitating knowledge flows betweendacaia and industry. The second strand
of literature is more concerned with the role opeding factors in the transfer process and
the potential role of public policy in addressimgge factors. Although various studies have

demonstrated that policy may contribute to imprgviknowledge exchange between



academia and industry (Rasmussen, 2008; Bercowitz Feldman, 2006; Peneder, 2008;
Krabel and Mueller, 2009), there have also beerc@ms that such policies may ignore the
presumed diversity in different university-industtgchnology transfer activities and in
barriers impeding the process (e.g. Azagra-Car@72®oardman, 2008; Boardman and
Ponomariov, 2009).

Despite their different emphasis, both stramidéterature share a focus on the differences
between technology transfer processes whereas |&#ae unexplained in how far such
differences are either very substantial or, altévely, quite limited. Nor do they reveal how
much technology transfer processes may possiblg megommon. The purpose of this paper
is to address these issues. To accomplish thignale an explicit distinction between the
role of technology transfemechanismgi.e. an instrument or a channel through which
knowledge can flow from academia to industry; seéow) andbarriers in the transfer
process (i.e. factors that may affect the functignof mechanisms and inhibit the flow of
knowledge from academia to industry). Followingstdistinction, we address the following
two key questions. First, in how far do technoldggnsfer processes differ regarding the
dominant technology transfer mechanisms employeelfor®l, in how far do technology
transfer processes differ regarding barriers itimdpi the transfer process? By addressing
these questions, we can assess in how far techntkrgsfer processes may possibly differ in
one respect (e.g. type mechanisms) but may stiltableer similar in the other way (e.g.
barriers), or vice versa.

In this way, we contribute to the literatureddycidating to what extent technology transfer
processes differ across industries regarding ettlteeuse of transfer mechanisms, barriers or
possibly both. Whereas recent empirical studiesehawy considered technology transfer
from either the perspective of industry (Cohenlgt2902; Fontana et al., 2006) or from the

perspective of academia (DiGregorio and Shane, ;20@8lerini et al., 2007), our study is



different in that we considdryoth sides of the transfer process. A second contohus that
we develop a more comprehensive view regardingtythes of transfer mechanisms being
used. We not only consider the role of formal medras that especially facilitate the
transfer of codified knowledge, as most prevalarihe literature until now (D’Este and Patel,
2007), but also include the role of informal medbkars that are more relevant for the transfer
of tacit knowledge (Ponomariov and Boardman, 200&hen et al., 2002). In addition, we
consider both more ‘passive’ mechanisms that tersetmore one-directional (e.g. scientific
publications, patent texts), and also more ‘activechanisms enabling more bidirectional
knowledge flows (e.g. temporary staff exchange} theve also been neglected until now
(D’Este and Patel, 2007). This paper is structuasdfollows. Section 2 describes the
development of a theoretical framework that disorates between two types of technology
transfer regimes. Section 3 introduces the survegng academic and industrial researchers,
which we used to test our hypotheses. Section eusises the empirical findings and relates
them to the hypotheses. Finally, in section 5, ¥geuss our findings within the context of the

broader literature, draw conclusions and discusisypmonplications.

2. Conceptual framework and hypotheses: two regingeof technology transfer

As a basis for our theoretical framework, we stiantn the idea by Nelson and Winter (1982)
that the nature of technological knowledge affeitss transfer and exchange between
innovating agents. Based on this, these authorferelftiate between a so-called more
‘entrepreneurial’ regime and a more ‘routinizedjiree in order to understand the variety of
innovation processes observed across industrigiorsecAn ‘entrepreneurial’ regime is

characterized by science-based technology in wtiiehknowledge base is non-cumulative
and universal. In contrast, a ‘routinized’ regim® d¢haracterized by more cumulative

technological knowledge that is specific to indiastapplications (Nelson and Winter, 1982).



These profound differences in the nature of teatgiohl knowledge underlying both regimes
may also carry some important implications for teabgy transfer practices between science
and industry (Breschi et al., 2000). To specifysthirther, we build on Pavitt's original
taxonomy (1984) and on later work by Marsili (20@hd Marsili and Verspagen (2002) to
examine to what extent technology transfer procebstween academia and industry differ
across industrial sectors. Table 1 shows the bd#ferences between both types of
technological transfer regimes. Here, we distinguietween (A) key characteristics of
scientific knowledge and its importance to indusémd (B) key characteristics of the transfer

process. Below we provide a brief description of e thfive dimensions

[Table 1 about here]

(1) Differentiation of the knowledge baseoints to the extent to which knowledge is
stand-alone or systemic. Teece (1986) defines lenyd as stand-alone when it can be
considered as (relatively) independent from otheowdedge. In contrast, knowledge is
systemic when its development or application rexgiimtegration with other pieces of
knowledge, which may stem from different scientiind/or engineering disciplines, thus
forming part of a larger system.

(2) The nature of scientific knowledgendicates whether knowledge is more generic and
broad or more specific and specialized (Bresclail.e2000). In the first case, it is formed by
more fundamental, scientific knowledge that repmesestate-of-the-art advances in basic
science, often referred to as ‘basic knowledgeteratively, it can also be formed by more
specific, practically oriented knowledge, oftenereéd to as ‘applied knowledge’.

(3) The two regimes also differ in terms of thmportance of scientific knowledge

Obviously, in a science-based regime, scientifiovkdedge is relatively more important and



its impact is relatively larger and more direct sk, 2001). In contrast, in a development-

based regime, its importance is relatively lowed aomplemented by other sources of
technological knowledge such as collaboration wigbkrs, suppliers, competitors, consultants
and so on (Marsili, 2001).

(4)Both regimes also differ in terms of timtensity of interaction. Given the nature of
technological knowledge, a science-based regimebwaayharacterized by a more limited
degree of interaction between science and industrgn compared to a development-
oriented regime. The latter tends to be chara&eriwy rather frequent contact and more
durable collaboration, in some cases covering nyaays (Balconi and Laboranti, 2006).

(5) In this paper, we take a comprehensive approactheodiversity of mechanisms
employed for the transfer of technology. As already mentathnewve include both ‘active’
mechanisms and more ‘passive’ mechanisms (e.gicatibhs). After all, publications have
consistently been found to be among the most ilmpbrays for knowledge transfer (Cohen
et al., 2002; Arundel et al., 1995; Salter and Ma2001). In addition, we consider both more
‘passive’ mechanisms that tend to be more one4itiesd and more ‘active’ mechanisms
enabling more bidirectional knowledge flows (D'Estd Patel, 2007). Based on this
taxonomy, we formulate a number of hypothesesdpatify the relative differences between

both regimes regarding transfer mechanisms (se@iah and key barriers (section 2.2).

2.1  Key transfer mechanisms: relative differencebetween regimes

Science-based regime

This regime is characterized by a relatively strdegendency of industry on external sources
of knowledge such as universities, public reseanshitutes and research-intensive firms

(Pavitt 1984; Coriat and Weinstein, 2001; Mars201; Nikulainen and Palmberg, 2010).

This contribution of academic research is large amdails (highly) scientific, basic



knowledge. Knowledge inputs into the search prasesare often formed by publicly
available, scientific knowledge, which is then sommmed through the use of formal scientific
principles and methods into newly created knowledi®st of this newly generated
knowledge is expressed in written documents anchasle available through publications,
research proceedings, reports and patent desagptids such, the outcome of this search
process is highly codified (McMillan et al., 2000phen et al., 2002). This knowledge is
based on a limited number of technological fiel@sr{at and Weinstein, 2001; Coriat et al.,
2003), which reflects the relatively stand-alonéurea of the as indicated by its low level of
differentiation (Marsili, 2001). Examples of techogy transfer with a science-based regime
include, among others, those in pharmaceuticalschedicals. These fields benefit mostly
from scientific advances in biology, chemical emgring, chemistry and medical science
(Marsili, 2001).

Firms develop new technology based on a coribmaf (formal) in-house R&D and
collaboration with (public) research institutes, wasll as with small firms specialised in
relevant fields (Coriat and Weinstein, 2001). Thieneds to be a division of labour between
these organizations: academia specialises in besgarch whereas firms specialise in applied
research. Nevertheless, in-house R&D must be alethding edge in order to create and
maintain sufficient absorptive capacity in view cboperating with specialised research
institutes (Cohen and Levinthal, 1990; Fontanal ¢t2806). In this way, (highly) codified
knowledge flows from academia to industry, implyitigat mechanisms that especially
facilitate the transfer of this codified knowledgall be relatively more important than a
development-based regime. Still, the transfer mwdtself is also characterized by trial and
error, especially when firms actively participatescientific research. As a consequence, also
informal mechanisms, R&D collaboration and conswdtaby academic staff that facilitate

the transfer of more tacit knowledge are of imparain the transfer process (D’Este and



Patel, 2007). Another key mechanism for the transfeboth codified and tacit knowledge
components is formed by spinoffs. Academic spis-diirm an effective vehicle to exploit
radical, early-stage technologies. It has the agpac exploit the codified outcomes by
combining and integrating them with the tacit knedde of the inventors (as founders),
which is required for the further development o tew technology (Koumpis and Pauvitt,

1999; Gilsing et al., 2010).

Development-based regime

Compared to the previous regime, the developmesacdaegime is characterized by a lower
degree of (direct) dependency of industry on acaclesources of knowledge. Although
external sources of knowledge can play a consiteerakbe for firms in this regime, these are
often non-academic and can be formed by bridgimgiitutions, suppliers, (lead) users,
consultants and so on (Coriat and Weinstein, 20@aysili, 2001). In this way, the
contribution of academia occurs more indirectly vesyknowledge transfer to firms can take
place through these parties (Martin, 1998; SwarG22 In cases where it contributes
directly, it entails more applied knowledge andd®rio be relatively more systemic as
indicated by its higher degree of differentiatidafsili, 2001). This systemic nature makes
that no single type of actor disposes over allvah pieces of knowledge, indicating that
academia forms part of a portfolio of external kienige sources from the perspective of
firms. Examples of more engineering-oriented indestinclude, among others, instruments,
electrical-electronic products, and motor vehicksof which benefit mostly from academic
research in mechanical and electrical engineeroamnputer science, and mathematics
(Marsili, 2001).

The relatively more systemic nature of knowkedgeates a need for firms to integrate

different yet related technological fields and hereather intensive interaction between



academia and firms may accommodate this integramiooess (Coriat and Weinstein, 2001).
Compared to the science-based regime, the trapsfeess in a development-based regime
has more bi-directional knowledge flows betweendacsa and industry (Coriat and
Weinstein, 2001). As a consequence, transfer dfnt@ogy depends more on mechanisms
that support this need for a higher intensity dfefaction such as joint R&D projects,
participation in conferences and/or workshops,argii and/or professional networks as well
as inflow of PhD graduates (Cohen et al., 2002ifza knowledge such as publications and
patent texts remain a key source, but not to thengxas in a science-based regime.

Based on the above, we formulate two hypoth#sdsspecify theelative importance of a
number of key transfer mechanisms as employedsiieance-based regime as compared with
a development-based regime, and vice versa.

Hypothesis 1: Scientific publications, patent datel academic spin-offs are more important

means of technology transfer in science-based regitman in development-based regimes.

Hypothesis 2: Joint R&D collaborations, participati in conferences and in regional and/or
professional networks, as well as inflow of PhD dyates are more important means of

technology transfer in development-based regimas ithh science-based regimes.

2.2 Barriers inhibiting technology transfer

In this section we discuss barriers that may inhibthnology transfer. We distinguish

between barriers that are expected to be simitaodth regimes and barriers that differ.

Barriers that are similar for both a science-based development-based regime

An initial barrier may arise due to thisk of information leakageEspecially in the context of

research collaboration or contract research, tleeeegeneral risk of information leakage to
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partners and/or competitors, also referred to asddgsirable) spill-overs (Gilsing and
Nooteboom, 2006). This risk of information leakagespecially a concern for firms, and is
supposedly greater when they collaborate with ac&léhan when collaborating with other
firms. Although knowledge spill-overs to universgimay not so much lead to acts of free-
ridership as such, the more fundamental problethasuniversities may use this knowledge
to develop new inventions that they will subseglyefwtant to) disclose. In this way, specific
knowledge held by a firm may spill over to a mualger network than would be the case in
an alliance with one or two commercial partners nehexclusivity can be effectively agreed
upon (Lin et al., 2009). Instead, universities h#twe (regulatory) obligation to disseminate
new technological knowledge as widely as possibleother words, collaboration with
universities may amplify the risk of information aleage to a considerable extent.
Consequently, rather than engaging in collaboratith academia, firms may decide to avoid
it altogether (Gilsing and Nooteboom, 2006). Theref the risk of information leakage forms
a barrier as it may inhibit firms from engaging technology transfer in the first place.
A second barrier may arise from the risk afaflict of interestsFirms and universities are
exposed to different incentive schemes that shiapie interests in the transfer process. For
firms it is especially important to appropriate nehnological knowledge in order to create
a competitive advantage and ensure rapid commsatiain (Teece, 1986). For universities it
IS most important to contribute to the public kneddge domain by means of rapid
dissemination, especially through publications aoaferences. This contributes to their
reputation and academic visibility (DiGregorio aBtdane, 2003). As a consequence, these
different incentive schemes carry a risk of a donfyf interests once firms and universities
agree on collaboration or interaction for technglog transfer.

A third barrier is formed bgcientific knowledge being too genetalbe useful for firms. For

scientific knowledge to be useful to firms, it iucial that it meets (very) specific knowledge
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needs that cannot be fulfilled by other knowledgauts, such as those from external sources
such as suppliers, customers, competitors, newukesytconsultants, etc. (Marsili, 2001). The
more general the nature of knowledge, the mordylikdas to overlap with knowledge than
can be obtained from such other sources, redutsngsefulness to firms (Vanhaverbeke et
al., 2009). On the basis of the above, our thirdi®ainhibiting the transfer process is
constituted by scientific knowledge being too gahan nature and lacking sufficient
specificity to address a firm’s specialised knowledneeds. Overall, this suggests the
following hypotheses specifying three general leasrthat can occur in both a science-based

regime and a development-based regime.
Hypothesis 3a: In both regimes, a major barriefdamed by a risk of information leakage.
Hypothesis 3b: In both regimes, a major barriefdemed by a risk of conflict of interests.

Hypothesis 3c: In both regimes, a major barriefasmed by scientific knowledge being too

general.

Barriers that are different for science-based reggmand for development-based regimes
As discussed in section 2.1, a science-based reggm#s to be characterized by some
division of labour because academia specialisdsasic research whereas firms specialise
mostly in applied research. At the same time, indeoR&D at firms must be at the leading
edge in order to create and maintain sufficienbglis/e capacity in view of cooperating with
specialised research institutes (Cohen and Leuinth890; Fontana et al., 2006).
Accomplishing the latter may carry high costs foms in order to stay up-to-date and to
manage collaborative projects in such a way that, retate-of-the-art knowledge can be
effectively integrated with their own internal kniedge base. These high costs for knowledge
absorption within its organization may form a barriThis barrier is more likely to inhibit the

transfer process in a science-based regime, whepa@d to a development-based regime.
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Because in a science-based regime there is a higigeessity for firms to invest in costly
basic research in order to create and maintaincgarift absorptive capacity to be able to deal
with state-of-the-art, scientific knowledge from ademia.
As discussed in section 2.1, a development-basgineetends to be characterized by
comparatively lower (direct) dependency of industry academic sources of knowledge
because the major emphasis lies on the role ofieaphowledge (Marsili, 2001). In this
regime, therefore, academic knowledge may easitpipe too theoretical for firms to be
useful to foresee in their application-oriented Wiemige needs. As a consequence, academic
knowledge being too theoretical may form a bartieat is more likely to occur in a
development-based regime. Based on the above, maufate our hypotheses that specify
relative differences between a science-based regime versdsvelopment-based regime,

regarding specific barriers inhibiting the process.

Hypothesis 4a: High costs of managing joint resbaprojects are more a barrier in a

science-based regime than in a development-bagmpohee

Hypothesis 4b: Knowledge being too theoretical torfirm is more a barrier in a

development-based regime than in a science-basgmpohee

3. Data and methodology

For our empirical approach, we relied on input framversity and industry practitioners and

considered what they actually use in their dailgctices (e.g. Welsh et al., 2008). This is in
line with recent suggestions in the literature tmtrely on Technology Transfer Offices

(TTO) data or patent data nor on best practicas fitee biotechnology sector. Instead, when
collecting our data, we have adopted such a pi@uwtits’ perspective and studied what the
actual developers and users of knowledge percesvéeg mechanisms and barriers. To

accomplish this, two related questionnaires wekeldped that were sent to actual academic
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and industry researchers, rather than to theirosgrar managers or to TTO staff. We are
conscious of the fact that we are sometimes meagpgrceptions here, and that there may be
intersubjectivity in interpreting questions and cepts (cf. Boardman and Ponomariov,
2009). At the same tine, however, we also notettiesteindividuals are the practitioners and
hencedirectly involved in the transfer process through persauaitacts, by studying the
literature, attending conferences, holding dualtfmrss, and so on.

Given potential cultural differences in behaviand/or the impact of national policies, we
have chosen to collect our data in one single eguBecause of our knowledge of the local
institutional environment, we chose The Netherlamwld'he Netherlands, public policy from
about 2000 onwards has strongly encouraged bowersities and firms to become more
active in technology transfer. Although this polistresses the importance of technology
transfer in general, it has not focused on one orenspecific transfer mechanisms in
particular. While this Dutch policy approach mightive increased overall levels of
technology transfer, we have no reasons to expeat telative differences between
mechanisms and/or between regimes were affectetheAdame time, we recognise that each
country has its specific contextual features retatto its university system, and the
Netherlands form no exception to that. While ib&yond the scope of this paper to present a
fully international comparison, we would like tota@ few examples. First, Dutch institutions
encourage their staff to transfer their knowledgentiustry, by considering such activities as
also forming part of their job responsibility. Suemcouragement includes basically all
possible mechanisms to transfer knowledge, tho&gitond, Dutch institutions generally
allow staff to work part-time in industry, which &so common in some other countries such
as the US (Boardman and Ponomariov, 2009). Thih Netherlands have no legislation
comparable to the Bayh-Dole Act. The Bay-Dole Autiadls a legal obligation for universities

to install disclosure procedures regarding thewentions, to report publicly on their
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university patents and to be actively engaged iseasch commercialisation. In the
Netherlands such legal obligations do not exisavileg it to the individual universities
whether (and how) they engage herein or not (Bekkeral.,, 2006). Such national aspects
may affect the degree to which our results coulddrgeralized to other countries, an issue we
will come back to in our concluding section.

Our survey was conducted in 2006 in The Ne#éimeld and the questionnaires are available
from the internet at [removed for the reviewing qgass]. One key measurement was the
actual use and the importance of 24 different meishas of technology transfer (following
Cohen et al., 2002 or D’Este and Patel, 2007). Nwerespondents could only rate the actual
importance of specific mechanisms if they actualhed them. The other key measurement
was on the barriers for technology transfer.

To also provide background information, respents were requested to characterize, using
a Likert scale, their research area across 12 piisary fields, and 4 knowledge
characteristics (which in this paper are refer@@g ‘systemic’, ‘embodied’, ‘codified’ and
‘breakthroughs expected’). Respondents were th&edaso identify what share of their
research activities were basic, applied and devedmp (following Mansfield, 1980;Kenney
and Florida, 1994). Because the validity of su¢krascati-style’ might be somewhat limited,
we will report these outcomes as background inftionaonly; they are not part of our
hypotheses. Finally, respondents were asked tdifgéine industry activity of their employer
(for industrial researchers) or the industry withhieh they have most interaction (for
university researchers). The sample of universgsearchers was constructed by collecting
address information from all scientific staff atcditties in four selected disciplines:
pharmaceutics and biotechnology, chemistry, mechaniengineering, and electrical
engineering. In particular, respondents have bemmglg at two technical universities

(Eindhoven University of Technology, Delft Univessiof Technology) as well as three
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regular universities (Rijksuniversiteit Groning&miversiteit Leiden, Universiteit Utrecht). A
pilot study was conducted, and the final survey wast out to 2082 staff members. We
collected 575 valid responses. Performing a nopemrese analysis, we compared a number of
distributional features with known features of thi population, and found the differences to
be small. Full professors, associate professorsassistant professors are somewhat under-
represented in our sample (by approximately 20%)ilewPh.D. students are somewhat
overrepresented (by approximately 20%).

Similarly, the sample of industry researchees w&imed at selected sectors held exemplary
in the Marsili and Pavitt taxonomies and recognisedthe Netherlands (Marsili and
Verspagen, 2002): pharmaceutical or biotechnol@gyos, chemical sector, machinery, basic
and fabricated metal products, mechanics, andriglakcand telecommunications equipment.
Respondents were asked to indicate the sectomtbeked in. A small number indicated they
worked in areas different from those described alsnd their questionnaires were discarded
for the analysis. We selected industry researdhnettsree ways: Dutch individuals who were
listed as inventors in EPO patents that were natealnvby universities; Dutch authors of
papers published in selected refereed journalswlmom a non-university affiliation was
given; members of the Royal Institution of Engirserer the Netherlands (KIVI NIRIA). The
total sample amounted to 2088 and we received 488 vesponses. Our questionnaire to
researchers at the industry side produced quitsn@beneous response across the sectors we
aimed to study. An additional category called 'Othmanufacturing' represents 9.7% of the
sample and a category 'service sector' accounte@.486. Only 3.2% of the respondents

indicated they did not work in any of the categemeentioned.
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Background data on our respondents

First, we provide some background data on our mdpats, differentiating between the
science-based and the development-based regimée(ZabWe observe that, on average,
researchers in the science-based regime are alddnave more papers published in refereed
academic journals (in the four-years period praugdne survey). No significant differences
are found for the number of researchers who atedligs inventors on a patent, or the number
of researchers who had any personal involvemeat spin-off or a start-up business during
the 10 years preceding the survey. If we split uneversity researchers and the industrial
researchers, however, we find quite significantedénceswithin the regimes (Table 3). On
the whole, university researchers are significaptlynger, have more papers and appear less
often as inventors on patents. Table 4 presentpeéhecntage of researchers who consider
their work to be basic, applied or experimentaklf#o shows the significance of the Mann-

Whitney T-test differences between the two regimeslistinguish.

[Table 2, 3 and 4 about here]

We find that in a science-based regime, the shamook that is considered to be basic
research is approximately 50% for university reslears, compared to 15% for industrial
researchers. In the development-based regime, basekarch has a share of 32% at
universities and 8% at firms (for more results Sable 4). Given such big differences, it
comes as no surprise that the Mann-Whitney T-téfgrences are highly significant. Our
findings confirm the expectation that, for the sce-based regime, basic research is
predominantly the domain of universities and heectnology transfer is likely to be mainly
about outcomes of basic research. The major fatasdevelopment-based regime is more on
the creation and transfer of applied knowledge eratthan on fundamental, scientific

knowledge.
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4, Empirical findings
In this section we discuss in how far our empirié@dings provide support for our
hypotheses.

Hypotheses 1 and 2 specify the relative diffees in the types of transfer mechanisms
being employed in the two regimes. Hypothesis Hipts that Scientific publications, patent
data and academic spin-offs are more important meaintechnology transfer in science-
based regimes than in development-based reginfeble 5 presents our findings and
provides information on the correlation coefficerior the significant Mann-Whitney T-test
differences between the two regimes. As can be, $berthree mechanisms specified in the
hypothesis are more important mechanisms for tdoggdransfer in a science-based regime
than for a development-based regime. So, Hypothkesian be accepted. In addition, our
findings indicate that consultancy by academicf s¢éalso more important in a science-based
regime. An explanation may be that this also foanmsechanism that, like academic spinoffs,
supports the combined exchange of codified and tawwledge (Marsili, 2001). If we
consider the overall ranking of the various chasrfeée Columns 2 and 3), though, we see
relatively small differences only. We will come Bkato this in the discussion section.
Hypothesis 2 predicts thaloint R&D collaborations, participation in confenees and in
regional and/or professional networks, as well adlow of PhD graduates are more
important means of technology transfer in develagrbased regimes than in science-based
regimes Again, all the specified mechanisms are found b® more important in a
development-based regime than in a science-baggohee So also this hypothesis can be
accepted. Apart from the differences that form doee of our hypotheses, it is worth
emphasizing that for the remaining transfer medmasj differences are small and non-

significant. In other words, apart from exhibitinglative differences, the two regimes also
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share a substantial number of similar transfer rmeicims. We also come back to this issue in

the final section of our paper.

[Table 5, Table 6 and Table 7 about here]

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

Finally, Hypothesis 4a claims that, specifigail a science-based regime, a major barrier is
formed by the high costs of managing joint resegrabjects. We measured this among
industrial researchers and, as shown in Tableem(a), this can indeed be confirmed and its
relevance is significantly higher for a scienceduhsegime than for a development-based one.
Similarly, university researchers acknowledge tkahnology transfer activities involve high
costs and time to the university (Table 6, itemFhally, we can also accept Hypothesis 4b
stating that in a development-based regime, a niajorer is the lack of application-readiness
of scientific knowledge (see Table 7, item g). Bemknowledge is considered to be more

general, industrial researchers in developmentebasgimes also report that knowledge is
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difficult to locate (Table 7, item e). Although weust note that these barriers are not among
the most important ones, they are indeed relativebye important for a development-based

regime.

5. Discussion and Conclusions
Whereas the general innovation literature until s stressed the differentiated nature of
the contribution of academic research to industnalovation (Nelson and Winter, 1982;
Breschi et al, 2000), there are still relativelywfempirical insights into the degree in which
technology transfer processes differ across in@dlisectors. To address this, the purpose of
this paper is to determine the extent in which nebbgy transfer processes differ across
industries and whether these differences are ompmor possibly very substantial. Based on
the distinction between a science-based regimeaaddvelopment-based regime, we have
analysed the extent to which are differences in iechanisms of technology transfer
employed and barriers inhibiting the transfer pssce
A first key finding is that the two regimes &b a number of relative differences
regarding the type of transfer mechanisms beingl@&yefd. In a science-based regime,
scientific publications, patent texts, academiasgis and consultancy by academic staff are
relatively more important than in a developmenteobsegime. Whereas in the latter, joint
R&D programs, participation in conferences, regioaad/or professional networks and
inflow of PhD graduates are relatively more impottavhen compared to the former. A
second key finding is that despite these relatifferénces, both regimes also share a number
of similarities regarding the type of mechanismtiehnology transfer. Both regimes exhibit
a similar use and importance of personal and inébroontacts, flows of undergraduate
students (B.Sc. or M.Sc. level), mutual exchangstaff (permanent and temporary), sharing

facilities and contract research. Our results shioat in both regimes the mechanisms of
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knowledge transfer that are among the 10 most hyeased as well as among the 6 least-used
are almost the same. A third key finding is thahb@gimes are also largely similar regarding
major barriers inhibiting the process, formed bsksi of information leakage, conflicts of
interests as well as by scientific knowledge bdow general. Relative differences regarding
barriers are limited to the high costs of managoigt research projects in a science-based
regime and the risk of scientific knowledge being theoretical to be useful for firms.
So, an important conclusion from our studyhiat talthough technology transfer processes
in science-based and technology-based industriels eave certain specificities, they also
have a lot in common regarding the use of transfechanisms as well as their major barriers.
This is an important conclusion that contributeshe literature in the following way. Most
studies until have emphasized the highly idiosyincrsature of technology transfer processes
and considered how the specific properties of teldgy transfer vary from one process to
another (Bonaccorsi and Piccaluga, 1994; D’Este BRatel, 2007). Another issue that
emerges from the literature is that that most swdiave especially focused on the role of
one-directional and/or formal mechanisms such &enps spinoffs, licenses and publications
(e.g. Shane 2004, Link et al., 2003; Jensen eR@03), but have neglected the role of bi-
directional and/or informal mechanisms (Arundel &elina, 2004; D’Este and Patel, 2007).
When predominantly considering the role of formatl/ar one-directional mechanisms, our
findings do indicate that the largest differencesaeen both patterns are to be found here as
well, in line with most studies until now. Howeverhen considering a more comprehensive
set of transfer mechanisms, including differentetypof informal and/or bidirectional
mechanisms, the overall picture that emerges fram fondings is not only that these
differences move to the background and are moatgivelthan absolute, but also that there is
a remarkable degree of similarity among transfeclragisms. Seen in this way, it comes as

no surprise that barriers inhibiting the use ofsth&ransfer mechanisms are then also more
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similar than different. In this way our study malasimportant contribution to the literature
by showing that when one keeps a focus on the obléormal and/or one-directional
mechanisms, one keeps seeing more differencesstimdarities. However, when broadening
the focus by also including the role of other (mdrdormal and/or bi-directional)
mechanisms, similarities between technology transfecesses come much stronger to the
foreground. So, whereas our findings are in linthwhe idea of heterogeneity in technology
transfer processes as emphasized in most studigsiow, we demonstrate that, regarding
facilitating transfer mechanisms and inhibiting s, these processes have much more in
common than that they differ and than what has bgaeviously assumed.
These findings have implications for publicipgl which considers technology transfer as
a key area within the broader domain of innovapoticy (OECD, 2003; Dosi et al., 2006;
European Commission, 2008). Despite some relatiffereinces between both regimes, the
substantial degree of similarity does not seemustdify a policy approach that explicitly
focuses on diversity among technology transfer ggses. Based on our findings, concerns
that policy would possibly ignore too much the raé diversity (e.g. Metcalfe, 1995;
Nowotny et al., 2001; Todtling and Trippl, 2005ges to be unnecessary. Our findings
suggest that policy that contributes most to thedfer process is formed by a more generic
policy approach that covers a wide range of transfechanisms and addresses the major
barriers, regardless of specific industries. Initoial such a more generic policy approach
offers the requisite freedom for practitioners doders the potential risk of government
failure that may be associated with specific, terdgolicy instruments (Metcalfe, 1995; Dosi
et al., 2006). Furthermore, given its fit with badhscience-based and development-based
regime, this generic policy approach may also petantially attractive, alternative approach
to the typically US-based, IP-focused technolognsfer model that overly focuses on a

science-based regime but pays insufficient attentm a development-based regime (e.g.
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Litan et al., 2007; Kenney and Patton, 2009). is thay, our study may inform the policy
debate by suggesting an alternative policy apprdaah may have been undervalued until
now (Berman, 2008; Kenney and Patton, 2009; Ponomand Boardman, 2008; Boardman

and Ponomariov, 2009).

Limitations and future research

Given the nature of our study, some limitations nogstaken into account. First, there might
be a bias induced by the sample selection. Wetsél@espondents in specific industries and
related academic disciplines. As a result, othedustries may have be somewhat
underrepresented to the extent that these might ddferent features. This study has focused
on the perspectives of researchers that actuatfpnpe R&D activities. As a consequence,
technology transfer to firms without their own iodse R&D is not covered. A survey
focusing on all types of firms, as the CIS survag done, may possibly find a lower share of
respondents that use all the mechanisms surveyed potentially higher rating of (some of)
the barriers. Issues for future research are &»wsl First, future research could examine in
how far our findings are generalizable to otherntoas. Although it has been suggested that
regimes of technological innovation are remarkabtyilar across countries (Breschi et al.,
2000), it remains an under addressed issue in laovihfs is also the case for technology
transfer regimes (Decter et al., 2007). As arguesave, there may be national, cultural or
policy factors that affect the use of technologgnsfer mechanisms. Future research could
verify this. Particularly a multi-country approachuld be useful. Second, this study did not
address potential diversity within the country. tfet studies may consider how much
practitioners may be supported or constrained gyr timstitutional environment such as
university or departmental policy for academic egshers, and corporate or business unit

strategy for industrial researchers.
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Tables and Figures

Table 1: Taxonomy of two different types of technalgy transfer regimes
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(A) Key characteristics of knowledge (B) Key characteristics of
and its importance to industry the transfer process
(1) Degree of (2) Nature | (3) Importance of | (4) Intensity (5) Dominant
differentiation of of scientific | scientificknowledge | of interaction mechanisms
knowledge base knowledge to industry employed
(‘stal;:()jv-valone Low to Publications
Science-based .. . Basic High to medium Patents
) knowledge’; relatively : S
regimes . : knowledge Very high (division-of- | Consultancy
independent pieces of] )
labour model)| Spin-offs
knowledge)
Joint R&D Programs
High Medium Participation in
Develooment- (‘systemic knowledge’; Aoplied To high conferences
P relatively PP Low to Medium (participation | Regional/professional
based regimes| . : knowledge . S
interdependent pieces in application)| networks
of knowledge) Inflow of PhD graduates

Table 2: Individual characteristics of the surveyedesearchers

Individual characteristics Science-based regime Development-based regin*le Test
Age 43.28 41.67 3.58*
Number of authored papers 2.70 2.48 5.08**
il:tj/;nnbts: of patents where listed ap 209 210 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 areedods follows: (1) one, (2) two or three, (3) fieeten, (4)

more than ten.

Table 3: Individual characteristics of the surveyedesearchers

Science-based regime Development-based regime bTest dn‘ference

etween regimes

Ind|V|duaI_ . Industrial | University Test Industrigl  University Jte University | Industry

characteristics

Age 48.5 38.7 63.44%** 47.2 37.5 76.57*F 0.74 183

Number of authored [, 5 2.8 4.39% 2.3 2.6 5.5 2.99* 3.47*

papers

Number of patents

where listed as 2.3 1.7 14.33*** 2.3 1.6 24.71% 0.99 0.522

inventor

Spin-off founder 0.1 0.1 2.354647 0.1 0.1 4.28T 28. 0.338

Start-up founder 0.2 0.1 7.67* 0.1 0.1 2.309 0.06| 1.134

! Relatively independent pieces of knowledge.




Table 4: Basic, applied and experimental knowledge
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Science-based regime

Development-based regime

Test difference between

regimes
Form of knowledge
transfer from universities Industrial University Test Industrial University e University Industry
to firms
% basic research 14.86% 49.86% 89.6** 8.33% 31.7% 80.13*** 27.39*** 9.3%x*
% applied research 60.95% 39.44% 40.24%F 54.28% .8%0D 1.77 16.74** 5.56**
% experimental research 22.93% 11.48% 25.9%F 3%83 0.0% 52.16*** 13.47%* 26.76%**

Table 5: Importance rating for the surveyed knowledje transfer (scale 1-4)

Form of knowledge transfer from universities to firms Science-based Development- Test difference
regime based regime between regimes
Scientific publications in (refereed) journals @ols 3.49 3.19 2.44%xx
Personal (informal) contacts 3.22 3.21 0.00
Patent texts, as found in the patent office oratept 391 303 9 65*+*
databases
Students working as trainees 3.20 3.18 0.00
Other publications, including professional publicas and 301 299 0.11
reports
Staff holding positions in both a university andusiness 3.00 3.10 2.42
Joint R&D projects (except those in the contexEbf 293 311 10 6%+
Framework Programmes)
Sh_arlng_ faC|I|t|es (e.g. laboratories, equipmeintiging) with 286 291 0.66
universities
Licenses of university-held patents and ‘know-htieénses 2.82 2.94 3.15*
University spin-offs (as a source of knowledge) 2.82 2.64 6.56***
Participation in conferences and workshops 2.74 2.85 3.82**
Contract research (excl. Ph.D. projects) 2.64 2.69 0.68
Flow of university staff members to industry pasits (exc. 2 64 267 0.04
Ph.D. graduates)
Temporary staff exchange (e.g. staff mobility pesgmes) 2.57 2.48 2.01
Joint R&D projects in the context of EU Framework 256 248 1.66
Programmes
Sp_ecn‘lg k,nowledge transfer activities organisedhsy 251 247 0.54
university's TTO
Personal contacts via alumni organizations 251 2.53 0.02
Financing of Ph.D. projects 2.46 2.50 0.33
Consultancy by university staff members 2.43 2.29 4.51*
University graduates as employees (B.Sc. or M&Sel) 2.40 2.37 0.53
Personal contacts via membership of professional .
organisations (e.g. KIVI NIRIA) 2.14 2.21 3.43
Contr_act-b.a_sed in-business education and traingfigested 212 220 1.15
by universities
University graduates as employees (Ph.D. level) 1.92 2.09 7.05%**
Total Average 2.74 2.76 0.02

Note: respondents who indicated they did not usegific channel were excluded for calculating ¢hes

averages. Values range from 1 (‘of very little imipoce") to 4 (‘'very important’).




Table 6: Barriers identified by university researclters
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Science-based

Development-

Test difference

regime based regime between regimes

. Joint R&D is hindered by conflicts between acaderagearcher who
want to publish research and commercial researettersvant to 2.72 2.64 1.19
patent research

. Itis hard to find appropriate industrial partnfsjoint R&D projects 2.67 2.63 0.15

. Companies do not want to cooperate on R&D with ersities; they 265 257 0.63
just want to absorb our knowledge ’ ’ '

. Cooperation with the industry is hindered by cidtutifferences 255 251 0.36
between academic and commercial researchers ’ ’ '

. Transferring knowledge to the industry is too gofdt universities 247 292 10.10%*
(either in terms of money of time) ’ ’ ’

. Um_versmes are not willing to spend time and mpiretransferring 242 219 8,08k
their knowledge to industry

. Conducting contract research only results in moceme for our
research group. We do not learn anything from coticg such 2.35 211 7.72%%*
research

. The industry is not interested in the knowledgesttgyed at the 1.98 207 111

university

Table 7: Barriers identified by industrial researchers

Science-based

Development-

Test difference

regime based regime between regimes

. Joint research p_rOJects w_|th universities or PRf@gdifficult to 270 254 2 78
manage and/or involve high overhead costs

. The results of joint research projects with uniiters or PROs imply al 233 230 0.26
significant risk of leaks to competitors ’ ’ '

. Knowledge develpped in universities and PROs igteral to 299 240 1.84
address our specific knowledge needs

. Being involved in the application of knowledge dieped in 297 235 124
universities or PROs is too costly (either in tewhEme or money) ’ ’ '

. Relevant knowledge developed in universities an@®R difficult to 294 249 8,78k
locate (e.qg., finding the right publications or pk) ’ ’ '

. Researchers working in universities or PROs ddiniot well with our 294 299 0.09
corporate culture

. Knowledge developed in universities and PROs idtieoretic to be 212 2.3 535+

useful in our particular case




