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Abstract
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1. Introduction

University-industry interaction is seen as the nadfitient form through which university inventionan
get into practice because university and industity aind overlap research efforts to develop inriomat
and solve complex problems (Pavitt, 1998 p.795)pénticular, this collective effort for knowledge
development creates space for user-developer aefatbetween the partners, which facilitates
experimenting and testing products and concepterudeivelopment as well as further problem-solving
based on fundamental research (Kline and Rosenb@8®, Pavitt, 1998; Lee and Gaertner, 1994; Foray
and Steinmueller, 2003 p.79). Moreover, it allowsn§ to become aware of new knowledge
developments and to create new technological legroptions on future technologies (Caloghisbal .,
2003). Therefore, as technological interdisciplityaand complexity, as well as competitive pressure
shorten product life, increased, university-indysirteraction has become acknowledged as crucral fo
the competitiveness of firms (Hagedoorn, 1996; ®a1898; Caloghiroet al., 2003).

Firms and policy-makers are willing to foster swgsfal university-industry collaborations. However,
despite sharing the national organisational antitutional context facilitating or constraining the
interaction (i.e. laws, culture, organisations, galicies), university and industrial researchesisef
different prevalent incentive frameworks, (Nels@893; Foray and Steinmueller, 2003). Hence, on the
one hand, many empirical studies have analysediriportance of university-patenting laws in
encouraging a more entrepreneurial attitude of ersity researchers towards interaction with industr
the relevance of technological transfer officesin spffs, and of research sponsoring in facilitating
knowledge transfer (Ha#t al., 2001; Colyvast al., 2002; Lowe, 2006). On the other hand, some asithor
have analysed the different motivations of uniwgrsind industrial researchers in interacting and in
transferring knowledge (Lee, 2000; Lam 2005; O'Stied, 2005; Balcony and Laboranti, 2006).

Both types of studies provide insights on the rofeinstitutions and incentive frameworks on the
university-industry interaction, but they have fesed, almost in isolation, on the specific role of
individual sets of factors. Therefore, the effeetiole of national institutions on bridging industrand
university motivations towards interaction; anddgiining the content, form and outcome of universit
industry collaboration is still quite uncertain (¢, 2006). To shed light on the role and importaoica
range of institutional factors in aligning univeysand industry motivations towards collaborationa
national system of innovation, a horizontal invgastion of how the process by which university

knowledge is brought into use is required (Colystzd ., 2002).



This paper is an attempt to map university-indusitgraction in the Netherlands by analysing thpdot

of prevalent institutions on the university andustty motivations to collaborate as well as ondbetent,
management and outcome of this relationship. Itiquéar, we explore whether and how the incentives
of university and industry researchers in bringimgovations into practice are aligned towards potsje
with specific characteristics. Moreover, we invgate which type of projects, set up under specific
industrial and university motivations, are moreelikto face institutional barriers related to tealogy,
market and organisational incentives frameworksdi#iahally, we analyse the impact of technology
transfer offices, research sponsoring, part-tin@gssorships, and patenting on the bridging unityers
industry motivations towards collaboration. To med empirically, detailed data on thirty cases of

successful university-industry knowledge transferanalysed.

The analysis suggests that the form, content atmbme of university-industry interaction dependtioa
motivations of university and industrial researsh&y commit in bringing innovations into practide.
particular, specific industrial and university nvatiions seem to be complementary and bring alongeso
particular forms of interaction, with particularganisation and technological goals. Moreover, ciifie
institutional factors facilitate or deteriorate éigely the alignment of motivations of universityda

industrial researchers to commit in bringing inrtémas into practice.

2. Institutions and Incentives
This section reviews the main motivations of unéitgr and industrial researchers in interacting and
transferring knowledge, as well as the role of somgitutions (barriers and facilitators) on the

university-industry collaboration.

2.1. Motivations for university-industry interaction

Cooperation with universities seems especially gt for industrial firms to access new knowledge,
ideas and technologies, as well as skilled labespecially qualified engineers, whose capabilites be
tested during the collaborative project (Adaehsl.., 2001; Felleret al., 2002; Balcony and Laboranti,
2006). In particular, firms seem to engage in datative projects with universities to access aenetbp
interdisciplinary scientific capabilities for sohg complex problems and for supporting product
development (Lee, 2000; Felletr al., 2002; Tether, 2002; Lam, 2005). Indeed, collatieaprojects
with university often focus on research relate@xsting product lines, exploratory research inrceaf
new products, instrumentation and technical probsatving, and design of prototypes (Lee, 2000).
Additionally, firms may collaborate with univer&t to maintain or to establish direct personalslinith

top professors (Lam, 2005; Balcony and Laboraf®igl.



Benefits for firms from collaboration with univetisis tend to be in line with their objectives to
participate. Benefits include access to new knogéedideas and technologies; development and
maintenance of an ongoing relationship with uniitgrsas well as making progress toward the
development of new products and processes (Le®, Zalleret al., 2002; Caloghirowt al., 2003; Lam,
2005). It is unlikely that firms reorient their ezgch agendas due to results from collaboratioh wit
university (Lee, 2000). In particular, the larghe humber of R&D scientists and engineers a firs ha
the less likely the firm is to acknowledge the @msity contribution to the development of new pradu

and processes (Lee 2000).

University researchers are found to participatecatiaboration with firms for accessing production
technologies and getting prototypes manufacturedyell as for getting additional research fundse(Le
2000; Balconi and Laboranti, 2006). Indeed, LeeO@®0shows that university researchers collaborate
with firms mainly to advance and complement thewnaesearch agenda, rather than with the objective
of supporting industrial development, which seem®bé the least of their concerns. In particulagyth
seem mostly driven to secure funds for graduategests and lab equipment, to gain insights intdar the
research, to test the practical application ofrttleory and research, and to get additional fdadgheir
own research. University benefits from collabonatigith industry were found to be strongly corretate
with the early reasons for collaboration as welvith the length of the project (Lee, 2000). Nowanmsity

motivation affects negatively technology transt@oZeman, 1994).

Thus, university and firms seem driven to collat®tay very different reasons. However, the sucoéss
the collaborative university-industry projects dege on permitting both parties to achieve theirccHjme
goals. This requires that achieving ones’ goalssdu# invalidate, but enhance the achievement ef th
other’'s goals (Lee, 2000; Lam 2005; O'Skeeal., 2005; Balcony and Laboranti, 2006). Thus, some

specific aligned motivational axes for universitgustry collaboration need to exist.

2.2. Institutional context of university-industry interaction

The process by which university knowledge gets iptactice is complex, interactive and risky.
Technological and market problems seem to be thgelst risks in the process of bringing university
knowledge into industrial innovations, independehtwhether this process can be characterized as

supply-push or demand-pull (Kline and Rosenber§6i®avitt, 1998).



Moreover, the different incentive frameworks at tm@versity and in industry are widely blamed for
constraining university-industry interaction anakithoutcomes. Shortly and oversimplified, universit
researchers have incentives to concentrate on fiuetal and theoretical research, publishing their
research results, being recognised by their peetsassuring their tenure; while industrial researstare
driven to focus on applicability and appropriatiohthe generated knowledge, on commercially viable
technologies, and on solving technological problébesgupta and David, 1994; Rosenberg and Nelson,
1994). These differences in objectives, incentaed research focus may pose several types of pngble
to knowledge transfer between university and ingudh particular, they restrain the transfer ofioa
research results, especially if firms have low abisee capabilities. Moreover, differences in resba
objectives and incentives reflect into organisalodifferences related to values, priorities, aimet
schedules, which pose further barriers to effectiobaboration and technology transfer (Fekeral.,
2002). Prior experience in working with a universimay decrease the difficulty of acquiring and
assimilating basic knowledge and reduce the expentaf early commercialization (Hadt al., 2001).
Therefore, Fritsch and Lukas (2001, p.309) findt timaintaining one R&D cooperation project with
universities or research institutes necessitataditiadal effort, but maintaining a high number of

collaborations might enhance substitution and sgieation of firms' own research activities.

Furthermore, collective university-industry knowded production and especially the attribution of its
research results may be problematic because itresginding a common agreement on a balanced level
of appropriation by the participating firm and afighic diffusion of results (Foray and Steinmuel2003,
p.84). Therefore, some authors find that the lepseblems of knowledge appropriation between the
partners and the higher the efforts put on learrfiogn different channels, the more likely is the
collaboration to be successful (Hagedoeral., 2000; Caloghiroet al., 2003).

Therefore, differences in the university and indusicentives can create difficulties for the ahgent of

the motivations and research objectives of the amity and the industry. In other words, it miglet b
difficult for both parts to be motivated for commtypes of research. However, besides pursuing their
academic career, university researchers may akdorésvarded by solving puzzles, and technological
insights also provide direction and meaning fordacaic research (Dietz and Bozeman, 2005; Balconi
and Laboranti, 2006). Moreover, the industrial andsersity research worlds seem to become less and
less dissimilar, in particular, from the 1990s,csirthey have been developing flexible organisationa
structures to facilitate knowledge development arathsfer (Lee and Gaertner, 1994; Lam, 2005).
According to Lam (2005), the boundaries betweerwvarmity and industry are increasingly loose and it

becomes difficult to distinguish the roles and ease of industrial and university researchers.



Consequently, university-industry collaboration geadually becoming a market in which academic
researchers and firms bring their own researchdageand for which they are willing to commit timeda
resources. In this market, each party needs tgnés® the objectives and agendas of the other pady
though most of the time these are not formalisex([2000; Lam, 2005).

Given the difficulties inherent to the process dhging inventions into practice as well as in lgiity
university and industrial motivations towards cbbeation, policy measures are now widely present in
developed countries. In particular, to encouragewkedge transfer between university and industry,
policy-makers introduced public sponsoring to dudie@ative research projects, stimulated the
establishment of university's Technology Transfdfic®s (TTOs) and part-time professorships, and
pushed for more active use of university propeights. Several studies have analysed the importance
and impact of such policies in encouraging andifating knowledge transfer (Hadt al., 2001; Colyvas

et al., 2002; Lowe, 2006).

Public research-sponsor grants, which in many casesbecoming more dependent on knowledge
transfer conditions, also seem to support the as@én university-industry collaborative researcag(
and Gaertner, 1994; Laredo, 1995; Bozeman and Gaudt007). Indeed, public research sponsoring
may help bridging university and industry motivasofor collaboration in R&D as well as for engaging
in efficient translation of new scientific advandeso commercially viable technologies and products
(Lee and Gaertner, 1994). Researchers who collentad (public or private) research sponsoring were
found to reveal a greater propensity for indusirigblvement (Bozeman and Gaughan, 2007). Uniwersit
researchers may consider these funds as an opipprfiomcomplementing their research activities and
gaining technological insights for their resear€m the other hand, firms are increasingly thought t
consider collaboration with university as a formgetting public financing for carrying on their easch
agenda (Tether, 2002; Lam, 2005; Balcony and Latipr2006).

In some countries, part-time professorships haes loestitutionalised with specific regulations af®am

of knowledge transfer. Indeed, the exchange ofstigiiand university positions, allowing the expansi

of their social and industrial networks and maketreness, seems to make researchers more preductiv
in developing industrial innovations (Dietz and Bomn, 2005). Moreover, Zucket al. (2002) show
that employment by entrepreneurial start-ups of topversity researchers positively influences the

success of the spin off.



University TTOs are another form of knowledge tfanshat has become increasingly widespread in the
OECD countries. TTOS were conceived to encouragiintdogy transfer to industry and the valorisation
of university knowledge. The wide spread of uniitgr§TOs has been associated with clarification of
university patenting rights as well as with campdig for university entrepreneurship. Despite thet f
that TTOs have generally been achieving their goahcrease pecuniary benefits to the univershg, t
additionality of TTOs in terms of effective techagy transfer to firms is difficult to prove (Bozema
1994; Colyvast al., 2002; Lowe, 2006; Bach and Llerena, 2007).

Finally, studies on the impact of the regulatioruaiversity patenting on the effectiveness of ursitg-
industry knowledge transfer are numerous, but fleeysed mainly on the US context. Colywaisal.
(2002, p.66) argue that the usefulness of uniyepatents and exclusive licenses depends on tleedlyp
invention. In particular, university patents seemrtigularly important to induce firms to develop
‘embryonic’ inventions, but not the adoption of alsh ‘ready-to-use’ innovations. Instead, Lee and
Gaertner (1994) argue that encouraging univerditidscus on the industrial value added, and esfigci
in patenting and licensing, may not assure thandimwill sequentially develop commercial products.
Moreover, Hendersoet al. (1998) find that the importance of university pasedecreased after the mid-
1980s, mainly due to the increase of ‘low-qualityiiversity patents. Additionally, Fellet al. (2002)
argue that the industrial benefits from collabamativith university do not depend on the university'
ability to establish intellectual property rightadaobtain product-specific outcomes. In the long, ru
negative consequences for the quality of univelsiétgic research, and consequently its value aduted f
industry, are expected from directing universityvaéods industrial applied and short term oriented

research as well as encouraging the publicatigraténts (Lee and Gaertner, 1994; Geuna, 2001).

Overall, this review of the literature suggestd thaversity-industry collaborations are set undiffierent
unilateral objectives and motivations, and bothdnigebe, at least partly, addressed and achiewveiihéo
taking off and success of the collaboration. Theeef as Foray and Steinmueller (2003) argue,
university-industry collaboration requires that igiglon of labour and respective organisation ane c
ordination of the knowledge production and disttidnu process are agreed and set, as well as roles f
accessing resources during development, and foroppating and external diffusing knowledge
generated. Most studies in the field have analysddidual aspects related to motivations, barrins
incentives to university-industry collaboration igolation and without considering their impact ¢ t

project organisation and outcome. This paper airbsidging this empirical gap.
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3. Methodology and Data

The goal of this paper is to explore axes of aligntof university and industry motivations for
collaboration, as well as to analyse whether and the content, organisation and outcome of unitersi
industry collaboration differs across the most cammmotivational factors under which industrial and
university researchers cooperate. Moreover, it aingxploring which type of projects set up under
specific motivations are more likely to face certaistitutional barriers or to benefit from somasgrg
institutions. In particular, this paper focus om tlole played by specific Dutch collaborative reska
grants, part-time professorships and PhD agreemestsvell as more generic institutions such as

university patents and TTOs.

For undertake this research, we collected in-depfibrmation on thirty cases of university-industry
collaboration. The unit of analysis in the caselgtis a piece of knowledge developed or co-develagie
university and transferred to one or a group ofigtdal firms. Cases were selected on the bastheof
actual taking place of knowledge transfer, not bamewhether or not this knowledge was (subseqyentl
commercialised. Data were collected by means ¢@radardized protocol that contained many questions
requiring short written answers. These answers wellected by engineering students at MSc level, on

the basis of interviews with those involved in greject (both at firms and at university).

The protocol consists of around 200 questions fogusn the following elements of the process of
knowledge transfer between university and firmsnfisieyet al., 1996; Bozeman, 2000; Bercovitz and
Feldman, 2006):

- The main characteristics of the innovation immgrof disciplinary origin, complementary characitcs,
applications and potential benefits, and potentairs;

- Identification of the origin of the project inrtes of how the innovation relates to previous dtierand
technological knowledge, as well as how and whyidiea emerged and who had the idea;

- The main aspects of design and performance oflévelopment project, in particular who designed,
financed and performed the R&D project, the re&tiole of firms and universities in the design and
performance of R&D, how the project was implementesiwell as the early goals and outcomes of the
project and the major problems experienced durenglbpment;

- The degree and the forms of knowledge transfewd®En university and firms, in particular the forms
used by firms to access, absorb and use that kdgeleas well the major problems during this proaéss
knowledge transfer;

- Impact of the knowledge transfer process on #rdopmance, productivity and research objectives of

firms and of university departments;
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- Identification and characterisation of the rofeother organisations and institutions involvedtlire
process of knowledge development and transfer psp@es well as their relative importance accortiing
firms and university;

- The main characteristics of university researghand their department, in terms of academic edjout
and experience in collaborating with industry, asllvas the motivations to participate in this R&D
project;

- The main characteristics of the participatingiBrin terms of activity, products, market, R&D imséy,

capital origin, motivations to participate in theject, and experience in collaborating with unsites.

The main strategy to identify cases has been &rvmw chairs of some research departments in the
faculties of mechanical engineering, biotechnolademistry, applied physics and electrical engimeer

in two universities of Technology in the Netherlan@&indhoven and Delft). The chairs were asked to
name relevant technology transfer projects, angr@eide contacts to the people involved in the goty
they mentioned. Additionally, we consulted natioelgctronic libraries for PhD theses finished ie st

5 years, we interviewed the directors of the ursitg's TTOs, and we identified professors with ega

number of industrial patents.

The final 30 cases were chosen independently of thiative weight on the population of university
innovations, following some criteria. Given oureasch design, which aims at studying motivationd an
the role of institutions on the process of knowkedmansfer, we wanted a variety of cases across the
following four axes. First, cases should have digedisciplinary origin. Second, cases should show
diversity in terms of the efforts of university afidns on the innovation development (universitijx#dn
research; the firm addresses the university withitlea; results from collaborative project). Thind
wanted some variety between formal and informamfiof knowledge transfer and university-industry
interaction (i.e. we want only some cases in wistetnt-ups or spin offs were created or univers#tepts
have been issued). Fourth, cases should show yami¢erms of the forms of financing and desiga, i.
we wanted some cases financed by the universityV/'STother research sponsors, and others still
financed by firms. Table 1 provides some informatim the variety present on our sample of 30 cases

collected. Out of these 30 projects analysed, omtydid not achieve the expected outcomes, while fo

! Created in 1981, the Technology Foundation STWsimisis to stimulate technical scientific reseaastd its
utilisation, consequently to encourage public gavienowledge transfer by allocating funds to coapee research
between industry and universities. Its main goabibring public and private organisations togeih&y cooperative

research arrangements, which can result in praepgalicable results with patentable value.
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had outcomes above the expected ones. Despitgdbis performance, university researchers evaluate

twenty-six as fully successful projects, and firomdy twenty-one.

(Table 1)

Using information on these thirty case studies, amalyse the motivations for and characteristics of
university-industry interaction in the Netherland$e first stage of our analysis is to standardiee
information from the answers to the questions i photocol into a number of binary variables. This
allows us to compare the cases in a quantitatiye while keeping a set of information that is ricligan
what can be collected in a large-scale survey.ahtiqular, we explore the alignment axes of unikgrs
industry motivations as well as their associatiathvgpecific projects with specific characteristios
terms content, organisation and outcomes. Simjlavly analyse the impact of prevalent institutions o

encouraging or preventing the different alignmed@saof university-industry motivations.

Given the type of data and the limited number o$esbations, we build on results from the non-
parametric Mann-Whitney T-test, correlation coé#fits and cross tabs on the main aspects of tles.cas
Additionally, principal component analysis is ugeddentify the alignment axes of university andrfi
motivations, as well as the role of institutionatifitators in facilitating the different alignmeakes. In
the principal component analysis, we usealychoric correlation matrix to calculate the principal
components, to better account for the fact thatvauwiables are binary. Finally, we conducKaneans
cluster analysis to visualise and understand diffees in objectives, motivations and design of

university-industry projects.

4. Analysing university and industry motivations tocollaborate

In this section, we analyse the motivations of arsity and firms for participating in collaborative
projects, and we relate these motivations to tlgamisational characteristics of the projects. Table
provides information on the frequencies and thegqaric correlation coefficients among industriaba
university motivations for collaboration. Table 3opides a short summary description of these
motivations, along with other variables on vari@aspects of the knowledge transfer process thatbwill

introduced in the discussion and analysis.

[Tables 2 and 3 about here]
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4.1. University motivations

In all thirty cases, university researchers wetergsted in participating in the specific projetbrder to
undertake high-quality scientific research andeémedoping knowledge. Among the more specific reason
we singled out particular motivations for univeysiesearchers (in order of frequency observed én th
thirty cases): (i) obtaining insights into the isthial applicability of previous research, (ii) mtiin
collaborative industrial contacts, (iii) access #&udlditional funding, and (iv) to increase future
(collaborative) research opportunities (Table 2ptivations to collaborate in knowledge development
with industry are not exclusive (the sum of freqeiea of the four university motivations is largaan
30); only the intention of maintenance of collaliiwe contacts seems, to a certain extent, to besE

to other motivations.

Whenuniversity researchers engaged in the project attvated by the prospect to gain insights on the
industrial applicability of research results, this is likely to lead to the development of inntiwas that
substitute existing technologies, rather than legdo technologies that are complementary to ewgsti
ones. This is one of the two variables that meath@@&ature of the innovation projects in our sanfpee
Table 3). Thus, the prospect of industrial appi@atoften leads to the development of new or
significantly more efficient products or procesdemojects in which the applicability motive playsahe

are less likely to apply for competitive public €ling; only six cases out of the sixteen appliedefien
from public research sponsoring (variaBlesearch sponsoring).? Moreover, they are often developed in
an environment of frequent interaction between ersity and industrial researchers, both throughmébr
and informal means (variabl&equency andinformal). They tend to aim at developing applied proof of
concepts as well as to face several technologicdllems during development and adoption (variable
Technical problems). These projects tend to be followed by similaj@cts before a plan for a product or

commercialisation emerges.

When the motivation of university researchers to ja collaborative project with a firm is the
maintenance of collaborativecontacts projectsare more likely to be initiated by firms, e.g.nfis look

for university support for solving technologicaloptems, for product development, or for public
sponsoring. Consequently, these projects focush afte applied research and on the development of
complementary to existing technologies (i.e., lanSabstitute innovation), especially in the engineering

fields. They tend either to lead Research sponsoring, characterised by a lofarequency of interaction

2 In two cases, the university designed the prajedtapplied for STW research funding with industria
partners/users. In two other cases, firms, awatmivkrsity research patents set a research caunsoid benefit

from public financing on the topic.
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during project development (mostly when a part-tipnefessor is involved) or to llaster thesis on a
topic of interest to the firm, usually charactedisey a highFrequency of interaction. University
researchers are more likely to perform all the ireguresearch in the project and to use firm's
infrastructures. Knowledge developed tends to desferred (and used by firms) through prototypek an
interaction during the project rather than througtependent further technological development of
university developed knowledge in firms' labs. Mypselying on public research funds or on universit
resources (i.e. master students), these projeetdeas likely to suffer from finance problemEhese
projects are also less likely to suffer from techhiproblems or from cultural barriers, given the
experience of parts in interacting and often the-giisting personal contacts between the parts.
Publications are less likely to be delayed. Bottigpgend to be willing to engage in future colleaddore

projects.

Projects in whichuniversity researchers participateditance a particular research topicor todevelop
future research (collaborative) opportunitiesare mostly those in which university and firms diot
have previous collaborative research contacts. firne and university often come together through
indirect means, such as publications, conferemquiiy networks, and research networks. They areemo
likely to focus on developing applications for uerisity knowledge previously developed and patented
(variablePrevious university patented knowledge, owned by the university or the firm). Firms arerm
likely to participate in the design, finance andfpemance of R&D. Moreover, during the projectpis
tend to integrate the knowledge developed by usityerthrough technological development
independently from the university (sometimes inreeg). IPR stipulations, assuring that all patelgab
results belong to the firm, are likely to be sethia beginning of such a project. Consequentlyyearsity
researchers need to delay publications to allowdito scrutinize the patenting possibilities of tbgults.

In this context, the different incentives framewsor&f industry and university, in terms of secrecy,
direction of research, applicability, and approfoia may limit knowledge development and transfer.
Still, the commercialisation of new products ocedror has been planned by the end of more tharohalf

these projects (seven, variaklemmercialized or in process).

In projects thauniversity researchers joined fioance a particular research topig participating firms
are more likely to locate further from the univérsioften in a different country, and to have geeat
technical and research capabilities. In particwar have two cases with an industrial partner im@ey
and one with a partner in the US. Knowledge transfenainly done through formal interaction (low on

variablelnformal) and through the firm's in-house technologicaledepment. Severtechnical problems

% Only two cases out of the fifteen cases were pewd with great share of industrial funds.
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in scaling up and making industrial applicationsoientific knowledge are often experienced. OuEsm
are more likely to affect the research objectivégarticipating firms than outcomes from projects

without this university motivation.

Projects, in which university researchers collatoravith firms to develop future research
(collaborative) opportunities, are often focused on innovations that supportdigsign of systems and
products. Knowledge transfer relies mostly on firmshouse technological development, and on tlee us
of specialised subcontractors (producing componengoftware, according to specifications) to suppo
the translation of the research results producédeatiniversity into technological knowledge. Theact

of these projects on the research objectives otitineersity researchers tends to be smaller thashar

projects where this motivation is not present.

4.2. Industrial motivations

We also identify four main industry motivations fims to propose or engage in collaboration with
university (Table 2): (i) support for product demginent (the most important motivation), followed by
(i) the desire to access public research spongofiii) to get support in solving technologicabpiems,
and (iv) the motivation also to explore a good aeske opportunity. Similar as university motivatipns
industrial motivations for collaboration are notckisive. Still, the industrial motivation of acciegs a
research opportunity seems opposite to the mativatio resolve technological problems or to obtain

support in their product development projects.

When gettingsupport to product developmentis the motivation of the firm to propose or joimet
project, it aims mainly at using university knowded expertise and facilities. Knowledge transfedse
to occur at the end of the project, especially ugto labour mobility, as well as formal and informal
meetings. Firms are likely to participate in thesiga and sometimes on the performance of the redsear
work, to a lesser extent when part-time professotsited the projects. Whepart-time researchers are
involved, these projects are more likely to appmy rfesearch sponsoring, in particular forSTW funds,
than to be financed by the firm or to be perforndMaster students. The four projects aimed at
supporting product development and implemented byMaster students, all accomplished their

development objectives by the end, and two of thex$¢o further collaboration.
When solvingtechnological problemsis the motivation of the firm to enter into theojact, the

development of products or methods tend to be eagobls of the project. These projects tend to be

developed and performed in a context of frequemeugity-firm interaction through both formal and
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informal means. Participating firms tend to locetéhe Netherlands, so the average distance islamal
than in projects not motivated by firms' technotadjiproblems. Firm's infrastructures are more Yikel

be used in these projects. In four cases, knowlddgesfer involved the employment of university
researchers engaged in the project. Knowledge oe®dl during these projects is likely to lead to

commercialisation or plans for commercialisation of new products.

To access public sponsorings often the motivation of firms to join or to pase a collaborative
research project on complementary to existing telcgies (low orSubstitute innovation). These projects
tend to be proposed by firms or pgrt-time researchers. Eight of these fifteen projects relied on prewou
research results. They tend to be implementeBhy students, in a context of scarce interaction @ow
frequency) and often do not encountechnical problems. Knowledge transfer tends to be done through
reports, prototypes and testing (undertaken byttreersity or the firm). Participating firms frequéy do

not have their own R&D lab. The technological omes of the project often allow firms improving
processes rather than developing new or more @fifiggroducts. By the end of the project, both pars

often willing to engage in future collaborative jercis.

Research opportunity is the motivation of firms that participate in profs, set and designed by the
university, aimed at developing proof of concemther than developed/crafted technologies. These
projects often benefit from publiesearch sponsoring, and mostly likely, they would not be developed
without it. Only two of these six projects were foemed without public financing. Compared with
projects without this industrial motivation, thenfi tends to locate further from the university, @his
reasonable because the firm is more interestediimgtaware of the new knowledge developments than t
get concrete immediate benefits from the projedteif research outcomes are likely to lead to the
reorientation of the R&D objectives of firms, bubtnto an immediate sales increase. University

researchers tend to benefit highly in terms of jalibns.

In sum, there is not a one-to-one match betweemaheexcusive motivations of university and firms t
collaborate for R&D. Still, axes for alignment dieir motivations towards the setting up of collattive
project with specific characteristics seem to exisiis issue will be further analysed in Sectiorbé&fore

we analyse the institutional context of universitgtustry interaction.
5. Institutional facilitators and barriers to university-industry collaboration

In this section, we analyse in depth the instindiofacilitators and potential barriers for the qgass of

knowledge transfer between university and firmsbl&al provides information on the number of cases
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that observed barriers to knowledge transfer oefie from institutionalised facilitators as wal the

correlation coefficients among these variables.

[Table 4 about here]

5.1 Barriers

Market dynamics

Projects that suffer from market problems, likeaakl of customers, competition in the form of a
technology race, or a change of market stratedgefndustrial partner, are more likely to concatarin
projects that suppogroduct development. Firms tend to design and perform R&D in thesgemts, and
test prototypes developed with the help of the ensity. The overall evaluation is not as good agtliver
projects because participants fell diluted by thet fthat further innovation development and/or its
effective commercialisation was obstructed by clearig markets rather than to technical problemi, St
these projects are likely to produce relevant tedolfeed further research at the university aadl lto a
large number of publications. Market dynamics, andsequently the change of the market strategy of
firms affected four cases. In two of these casesblpms are also/instead attributed to the bad

management of firms.

Technical problems in knowledge development and agtion

In twelve cases, technical difficulties in knowleddevelopment as well as in making industrial use o
scientific knowledge, e.g., scaling up universigmples, applying knowledge to specific materials, o
developing a user-friendly product, needed to beranme. Great technical problems are more likely to
occur in projects aimed at developisgpstitute to existing technologies, based on previous rekear
results, especially on university-patented know#eddechnical problems often occur in projects
implemented in a context of frequent, even thatetomes formal, university-industry interaction. g
are likely to perform research and test proof aficepts/ prototypes developed by/with the university
Effective knowledge transfer tends to require ursitg advice, involvement of industrial research
institutes to help with scaling up and on the depeient of technological knowledge from scientific
results, as well as through in-house technologiegklopment. These projects tend to develop addance

product prototypés and they tend to be evaluated as successful thyfioms and universities. Technical

* Examples: decision-making system software, soldis dased on photovoltaic foil manufacturing téqbe,

white-light Led products, fully integrated in-lim®lar cell manufacturing machine for high rate ddéjan, method

18



problems are less likely to occur in projects themefited from public research sponsoring, in paldr
from STW. Technical problems occur mostly in longesjects which suffer also from financial problems

to continue the research agenda.

Cultural differences

In six cases, university and industry find thatithdifferent attitude towards knowledge sharing,
appropriability, and applicability create problefos the development and transfer of knowledge wwithi
the project. These differences may lead to thestd partner withdrawing (or loss of interesttire
project)’ In these projects, firms and universities tendntd have previous common collaborative
experience, and they come together for collabanatiwough indirect means, often in projects based o
university-patented knowledge. Both the univeraitg the firm are involved in the performance or R&D
University-industry interaction is often frequenttiformal, and non-participating firms are les®hkto
use knowledge developed in these projects. Uniyersiblications are delayed so that firms can
scrutinise their potential for patenting. When cangol with projects in which cultural differences aot
reported as problematic, these projects involverofinultinationals and firms located far from the
university, except for two cas@sMoreover, university researchers tend to be legzerenced in
collaboration than in other projects. Evaluatiomdi®to be less positive than in other projects, usully

there is no willingness to engage in further callative projects.

In sum, technical problems seem inherent of R&Djgmts that led to the development of advanced

prototypes or products using substitute to existieghnologies, through high university-industry

to measure cardiovascular indicators, a medicaldrdmgnostic test of drugs of abuse in oral fluagll line
technology, and the maskless lithography technology

® For example, in one case, the leading firm foundudastitute firm for taking over the development and
commercialisation of the product as well as itsladmrative arrangements. In another case, the ¥ilas less
successful in finding a substitute, and the licegsagreement was suspended. In a third case,rthedécided to
stop the collaborative and licensing agreement \ligh joint-venture spin-off (between former univgrsand
industrial researchers), after having tried to bay integrate the spin-off, but internal disputesud the ownership
of spin-off prevented it.

®In one case, the leader industrial research cetirefore the end of the project and the substitués an
operational-oriented person not interested on tbgept. The other case, despite the departmentirgxisontact, the

involved university researcher had not previouseemce with the firm.
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interaction. Market dynamics influence negativdlg fidoption and use of applied innovation developed
by university and industry, especially when theoivattion was successfully developed with relativiely

(i.e. normal level) technical problems. Barriersktiowledge development and transfer caused by their
different organisational incentives and objectifrasneworks seem associated with the fact that tvase

no previous common collaborative experience. Moeeothey are more often when the industrial partner
is a large multinational following strict secreaytas and being located far from the university (sbmes

in other countries). These barriers may also defigen the relatively little experience of univeysit
researchers in managing industrial collaboratiom] & realising the particular research needs and
objectives of the firm, or from the little absormicapabilities of the participating firm combinedth

operational rather than strategic priorities.

5.2. Institutional Facilitators

R&D financing

Sixteen projects benefited from pubiiesearch sponsoring, but in thirteen of them industrial funds also
financed the project. Most university-industry i that benefit from public R&D sponsoring, might
have not been undertaken without it. Firms are lésdy to participate actively in the design and
performance of R&D, and university-industry intdiac tends to be less frequent than in nhon-spoxsore
projects. Knowledge transfer is usually done thioteports and prototypes, and it often leads togptar
the technological development and commercialisatibnew products using complementary to existing
technologies. These publicly sponsored projectsliysallow for university researchers to producengna
publications. University researchers engage inethpgejects to maintain collaborative contacts dody
lesser extent when part-time professors are thiatimis of the project, to get insights on the aatdility

of their previous research results.

Dutch research sponsors provide an organisatiowhirdgeraction framework for the university-indystr
collaborative projects. In particular, this frametvdor the projects sponsored ISTW includes the
requirement that each project sets up a user caeeniised to report results and get technical fedb
and direction for research projects. Other firns liely to join the project, after the project begng.’
Moreover, a minimum frequency for interaction and feporting results within this committee tends to

be defined. Additionally, STW and the Dutch resbhaoouncil have specific procedures to analyse

"It is noteworthy to refer to one case in whichimaustrial researcher, involved in the user coneritbf another
project financed by the Dutch Polymer Institute [Rvas informed about this project's results aoitigd it as
provider of feedback and research direction. Shanfirm decided to participate in the researchepiathe results
and work for adoption of the innovation. DPI prdfeare financed for ca. 50% by the Ministry of Eoonic Affairs,

ca. 25% by the DPI industrial partners and for26& by the knowledge institute itself.
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patentability of the research results, as welloaattribute and negotiate property rights of thewedge
generated within the project. The most common isutbat the ownership of generated patentableteesul

belongs to the research councils and the facuitiedved in the project.

Part-time professorships

In seven cases, part-time university researchersaolved in setting up the collaborative projant in
the process of knowledge development and tranBfejects involving part-time professors are madke li
to benefit from public research sponsoring, inipalar from STW, and being implemented through PhD
theses. They are mainly set to suppwadduct development or technological problems faced by firms.
Firms involved in these projects are national nathen multinationals, often without an R&D lab.tRer
than only ‘proof-of-concept’, these projects arkely to lead to the development of new methods,
knowledge, and software, which are mainly transfémo firms through prototypes and labour mobility.
The different incentive frameworks at the universind the firm are less likely to be work as a iearto
knowledge transfer. Consequently, the knowledgeeldged is more likely to be absorbed and
commercialised than in projects without part-timrefessors’ involvement. With outputs matching the
early goals of the project, the involvement of game professors seems to affect positively theraive

successful evaluation of the project.

University Technological Transfer Offices

In seven cases, university TTOs or licensing offisdervened in the project. In particular, TTOsave
involved when university researchers were confrdntith the need to set up a spin-off, or to apply t
management and training subsidies (this might edrie among the oldest projects, as university§TO
are relative young). Additionally, university TTQgere involved when university researchers needed
help in assessing the patentability of some smesdientific result or in setting up a licensingesgment.

In particular, the involvement of university TTOgesns more likely in projects that developed
innovations that potentially benefit firms in othadustries than those of the participating firnnsunen
innovations are still embryonic and industrial pars are not easily identified by the university
researchers. Thus, the main role of these offiset iadvise and coach university researchers about
management of their knowledge assets after devednpof a scientific result or before their involvemnt

with industry.
University-patented knowledge as input of universit-industry collaboration

In five cases, projects are designed and built atergs based on university-developed knowledge (two

owned by firms). University researchers are likelyevaluate these projects as risky mainly duéhéo t
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high commercial and profitability expectation, atoedthe fact that their university departments seido
have previous experience with that firm. Universityd firm come together for collaboration mainly
through indirect contacts to develggbstitute to existing technologies. The firm is more likédyperform
R&D independently from the university, and to ewforrules for delaying university publications.
Knowledge transfer is mainly done through technigi@gdevelopment at the firm, as well as through
university advice and feedback on its developmeRtsjects that build on previous patents based on
university knowledge are more likely to suffer seveechnical problems, as well as problems relsded
withdrawn of partners, finance and management, innsbme cases personal conflicts. The different
organisational incentives and objectives framewadriniversity and industry may create difficultiesd
consequently, often both parts are not willing t@age in future collaboration. Projects outcomes ar
also likely to be patented by firms. Non-participgtfirms are less likely to absorb or use knowkdg

developed in these projects.

One of the most caricaturical project is the onevinich the firm, located in Germany, came acrogs th
university’s research work at a conference. Intedeén exploring some industrial applications ofsl
new concepts and in tapping on the promising kndgdeadvances, the firm proposed a two plus two
years development ‘collaborative project’ paid bg firm and a research institute, and the firm mtat
immediately these early university results. Frombleginning of the project, the university was utng
constant feedback on research results, and ittedsed for a week some of firms' researchers.firhe
instead avoided giving feedback of the testing apglications done at home, especially after the fir
year. Before the second year, other patents weblished, but the firm cancelled the collaborative
contract. The senior university researcher leadatat that the firm had created a new R&D lab that
allowed it to reproduce the university’s scientifiesearch work and proof of concepts as well as to
proceed with the development of a new product. ehsity researchers felt that they have been abused,
they kept providing information and knowledge, niag firm's researchers, giving their knowledgéo
patented, and the firm just did not retribute ity aray. Internal conflicts at the university emergedi

the project was about to be cancelled, but it coetil thanks to the efforts of the researchers weeband

to alternative funding sources. Publications anel tesearch work done during this 4-years project

brought prestige and many new potential collabeegbirojects for the researchers involved.

In sum, both public research sponsoring and pawe-tiprofessorships, in general, lead to less
problematical projects, backing up technologicated@ment under existing technological frameworks,
and often to the use of established collaboratbrgacts. In particular, collaborative research spang

shows a low degree of additionality. Moreover, sitbeneficial to university researchers that usually
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engage on relevant and good quality research alitptions, as well as for firms that often cannpihe
development and commercialisation of a product dasethe proof of concepts or prototypes developed
in the project. Part-time professorships facilitdbe transfer and commercialisation of university
knowledge customised to firms' product developneeR&D plans.

University-patented knowledge instead often leadti¢ beginning of new collaborative contacts, aff w
as to development of substitutive to existing tetbgies. It usually succeeds in developing advanced
prototypes and to plans for product commercialisatihey tend also to attract technical difficudtiend
barriers created by the different university andlustry incentives frameworks, often leading to
withdrawn of partners or personal conflicts. Prtgeimed at exploring practical applications ofvpras
university patented knowledge would benefit gre&tbm the participation of part-time professor, who
could make the bridge between industrial and usityeresearch organisations. Finally, universityOsT
support the use of formal mechanisms of knowledgeaster, and provide counselling to university
researchers on patentability and business settimjversity researchers tend to consider their role

important, but limited to the formal aspects oenaiction with industry.

6. Motivational axes and Institutional context

6.1. Axes of university-industry alignment

For better identifying the axes of alignment ofuamsity-industry motivations as well as their ingfional

and organisational context, a principal componemlysis is run. Besides variables related to the
motivations of university and industry researchierengage into the collaborative project, we inelud
variables related to the facilitators and barrisysknowledge transfer of that project, the forms of
project's implementation, the characteristics ofnawation developed in the project, and the
characteristics of university-industry interactigduring the project. We selected five factors, with
eigenvalues greater than 2 and explaining arourtd @0 the observed variance. The reported factor
loadings are rotated by the oblique method. We damu factor loadings whose absolute value is >0.4
(Hair et al., 2005).

[Table 5 about here]

The first factor recognizes two opposite axes ajnahent of motivations: exploring applicability of
university research (by universities, with a stigngositive loading) on the one hand, and accessing
public research sponsoring and product developrtioth for industry) and maintaining collaborative

contacts (by universities) on the other hand (lvath strongly negative loadings). The opposite sigh
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the loadings of these variables imply a trade-efiAeen these sets of objectives. For this reasergaly
this theacademic goals vs. product development trade off &x This label brings out the finding that
the motivations of industry and university are ogifmalong this axis. Technical problems are a comm
barrier along this axiéacademic goal), and substitute innovations are often the reanld, spin-offs occur
relatively frequently. Part-time researchers, regeaponsoring and STW are often absent as irietitait

facilitators.

Factor 2 again maps along two opposite motivatiemas, i.e., it also represents a trade off ofgaad
incentives. In this case, the primary trade offeéween motivations in the business domain, ietwéen
research opportunities recognized by firms, andlifumn opportunities by universities on the one hand
(strongly positive loading), and on the other h&negative loadings) product development and solving
technological problems (motivations experiencethdustry) and maintaining collaborative contacts (i
universities). Thus, within the set of industry naations, this factor seems to point to a tradebetiveen
long-run motivations (exploring research opportiesit and shorter-run objectives (developing pragluct
and solving concrete technical problems. This iy wie label this factor théong-run vs. short-run
industry trade off axis. Along this axis long-run), we find a rather formal mode of knowledge transf
(strongly negative loading dmformal). Projects often take the form of PhD (but not Mfwjects, and

again lead to spin-offs.

The third factor is most aptly characterised byvjmasly existing IPRs on university research as an
institutional facilitator, as well as licensing dodconsultancy contracts. We call this tR&R axis. The
main motivational factor associated with this aiés for universities to explore future research
opportunities. Thus, it emerges that universities PR to ensure that they keep access to a radecc

also in the future. Cultural differences are atapartant in this factor.

Factor 4 identifies itself as not very prolific ap industry or university motivations (there are no
particularly positive or negative loadings in thddecks). Instead, this factor is characterisedtmy
involvement of STW as an institutional facilitatetyong results in terms of actual commercialisgtand
PhD thesis and spin-offs. This factor also loadghhand positive on previously existing IPRs and
licensing/consultancy, which is in line with theostg focus by STW on IPRs. We label this asdlose
to market/STW axis, which brings out the notion that projects supgdiy STW are strongly aimed at

commercialisation and user involvement.
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The last factor is the only one that aligns an §tduand university motivation in the same direct{oe.,
both with positive loadings). The two motivationse aresearch opportunities (in industry) and
applicability (in university). It thus seems thaese are highly applied R&D projects, which, initidd,

are characterised by absence of market-relatetbtsmrvWe label this factor thepplied research axis

Overall, the results show that industry and unitgmotivations are aligned in particular combioais.
Usually, these combinations involve a trade-of,,ithey describe how motivations of one kind (in
university/industry) do not go well with motivatisrof another kind (in industry/university). The mos
dominant of these trade-offs, i.e., our first pnyat component, is that the university motivatioh o
searching for applications of basic research detgo well with a product development motivation in
industry, the desire in industry to look for R&Dniding, and the desire in university to maintain
collaborative networks. The other main trade-o#fttive find is internal to industry and concerngquts
with a short-run horizon vs. long-run horizon. Thesticular trade-off also involves universitieskag

for funds, which is well matched with a long-rumirstry perspective.

There is one particularly strong case where matimatin industry and university align in a positsense,
and this is the applied R&D factor (which is thadeimportant of our five factors in terms of expiag
variance). Finally, we find that IPRs play an impat role in two of the factors. In one factor thelate
mostly to the university motivation to access fatuesearch opportunities (elaborations of patebéeit
knowledge), while in the other they seem to be @ated with a strong emphasis of the research dounc
STW on IPRs.

6.2 A Typology of university-industry projects

These principal components are like ingredients antnenu of actual knowledge transfer projects.eNon
of the thirty cases in our sample is described aatedy by only a single of the five factors. Thtise
factors are analytical tools that are useful ierpteting which separate processes are going drithéy

do not help in terms of drawing up a typology ofe&s To visualise and understand how differences in
objectives, motivations and design of universitgtistry projects characterise the cases, we nowuset

to construct such a typology.

K-means cluster analysis is our main analytical. tbhis was run using data of all 24 variables thate
also used in the factor analysis. The results stggat the best typology of university-industrgjects

should be based on four clusté&s.summary of the results is shown in Table 6. Fégula — 1d present

8 Four clusters maximize the number of variables aa significantly different across clusters.
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the summary profile of the clusters in terms offifie principal components that were extracted abdav
order to construct these figures, the average rfatores in a cluster were calculated and plotted i
radar plot. Factor scores were calculated usingBtdrtlett method, and were standardised. Therefore,
positive (negative) value indicates a higher (Igwban average score, relative to the sample ofythi

cases.

[Table 6 about here]

[Figures 1la-1d about here]

We refer to the first cluster, which contains thegkest number of cases, 11Spsnsored Projects. In fact,

all cases in this cluster have research fundinthivgl parties. This cluster also contains 6 of@heases in
which the funding agency STW was involved.terms of the motivational space as representdtia
principal component analysis, this cluster is diedusiness-driven (product development), as well as
close to market/STW. The average factor score in these dimensiongeséive, while it is strongly
negative for the university driven R&D dimensiorhel main motivation for university researchers to
participate in projects in this cluster is to maintcollaborative contacts (8 out 11 cases) and/dind
funding (10 out of 11 cases). Interestingly, of total 11 cases where university researchers were
motivated to participate in the project for accestunding, 10 are found in this cluster. Thus, thester

seems to capture almost exclusively those casee\itneding motivates university researchers.

The projects in the second largest cluster (3)) ®itases, are all characterised by universityarebers
being motivated by searching for applications d@irttbasic research. None of the firm motivations ar
strong in this cluster, but results of these pitsjgend to be commercialised. In terms of the oeic
component axes, this cluster has a broad suppamiversity driven R&D, applied R&D andclose to
market/STW. We label it as theniversity-driven cluster. This cluster is otherwise characterisgd bigh

frequency of technological problems as a barriesuttcess (7 of the 9 cases).

The other two clusters are much smaller (the twgelst clusters contain 20 out of the total 30 dases
although — because our sample of cases did notoaire representative — cluster size is not an atidio
of importance. Cluster 2 has six cases, and hasbauelatively large variety of motivations in both
industry and university. It has a base in #mert-term business-driven, university-driven (product
development) and applied R&D principal components. Theggojects are usually implemented through
Master theses and focus on researching and demglopibstitute to existing technologies, in an

environment of intense formal and informal univgréindustry interaction. We label dsdustrial
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projects as the main objective is to support technologjmablems of industrial product development

projects

Cluster 4 (four cases) is the only one that hasan@ basis in théPR principal component, but also in
the long-term business driven and university driven axes. Given the importance of previous patented
university-knowledge and university motivations @ssure funds to undertake their research and to
increase their network of research and industaainers, we label this cluster @sntracted. This cluster

is characterised by a high frequency of technobligaad cultural problems as barriers to success.

7. Conclusions

This paper has aimed at exploring how university andustry motivations come together into
collaborative projects with specific organisatioaad institutional characteristics. We addressedeh
issues by analysing thirty case studies of sucekksbwledge transfer between university and ingist

in the Netherlands.

This analysis confirmed that university and induydtave quite different motivations to participate i
collaborative projects. Moreover, it appears thatipular combinations of motivational factors amere
frequent than others, and that there are tradehoffigsotivational space. The most dominant tradettudt
we found is between university researchers beitagasted in finding applications for their basisaarch
results, and industry being motivated by productettigpment. Although these two motivations do not
seem to be contradictopyima facie, our principal component analysis shows that @38 cases that we
explore, they do tend not to occur together. Irdst@dhere firms are motivated by product development
university researchers seem much more willing io g project in order to maintain a collaborative
network. We find one instance where firm and ursitgrmotivations are well aligned, and this is e t
field of applied R&D, when university researchers eotivated by applicability, and firms by resdarc
opportunities in newly discovered technologies lfaiit an immediate market target).

Specifically with regard to IPRs, we find that prcis that are facilitated by the pre-existenceP&t bn
university inventions, are usually characterisedibiversity researchers motivated to open up (lamg-
future research opportunities. Thus, from the poinview of the university researcher, the pecyniar
aspects of IPRs seem to be less important thanitheact to explore future research agendas.

In our typology of knowledge transfer projects, fivel two main clusters or archetypes of projectaeO
is a group of projects that is strongly influengeelxternal funding opportunities, i.e., by policgasures

(like in the current Dutch case, the research fugpdigency STW). This group of project appears are
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strongly business driven (exploring research opymities or close to market research), rather thathée
research agenda of university researchers. Uniyenessearchers participate in these projects mamly
maintain a collaborative network, and to accesslifighopportunities.

The second type of projects that we find has a nmohder motivational based in industry and unitgrs
and combines university driven and business drivativations. These projects are also sometimes
sponsored by policy initiatives (STW), but theipdadence on external funding is less strong thahen
first group. It is interesting to note that IPRsmat play a major role in these two large groupsereas
they do play a role in a smaller cluster in ourlgsia. It thus seems that IPRs are often not ahary

importance in the university-industry knowledgenstr process, except in a number of special cases.

This paper also provides some policy implications.

Our evidence suggests that the type of projectsdig@end most on external funding are charactebged
a peculiar motivational pattern that is stronglgdad to the industry side. It is hard to estabiiisiv this
influences the outcome of these projects, and filmerene can only speculate about the impact of the
specific motivational pattern on the effectivenesghe policy. The result does tell us that it nieeygood

for policy-makers to pay more attention to the #jetactors that may motivate university researshe
participate in their projects, as this is the grthet in our analysis comes out with the weakeadttitisic”
motivation in the sponsored projects group.

The analysis also yields insights into the effemiess of IPRs in knowledge transfer, which is an
important topic in policy discussions. It was fouttdht projects that focus on developing university-
patented knowledge are likely to face several mamalgand confrontational problems, on which
university researchers need to lose much of tliie in other issues than on research or education.
Moreover, it appears as unlikely that the firm cbhhve started without the university the develapime
of a project that depends strongly on IPRs, as tieed to learn how to master it before being ablese
(and commercialise) it. Thus, in the Netherlandfares to increase university patenting may afféet
financing of universities, but not significantlyetimtensity of university-industry interaction.

More specifically concerning public research spoimgp our evidence suggests that there is a lowegeg
of additionality, especially when part-time professare involved. Dutch Research foundations need t
be aware of this and try to target (and controfhare of projects with a high (i.e. developing Hert
knowledge in potential industrial interesting areasd exploring industrial applicability of univéys
results) and those with a relative lower degreeaddlitionality (i.e. development of new complex
products).

Part-time professorships seem good bridges of tsityeand industry environments and perspectives;

consequently, they facilitate university-industrgokvledge transfer. Still, as they enhance alignment
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towards projects on complementary to existing tetdgies and resolution of industrial problems, top
scientific university might want to have some bot many of these part-time professors. Finally, our
results suggest that collaborative Master thesigpdtentially a stronger instrument in promoting
university-industry interaction than policy-makeesnd believe. Master theses facilitate the motvei
alignment for developing pre-feasibility studies iaflustrial applicability, as well as for suppogin

product development or for solving industrial teclogical problems.
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Table 1. Some information on the cases of collabdiae projects chosen

N. Cases

Biomechanics 2

Biology/ Medicine 4

Lo Chemical/ Materials 3

Disciplinary - -

Applied Physics 8

Electrical engineering 7

Mechanical engineering 7

University 13

Firm 11

Previous / On-going collaboration 11

Origin of project | Involving part-time professors 7
attributed to Involving former ind. Researchers 6
Based on previous patents 13

of which univ. patented knowledge 5 (3 university
owned)
Finance of R&D Research sponso.ring (STW) 16 (8)

collaborative project! of which without other source 3
Firm 9

University 2
Outputs Patents output 16
Spin offs 7
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Table 2. Industrial and University Motivations to collaborate

L Future Financing| Maintain | Product | Technolog| Access to| Research
Applicabil | research ; : .
; .| research| collab. |developmeg ical public | opportunit
ity opportunit . .
ies topic contacts nt problem | sponsoring y
Applicability 1
Future
Univ. research -0,07 1
Motiy |OPPortunities
ations | Financing
research 0,03 0,32 1
topic
Maintain
collab. -0,59* -0,45 -0,53* 1
contacts
Product .
development -0,21 -0,23 -0,11 0,50 1
Ind. | Technologica N
Motiv | I problem 0,05 0,26 -0,34 0,78 0,36 1
ations | Access
public -0,76* -0,41 -0,01 0,53* 0,53* -0,08 1
sponsoring
Research . . "
opportunity 0,24 0,00 0,52 -0,30 -0,60 -0,99 -0,41 1
Total 16 10 11 15 15 9 11 6

Note: *Significant at least at 10%
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Table 3. Explanation

of variables used in the ana$js

Variable | Description

Variable groupgJniversity motivations

Applicability The university researcher is inteesbt in developing industria
applications of previously developed (basic) knalgle

Future research The university researcher is interested in obtgirknowledge that wil

opportunities open up new research avenues

Financing  researchThe university researcher is interested accesgidgianal funding for

topics undertaking research

Maintain The university researcher is interested in buildamgl maintaining a

collaborative contactg

network of industrial contacts that will enhancer lieputation ang
performance as a researcher

Variable grougdndustri

al motivations

Product development

Industry is interested in developing specific neaduicts or services

Technological problen

Industry wants to solve a specific technologicallgem encountered i
commercial practice

Access to public
sponsoring

Industry is interested in obtaining additional fimglto achieve its R&D
agenda.

Research opportunity

Industry is interested in exploring technologieatthre judged to hayv
future commercial potential

0]

Variable grougdnstituti

onal facilitators

Part-time researchers

The project was facilitated by the participatiorr@$earchers with a par
time appointment in industry and part-time appogtitrin university

Univ. TTO

The university TTO was significantly involved initiating and/or
managing the project

Previous univ. patente
knowledge

dThe project involved the application of universitgowledge that wa
previously patented by the university (researchers)

UJ

Research Sponsoring

The project received funds from a third party

STW

The project was carried out as part of a prograrofngie Technology
Foundation STW , and was funded by STW

Variable grouBarriers

Market dynamics

affected the project in a negative way (e.g., latkustomers or stron
competition)

Developments in the market in whiad industrial participant operated

Technical problems

The project encountered sevecénical problems in implementir
technological principles

g

Cultural differences

The project suffered from asatignment of the cultures in univers
and industry

ty

Variable grouplype of

innovation

Substitute innovation

The innovation resulting fradhe project substitutes for an existi
technology (used by the firm or by others in itgkets)

Commercialized or irf

The project led to a technology that has actuatlgrbcommercialized a@

=

process is in the process of being commercialized

Variable grougdnteraction during the project

Frequency Interactions occurred often versus ocnaly

Informal Interactions often had an only a formatuna(0) some informality (1)

high informality (2)

Variable groupProject

implementation

PhD thesis

| An important part of the project leéBhD thesis
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Master

An important part of the project led to aBdvthesis

Licensing/consultanc

y The project involved a licensing and/or consultacogtract

Spin off

The project involved or led to the creatiof a spin-off company thg

18

employs university researchers
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Table 4. Barriers and Facilitators of University-Industry Collaboration

Previous
Market | Technical| Cultural Part-time | Research STW Univ. univ.
dynamics| problems| differences| researchers Sponsoring TTO | patented
knowledge
Market
. 1
dynamics
Barriers Technical -0,25 1
problems
Cultural 0,11 0,19 1
differences
Part-time 004 | 053 | 000 1
researchers
Research
. -0,05 -0,67* -0,35 0,62* 1
Institutio | SpPonsoring
nal STW 0 -0,99* -0,23 0,60* 0 1
Facilitato _
rs Univ. TTO 0,04 0,33 -0,16 -0,24 -0,46 -0,31 1
Previous univ
patented 0,20 0,64* 0,71* 0,00 -0,22 0 -0,07 1
knowledge
Total 4 12 6 7 16 8 7 5

Note: *Significant at least at 10%
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Table 5. Factor loadings of university and industral motivations with institutional facilitator and

barriers to university-industry collaboration

1 2 3 4 5
Industrial Product development -0.48 -0.51 0.29 -0.17 -0.39
Motivations | Technological problem -0.20 -0.83 0.25 0.26 -0.15
Access to public sponsoring -0.85 -0.02 -0.07 -0.13 -0.26
Research opportunity -0.07 0.60 0.17 0.16 0.91
University Applicability 0.59 -0.21 0.17 0.24 0.51
Motivations | Future research opportunities  0.11 -0.08 0.63 0.01 0.01
Financing research topic 0.07 0.48 0.35 0.11 -0.08
Maintain collab. contacts -0.89 -0.80 0.34 -0.02 -0.03
Institutional | Part-time researchers -0.57 -0.32 0.15 0.33 -0.01
Facilitators Univ. TTO 0.37 -0.08 -0.18 -0.19 0.01
Previous univ. patented
knowledge P 0.00 -0.15 | 0.91 0.44 | 0.20
Research Sponsoring -0.53 0.46 -0.21 0.12 0.05
STW -0.60 -0.05 0.13 0.50 0.20
Barriers Market dynamics -0.16 -0.16 0.05 -0.32| -0.88
Technical problems 0.87 0.27 0.03 0.10 0.04
Cultural differences 0.18 0.30 0.44 -0.07 -0.20
Type of Substitute innov. 0.89 0.07 -0.25 0.21 -0.05
innovation Commercialized or in process 0.14 0.02 0.19 0.89 0.26
Interaction Frequency 0.38 -0.37 0.24 -0.20 -0.15
during the
projegt Informal 0.36 -0.56 -0.06 0.10 0.23
Project’ PhD thesis 0.07 0.66 -0.16 0.59 -0.14
implementati | Master 0.34 -0.61 | -0.07 0.06 -0.11
on Licensing/consultancy 0.00 -0.15 0.91 0.44 0.20
Spin off 0.71 0.51 -0.19 0.82 -0.03
Cronbach' Alpha 0.83 0.73 0.82 0.47 0.49
% var 24% 19% 11% 9% 7%
Cum 24% 43% 54% 63% 70%
Eigenvalues 7,17 5,65 3,39 2,69 2,05

Note 1: 30 Observations

Note 2: Extraction Method- Principal Component Asséd; Rotation Method — Oblique

Note 3: factor loadings with absolute value >=i@.50ld
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Table 6. Results of Cluster Analysis

Sponsored| Industrial Explorative| Contracted
Industrial Product development 1 1 0 1
Motivations Technological problem 0 1 0 0
Access to public sponsoring 1 0 0 0
Research opportunity 0 0 0 1
University Applicability 0 1 1 1
Motivations Future research opportunities 0 1 0 1
Financing research topic 0 0 0 1
Maintain collab. contacts 1 1 0 0
Institutional Part-time researchers 0 0 0 0
Facilitators iy 170 0 0 0 0
Previous univ. patented knowledge 0 0 0
Research Sponsoring 1 0 0 0
STW 1 0 0 0
Barriers Market dynamics 0 0 0 0
Technical problems 0 0 1 1
Cultural differences 0 0 0 1
Type of Substitute innov. 0 1 1 1
Innovation Commercialized or in process 1 0 1 1
Interaction Freguency 0 1 1 1
during the
project Informal 0 1 1 0
Project | pPnD thesis 1 0 1 1
implementation Master 0 1 0 0
Licensing/consultancy 0 0 0 1
Spin off 0 0 0 0
Number of cases 11 6 9 4
Applicability rather than access
sponsors -.987 377 .593 711
Developing new industrial relevant
knowledge .379 -.93 -.169 914
Valorising into prod development .143 .383 -.929 .937
Support industrial technological
problems -.106 142 .06 -.075
Applicability -.317 445 .253 -.351

Note: 30 cases. The five variablpart-time professor, market-related problems, TTOs, spin-offs, and product
commercialised or in process of being commercialised do not differ significantly across the 4 groupsadjects
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Graph 1. Motivational Space of Sponsored, Industrig Explorative and Contracted projects.

(@) Cluster 1 (11 cases) - Sponsored projects

Academic vs. product

development trade off
15

Long-run vs. short-run indust

Applied R&D trade off

Close to market/STW® *IPR-based

(c) Cluster 3 (9 cases) - University driven projects

Academic vs. product
development trade off
1.5

Long-run vs. short-run indust

Applied R&D trade off

Close to market/STW IPR-based
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(b) Cluster 2 (6 cases) - Industrial projects

Academic vs. product
development trade off
1.5

Long-run vs. short-run indust

Applied R&D trade off

Close to market/STW IPR-based

(d) Cluster 4 (4 cases) - IPR based projects
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