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1. Introduction

The interaction of business sector and science institu-
tions through the exchange of knowledge and technology
has become a central concern not only for applied
economics but also for economic policy in the last
years.3 In a knowledge economy, science is exerting an
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3 Economics: see e.g. volume 48, issue 1 of Management Science of Jan-
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Entrepreneurship and Technology Transfer”; volume 321, issue 9 of the
International Journal of Industrial Organization of November 2003 (edited
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lectual Property of Universities”; volume 34, issue 3 of Research Policy of
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increasingly large influence on innovation, especially in
fast-growing knowledge-intensive industries. Thus, the
extent and intensity of industry-science relationships is
considered to be a major factor contributing to high inno-
vation performance, either at the firm-level, industry-level
or country-level (see OECD, 2002). Still, fears are also
expressed in the literature that the tendency to commer-
cialization of university research may cause universities
to neglect basic research and teaching that are their main

April 2005 (edited by A.N. Link, and D.S. Siegel) devoted to “University-
based Technology Initiatives”; volume 34, issue 7 of Research Policy of
September 2005 (edited by A. Lockett. D. Spiegel, M. Wright and M.D.
Ensley) dealing with the “Creation of Spin-offs at Public Research Institu-
tions: Managerial and Policy Implications”. Policy: see e.g. OECD (2003a,
2002, 1999); see also Goldfarb and Henrekson (2003) for a comparison of
different policies towards the commercialization of university intellectual
property.
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tasks, especially when commercialization revenues are
substituted for public funds.*

Experiences of the USA suggest that research of often
publicly financed science institutions and commercial-
ization of research results by private enterprises are
compatible goals which reinforce each other, if both
sides adopt a long-term perspective (as e.g. in aerospace,
computers and telecommunication). However, there is
accumulating evidence that many OECD countries are lag-
ging behind in this aspect. The interface between business
firms and science institutions, especially universities has
to be improved and as a consequence knowledge and
technology transfer activities have to be intensified. Also
in Switzerland it is asserted by many observers that the
industry-science interface is far from being satisfactory
(see e.g. Zinkl and Huber, 2003). However, so far there
does not exist a comprehensive study on extent, intensity,
channels, content, goals, and impediments of KTT activi-
ties either on part of the science institutions or the private
enterprises in Switzerland.

In accordance to Dosi (1982) we define knowledge and
technology transfer (KTT) broadly as follows: knowledge
and technology transfer between academic institutions and
the business sector is understood as any activities aimed at
transferring knowledge or technology that may help either
the company or the academic institute - depending on the
direction of transfer - to further pursue its activities. This
study explores the factors determining the propensity of
Swiss science institutions at the level of a single institute
or department to get involved in knowledge and technol-
ogy transfer activities with private corporations in order to
provide firms with scientific knowledge in research fields
which are relevant for their own innovation activities, col-
lect practical experience for students and university staff as
well as test the applicability of new research results. We are
especially interested in the different forms of this transfer,
not only through joint research projects but also through
training, mobility of academic personnel, jointly supervised
master theses and PhDs, consulting and so on. We hope that
our analysis will cast some light on the industry-science
interface problem addressed to above. Moreover, we also
study the determinants of three important channels of
technology transfer activities—patenting, licensing and the
founding of spin-offs. As it is meanwhile widely recog-
nized, these are not the most important interaction forms
between universities and enterprises but they have been
intensively investigated in many studies of universities in
the USA (see Agrawal and Henderson, 2002).

4 For example, Rosenberg and Nelson (1994) argue for the maintenance
of the “traditional” division of labour between university and industry also
under the conditions of closer collaboration and more intensive exchange
of knowledge taking place in many countries in the last years; Stephan
(2001) discusses possible negative implications of university-industry
technology transfer; in NATURE, 2001 was the opinion expressed that
industry’s trend towards “closed science”, and closer ties to universities
may endanger the intellectual independence of university basic research.
Tijssen (2004) concludes in a study based on bibliometric data for the
period 1996-2001 that companies “may well have redirected the goals
of basic research and narrowed the focus towards strategic and applied
research with shorter time-horizons. . .”, a development which might also
have influence their relationship to university.

The data used in this study were collected in the course
of a survey among institutes of all three types of science
institutions in Switzerland (federal institutions, cantonal
universities and regional universities of applied sciences)
using a questionnaire.

Amain finding is that scientific institutes with a stronger
orientation to applied research and/or lower teaching obli-
gations are also stronger inclined to get involved in overall
KTT activities. The same is valid for institutes which have
already had experience with industry co-operations as
reflected by a high share of external funds in an insti-
tute’s budget. Further, there is no systematic size effect with
respect to KTT activities. Institutes of engineering, natural
sciences and economics/management are strongly repre-
sented among KTT-active institutes. Universities of applied
sciences have an above-average propensity to KTT activi-
ties.

The new elements that this paper adds to empirical lit-
erature are, first, the analysis at the level of institute or
department of a wide spectrum of KTT activities cover-
ing not only research co-operation agreements between
firms and science institutions but also informal informa-
tional contacts, various educational activities, joint use
of technical infrastructure and consulting. Although such
additional activities seem to be an important part of KTT
activities, they have been neglected in most studies mostly
due to lack of data. A second element is the explicit con-
sideration of a series of relevant motives and obstacles as
determinants of KTT which contribute significantly to the
econometric explanation of a scientific institute’s propen-
sity to overall KTT activities as well as to several specific
forms of KTT activities. A third element is the parallel inves-
tigation of the three important channels of KTT, namely
patenting, licensing and formation of spin-offs. This is to
our knowledge the first Swiss institute-level study on this
matter.”

The structure of the paper is as follows: in Section 2
we discuss briefly the theoretical background of the study.
Section 3 reviews the empirical literature. In Section 4 we
present our data and in Section 5 some interesting descrip-
tive results. In Section 6 we specify our econometric model
of the determining factors (a) of overall KTT activities as
well as five specific forms of KTT activities, (b) of three chan-
nels of KTT (patenting, licensing, founding of spin-offs) and
describe the construction of the variables. Section 7 is deal-
ing with the empirical results. Finally, Section 8 contains
some conclusions and a summary.

2. Theoretical background

To our knowledge there is little theoretical research on
the financial incentives facing faculty and the allocation
of effort across types of research (see the discussion in

> Inarecent study Vock et al. (2004) presented and discussed the results
of a survey on codified forms of KTT (number of R&D projects in co-
operation with firms, patents, licences); this survey was addressed to
technology transfer offices at universities. Thierstein et al. (2002) inves-
tigated the spin-offs/start-ups of graduates of the universities of Eastern
Switzerland, Berwert et al. (2002) the spin-offs/start-ups of Swiss techni-
cal universities.
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Thursby et al., 2005). Beath et al. (2003) and Jensen and
Thursby (2004) study faculty research incentives in the
framework of a principal agent model where the university
is the principal and the faculty member is the agent. The
analysis in Beath et al. (2003) is static and investigates the
potential for the university to ease its budget constraints by
allowing academic scientists to conduct applied research
on a consulting basis. They argue that by allowing aca-
demics to supplement their income, universities may be
able to hold down academic salaries. Furthermore, uni-
versities can effectively “tax” the income that academics
raise through applied research or consultancy, for example
through the imposition of “overhead charges”. This model
offers some insights with respect to the financial incen-
tives for conducting applied research in co-operation with
the industry.

By contrast, the model of Jensen and Thursby (2004)
is dynamic and analyzes the effect of patent licensing on
research and the quality of education. The latter effect is
a function itself of research outcomes and hence future
stocks of knowledge as well as the share of patentable
knowledge that can be used in education. In this model an
academic scientist derives utility from just doing research
as well as the prestige associated with successful research.
They show that with these two effects in a scientist’s util-
ity function the opportunity to earn license income may
well not change an academic scientist’s agenda. This result
provides according to their assessment one explanation for
the fact that little change can be observed in the pattern
of basic relative applied research publications of academic
scientists.

Thursby et al. (2005) discuss in the framework of a life
cycle model of an academic scientist’s career the implica-
tions of licensing on research. In this context, the utility
function of academic scientists contains on the one hand a
motive for generating new knowledge, on the other hand a
financial motive for additional income. An important issue
in the debates over university licensing is whether the
associated financial incentives compromise the research
mission of the university by diverting academic scientists
form basic research. In the various versions of the model
the authors consider, the academic scientist faces a fixed
teaching load and chooses the amount of time to devote to
research (basic or applied) and the amount of time to take
as leisure.

Hellman (2005) develops an interesting formal theory
of the search and matching process between scientists and
firms. At the core of the model is the problem that scien-
tists rarely know what industrial applications may exist for
their scientific discoveries. At the same time firms are often
unaware what scientific discoveries might help them with
their needs. The author calls this the “science to market
gap”. The model allows addressing the role of patents in
bridging the science to market gap. The gap can be bridged
when scientists and firms engage in a process of search and
communication. Since patenting affects the distribution of
rents, it has an effect on the relative search intensities of
firms and scientists. Patenting scientific discoveries helps
scientists to “push” their discoveries out to business sec-
tor. However, it may also dampen firms’ incentives to “pull”
discoveries out of scientists. Thus, the net effect of patent-

ing depends on the relative ease of bridging the science to
market gap through “push” or “pull”.

The model also examines the importance of universi-
ties’ technology transfer offices. In principle such offices
allow for task specialization. Scientists benefit from dele-
gating search activities, which may free them up to pursue
further research. However, the model explains that such
delegation typically requires patenting. In introducing the
role of transfer offices is assumed that they are more effi-
cient at search of industrial partners than scientists. This
may be reasonable in many cases but not in all. If this is
not the case, the formation of a spin-off may be an alter-
native way that guarantees efficiency, because in a spin-off
the scientist always internalizes all benefits from research.
Alast discussion point refers to the lack of an analysis of the
dynamic implications of the commercialization of research
output.

On the whole, the existing theoretical literature deliv-
ers a number of factors, mainly of motivational character
(“push” and “pull” factors as they are named in Hellman,
2005), which determine the propensity of academic scien-
tists to engage themselves in commercialization activities
that provide additional income. There exists some kind of
trade-off between financial motives in favour of commer-
cialization and hence the perspective of additional income
and the inherent motives of a scientist who primarily pur-
sues research goals and the reputation associated with
research achievements. In addition, some basic character-
istics of institutes or departments, such as the type of
scientific field (e.g. engineering vs. social sciences), the size,
or the existence of a strategic orientation towards research
seem to exert a significant influence on the KTT propensity
of academics. As a consequence, an empirical investigation
would at least contain measures for anticipated costs and
benefits of various channels of KTT between universities
and the business sector, and measures of the allocation
of working time in basic and applied research as well as
teaching.

3. Review of selected empirical literature

In this section we review some selected empirical stud-
ies which use a similar approach to ours (university-level
or (department-) institute-level data, econometric investi-
gation of the determinants of some form of KTT activities)
and try to detect some regularities. Most studies refer to
various channels of KTT such as patenting, licensing and
the founding of new firms.

3.1. Motives and obstacles of KTT activities

A first group of (rather few) studies refers to the existing
forms of KTT between universities and firms and investi-
gates several motives and/or obstacles of KTT activities.

An important study in this direction is the paper of Lee
(1996) the dependent variable was the strategy orienta-
tion at faculty level, specified as “user-oriented research”
or “commercialization of research”. Based on the data
of 986 faculties of USA universities he found that the
strategy orientation towards applications and/or commer-
cialization of research results depended on the type of a
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faculty’s scientific field (applied or basic sciences), the uni-
versity overall policy of encouraging or not encouraging
application-oriented research, and the perceived positive
or negative impact on traditional university mission. In a
more recent study the same author elaborated further on
the motivations and the expected benefits of research co-
operation of universities with corporations (Lee, 2000). In
order to define the most relevant motives and obstacles
of KTT activities, some more studies of primarily descrip-
tive character were taken into consideration Geisler and
Rubinstein (1989), Onida and Malerba (1989), Geissler
(1997), Mayer (2000), Santoro and Chakrabarti (2002), and
Schmoch (2003).

Schartinger et al. (2001) in a study based on data
for 309 Austrian university departments investigated the
determinants of various forms of interaction between uni-
versities and firms (joint research, contract research, joint
supervision of PhDs/Master theses, researchers mobility)
as well as the sum of interactions. They found that the
department size (for all dependent variables with the
exception of contract research), research characteristics
such as the number of international scientific publications
per researcher (for joint research), and the type of scientific
field (technical sciences in all cases) are significant deter-
minants of industry-university knowledge and technology
transfer.

3.2. Determinants of university patenting, university
licensing and university spin-offs

A second group of mostly American studies focuses on
the “codified” forms of knowledge and technology trans-
fer through patenting, licensing and the formation of new
knowledge-based firms.

Carlsson and Fridh (2002) investigated technology
transfer in the USA based on the data for 170 universities,
hospitals and research institutes for the period 1991-1996.
As dependent variables were used various performance
measures such as the number of patent applications, the
number of patents issued, the number of licenses, license
income as well as the number of start-ups. One of the most
important findings was that institution size and level of
research expenditure are significantly positively correlated
the total number of patents and the number of start-ups
respectively.

The study of Owen-Smith and Powell (2001) inves-
tigates the motivation of university patenting. Drawing
on qualitative data from interviews with 68 facul-
ties and licensing professionals of two USA campuses,
the authors found that faculty members decide to
patent because of their beliefs about positive per-
sonal and professional outcomes of intellectual property
protection.

Friedman and Silberman (2003) argued that invention
disclosures, not patents, are the primary input into the
technology transfer process. Thus, they investigated the
determinants of the number of invention disclosures of 83
USA universities. Relevant factors were the university size,
measured by the number of faculties per university, the fac-
ulty quality, and the extent of external funds (federal and
industry research grants).

Azoulay et al. (2005) investigated the determinants of
faculty patenting behaviour in a panel dataset spanning
the careers of 3884 academic scientists. They found that
patenting events are preceded by a flow of publications,
i.e. publications are a precondition for patenting. Moreover,
the magnitude of this effect is influenced by context such
as the presence of co-authors who patent and the patent
stock of the scientist’s university. Also previous experience
with patenting is of relevance.

Renault Searle (2006) studied the entrepreneurial
behaviour by professors as measured by the propensity to
collaboration with industry, patenting and behaviour and
spin-off behaviour. Interviews with 98 professors at 12 U.S.
universities showed that the most significant influence on
these aspects of entrepreneurial behaviour is the beliefs of
academic scientists that the dissemination of knowledge
in the economy is an important mission for the university.
Patenting correlated positively with the number of publica-
tions but not the propensity to collaboration with industry
or spin-off behaviour.

In a very recent study Azagra-Caro et al. (2006) inves-
tigated the determinants of patent production at the
laboratory level for a French university. They used a sam-
ple of 83 laboratories for the period 1993-2000. They
found that university-owned patents were more respon-
sive to specific public funding, while non-university-owned
patents are more responsive to industrial funding. They
also highlighted the importance of controlling for institu-
tional differences as well as differences among scientific
fields.

Thursby et al. (2001) specified five categories of out-
comes of KTT activities, namely the number of licenses,
the number patents applications, the amount of license
income (royalties), the amount of sponsored research tied
to a license and the frequency that sponsored research is
included in a license agreement. They investigated several
determinants of these five categories for 62 major research
universities in the USA. They found, among other things,
that more licenses are executed at universities with large
technology transfer offices and medical schools. Royalties
generated are typically larger the higher the quality of the
faculty and the higher the fraction of licenses that are exe-
cutes at later stages of development. Moreover, in a further
study Thursby and Thursby (2002) investigated the growth
of university licensing in the USA over time. Using data
form a survey of university technology transfer offices they
found that that licensing growth has resulted largely from
an increased willingness of faculty members to engage in
licensing.

Shane and Stuart (2002) examined why some univer-
sity start-ups are more successful than others. Focusing on
134 new companies founded to exploit MIT-assigned inven-
tions during the period 1980-1006, they found that firms
whose founders were related to venture capitalists were
less likely to fail. In a further investigation dealing with
university start-ups Di Gregorio and Shane (2003) found
based on a sample of 457 university departments that the
number of start-ups in a given year depended primarily on
adepartment’s intellectual eminence, the amount of exter-
nally sponsored funds and the type of university licensing
policies.
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3.3. Summing up: factors explaining KTT activities

Putting together the information we found in the
reviewed theoretical and empirical literature, we could
identify a series of factors that explain the propensity to KTT
(in general or via specific channels) of university faculties.
These are:

- A series of motives that could be grouped in four
main categories (access to industrial knowledge; access
to additional resources; institutional or organizational
motives; pursuing higher research efficiency - cost and
time savings; access to specialized technology). Motives
influence positively the propensity to KTT activities;

- Aseries of obstacles that could be grouped in six categories
(deficiencies of the firms; different interests and attitudes
to research; lack of confidence to business world and
risk of damaging scientific reputation; endangering sci-
entificindependence and neglect of basic research; lack of
human resources for KTT). Obstacles influence negatively
the propensity to KTT activities;

Allocation of university funds (research, teaching); most

theoretical studies come to the conclusion that there is no

close relationship between the propensity to KTT activ-
ities and the orientation (basic vs. applied) of institute
research activities.

- Size of faculty or university, having mostly a positive
influence;

- Type of scientific field, engineering and natural sciences

showing a stronger inclination to KTT activities than other

disciplines;

Existence of Technology Transfer Offices, having mostly a

positive influence;

Extent of external funds, exerting also a positive influ-

ence.

Based on this list of factors we are going to specify our

econometric models in Section 6.

4. Data

The data used in this study were collected in the course
of a survey among Swiss research institutes using a ques-
tionnaire which included questions on the incidence of KTT
activities among institutes or departments of Swiss sci-
ence institutions (federal institutes of technology, federal
research organizations, cantonal Universities and univer-
sities of applied sciences), forms, channels, motives and
impediments of the KTT activities of Swiss science insti-
tutions as well on some basic institute or department
characteristics such as the number of staff, categories of
staff with regard to formal qualification (Diploma, PhD) and
function (technical, administrative), academic output (pub-
lications, academic degrees), technology output (patent
applications, licenses, spin-offs), distribution of human
resources over several academic tasks (basic and applied
research, teaching, other tasks), and funds from outside the
university.® The questionnaires were filled in by the direc-

6 Versions of the questionnaire in German, French and English are avail-
able in www.kof.ethz.ch.

tors of the institutes and/or departments to whom they
were also addressed.

The survey was based on a sample of institutes and/or
departments of the existing Swiss public science institu-
tions. In Switzerland there are three types of institutions
of higher education: federal universities that are financed
by the federal government, cantonal universities that
are financed (mainly) by the cantonal governments and
regional universities of applied sciences that are finance
partly by the federal government and partly by the can-
tons constituting the respective region. The two federal
technical universities in Zurich and Lausanne are not pure
engineering schools; they have the whole spectrum of nat-
ural sciences, mathematics and physics and are strongly
research-oriented. The ten cantonal universities in Basle,
Berne, Lucerne (only social sciences and theology), Geneva,
Lausanne, Lugano (only social sciences and architecture),
Fribourg, Neuchatel, St. Gallen (only economics, law and
management) and Zurich offer a broad palette of dis-
ciplines; five of them have a full medicine school. The
university of Zurich is the largest university and has
about 24,000 students. The seven regional universities of
applied sciences (Central Switzerland, Eastern Switzerland;
Western Switzerland, North-western Switzerland, Italian
Switzerland, Berne and Zurich) have been for a long time
almost exclusively teaching-oriented, but since the middle
of the nineties they have been re-orienting their activities
towards applied research. They cover not only engineering
and management but also social work, pedagogic, health
professions and fine arts. Besides the three types of univer-
sities, research activities take place also in four large highly
specialized federal research organizations that are located
mainly in the eastern part of Switzerland: the Swiss Fed-
eral Institute of Aquatic Science and Technology (EAWAG),
the Research Institute for Material Sciences and Technol-
ogy (EMPA), the Swiss Federal Institute for Forest, Snow
and Landscape Research (WSL) and the Paul Scherer Insti-
tute (PSI) where research in done on energy technologies
and elementary particles physics. Meanwhile almost all
of these institutions have their own Technology Trans-
fer Offices for the promotion knowledge and technology
transfer to the business sector, the third mission of pub-
lic science institutions besides research and teaching. The
two federal technical universities and some of the stronger
research-oriented universities of applied sciences show a
considerably higher intensity of technology transfer activ-
ities, also using the more codified forms of transfer such
as patents and licensing (see OECD, 2003b); in the nineties
these institutions began to promote also the formation of
new science-based enterprises (university spin-offs).

Our survey was addressed to all these institutions (with
the exception of the university of Lucerne) but only to
the institutes and departments of engineering, natural sci-
ences, mathematics and physics, medicine and economics
and business administration, on the whole 630 single insti-
tutes and departments covering all scientific fields related
to technology and science (see Table A.1 in the appendix for
the composition of the sample). This sample has been con-
structed according to internet information on the structure
of each institution especially for this study. We received
241 completed questionnaires, i.e. 38.3% of the institutes
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Table 1

Incidence of KTT activities of Swiss science institutions (institutes or
departments having KTT activities as a percentage of all responding insti-
tutes or departments of a certain science institution)

Institutions N KTT (?) Foreign KTT
ETH-domain
Swiss Federal Institute of 45 88.9 77.8
Technology Zurich
Swiss Federal Institute of 12 58.3 58.3
Technology Lausanne
Federal Research Institutions () 11 72.7 63.6
University of
Basle 11 81.8 81.8
Berne 33 84.8 78.8
Fribourg 5 80.0 60.0
Geneva 15 73.3 46.7
Italian Switzerland 2 50.0 100.0
Lausanne 12 66.7 58.3
Neuchatel 6 833 100.0
St. Gallen 8 87.5 75.0
Zurich 22 81.8 773
University of Applied Sciences of
Berne 9 88.9 55.6
Central Switzerland 5 100.0 20.0
Eastern Switzerland 14 929 64.3
Italian Switzerland 2 100.0 50.0
North-western Switzerland 17 100.0 70.6
Western Switzerland 4 100.0 100.0
Zurich 8 100.0 75.0
Total 241 84.2 71.4

2 KTT: knowledge and technology transfer activities in the period
2002-2004.
b PSI, EAWAG, EMPA, WSL.

and departments responded to our survey.” However, the
response rates vary significantly among the single universi-
ties (see column 3 in Table A.1 in the appendix). Thus, there
is a tendency of the universities of applied sciences and the
federal institutions to be over-represented, of the cantonal
universities to be under-represented in our data set. Insti-
tutions from the French-speaking or Italian-speaking part
of the country have responded less frequently than those of
the German-speaking part. Due to missing values only 200
observations in maximum could be used in the econometric
analysis. Tables A.2 and A.3 in the appendix contain some
additional information on the composition of the sample
by institute size and scientific field respectively.

5. Descriptive analysis: main facts
5.1. Incidence of KTT activities

According to the results in Table 1 84.2% of the
responding institutes or departments were involved in KTT
activities with private enterprises in the period 2002-2004,
71.4% of respondents reported also KTT activities with

7 This relatively high non-response rate could have an influence on the
estimated parameters and/or standard errors. The natural way to test this
would be to estimate a Heckman selectivity model for the KTT equation
with a selection equation based on data for the institutes/departments
that did not respond. Unfortunately, this could not be done due to lack of
data for the non-respondents.

foreign firms. 94.1% of KTT-active institutes co-operate
with European firms, 48.2% with American and 18.2% with
Japanese firms. There are not significant differences among
the various types of institutions (federal institutes of tech-
nology, federal research institutions, cantonal universities
and regional universities of applied sciences) with respect
to propensity to KTT activities.

5.2. Forms of KTT activities

Institutes reported their assessment of the importance
of 19 single forms of KTT activities on a five-point Likert
scale (1: “not important”; 5: “very important”) which were
grouped together in the following five categories: infor-
mal informational activities, activities related to technical
infrastructure, educational activities, research activities
and consulting. By calculating the share of institutes that
reported the values 4 or 5 for any single form or cat-
egory of forms of KTT activities we could determine a
ranking of the importance of various forms of KTT activ-
ities (see Table 2). Educational activities were given the
first priority (80.2% of all KTT-active institutes), followed
closely by informal informational activities (78.7%) and
research activities (75.2%). Much less important were con-
sulting (49.0%) and activities related to the utilization of
technical facilities (17.4%); the latter is quite understand-
able in view of the high endowment of Swiss science
institutions with respect to technical equipment. The
two most important single educational activities were
“contacts with former staff employed in the business sec-

Table 2

Forms of KTT activities of Swiss science institutions (percentage of KTT-
active institutes with values 4 or 5 for a single form; percentage of KTT-
active institutes with values 4 or 5 for at least one single form of those
belonging to a certain category of forms respectively; N=202)

Forms of KTT activities

Informal informational contacts (variable INFO) 78.7
Informal contacts (phone, email) 67.3
Conferences, exhibitions, workshops 35.6
Academic publications of business sector 26.2
Activities related to the use of technical facilities (variable 17.4
INFR)
Joint laboratories 9.0
Technical facilities or research centres at business sector 12.4
R&D department
Educational activities (variable EDUC) 80.2
Contacts with graduates employed in the business sector 52.0
Contacts with former staff employed in the business sector 46.5
Student participation in corporate R&D projects 29.7
Thesis projects in collaboration with firms 42.1
Doctoral projects in collaboration with firms 24.3
Business sector scientists in own R&D projects 29.2
Joint teaching courses or programmes 20.3
Teaching assignments for business sector staff 25.2
Courses or programmes of institute by business sector 33.2
scientists
Research activities (variable REAS) 75.2
Research projects in collaboration 66.8
Longer term research contracts 42.6
Research consortiums 34.2
Consulting (variable CONS) 49.0
Expertises/reports for the business sector 32.7
Consulting for the business sector 43.1
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Table 3
Commercialization of university research output (percentage of all insti-
tutes; N=202)

Patents (?) 344
Licenses (?) 12.2
Spin-offs (?) 22.2

2 At least one patent, one license or one spin-off respectively in the
period 2002-2004.

tor” (46.5%) and “thesis projects in collaboration with
firms” (42.1%). However, there are some remarkable dif-
ferences among the various types of institutions. For
the institutions of the ETH-domain (federal institutes of
technology and federal research institutions) and the uni-
versities of applied science research activities have a higher
priority than informal informational activities. For uni-
versities educational activities are less important than
informal informational activities. The access to joint tech-
nical infrastructure is relatively more important for the
universities (being confronted with more severe financial
restrictions) than the other two categories of institutions.
Finally, among educational activities is the single activ-
ity “doctoral projects in collaboration with firms” quite
important for the ETH-domain (41.8%) and “thesis projects
in collaboration with firms” (77.2%) for the universities of
applied sciences.

Table 3 gives an overview on university patenting,
university licensing and university spin-offs. 34.4% of all
institutes in our sample reported patent applications in the
period 2002-2004, i.e. 40.9% of the KTT-active institutes.
Only 12.2% of all institutes reported licenses in the same
period (14.5% of the KTT-active institutes), 21.7% (25.8% of
the KTT-active institutes) helped spin-offs to start opera-
tions.

6. Model specification and construction of variables
6.1. Dependent variables

We specified two different econometric models. First,
we specified model A for the determinants of overall
KTT activities. The dependent variable (KTT) was a binary
variable which was defined as follows: knowledge and
technology transfer activities in the period 2002-2004
yes/no. Model A refers to all institutes in the sample. Sec-
ond, we specified model B for the determinants of (a) five
specific forms of KTT activities and (b) three channels KTT.
For model B only KTT-active institutes were taken into con-
sideration.

The five different dependent variables for specific forms
of KTT (model B) were also binary variables and were con-
structed as follows:

Variable INFO: 3 variables for single forms of KTT refer-
ring to informal contacts, attendance of conferences or
workshops of the business sector, etc. (see Table 2) mea-
sured on a five-point Likert scale (1: “not important®; 5:
“very important”) were combined to one dummy variable:
value 1 was attached to institutes which reported a value

4 or 5 for any of the three original variables, value 0 to the
institutes that do not fulfil this condition;

INFR: similar construction as INFO based on the variables
for 2 single forms of KTT referring to technical infrastruc-
ture facilities;

EDUC: similar construction as INFO based on 9 single vari-
ables referring to education and training activities;

REAS: similar construction as INFO based on 3 single vari-
ables referring to research activities;

CONS: similar construction as INFO based on 2 single vari-
ables referring to consulting activities (see Table 2 for a
description of the single forms of KTT activities).

Finally, we also constructed three further binary vari-
ables, which are referring to patent applications (yes/no),
licenses (yes/no) and spin-offs (yes/no) in the period
2002-2004.

6.2. Independent variables

6.2.1. Overall KTT activities (model A)

A first group of independent variables contains mea-
sures of various institute or department characteristics
which could influence the propensity to undertake KTT
activities with private enterprises. The allocation of human
resources in teaching, applied and basic research and other
tasks could implicate a stronger or weaker disposition for
interaction with the business sector and is measured by two
variables: ratio of percentage of an institutes total working
time of academic staff devoted to applied research to that
devoted to basic research (APPL); percentage of an institutes
total working time of academic staff devoted to teaching
(TEACH) (thereis also a fourth category of activities, namely
‘other tasks’). We expect a negative effect for the variable of
TEACH and a positive effect for the variable APPL. Institutes
which are a) stronger oriented to applied research8 and/or
b) have rather low teaching obligations would be stronger
inclined to get involved in KTT activities. Further, the share
of third-party funds from business sector in an institute’s
total budget would reflect already existing co-operations
with firms (FINANCE); thus, we expect a positive impact for
this variable as well (only model A).

A second group of variables is related with possible
obstacles of the KTT activities. Both institutes with KTT
and without KTT activities reported their assessment for
26 single possible obstacles of KTT activities with private
enterprises. These obstacles would reflect costs of realiz-
ing KTT activities from an institute’s point of view. With
the help of a principal component factor analysis we com-
pressed these 26 single motives, which were measured on a
five-point Likert scale (1: “not important”; 5: “very impor-
tant”), to six main groups (see Table A.5 in the appendix).®
The factor values of the six-factor solution of the principal
component factor analysis of the original 26 variables were

8 It is clear that this hypothesis is contrary, e.g. to that in Jensen and
Thursby (2004). We postulated it after discussions with ETH researchers
we contacted in the phase of data collection.

9 The six-factor solution was chosen according to statistical criteria that
are implemented in the software we used (SAS). In addition, we took a look
whether these results made a sense in economic terms.
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inserted as independent variables in the estimation equa-
tions of all four dependent variables (variables OBSTACLE1
to OBSTACLES6).

Afirst category of obstacles are impediments due to defi-
ciencies of potential industry partners (OBSTACLE1) such
as lack of qualified staff, technical facilities or financial
resources of potential industry partners, but also due to
lack of interest in scientific projects in the business sec-
tor. A second category (OBSTACLE3) includes such problems
as lack of discernible commercialization opportunities of
research findings or difficulties to find an appropriate part-
ner, i.e. a partner that shares research interests and is ready
to finance joint research. Further, also administrative and
institutional obstacles (OBSTACLE2) such as property rights
problems, resource-intensive administrative and approval
procedures and legal restrictions from the side of the uni-
versity could be severe hindrances of KTT activities. This
kind of obstacles reflects deficiencies from the side of
the university. A fourth category of obstacles (OBSTACLEG)
refers to the lack of human resources for KTT activities
due to high teaching obligations and/or lack of academic
specialists for KTT activities. The last two groups of imped-
iments (OBSTACLE4, OBSTACLES) are related to fears of
academics that KTT activities could endanger their repu-
tation, and lead to neglecting basic research and academic
publication activities.

We expect a negative effect for each of these (groups of)
obstacles, although we do not have a priori expectations
with respect to the relative importance of each of them.

The possible influence of the scientific field in which
an institute is engaged was taken into account through
four dummies for engineering, natural sciences, economics
and management and medicine (basic research disciplines
mathematics and physics serving as a reference group).
With the exception of medicine institutes or departments
we expect that institutes from all other three disciplines
are stronger oriented to KTT activities than institutes of
mathematics and physics.

The affiliation to one of the four main groups of insti-
tutions (federal institutes of technology, federal research
institutions, cantonal universities and regional universities
of applied science) would reflect the policy orientation of
the groups of institutions with respect to KTT and was also
taken into consideration by inserting three dummies for
each of the main groups of institutions, the universities of
applied sciences serving as a reference group. We expect
universities of applied sciences, for which KTT activities are
explicitly an important part of their mission, to be stronger
involved in KTT activities than other institutions.

Further, we use a dummy variable for the relevance of
Technology Transfer Offices as intermediaries of KTT activ-
ities. Due to the fact that almost all universities and federal
research organizations have now such offices, we expect a
positive effect of this variable. This is at the same time a
test of the usefulness of such offices.

Finally, a structural measure was also included: four
dummies for institute size (measured by the number
of employees in full-time equivalents). In accordance to
empirical literature we expect institute size to be positively
correlated to the propensity to KTT activities with private
enterprises. We assume that, given their scientific field

and research orientation, larger institutes or departments
anticipate more and better possibilities for KTT activities
than small ones, due e.g. to the existence of personnel
specialized in KTT. A summary of all expected effects is
presented in Table 4.

6.2.2. Various forms of KTT activities (model B)

Model B contains the same variables as model A with
the exception of variable FINANCE, which we consider to
be relevant for an institute’s decision to get involved in
KTT activities and not for choosing a specific KTT form. In
addition, Model B includes also four variables measuring
several aspects of the motivation of institutes for undertak-
ing KTT activities with private enterprises. The questions on
the motives were answered only by KTT-active institutes.
This is the reason why we could use this information only
for model B but not for model A where all institutes, i.e. also
institutes without KTT activities, were included.

We expect a positive effect for variable APPL and a nega-
tive effect for variable TEACH particularly for the KTT forms
INFR and REAS. The inclination to engage in a research co-
operation with the business sector or to utilize industrial
technical facilities would be stronger for institutes with
low teaching obligations and applied research interests that
dispose of the resources and capabilities needed for such
activities than for institutes that get involved in any of the
other three types of KTT activities.

Further, we expect that OBSTACLE1, OBSTACLE2, and
OBSTACLE3 would be relevant impediments particularly for
research (REAS) and infrastructure-related activities (INFR)
(see also the discussion in Section 6.2.1 above).

Institutes with KTT activities reported their assessment
for 24 single goals of and/or motives for KTT activities.
We consider these motives to reflect to a large extent the
expected benefits of KTT activities from aninstitute’s point of
view. With the help of a principal component factor anal-
ysis we compressed these 24 single motives, which were
measured on a five-point Likert scale (1: “not important”;
5: “very important”), to four main groups (see Table A.4 in
the appendix).1® The factor values of a four-factor solution
of the principal component factor analysis of the original
24 variables were inserted as independent variables in the
estimation equations of model B (variables MOTIVE1 to
MOTIVE4).

A first group of motives (MOTIVE1) is related to the
possibility of either acquiring specific knowledge from the
business sector or receiving feedbacks from there with
respect to university research findings, practical experience
and application opportunities. Thus, MOTIVE1 relates to
immediate, short-term objectives.

A second category of motives (MOTIVE2) refers to a
series of institutional as well as strategic longer term
goals such as extending university’s mission, improving
the image of science, promoting regional development,
promoting the diffusion of research findings, etc. How-
ever, getting engaged in KTT can also be forced upon by

10 The four-factor solution was chosen according to statistical criteria
that are implemented in the software we used (SAS). In addition, we took
a look whether these results made a sense in economic terms.
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Variable

Definition

Expected effect

APPL

TEACH

FINANCE

OBSTALE1 to OBSTACLES

MOTIVE1 to MOTIVE4

ETH

UNIV

FRI

TTO

ENGINEERING; NATURAL SCIENCES;

Ratio of the percentage of the total working
time of academic staff of an institute devoted
to applied research to the working time
percentage devoted to basic research
Percentage of the total working time of
academic staff devoted to teaching; there is
also a fourth category of activities, namely
‘other tasks’

Share of third-party funds from business sector
of an institute’s budget

See Table A.5 in the appendix

See Table A.4 in the appendix

Dummy variable for affiliation to one of the
two Federal Institutes of Technology in Zurich
and Lausanne respectively

Dummy variable for affiliation to a University

Dummy variable for affiliation to a Federal
Research Institution (e.g. PSI, EAWAG, etc.)

Importance of the Technology Transfer Offices
(TTO) of the various institutions as
intermediaries of KTT activities in the period
2002-2004 (1: ‘important’; 0: ‘not important’);
Dummies for an institute’s scientific field

Positive

Negative; especially for the KTT forms INFR and REAS

Positive

Negative; OBSTACLE1, OBSTACLE2 and OBSTACLE3
especially for the KTT forms REAS and INFR; also for
PATENTING, LICENSING, SPIN-OFFS

Positive; MOTIVE1, MOTIVE3 and MOTIVE4 especially
for INFR and REAS; also for PATENTING, LICENSING,
SPIN-OFFS; MOTIVE4 especially for CONS

Negative (reference group of institutions: universities
of applied sciences)
Negative (reference group of institutions: universities

of applied sciences)

Negative (reference group of institutions: universities
of applied sciences)

Positive

Positive (reference group: mathematics/physics);

ECONOMICS, MANAGEMENT; MEDICINE

Institute size Number of employees

engineering or natural sciences especially for REAS and
INFR; also for PATENTING, LICENSING and SPIN-OFFS;
engineering or economics and management especially
for CONS

Positive

institutional conditions such as the presence of business
representatives in a university’s consultant bodies or the
procedures for receiving more public funding.

A third and fourth category of motives (MOTIVE3 and
MOTIVE4 respectively) have to do either directly (addi-
tional resources for basic research or research facilities)
or indirectly (pursuing cost and time savings or access
to (expensive) specialized technological equipment) with
financial motives.

We expect a positive effect for each of these (groups)
of motives, although we do not have a priori expec-
tations with respect to their relative importance. We
also expect MOTIVE1 and the two categories of financial
motives (MOTIVE3, MOTIVE4) to be especially important
for research and infrastructure-related activities, MOTIVE4
also for CONS.

The existence of Technology Transfer Offices should be
especially useful for the intermediation of research projects
or co-operation projects related to the utilization of tech-
nical facilities.

As already mentioned, we expect universities of applied
sciences to be in general stronger involved in KTT activities
than other institutions.

With respect to the scientific disciplines, we expect
that research activities (variable REAS) and infrastructure-
related activities (variable INFR) would be more frequent

for institutes with an engineering or natural sciences back-
ground, consulting activities more frequent for institutes of
engineering or economics and management.

Finally, we expect larger institutes to be stronger
inclined to research activities than smaller ones. A sum-
mary of the expected effects is given in Table 4.

6.2.3. Various channels of KTT (model B)

We use for the estimates of the three channels of KTT
(patenting, licensing, spin-offs) the same specification as
in Section 6.2.2 (Model B). We have the same sign expecta-
tions for the variables APPL and TEACH as in Section 6.2.1.
Low teaching obligations and a focus on applied research
should enhance also the use of resource-consuming activ-
ities such as patenting, licensing or the foundation of new
science-based firms.

In accordance with the discussion in Sections 6.2.1 and
6.2.2, we would expect the obstacle categories OBSTACLE1,
OBSTACLE2, and OBSTACLES3 to be particularly relevant for
these three types of activities that are closely related with
research co-operation between institutes and firms. Analo-
gously, we expect MOTIVE1, MOTIVE3, and MOTIVE4 to be
important for the propensity to patenting and licensing as
well the promotion of new high-tech firms.

Technology Transfer Offices are founded with the
aim of supporting such commercialization activities.
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Thus, we expect a positive effect for all three channels
of KTT.

The universities of applied sciences are expected to have
a higher patenting and licensing propensity as well as a
higher rate of formation of spin-offs than the other three
types of institutions in our sample. This is also in accor-
dance with the expectation that they are stronger involved
in research co-operations with firms.

In accordance to empirical literature we assume that
larger institutes are presumably better equipped than
smaller ones for resource- and time-consuming activities
such patenting, licensing or promotion of spin-offs.

All three channels of KTT should be utilized more often
in engineering and the natural sciences, which are the
scientific fields with a stronger inclination to research activ-
ities. Also in this case a summary of expected effects is given
in Table 4.

7. Empirical results
7.1. Propensity to KTT activities

7.1.1. Overall KTT activities (model A)

Table 5 contains the results of the probit estimates for
the variable for overall KTT activities (KTT; model A). For
the coefficients of the variables APPL, TEACH and FINANCE
we obtain the expected signs (column 1 in Table 5). Insti-
tutes with a stronger orientation to applied research and/or
lower teaching obligations are also stronger inclined to get
involved in KTT activities. The same is valid for institutes
which have already had experience with business sector
co-operations as reflected by a high share of third-party
funds in an institute’s budget.

We could not find any regularity across size classes.
The two significant coefficients for the dummies (49-99
employees) and (100 employees and more) do not differ
significantly from each other. There is a threshold of 40
employees above which the propensity of KTT activities
correlates positively with institute size.

Rather unexpectedly, institutes belonging to the federal
institutes of technology (ETH) or to the cantonal universi-
ties (UNIV) or to the federal research institutions (FRI) are
not less inclined to KTT activities than the universities of
applied sciences for which KTT activities are explicitly an
important part of their mission.

In accordance to expectations, institutes of economics
and business administration, natural sciences, engineering
and medicine are stronger involved in KTT activities than
institutes of mathematics and physics. The effect for engi-
neering, natural sciences and economics/management is
significantly stronger than that for medicine but the differ-
ences between the dummies for the three afore-mentioned
scientific fields are not statistically significant (two-tailed
t-test).

Only the coefficients for the obstacle variables that
were statistically significant at the 10% level are shown in
Table 5. As the significantly negative coefficient of the vari-
able OBSTACLE4 indicates, institutes not involved in KTT
activities were seriously impeded from undertaking such
activities by a combination of the following four single
obstacles: “scientific independence impaired”; “hindrance

Table 5
Determinants of KTT activities of institutes of science institutions with
enterprises

Explanatory variables KTT? (probit)

APPLP 0.048°
(0.025)
TEACH® —-0.026""
(0.009)
FINANCE“ 0.010°
(0.005)
OBSTACLE4¢ —-0.416™
(Endanger scientific independence, neglect (0.153)

basic research)
Institute size:

10-19 employees -0.204
(0.465)
20-39 employees —0.057
(0.501)
40-99 employees 1.008"
(0518
100 employees and more 1.234"
(0.522)
ETHf 0.464
(0.612)
UNIVE —0.008
(0.633)
FRIP —-1.111
(0.913)
ENGINEERING! 1.517""
(0.529)
NATURAL SCIENCES! 1.825™
(0.477)
ECONOMICS, MANAGEMENT! 2.089™
(0.574)
MEDICINE! 0.853"
(0.493)
Const. —0.262
(0.905)
N 200
Pseudo R? 0.353
Wald 2 447

2 KTT: knowledge and technology transfer activities in the period
2002-2004.

b APPL: ratio of the percentage of the total working time of academic
staff of an institute devoted to applied research to the working time per-
centage devoted to basic research.

¢ TEACH: percentage of the total working time of academic staff devoted
to teaching; thereis also a fourth category of activities, namely ‘other tasks’.

d FINANCE: share of third-party funds from business sector of an insti-
tute’s budget.

¢ OBSTACLE4: combination of the following four single obstacles: “sci-
entific independence impaired”; “hindrance to academic publication
activities”; “neglecting of basic research”; “difficulties to get informed
about R&D activities in industry” (see also Table A.4 in the appendix).

f ETH: dummy variable for affiliation to one of the two Federal Institutes
of Technology in Zurich and Lausanne respectively.

& UNIV: dummy variable for affiliation to a University.

" FRI: dummy variable for affiliation to a Federal Research Institution
(e.g. PSI, EAWAG, etc.); reference group: Universities of Applied Sciences.

! ENGINEERING; NATURAL SCIENCES; ECONOMICS, MANAGEMENT;
MEDICINE: dummies for an institute’s scientific field; reference group:
mathematics/physics; ™, ™, " denote statistical significance at the 1%, 5%
and 10% test level, respectively; heteroscedasticity-robust standard errors
(White procedure).
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to academic publication activities”; neglecting of basic
research”; “difficulties to get informed about R&D activi-
tiesinindustry” (see also Table A.5 in the appendix). Besides
the informational problem of not knowing exactly what the
research topics in industry R&D are, the three other sin-
gle obstacles reflect fears of academics of neglecting their
main task or reduce the quality of their work in case they
get involved in KTT activities.

7.1.2. Specific forms of KTT activities (model B)

In a preliminary step, we investigated the possibility of
the existence of a selectivity bias due to the fact that for esti-
mating Model B only the KTT-active institutes were taken
into consideration. Therefore, we estimated a Heckman
selection model for all five dependent variable in model
B (INFO, INFR EDUC, REAS, CONC), using the KTT equation
of model A as a first step equation (selection equation). In
all five cases the two equations were not significantly cor-
related (10% test level), so that the existence of a selectivity
bias can be excluded.

In a second step, we took into consideration the possi-
bility of interdependence among the various specific forms
of KTT activities, given that institutes are pursuing more
than one of them at a time, as already discussed in Section
5. To this end, we estimated a multivariate probit model,
i.e. a simultaneous system of five equations (for INFO, INFR,
EDUC, REAS and CONS respectively), instead of five separate
probits. We applied the respective procedure implemented
in STATA, which is based on the so-called GHK-simulator for
multivariate distributions.!! Table 6 contains the estimates
for the multivariate probit model.

Significant correlations could be found between the
equation for REAS and the equation for INFR (rho42 = 0.460
in Table 6) and between INFO and EDUC (rho31=0.616 in
Table 6). Thus, there is considerable empirical justification
for estimating a multivariate probit model.

Contrary to our expectations, the variable APPL has a sig-
nificantly negative coefficient in the estimates for EDUC,
REAS and CONS. This means that KTT-active institutes,
which reported a stronger engagement in educational,
research or consulting activities, are stronger oriented
towards basic research than KTT-active institutes without
such an engagement (see columns 3, 4 and 5 in Table 6).
Thus, a stronger orientation towards applied research is rel-
evant only for distinguishing between institutes involved in
KTT activities and those not involved in such activities but
not for explaining the activity focus of KTT-active institutes.

The level of teaching obligations (variable TEACH) does
not seem to have any effect on four out of five forms of
KTT. The expected negative effect could be found only for
research activities (REAS). In the light of these results we
have to differentiate somewhat our hypothesis on teaching
in order to take into account a specific effect with respect to
educational activities. For institutes with a focus in educa-

11" The STATA procedure mprobit estimates M-equation probit models by
the method of simulated maximum likelihood. The Geweke-Hajivassiliou-
Keane (GHK)-simulator is applied to evaluate the M-dimensional Normal
integrals in the likelihood function (for a description of the GHK-simulator
see Greene, 2003).

tional activities one could think even of a positive effect of
the variable TEACH for this specific form of KTT activities.

Informal contacts (INFO) were hampered by OBSTA-
CLE3, which is a combination of the following four single
obstacles of KTT activities: “institute’s research focus not
interesting enough for industry”; “insufficient interesting
research questions in industry for institute”; “no possibil-
ity of commercialization of research results”; “difficulties
to find an appropriate industry partner” (see also Table A.5
in the appendix). This bundle of obstacles reflects the per-
ception of academics of an industry research profile which
does not correspond well to their own needs and interests.
All other types of activities did not seem to be impeded by
any kind of obstacles.

Motives as expressions of expected benefits are relevant
for every category of KTT activities. Only the coefficients for
the motive variables that were statistically significant at
the 10% level are shown in Table 6. We obtain positive and
significant coefficients for the variables MOTIVE1, MOTIVE2
and MOTIV4.

In accordance to our expectation, MOTIVE1 (access to
business sector knowledge as an immediate, short-term
objective) and MOTIVE4 (access to additional resources) are
relevant for research activities (REAS). MOTIVE4 is impor-
tant also for consulting (CONS), MOTIVET1 also for informal
activities (INFO) and educational activities (EDUC). Finally,
the variable MOTIVE2 reflecting institutional longer term
goals with respect to KTT such as extending univer-
sity’s mission, promoting regional development, improving
the image of science, etc. is positively correlated with
infrastructure-related (INFR) and educational activities
(EDUC).

Institute size showed no systematic effects on the
propensity to engage in any type of KTT activities. For EDUC
and CONC we found that larger institutes with more than
100 employees seem to be more involved in such activities
than smaller institutes. In case of INFO only institutes with
40-99 employees seem to be particularly interested in such
activities.

Obviously, the activities of Technology Transfer Offices
are stronger oriented towards educational activities (EDUC)
and informal contacts (INFO) and less involved in research
(REAS), consulting (CONC) and infrastructure-related activ-
ities (INFR) than we expected.

As expected, all three types of institutions (ETH, UNIV,
FRI) show a weaker tendency to engage in research co-
operation with the business sector (variable REAS) than the
reference group of the universities of applied sciences, for
which KTT activities build explicitly an important part of
their mission (column 4 in Table 6). Also the propensity to
consulting activities is lower for the federal and cantonal
universities than for the reference group (column 5). With
respect to infrastructure-related activities (INFR) we could
not find a significantly higher propensity for the universi-
ties of applied science (column 2). Only the ETH universities
showed a weaker tendency than the reference group both
with respect to informal contacts (INFO) and educational
activities (EDUC) (column 1 and 3). For the federal research
organizations we found an effect with respect to EDUC that
was stronger than for the reference group. On the whole,
the institutes of the two federal technical universities (ETH)
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Table 6
Determinants of specific forms of KTT activities of institutes and/or departments with enterprises (INFO; INFR; EDUC; REAS; CONS); multivariate probit
estimates

Explanatory variables INFO? INFRP EDUC¢ REASY CONS®
APPLf —-0.010 —-0.005 —-0.023™" —-0.025™" —-0.015"
(0.007) (0.007) (0.009) (0.006) (0.006)
TEACHS 0.005 —0.003 0.007 —0.018" —0.001
(0.008) (0.010) (0.011) (0.008) (0.007)
MOTIVE1" 0.205 0.896" 0.298
(Access to industrial knowledge) (0.120) (0.214) (0.116)
MOTIVE2! 0.523™ 1.042"
(Institutional/organizational motives) (0.168) (0.223)
MOTIVE4) 0.257 0.318"
(Access to additional resources) (0.146) (0.123)
OBSTACLE3k —0.406™"
(Differing interests or attitude to research (0.136)
Institute size:
10-19 employees 0.140 0.367 0.165 -0.158 0.404
(0.377) (0.511) (0.458) (0.361) (0.332)
20-39 employees 0.158 0.653 —-0.456 —0.040 0.360
(0.460) (0.558) (0.564) (0.431) (0.403)
40-99 employees 0.853° 0.441 0.740 -0.184 0.485
(0.496) (0.578) (0.503) (0.412) (0.373)
100 employees and more 0.199 0.461 1168~ 0.062 0.912"
(0.450) (0.561) (0.549) (0.493) (0.410)
TTO! 0.921" 0.517 3.904™ 0.561 0.130
(0.443) (0.381) (0.772) (0.481) (0.390)
ETH™ —-0.891 -0.162 —1.063" -1.515™ -1.051"
(0.471) (0.560) (0.630) (0.485) (0.437)
UNIV? —0.148 0.303 0.107 —1.722™ —0.833"
(0.472) (0.661) (0.638) (0.465) (0.456)
FRI° -0.164 -0.679 1.672" -2.524™" -0.766
(0.724) (0.799) (0.868) (0.592) (0.667)
ENGINEERINGP 1.446™ -0.371 1.829™ 0.290 1.369"
(0.522) (0.613) (0.711) (0.538) (0.620)
NATURAL SCIENCESP 0.575 0.351 -0.629 0.831 0.697
(0.586) (0.576) (0.786) (0.604) (0.624)
ECONOMICS, MANAGEMENTP 0.496 —5.143"" 0.626 0.241 2.008™
(0.582) (0.591) (0.762) (0.565) (0.638)
MEDICINEP 0.873 -0.249 -0.237 —0.188 0.710
(0.585) (0.599) (0.784) (0.556) (0.613)
Const. —-0.020 -1.123 11257 2.659™ —-0.870
(0.815) (0.841) (0.549) (0.821) (0.797)
N 172
Wald x? 1267
Rho21 0.232
Rho31 0.616™
Rho41 0.193
Rho51 0.163
Rho32 0.010
Rho42 0.460""
Rho52 0.078
Rho43 0.133

Rho53 0.138
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Table 6 (Continued)

Explanatory variables INFO? EDUC® REASY CONS®
Rho54 0.141
LR test of rho21=......=rho54=0 21"

2 INFO: 3 variables for single forms of KTT referring to informal contacts, attendance of conferences, workshops of private enterprises, etc. measured on
a five-point Likert scale (1: not important”; 5: “very important”) were combined to one dummy variable: value 1 is attached to institutes that reported a
value 4 or 5 for any of the three original variables, value O to those institutes reporting 1, 2 or 3 for any of the three original variables.

b INFR: similar construction as INFO based on the variables for two single forms of KTT referring to technical facilities.

¢ EDUC: based on 9 single variables referring to education and training activities.

d REAS: based on 3 single variables referring to research activities.

¢ CONS: based on 2 single variables referring to consulting activities; see Table 2 for details.
f APPL: ratio of the percentage of the total working time of academic staff of an institute devoted to applied research to the working time percentage

devoted to basic research.

& TEACH: percentage of the total working time of academic staff devoted to teaching; there is also a fourth category of activities, namely ‘other tasks’.

" OBSTACLE3: combination of the following four single obstacles of KTT activities: “institute’s research focus not interesting enough for industry”;
“insufficient interesting research questions in industry for institute”; “no possibility of commercialization of research results”; “difficulties to find an
appropriate industry partner” (one factor out of total six factors of a principal component factor analysis of 26 single obstacles measured on five-point
Likert scale (1: ‘not important’; 5: ‘extremely important’) (see also Table A.5 in the appendix).

I MOTIVE1: combination of the seven single motives of KTT activities referring to access to industrial knowledge as well as practical experience and
application of university knowledge (one factor out of total four factors of a principal component factor analysis of 24 single motives measured on five-point
Likert scale (1: ‘not important’; 5: ‘extremely important’) (see also Table A.4 in the appendix).

J MOTIVE2: combination of ten single motives referring to institutional and/or organizational motives (see Table A.4 in the appendix for details).

k MOTIVE4: combination of three single motives referring to pursuing more research efficiency (see Table A.4 in the appendix for details).

I TTO: importance of the Technology Transfer Offices of the various institutions as intermediaries in the period 2002-2004.

m ETH: dummy variable for affiliation to one of the two Federal Institutes of Technology in Zurich and Lausanne respectively.

" UNIV: dummy variable for affiliation to a University.

© FRI: Federal Research Institution (e.g. PSI, EAWAG, etc.); reference group: Universities of Applied Sciences.
P ENGINEERING; NATURAL SCIENCES; ECONOMICS, MANAGEMENT; MEDICINE: dummies for an institute’s scientific field; reference group: mathe-

matics/physics;
procedure).

show a weaker tendency to engage in any type of KTT activ-
ities than the universities of applied research (with the
exception of INFR). A possible explanation is that these two
universities are primarily basic research oriented.

Finally, institutes of engineering are stronger inclined
to informal contacts, educational activities and consulting
than institutes from other scientific fields. It is not astonish-
ing that institutes of economics/management are stronger
involved in consulting (e.g. University of St. Gallen) and
less ininfrastructure-related activities than institutes in the
other disciplines. Otherwise there are no discernible differ-
ences among the institutes from different scientific fields
with respect to the five categories of KTT activities.

7.2. Channels of KTT: patenting, licensing, spin-offs
(model B)

Also in this case we take into consideration the possibil-
ity ofinterdependence among the various types of channels
of KTT. There are some good reasons why some correla-
tions between these activities should exist: patenting is a
precondition for licensing; patenting and/or licensing are
often the main motivation for grounding a new firm to
exploit these assets. In order to take account of this inter-
dependency we estimated a trivariate probit model, i.e. a
simultaneous system of three equations (for PATENTING,
LICENSING and SPIN-OFFS respectively), instead of three
separate probits. To this end, we applied the respective
procedure implemented in STATA, which is based on the so-
called GHK-simulator for multivariate distributions. Table 7
shows the estimates for the trivariate probit model.

, " denote statistical significance at the 1%, 5% and 10% test level, respectively; heteroscedasticity-robust standard errors (White

There is no significant correlation between the equa-
tions for patenting and licensing and between the
equations for patenting and spin-offs. A significant cor-
relation could be found only between the equations for
licensing and spin-offs (rho23=0.538 in Table 7). Thus,
there is empirical justification for estimating a trivariate
probit model.

For patenting as well as for university spin-offs (columns
1 and 3 respectively in Table 7) the research orientation
of the institutes is practically irrelevant; the variable APPL
is in both cases statistically insignificant even at the 10%
test level. Rather unexpectedly, the effect of APPL is neg-
ative in the LICENSING equation, as it was the case also
for EDUC, REAS and CONS in Table 6. For patenting the
coefficient of the variable TEACH is also insignificant, for
licensing and spin-offs shows this variable the expected
negative sign. Rather unexpected is the significantly pos-
itive coefficient of the variable TEACH in the estimates for
spin-offs. A glance at the data shows where this effect is
coming from. Universities of applied science, where the
teaching obligations are on average higher than in the other
types of science institutions, show also an above-average
propensity to spin-offs.

The logical consequence of the findings for licensing
(column 2 in Table 7) is that primarily institutions with
much basic research and low teaching obligations would
be engaged in licensing. A glance at the data shows that
particularly the Swiss Federal Institute of Technology in
Lausanne (EPFL) and the four federal research institutions,
all institutions with a strong profile in basic research and
low teaching obligations, are heavily engaged in licensing.
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Table 7
Determinants of patenting; licensing; founding spin-offs; trivariate probit estimates
Explanatory variables Patenting?(1) Licensing®(2) Spin-offs€(3)
APPLY —0.009 -0.022"" 0.001
(0.007) (0.011) (0.006)
TEACH® —0.007 —0.021"" 0.018"™"
(0.006) (0.012) (0.006)
OBSTACLE3f -0.378" —0459™"
(Differing interests, attitudes to research) (0.181) (0.140)
MOTIVE18 0216
(Access to industrial knowledge) (0.121)
Institute size:
10-19 employees —0.201 —0.051 0.066
(0.350) (0.334) (0.374)
20-39 employees 0.459 -0.983" 0.109
(0.376) (0.517) (0.464)
40-99 employees 0.604 0312 1128"
(0.402) (0.360) (0.459)
100 employees and more 0.942" /! 1357
(0.408) (0.449)
TTOR 0.705""" 0.657" 1274""
(0.287) (0.364) (0.406)
ETH! —0.068 —0.245 0.340
(0.443) (0.466) (0.406)
UNIVJ —0.154 —0.090 0.066
(0.481) (0.468) (0.455)
FRIK —0.991 1.004 1765
(0.664) (0.667) (0.842)
ENGINEERING! 1732"" -0.225 0.977
(0.324) (0.539) (0.660)
NATURAL SCIENCES! 1359 —0.096 0.174
(0.440) (0.562) (0.699)
ECONOMICS, MANAGEMENT! /! -0.894 0.832
(0.595) (0.686)
MEDICINE! 0.908" -0.797 0.120
(0.450) (0.595) (0.659)
Const. —~1.404" —0.001 —2.794""
(0.550 (0.712) (0.845)
N 169
Wald 2 202"
Rho12 0.090
Rho13 0.212
Rho23 0.538"""

2 Application of patents yes/no 2002-2004.

b Licenses yes/no 2002-2004.

¢ Spin-offs/start-ups yes/no 2002-2004.

4 APPL: ratio of the percentage of the total working time of academic staff of an institute devoted to applied research to the working time percentage devoted to
basic research.

¢ TEACH: percentage of the total working time of academic staff devoted to teaching; there is also a fourth category of activities, namely ‘other tasks’.

f OBSTACLE3: combination of the following four single obstacles of KTT activities: “institute’s research focus not interesting enough for industry”; “insufficient
interesting research questions in industry for institute”; “no possibility of commercialization of research results”; “difficulties to find an appropriate industry partner”
(one factor out of total six factors of a principal component factor analysis of 26 single obstacles measured on five-point Likert scale (1: ‘not important’; 5: ‘extremely
important’) (see also Table A.5 in the appendix).

& MOTIVE1: combination of the following seven single motives for of KTT activities: “access to specific capabilities complementary to institute’s expertise”; “new
research impetus”; “exchange of ideas and experience with industry researchers”; “practical experience for staff/students”; “gaining additional research insights”;
“opportunity to test research findings in practice”; promoting the diffusion of a particular technology” (one factor out of total four factors of a principal component
factor analysis of 24 single motives measured on five-point Likert scale (1: ‘not important’; 5: ‘extremely important’) (see also Table A.4 in the appendix).

" TTO: importance of the Technology Transfer Offices (TTO) of the various institutions as intermediaries of KTT activities in the period 2002-2004 (1: ‘important’;
0: not important’).

i ETH: dummy variable for affiliation to one of the two Federal Institutes of Technology in Zurich and Lausanne respectively.

J UNIV: dummy variable for affiliation to a University.

K FRI: dummy variable for affiliation to a Federal Research Institution (e.g. PSI, EAWAG, etc.); reference group: Universities of Applied Sciences.

! ENGINEERING; NATURAL SCIENCES; ECONOMICS, MANAGEMENT; MEDICINE: dummies for an institute’s scientific field; reference group: mathematics/physics;
" """ denote statistical significance at the 1%, 5% and 10% test level, respectively; heteroscedasticity-robust standard errors (White procedure).
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MOTIVET related to the access of industrial knowledge
as well as practical experience and possibilities of applica-
tion is relevant only for patenting. Licensing and spin-offs
were hampered by the same category of obstacles, namely
OBSTACLE3, which reflects the perception of academics of
an industry research profile that does not correspond well
to their own needs and interests.

There is a weak positive size effect for spin-offs but no
discernible effect for the other two types of KTT channels.

As expected, Technology Transfer Offices are relevant for
all three channels of KTT.

There were no discernible differences with respect to
patenting and the foundation of spin-offs among the var-
ious groups of federal, cantonal and regional institutions
(variables ETH, UNIV, FRI vs. the reference group of univer-
sities of applied sciences), with the exception of the federal
research institutions (FRI) showing a higher propensity to
spin-offs than the reference group (column 3 in Table 7).

We could not find any differences for the scientific fields
with respect to licensing and spin-offs. Engineering and
natural sciences are significantly stronger represented than
other disciplines in patenting.

8. Summary and conclusions

A new element that this paper adds to empirical litera-
ture is the analysis at the level of institute or department
of a wide spectrum of KTTT activities covering besides
research co-operation also informal informational contacts,
educational activities, consulting and joint use of techni-
cal infrastructure. Thus, it is understandable that no other
comparable empirical study could be found for this part of
the study with the exception of the paper of Schartinger et
al. (2001) in this journal.

A first important finding of the study refers to the over-
all propensity to KTT activities with private enterprises.
Institutes with a stronger orientation to applied research
and/or lower teaching obligations are also stronger inclined
to get involved in KTT activities. The same is valid for
institutes that have already had experience with indus-
try co-operations as reflected by a high share of external
funds in an institute’s budget. There is no systematic size
effect. We could not find any discernible differences among
the three groups of science institutions with respect to
overall KTT activities. In accordance to expectations, insti-
tutes of economics and business administration, natural
sciences, engineering and medicine are stronger involved
in KTT activities than institutes of mathematics and physics.
Institutes not involved in KTT activities were seriously
impeded from undertaking such activities by a series of sin-
gle obstacles which primarily reflect the fears of academics
of neglecting their main task or reduce the quality of their
work when they involved in KTT activities. Institutes of
engineering, natural sciences and economics/management
are strongly represented among KTT-active institutes. For
this part of the study no comparable evidence from other
studies was available.

A stronger orientation towards applied research is rel-
evant only for distinguishing between institutes involved
in KTT activities and those not involved in such activities
but not for explaining the specific activities of KTT-active

institutes. KTT-active institutes, which reported a strong
engagement in educational, research or consulting activ-
ities, are stronger oriented towards basic research than
KTT-active institutes without such an engagement. The
level of teaching obligations has the expected negative
effect only in the case of research activities. Access to busi-
ness sector knowledge, financial motives in the sense of
searching for additional funding and organization or insti-
tutional motives such as extending university’s mission,
promoting regional development, improving the image of
science, etc. are the most important incentives for most
types of KTT activities. Technology Transfer Offices are par-
ticularly relevant for informal contacts and educational
activities. Engineering sciences are strongly represented
among the institutes with a strong engagement in educa-
tional and consulting activities as well as informal contacts.
With respect to research activities the engagement of vari-
ous scientific fields is quite evenly distributed. Schartinger
et al. (2001) found that departments of engineering sci-
ences in Austrian universities are more strongly inclined
to research activities than other departments of other sci-
entific fields. Also for the specific activities we could not
find a size effect, contrary to the results of Schartinger et al.
(2001) who found that the department size was positively
correlated to various KTT activities with the exception of
contract research.

The second part of the study refers to patenting,
licensing and formation of spin-offs at institute-level or
department-level. The results with respect to the three
important channels of KTT, patenting, licensing and the
formation of new knowledge-based firms showed consid-
erable differences with respect to the relative importance
of the determinants examined in this study. An institute’s
research focus (basics vs. applied research) does not influ-
ence the propensity for patenting and spin-offs; a focus on
basics research seems to be quite compatible with licens-
ing activities. High teaching obligations seem to negatively
influence KTT activities such as licensing and spin-offs. A
further important finding was that licensing and spin-offs
were hampered by the same category of reported obsta-
cles reflecting the perception of academics of an industry
research profile which does not correspond well to their
own needs and interests. There are small differences among
the four types of science institutions and the various sci-
entific fields with respect to the propensity of licensing
and spin-offs. Engineering and natural sciences are strongly
represented among institutes with an inclination to patent-
ing. Finally, there is a weak positive effect of institute size
with respect to spin-offs. Looking for comparable evidence,
we mention here the results of the study of Carlsson and
Fridh (2002) at university level who found that university
size is positively correlated to all three activities discussed
in this paragraph: patenting, licensing, promotion of spin-
offs. A positive effect of university size was also found
by Friedman and Silberman (2003) with respect to inven-
tion disclosures. A further comparable effect refers to the
positive influence of Technology Transfer Offices found by
Thursby et al. (2001). Otherwise, large differences with
respect to model specification, level of analysis, etc. do
not allow a comparison of our results with those of other
studies.
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Finally, there are two pieces of information in our results
that could be policy-relevant. The first point is related to
the role of Technology Transfer Offices. They seem to fulfil
well their function as ‘specialized consultants’ with respect
to patenting, licensing and the promotion of new firms.
But they seem to perform less well as ‘KTT intermedi-
aries’. They are important for mediating informal contacts
and educational activities but not for negotiating research
and consulting contracts or infrastructure-related activi-
ties. Thus, there is some scope for university policy here
trying to drive TTO stronger to a ‘research-oriented’ path.
A second and more important point refers to the obsta-
cles of KTT. Differing interests and attitudes, fears to lose
scientific independence or neglect basic research and sci-
entific publication activities seem to be the most relevant
impediments for scientific institutes to get engaged in KTT
activities. These are primarily ‘culture differences’ between

Table A1
Composition of net sample, response sample and response rates

S. Arvanitis et al. / Research Policy 37 (2008) 1865-1883

university and business that can be partly traced back to the
different goals pursued by the university and the corpora-
tion but also to a lack of knowledge of the problems and
interests of each other. This is could build the starting point
fora policy intervention aiming at bringing universities and
business closer together.
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Appendix A

See Tables A.1-A.5.

Institutions Net sample® Response? Response rate (%)
ETH-domain
Swiss Federal Institute of Zurich 87 45 51.7
Swiss Federal Institute of Technology Lausanne 31 12 38.7
Federal Research Institutions () 11 11 100.0
University of
Basle 32 11 344
Berne 84 33 393
Fribourg 17 5 294
Geneva 46 15 32.6
Italian Switzerland 9 2 22.2
Lausanne 69 12 17.4
Neuchatel 22 6 273
St. Gallen 21 8 38.1
Zurich 74 22 29.7
University of Applied Sciences of
Berne 13 9 69.2
Central Switzerland 10 5 50.0
Eastern Switzerland 36 14 389
Italian Switzerland 7 2 28.6
Northwestern Switzerland 27 17 63.0
Western Switzerland 12 4 333
Zurich 22 8 36.4
Total 630 241 38.3

2 Number of institutes or departments.

b Paul Scherer Institute (PSI); Swiss Federal Institute of Aquatic Science and Technology (EAWAG); Research Institute for Material Sciences and Technology
(EMPA); Swiss Federal Institute for Forest, Snow and Landscape Research (WSL).

Table A.2
Institute size

Number of employees (?)

N Percentage share

of institutes

Up to 9 employees

10-19 employees

20-39 employees

40-99 employees

100 and more employees

Total

36 14.9
63 26.2
47 19.5
54 224
41 17.0
241 100.0

2 Institute employees (in full-time equivalents): professors, academic staff with doctorate and ‘habilitation’, academic staff without doctorate, technical
staff with university degree, staff carrying out other supporting and administrative functions.
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Table A.3
Institutes by scientific field
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Scientific field

Percentage share
of institutes

Economics, Business Administration
Engineering

Mathematics, Physics

Medicine

Natural Sciences

Total

47
79

62
32

241

8IS
32.8

8.7
257
133

100.0

Table A4

Principal component factor analysis of the motives for KTT Activities

Motives

Rotated Factor Pattern (factor loadings)

Factor 1

Factor 2

Factor 3

Factor 4

Access to specific capabilities complementary to own
ones

Research impetus

Exchange of experience with industrial researchers

Practical experience for staff/students

Additional insights in own research field

Test own research findings in practice

Promoting the diffusion of a particular technology

Securing good job prospects for students/staff

Presence of business representatives in university’s
academic consultant bodies

Extending university’s mission

Promoting the diffusion of key findings

Promoting regional development

Improving image of science

Commercial success

Reference for more public funding

Applied research possible only in collaboration

Gaining knowledge about practical problems for
curriculum

Cost savings

Time savings

Access to technological equipment, specialised
technology

Additional resources for basic research

Additional resources for research facilities

Business funding more flexible than public funding

Statistics

Number of observations

Kaiser's measure of sampling adequacy (MSA)

Root mean square off-diagonal residuals (RMSE)

Variance explained by each factor

Final communality estimate

Characterization of the four factors based on the
factor pattern

Factor 1 (MOTIVE1): Access to industrial
knowledge as wells as practical experience and
possibilities of application

Factor 2 (MOTIVE2): Institutional or organizational
motives

Factor 3 (MOTIVE3): Financial motives (achieving
more research efficiency)

Factor 4 (MOTIVE4): Financial motives (access to
additional resources)

0.61

0.74
0.77
0.66
0.72
0.58
0.51

205
0.888
0.060
8.62

13.7

0.60
0.61

0.54
0.56
0.74
0.52
0.63
0.53
0.54
0.54

2.36

0.83
0.84
0.53

1.43

0.76
0.83
0.67

Note: The table shows only factor loadings of 0.5 and more; one single motive (“access to industrial patents and licenses”) is not included in the table

because of low factor loadings in every factor.



1882 S. Arvanitis et al. / Research Policy 37 (2008) 1865-1883

Table A.5
Principal component factor analysis of the impediments of KTT Activities

Impediments Rotated Factor Pattern (factor loadings)
Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6
Lack of qualified staff in industry 0.57
Lack of technical facilities in industry 0.51
Lack of interest in scientific projects in industry 0.52
Uncertainty about R&D results 0.68
Differing ideas on costs and/or productivity 0.67
R&D budgets of potential business partners too low 0.77
Resource-intensive administrative and approval 0.75
procedures, legal restrictions
Lack of project administration support on the part 0.68
of the academic institution
Lack of support for the commercialization of 0.69
findings on the part of the academic institution
Property Rights problems 0.63
Difficulty to find an appropriate partner in industry 0.52
Insufficient interesting research questions in 0.69
industry
Insufficient interesting research focus for firms 0.82
No possibility of commercialising research findings 0.74
Lack of Information about firms’ research activities 0.57
Scientific independence impaired 0.69
Hindrance to academic publication activities 0.71
Neglecting basic research 0.69
Different views on urgency with regard to 0.58
scheduling
Lack of confidence 0.69
Reputation at risk 0.75
Teaching requires too much time 0.76
Lack of academic specialists for KTT activities 0.61
Statistics
Number of observations 221
Kaiser’s measure of sampling adequacy (MSA) 0.844
Root mean square off-diagonal residuals (RMSE) 0.059
Variance explained by each factor 7.37 2.10 1.72 1.65 1.42 1.2
Final communality estimate 15.4

Characterization of the six factors based on the factor pattern:
Factor 1 (OBSTACLE1): Deficiencies of the firms
Factor 2 (OBSTACLE2): Administrative problems
Factor 3 (OBSTACLE3): Different interests,
different attitudes to research

Factor 4 (OBSTACLE4): Endangering scientific
independence, neglect of basic research and
publishing

Factor 5 (OBSTACLES5): Lack of confidence, risk of
damaging reputation

Factor 6 (OBSTACLE6): Lack of human resources

Note: The table shows only factor loadings of 0.5 and more; the following three single obstacles are not included in the tables because of low loadings
in every factor: “interface to the business sector poorly equipped (e.g. lack of capacity of technology transfer offices)”; “approach of institute staff not
entrepreneurial enough”; “project management problems on the part of science institutions”.
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