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Effects of ‘Mode 2'-Related Policy on the
Research Process:

The Case of Publicly Funded German
Nanotechnology

Andreas Wald

Recent reforms in science policy seem to be in line with the archetype of ‘Mode 2’
of knowledge production. This study on publicly funded German nanotechnology re-
search seeks answers to questions concerning the prevalence, the effects and the ap-
propriateness of Mode 2-related policy. The level of analysis is the individual research
group. The results reveal that nanotechnology research does not fit into the picture
portrayed by Mode 2 literature. Nevertheless, effects of Mode 2-related policies can be
observed. Funding schemes often require an immediate relevance for commercial ap-
plication and collaboration with industry partners. As a consequence, research groups
are forced to adjust their research lines and strategies to these needs. The researchers
seriously criticize these developments and consider the policies underlying them as
harmful for both fundamental and applied research. In the light of the results, the ad-
aptation of Mode 2 elements into science policy and into funding schemes should be

considered critically.
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Work on new modes of knowledge pro-
duction has been seriously criticized for
its limited empirical relevance and con-
ceptual flaws (Weingart, 1997; Godin,
1998; Shinn, 1999; Hellstrom and Jacob,
2000). Nevertheless ‘Mode 2’, ‘post-
normal science’ and ‘triple helix’ have
become buzzwords among academ-
ics (Funtowicz and Ravetz, 1993; Ley-
desdorff and Etzkowitz, 2000; Gibbons
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et al., 1994). Furthermore, claims made
by the concepts are mirrored by science
policy makers and funding agencies.
Recent reforms in the governance of
research and the setup of funding pro-
grams in many countries comprise ele-
ments of the concept of Mode 2. Whether
Mode 2 rhetoric influenced policy mak-
ing or the policy instruments served as
a guideline for the formulation of the
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models remains unclear. However, the
promotion of transdisciplinaryresearch,
the encouragement of network-building
for academic-industry cooperation, and
the focus on high profile research with a
visible relevance for society are central
elements of both, science policies and
models of new modes of knowledge pro-
duction (Weingart, 1997, Hemlin, 2001;
Beesley, 2003; Braun, 2005). Although
these policy targets and issues have
been discussed for many years, they
have recently gained more influence
(Jacob, 2001; Nowotny, 2005).

These central elements are also ap-
plicable to Germany which, compared
to other European countries, is a late-
comer in reforming its research system.
Due to resistance from powerful actors,
contradictory demands from different
stakeholders and organizational inertia,
the reform process took longer to start.
Nonetheless, reforms in Germany are
driven by the same rationale: the need
to foster and safeguard the international
competitiveness of the national innova-
tion system, on the one hand, and an in-
creasing scarceness of public resources
on the other hand. Like most western
countries, publicly funded research in-
creasingly has come under pressure for
public legitimization (Dasgupta and
David, 1994; Slaughter and Leslie, 1997;
Metcalfe, 1997; Hellstrom and Jacob,
2000; Jacob, 2001; Pavitt, 2001; Martin,
2003; Nowotny, 2005).

The empirical evidence for the devel-
opments towards new modes of knowl-
edge production and the observable ef-
fects remain ambiguous and the ques-
tion whether a general orientation of
science policy on Mode 2 is a beneficial
strategy is still unresolved. While some
authors argue that an alignment of sci-
ence policy instruments on Mode 2 is
a necessary precondition for enhanc-
ing economic growth and international

competitiveness (Beesley, 2003), others
consider such strategies as harmful for
the long-term prospects of fundamen-
tal research as well as corporate R&D
(Dasgupta and David, 1994: 513-518;
Metcalfe, 1997; Shinn, 1999; Wilts, 2000;
Mulvey, 2002; David, 2002).

Against this background, the aim of
this paper is to analyze possible effects
of Mode 2-related elements of research
policy on the research process in pub-
licly funded German nanotechnology.
The focus lies on the individual research
group which is defined as the small-
est stable unit in an organization that
conducts research (Wald et al., 2007:
218). The micro-level has been chosen
as the level of analysis because univer-
sities and extra-university research in-
stitutes are professional organizations
(Mintzberg, 1979: 355). In this type of
organization, the operating core, i.e. the
research group or the individual senior
researcher, is the power base. The study
addresses three questions concerning
the effects and the appropriateness of
Mode 2-related policies:

- Are there policies in line with Mode 2
and how prevalent are they in publicly
funded research?

- Is there empirical evidence for nan-
otechnology being a typical Mode 2
field?

- What are the consequences of Mode
2-related policies and how are the
policies evaluated?

This study empirically analyzes the field
of nanotechnology which has been char-
acterized as a prototype for Mode 2. Na-
notechnology is a science-based field of
technology which bridges various scien-
tific disciplines (Meyer, 2001; Schmidst,
2004). Furthermore, it is considered to
be an important future technology since
nanoscience research is assumed to re-
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sult in radical improvements of human
life and in high economic pay-offs. Due
to its interdisciplinary nature, nanote-
chnology research often requires the
combination of complementary resourc-
es from different fields. It is therefore
prone to network building and collabo-
ration between science and technology
(Bozeman et al., 2007). Finally, nanote-
chnology is the centerpiece of science
policies in many countries. Programs of
governments and funding agencies, like
the American Nanotechnology Initia-
tive, invest heavily in nanotechnology
research and development (NSTC, 2000;
Roco and Bainbridge, 2001; Metha, 2002;
Glimmel, 2004; Johnson, 2004).

I will begin by first describing the
design of the study. In the next section,
central characteristics of Mode 2 and
related concepts are described. In the
third section it is argued, that elements
of Mode 2 can be also observed in many
science policy instruments. I then con-
tinue by introducing nanotechnology
and describing the organization of the
publicly funded part of the German re-
search system. Moreover, evidence for
Mode 2-related policies are provided.
This is followed by an empirical ex-
amination of whether the research in
nanotechnology exhibits elements of
a Mode 2 field and how Mode 2-related
policies affect research. The evaluation
of the policies takes place in the seventh
section. In the concluding part, the use-
fulness of a standardization of science
policies based on the archetype of Mode
2 is discussed.

Research design

The population of nanotechnology re-
search groups in Germany has been
identified in a two-step procedure (Wald
et al., 2007). In a first step, a bibliomet-
ric analysis of the Science Citation Index
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(SCI) revealed all institutions that pub-
lished at least one article in the field of
nanotechnology in 2002 and 2003. Un-
fortunately, SCI-data does not exist at
the level of research groups, but is only
available in order to identify the institu-
tional affiliation of individual research-
ers. The list of institutions, thus, had to
be disaggregated using secondary infor-
mation from directories and web pages.
In a second step, this group level listing
was validated in expert interviews at the
federal funding agency that manages
the funding programs relevant for nan-
otechnology at the Federal Ministry of
Education and Research. The expert in-
terviews resulted in a population of 223
research groups. The research group is
defined as the smallest stable unit within
an organization that conducts research.
For identifying research groups a realis-
tic rather than a nominalistic approach
was pursued. Consequently, a research
group may also correspond to a formal
organizational unit, e.g. a subdivision or
a chair, but must not.

The study is based on a random sam-
ple of 25 research groups. Of the original
sample, five groups refused to partici-
pate in the study. They were replaced by
a random selection of five alternative
cases. As the sample only comprises
about 10% of the population, the gen-
eralization of the results will be limited
to some extent. Nevertheless, the main
types of institutions working in this field
are represented. Furthermore, the dif-
ferent subfields, such as nanoelectron-
ics, nanomaterials and surfaces, and
nanobiotechnology are also covered by
the sample. This is important since the
different subfields have different struc-
tures and exhibit different logics of re-
search. In table 1, the composition of the
sample is compared to the population.
In general, the sample represents the
structure of the population quite well.
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Table 1: Composition of the sample.

Sample Population
University 18 (72%) 143 (64.1%)
Max-Planck-Society (MPG) 2 (8%) 29 (13%)
Leibnitz-Association (WGL 1(4%) 6 (2.7%)
Helmholtz-Association (HGF) 2 (8%) 16 (7,2%)
Fraunhofer-Association (FhG) 1(4%) 7 (3.1%)
other 2 (8%) 22 (9.8%)
Total 25* 223

* one group with double affiliation

Universities are slightly overrepresented
whereas non-university institutes, es-
pecially of the Max-Planck-Society, are
slightly underrepresented.

The average size of the research group
is 13.8 scientists (full-time equivalents).
In universities, the research groups are
mostly smaller than in non-university
institutes. The data has been collected
in face-to-face interviews with the heads
of the research groups. All interviews
have been recorded and transcribed.
The interviews were designed as semi-
structured, qualitative, expert inter-
views complemented by a standardized
questionnaire covering data on size,
input (personnel), and output (publica-
tions, patents) of the group. In addition
to the qualitative data, a formalized
questionnaire was used to collect data
on the ego-centered networks. First, the
interviewees were asked to make a list
of their most important partners for sci-
entific collaboration. Subsequently, the
interviewees had to provide information
about their partners. Moreover, they
described the relations between them-
selves and their partners, as well as the
relations between their partners.

The qualitative interview data was
subjected to a computer based content
analysis using the software package
ATLAS.ti (Krippendorff, 2003). To avoid

a subjective bias, the whole text mate-
rial was examined separately by three
persons. The textual information was
categorized. The coding frame relates to
the different Mode 2 policy instruments
described in the sections 3 and 4. Each
person assigned the categories of the
coding frame to different parts of the
transcripts. In a second step, the results
of the three separate analyses were con-
solidated. For the most part, the results
of the three investigators were identi-
cal. For discrepant categorizations, an
intensive discussion led to a common
assignment of textual parts to the cat-
egories. This procedure resulted in 25
transcripts indexed by the empirical
categories shown in tables 2 and 3. One
group of categories deals with the fac-
tors that influence decisions on research
lines and research programs. The sec-
ond group comprises descriptions about
the factors influencing the choice of re-
search collaborators and factors that in-
fluence the establishment and develop-
ment of research networks.

‘Mode 2/, ‘triple-helix’, and
‘postnormal science’

Several catchwords have been coined

to describe fundamental changes tak-
ing place in the organization of science.
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The most common concepts are the
‘postnormal science’ (Funtowicz and
Ravetz, 1993), ‘Mode 2’ (Gibbons et al.,
1994), and the ‘triple-helix’ (Etzkowitz
and Leydesdorff, 2000). Throughout the
literature, an intensive discussion is tak-
ing place about the merits and flaws of
the concepts. The critique exhibits three
major lines of attack. First, the question
of novelty has been raised as the con-
cepts are suspected to reheat some of
the ideas related to ‘finalized science’
suggested many years before (Bohme et
al., 1973; Schiffer, 1983; Weingart, 1997).
Second, the models are formulated in an
ambiguous way and are not specified as
rigorous and consistent theories. Third,
the presumptions are not substantiated
by empirical observations. Empirical
evidence suggests that Mode 2 is a form
of knowledge production for only a lim-
ited number of fields of science (Wein-
gart, 1997; Godin, 1998; Shinn, 1999;
Hellstrom and Jacob, 2000; Birrer, 2001).

The aim here is not to recapitulate
the critique in detail but to identify and
elaborate the central features of the
models. One should be aware that the
models differ in some aspects (Weingart,
1997; Wilts, 2000). However, the different
models can be subsumed under the key-
word Mode 2 as the central assumptions
and conclusions are similar for the most
part. The new models of knowledge pro-
duction are assumed to exhibit the fol-
lowing characteristics (Weingart, 1997;
Godin, 1998; Shinn, 1999; Hellstrom and
Jacob, 2000; Wilts, 2000; Birrer, 2001;
Metha, 2002):

1. The choice of research topics is no
longer driven by curiosity but deter-
mined by its application relevance.
Consequently, the focus of research
is on problem and context oriented
solutions and less on universally
valid basic laws.

30

2. Research is no longer organized
along lines of academic discipline,
but is instead transdisciplinary in its
orientation.!

3. The places of inquiry are not lim-
ited to universities and academic
institutes, but also consulting firms,
government agencies, and other non-
academic institutions are involved.

4. Institutional and disciplinary bound-
aries become increasingly blurred
and collaborations in informal net-
works of changing configurations are
the prevalent organizational form.
The actors in these networks have
different disciplinary backgrounds
and different institutional affiliations
(e.g. universities, industry). Particu-
larly industry-academic collabora-
tion is required for solving practical
problems.

5. Disciplinary organized peer-review
is not the sole instrument of quality
control. Economic and social useful-
ness serve as additional criteria for
assessing the quality of the research
output.

6. As economic, political, and socie-
tal actors become important stake-
holdersforscientists, Mode 2 research
is socially responsible. The societal
and political implications of the re-
search outcomes have to be taken
into account by the researchers.

All in all, Mode 2 differs significantly
from the linear model of innovation
where fundamental research, applied
research, and industrial development
are clearly separated by distinguishable
cultural boundaries. Mode 2 literature
describes the innovation process as col-
laboration in transient and heterogene-
ous research teams and networks (Wilts,
2000; Jansen, 2007).
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Science policy

Apart from the discussion of whether
Mode 2 is in fact a new form of knowl-
edge production and whether it is super-
seding the traditional Mode 1, several
elements of the model seem to be part
of the policies of governments and fund-
ing agencies (Pavitt, 2001, Beesley, 2003;
Glimmel, 2004; Johnson, 2004; Braun,
2005). It is, however, questionable
whether Mode 2 rhetoric has influenced
science policy or whether the new policy
instruments were the trigger for the de-
velopment of the concepts. However, a
certain congruence of Mode 2 and sci-
ence policy is obvious.

As a general trend, a convergence of
different national and regional inno-
vation policies can be observed (Kuhl-
mann, 2001). Nevertheless, Anglo-
American countries leaped ahead by
transforming their research system
towards more market and profit-orien-
tation encouraging close collaboration
with industry. As shown by Slaughter
and Leslie (1997) in their analysis of
public research universities in Canada,
the United States, the United Kingdom,
and Australia, large-scale changes took
place in the period between 1970 and
1990. In contrast to the vagueness of the
work on new modes of knowledge pro-
duction, their analysis is based on more
convincing data and faculty interviews.
Evidence is provided, showing that ‘Aca-
demic Capitalism’ has emerged as the
prevalent governance model for higher
education and research. This regime is
characterized by increased attention
to market potential as impetus for re-
search and teaching. As a consequence
curiosity-driven research is sacrificed
for the sake of applied research. The
marketability becomes the main criteria
for research grants and decision making
within university bodies and is guided

by the quest for economic efficiency.
The implementation of those decisions
is facilitated by the replacement of aca-
demic governance and the adoption of
professional management structures.
New management structures also devel-
oped business-like organizational units,
e.g. marketing, public relations, and
fundraising, and established incentive
schemes which favor profitable research.
However, the study of Slaughter and Le-
slie also suggests that academic capi-
talism does not necessarily represent
a threat to basic research, but may also
create new opportunities for research.

Quite a few countries on mainland
Europe have also adopted science poli-
cies that fit the Mode 2 model. Benner
and Sandstrom (2000) report such ten-
dencies for Sweden in their study on
the funding of technical research. Early
adopters of more market-based govern-
ance forms were the Netherlands, where
policy instruments like performance-
based funding have been introduced in
the mid-1980s. State regulation has been
reduced while at the same time compe-
tition between universities, managerial
self-governance and academic self-gov-
ernance has been strenghtened. More
recently, Austria has moved from the
state model of university governance
to the managerial model (de Boer et al.,,
2007).

The prime reasons for the advent of
academic capitalism are on the one hand
the growing costs of research and devel-
opment and on the other hand increas-
ing constraints of public expenditures
(Martin, 2003). Science policy, as every
distributive policy, is primarily con-
cerned with the allocation of resources.
As public funds are particularly scarce,
it seems to be of crucial importance to
invest in areas and types of research
with high scientific and/or economic re-
turns (Johnston, 1990; Braun, 1998).
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A central policy instrument for en-
couraging applied research with mar-
ketable results is priority setting as well
as goal setting. Both instruments can be
applied externally by government agen-
cies or non-governmental funding bod-
ies as well as internally in universities
or extra-university research institutes.
Typical for external priority setting is
a selective funding of certain research
fields. Internal priority setting often ap-
pears in the form of profile building in
research organizations. Whereas prior-
ity setting influences the choice of the
research topics, goal setting defines the
objectives of the output (Wald et al,
2007).

The promotion of interdisciplinary
research and science-industry collabo-
ration is a second fundamental aim
of Mode 2-related policy instruments.
Bridging the divide between different
disciplines and fostering joint research
activities of academic and corporate ac-
tors can also be achieved by regulating
the flow of financial resources. Funding
schemes for large and particularly ex-
pensive research projects often require
the collaboration of several research
groups as well as interdisciplinary teams
and the cooperation of academic and
corporate researchers. Several funding
programs at the national and European
level, i.e. the European Union funded
‘Networks of Excellence’, are especially
designed to support collaboration across
national and institutional boundaries
(Wald et al., 2007).

Publicly funded nanotechnology
research in Germany

The fundamental scientific advances
in nanoscience and its practical imple-
mentations by nanotechnology are as-
sumed to result in a revolution of sci-
ence and technology.? Technological
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breakthroughs in fields like manufac-
turing, medicine, materials, nanoelec-
tronics, healthcare, agriculture, and in-
formation technology are expected to
bring about solutions of high social and
economical utility. As the variety of ap-
plications suggest, nanoscientists have
different disciplinary backgrounds.
Prevalent fields are physics, chemis-
try, biomedicine, material science, and
electrical engineering (Meyer and Pers-
son, 1998; Schummer, 2004a; 2004b).
Nanotechnology is an umbrella term
for a large set of technologies working at
the molecular level. It is about the abil-
ity to manipulate, control, and create
matter and structure at the level of 10
to 107meters. One nanometer (nm) is
approximately 80,000 times smaller as
a human hair (Metha, 2002: 269). The
specific characteristic of nanotechnol-
ogy is that it implies not only a quanti-
tative miniaturization, but the creation
of new qualities of materials and de-
vices. Manipulations on the nanoscale
result in novel properties of materials at
the macro scale (NSTC, 2000; Roco and
Bainbridge, 2001; Metha, 2002; Glimmel,
2004). Examples for a potential applica-
tion of nanomaterials are wear-resist-
ant polymers for tires, or nanomachines
that can be used for medical treatment,
e.g. in-vivo diagnostics and treatment
devices.

The potentials of nanoscience-based
innovations are far from being fully ex-
ploited. Given the high potential on the
one hand and the infancy concerning
the state of commercializeable applica-
tions on the other hand, national sci-
ence policies often comprise specific
programs for the advancement of the
field. Many even consider nanotechnol-
ogy as the 21 century key technology
for enhancing and safeguarding inter-
national competitiveness.
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Nanoscience in the publicly funded
German research system
In the publicly funded sector of the Ger-
man research system, research is con-
ducted by universities and by extra-uni-
versity institutes. While research in uni-
versities covers both fundamental and
applied research within one institution,
in extra-university research a clear-cut
division of labor between different types
of institutions can be observed. The Ger-
man research system is segmented and
highly specialized. Between the differ-
ent organizations, only a limited overlap
concerning the fields and the orientation
of research exists (Hohn and Schimank,
1990; Heinze and Kuhlmann, 2007).
Universities pursue fundamental and
applied research and are institutionally
financed by the federal states. The extra-
university sector differs in its research
missions and funding base. This sector
is composed of the Max-Planck-Society
(MPQG), the Leibniz-Association (WGL),
the Helmholtz-Association (HGF), and
the Fraunhofer-Association (FhG). In
addition, a few federal institutes provide
technical and scientific services. They
are directly funded by and report to a
federal ministry. Extra-university insti-
tutes are particularly competitive actors
in the field of nanoscience. The insti-
tutes of MPG are responsible for funda-
mental research. They are funded by the
federal government (50%) and the fed-
eral states (50%) in which the institutes
are located. The high degree of institu-
tional funding is combined with a high
autonomy of the institutes regarding
their research strategies and the intraor-
ganizational distribution of resources.
The funding share of the federal level
and the state level is 90:10 for institutes
of the Helmholtz Association to which
15 big research centers belong. The cent-
ers pursue fundamental and applied
long-term research on behalf of the state

and society. Research at the HGF is pro-
gram-based and organized in six major
research fields. Many of the research ac-
tivities require large scale research facil-
ities (‘big science’) and concern technol-
ogies of high complexity. The Leibniz-
Association is an umbrella organization
which encompasses research institutes
being very heterogeneous in size, ori-
entation, and organizational structure
(Hohn and Schimank, 1990a: 141-142).
The most common funding scheme for
most of the institutes is 50% by the fed-
eral government and 50% by the federal
states. The institutes of FhG constitute
the fourth segment of the extra-univer-
sity sector. Their mission is applied con-
tract research for industrial and public
customers. Roughly two thirds of the
institute’s revenues come from contract
research whereas the remaining third is
funded by the federal Government and
the federal states. The institutes of the
FhG act as profit centers and have a high
operational autonomy.

The segmentation of the research
system has been criticized within the
scope of the ongoing reform process of
the German research system. The need
for inter-institutional collaboration has
been emphasized by political actors and
academics, but due to the functional
monopolies of the MPG, the HGF, the
WGL, and the FhG neither competition
nor cooperation between the different
institutional pillars took place (Meyer-
Krahmer and Schmoch, 1998; Heinze
and Kuhlmann, 2007). In this respect,
the institutional structure does not fa-
cilitate Mode 2 knowledge production
where fundamental research should go
hand in hand with applied research and
industry participation is essential. For
instance, institutes of the Max-Planck-
Society are not particularly interested in
the further development of the original
findings as there are no incentives to fol-
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low up the matter. Policy makers there-
fore demand for a closer cooperation be-
tween the different institutions (BMBF,
2002). As a first reaction to this claim the
Max-Planck-Society and Fraunhofer-
Association recently started a dialogue
on pooling expertise and know how
(Heinze and Kuhlmann, 2007: 205).

The publication activity in nanote-
chnology (1996-2000 Science Citation
Index) shows that the main research
stimuli come from the extra-university
sector. The 15 most active research fa-
cilities comprise seven institutes of the
MPG, five university research institutes,
and three institutes separated between
the HGF and the WGL. An important fac-
tor for explaining the high performance
of the extra-university sector is the com-
prehensive institutional funding base.
Whereas for universities third party
funds are essential, institutes from the
MPG, HFG, and WGL have a wider scope
for investments in staff, laboratory, and
equipment. But also the extra-university
sector faces increasing pressure. More
strategic industry collaboration, spe-
cialization, concentration on core com-
petencies, profile-building, and a higher
degree of applied research are funda-
mental guidelines of the reform process
in the German research system which
fit well with the rhetoric of Mode 2 (Wis-
senschaftsrat, 2000; 2002; 2003; Interna-
tionale Kommission, 1999).

Elements of Mode 2 policy in publicly
funded German nanoscience

German nanoscience ranks high in in-
ternational comparisons for both fun-
damental, as well as applied research
(Hullmann and Meyer, 2003). It is
number one in Europe in terms of pub-
lication output and patent applications.
Around 600 companies are currently
involved in the nanotechnology busi-
ness, most of them being small and me-
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dium sized enterprises. Roughly 50% of
all European nanotechnology-firms are
headquartered in Germany. The public
funding for nano-research amounts to
290 million Euro per year. Compared to
other European countries, this is by far
the highest budget for publicly funded
research in this field (BMBF, 2006).

The funding base for nanoscience is
diverse. Universities strengthen their
profile by selectively financing highly
visible research areas. Nanotechnol-
ogy is one of the most prominent fields
for which these financial incentives are
provided. On the federal state-level, so
called ‘research co-operations’, which
are collaborations comprising groups
from several institutions (public and pri-
vate), receive funding for dealing with
pre-specified topics including nanote-
chnology. Research cooperations foster
interdisciplinary and applied research
with industry partners. Those public-
private collaborations are expected to
boost the transfer from academic re-
search to successful commercialization
(Hoppe and Pfdhler, 2001; BMBF andd
BMWA, 2003).

Likewise, the Federal Ministry of Ed-
ucation and Research (BMBF) considers
active collaboration between industry
and science as a key factor for success-
ful innovation (BMBF, 2002a: 33; BMBF
and BMWA, 2002: 36). Funding nanote-
chnology since the early 1990s, BMBF
primarily supports projects that involve
a strong participation of small and me-
dium-sized companies (BMBF, 2004:
25). The underlying assumption is that a
funding policy with a strategic focus on
selected fields is more likely to foster the
development of the national economy.

Within the scope of the increasing
Europeanization of national R&D poli-
cies, BMBF supported national partici-
pantsin the 6" EU-Framework-Program.
Similar to the national level, EU-related
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activities of the BMBF are aligned with
strategic national goals. The creation
of ‘Networks of Excellence’, an inte-
gral part of the 6"-EU-Framework Pro-
gramme, enforced the establishment of
national competence centers. The BMBF
expected these centers to profit from the
process of Europeanization by solving
critical mass problems through strategic
national and international networking
(BMBF, 2002b). Networks of Excellence
(NoE) encourage collaboration between
centers of excellence in universities,
extra-university research institutes, en-
terprises, including SMEs, and other sci-
ence and technology organizations. The
activities have a long term horizon and
multidisciplinary objectives (European
Union, 2002). Besides the NoEs, the in-
tegrated projects gained increasing im-
portance for the policy agenda on the
national level. Integrated projects were
designed in order to “give increased im-
petus to the Community’s competitive-
ness or to address major societal needs
by mobilizing a critical mass of research
and technological development of re-
sources and competences” (European
Union, 2002).

At the national level, the German Re-
search Foundation (DFG) is the mostim-
portant funding agency. At first glance,
the funding schemes of this source seem
to be less influenced by Mode 2-related
policies. The DFG offers a variety of pro-
grams of which researchers can choose
the scheme that fits best to their en-
deavors. DFG funding is geared towards
the requirements of universities (DFG,
2003). Extra-university institutes have
fewer prospects to gain funding because
of their high institutional funding. Only
in special cases, like ‘Collaborative Re-
search Centers’ or ‘Research Groups’,
can extra-university institutes apply
for funding. The DFG does not fund
projects with industrial participation

but rather fundamental research. One of
the most important instruments is the
funding within the frame of the ‘Indi-
vidual Grants Programs’. This funding
scheme is favored by many researchers
as there is no priority setting and there
are few administrative guidelines (DFG,
2002: 69).

With DFG funding, however, Mode 2-
related elements can also be observed.
‘Coordinated Programs’ (Priority Pro-
grams, Collaborative Research Cent-
ers, DFG Research Centers, Graduate
Schools) have begun to gain importance.
The Collaborative Research Centers and
the DFG Research Centers aim to foster
scientific excellence, interdisciplinary
cooperation, the development of future
themes, and profile building in univer-
sities (DFG, 2002: 75f.). For instance,
64.6% of the total budget for Collabora-
tive Research Centers in 2004 was spent
on life sciences and natural sciences
(DFG, 2004: 104), including research
fields with a visible relevance for society
(medicine, biology, chemistry, etc.).

In short, the funding schemes of the
BMBF and the EU often require the
participation of industrial partners,
the participation of specific European
countries, and a focus on applied re-
search and on certain fields of strategic
relevance. These regulations are obvi-
ously elements of Mode 2 policy. To a
lesser extent, also for the DFG-funding
a trend towards Mode 2 elements can be
observed.

Publicly funded German
nanotechnology as a Mode 2 field?

As the foregoing discussion revealed,
policies of the federal government and
funding agencies exhibit elements of
Mode 2. Whether these instruments ac-
tually influence the research process of
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the individual research groups will be
analyzed empirically.

Applied vs. fundamental research

A central element of the new mode of
knowledge production is its applied ori-
entation. However, for most research
groups in publicly funded nanotechnol-
ogy the orientation of research is fun-
damental. Only two respondents have a
share of applied research which is above
50% (all statements have been translat-
ed from German, the institutional affili-
ation of the group is put in brackets):

Our main activity is basic research.
But we are constantly trying to
build a bridge to applied research.
(University)

The mission of our institute is ap-
plied research. Through our intense
press and public relations activities,
it sometimes happens that industry
asks us to solve some problems on
their behalf[...] that’s the way how in-
dustry projects get started. [...] Those
projects are nevertheless the result
of our prior basic research activities.
(Fraunhofer-Association)

For 14 out of 25 interview partners, fun-
damental research is the core of their
activities and represents more than 60%
of their overall activities.

Nanotechnology is almost exclu-
sively basic research. We are deal-
ing with phenomena without hav-
ing any idea of whether they will be
of some future technological use.
(Helmholtz-Association)

A third category is (experimental) de-
velopment which can provide services
for both, fundamental and/or applied
research. For the scientists in the sam-
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ple, this activity does not play a preva-
lent role. Only two respondents dedicate
more than 50% of their research to ex-
perimental development.

These results do not support the con-
jecture that nanotechnology research
is mainly driven by problem-solving
and the development of marketable so-
lutions. In contrast, the majority of the
interviewees stated that their research
is first of all curiosity driven. They chose
their topics depending on individual
interests.

How do our projects emerge? Well, I
am personally interested in that field.
That started with my diploma-the-
sis, went on with my PhD-thesis, and
now that is the main subject of my re-
search group. (University)

Thatis an evolutionary process. Inno-
vative research very often is depend-
ent on chance [...]. I can’t tell you
today of what exactly my research in
five years will be about. (Max-Planck
Society)

Influence on the choice of research topics
A quite similar picture reveals the state-
ments about the factors influencing the
choice of research topics. The genuine
interest and path dependency were the
most prevalent causes for the selection
of topics.

New questions arise out of our day-to-
day business. People observe a new
effect which they do not understand
[...] one starts to analyze the new phe-
nomenon and that is how we develop
new ideas. (Helmholtz-Association)

You have your own specialized
field where you are continually
working on [...]. New ideas gener-
ally originate from previous work.
(Leibnitz-Association)
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In accordance with Mode 2 literature,
application relevance also plays an im-
portant role for the choice of research
topics. This factor influences 10 of the
researchers in their decisions about new
research projects and topics.

Further important factors for the
choice of research topics are internal in-
centives set by the organization as well
as external incentives set by external
stakeholders. Internal incentives, such
as priority setting and profile building,
affect 6 interviewees. External incen-
tives are even stronger and exert influ-
ence on 9 research groups. Priority set-
ting also has an impact via the funding
schemes of funding agencies. In particu-
lar, the policies of the EU and the BMBF
require the adjustment of research top-
ics. Researchers have to accommodate
their topics, methods, and aims accord-
ingly. As research in nanotechnology is
expensive, especially university groups
heavily depend on external funding. In
the sample, the mean share of third-
party funded research on total research
is 70.7%, of which 58.3% are provided by
foundations and 26.7% by government
agencies. Only 8.7% of external funds
come from industry.

We're under constant pressure to
apply for grants and to concentrate
on those fields with a high probability
of getting funded. (University)

The dependency on external funding
makes research groups vulnerable to
the influence of external stakeholders
(Wilts, 2000). The authority over the al-
location of scarce financial resources
enables funding agencies to influence
the cognitive development of science
(Braun, 1998). Considering internal
incentives and external incentives as
Mode 2 policy instruments, it seems safe
to conclude that Mode 2 policy influ-
ences the research process as far as the
choice and the alignment of research
topics is concerned.

Transdisciplinarity

Transdisciplinarity and heterogene-
ous collaboration in academic-industry
networks have been identified as central
characteristics of a Mode 2 field. In fact,
the research groups in the sample are
rather homogeneous in their composi-
tion. The average number of disciplines
in a group is only 2.1. This finding is
consistent with other studies in the field
of nanotechnology. Although the the-
matic and applications of nanotechnol-
ogy cut across disciplinary boundaries,

Table 2: Influence on research topics.

factors influencing the choice of research topics responses
genuine interests/path dependency 13
relevance in the scientific community 1
internal incentives 6
external incentives 9
application relevance 10
other reasons 7
total 46

n=25, multiple responses
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the organization of research at the level
of departments and research groups is
according to traditional scientific disci-
plines (Schummer, 2004a).

Influence on network building

Studies on nanotechnology accentuated
the outstanding meaning of research
collaborations (Heinze and Kuhlmann,
2007). The empirical data substantiates
this finding. Collaborations are essen-
tial for 22 out of 25 research groups.

Cooperations are extremely impor-
tant for our research. Without our
partners we would not be able to
compete on the international level.
(University)

Cooperations are a necessary pre-
condition for our work. None of
our projects could be successfully
carried out without our partners.
(Fraunhofer-Association)

The main function of the networks is ac-
cess to complementary resources such
as know-how, financial resources, or
equipment.

We predominately combine com-
plementary resources. In our large
projects, we cooperate with partners
from the fields of information tech-
nology and chemistry. (University)

We always work in a network of part-
ners which provide complementary
resources to our own. (Federal state
institute)

An important characteristic of new
modes of knowledge production is the
close collaboration between academic
research and industry which is sup-
posed to be due to the fusion between
fundamental and applied research. Con-
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sequently, a multitude of corporations is
expected to be among the network part-
ners of the research groups. However,
collaborations in publicly funded Ger-
man nanotechnology are predominant-
ly academic-academic relationships.
Only 11 out of 25 groups cooperate with
industry partners. Three of these groups
maintain relationships with more than
four corporations.

Most groups stressed the importance
of collaborations, but described differ-
ent mechanisms of network building.
The choice of partners and the changes
in the network structures are dependent
on the factors shown in table 3.

An important cause for the formation
of networks is path dependency. Scien-
tists meet at conferences or other sci-
entific meetings and converse. In case
of common interests and mutual ap-
preciation joint projects emerge. Path
dependency as a factor influencing net-
work building has been reported by 18
research groups.

Most of the collaborations are on the
basis of personal relationships. We
cooperate with people not with insti-
tutions. (University)

The most prevalent factor is the strate-
gic choice of partners. For conducting
ambitious research projects, comple-
mentary skills, know-how, or other re-
sources are necessary. Researchers ac-
tively seek for partners with the relevant
skills in the whole scientific community
(open search). Twenty groups pursue
this strategy when looking for collabora-
tions. Another strategy is the search in a
limited pool of previous partners which
7 groups pursue.

The main thing is to identify and to
select partners, who have particular
knowledge and skills. [...] somewhere
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Table 2: Influence on network building.

factors influencing network building responses
emergence/path dependency 18
strategic based on a limited pool of partners 7
strategic based on an open search for partners 20
external incentives 5
internal incentices

other reasons 2
total 53

n=25, multiple responses

over the world you will find someone
who [...] probably has complementa-
ry resources to your own, that is how
we come together (University)

As for the choice of research topics, in-
ternal and external incentives influence
network building. Again, external incen-
tives by funding agencies are more com-
mon than internal incentives within
organizations. External incentives have
an impact on the choice of partners for 5
groups whereas internal incentives have
only been reported by a single group.
The policies of national and suprana-
tional funding agencies not only affect
the choice of research topics by priority
setting and selective funding but also
network building as well. As explicated
above, the funding schemes often en-
courage academic-industry collabora-
tions or even presuppose that research
is conducted in close cooperation with
corporations.

Besides the dependency on indus-
try resources, the asymmetry is ag-
gravated by public funding schemes
which often require the participation
of firms and/or the participation of
certain countries. (University)

In this section, the focus was on two
questions. First, the aim was to find
out whether publicly funded German
nanotechnology can be considered as
a typical Mode 2 field of knowledge
production. The answer is: not really.
Though some Mode 2 characteristics
are observable, academic-industry col-
laboration, application relevance, and
interdisciplinary research are not prev-
alent in the field. In contrast, Mode 1 el-
ements are much stronger. Disciplinary
organization, fundamental research,
and curiosity driven choice of research
areas and topics dominate the field. The
second aim was to analyze whether the
research process of nanotechnology re-
search groups is influenced by Mode 2
policy instruments. Here the answer is
yes. Priority setting and selective fund-
ing of research projects which fulfill cer-
tainrequirements have an impact on the
research process. The choice of research
topics and network formation are influ-
enced by Mode 2 policies.

Evaluation of Mode 2 policies

The nanoscientists evaluated the Mode
2 elements of funding schemes on the
national and European level. Most of
the statements about the effects of the
policies are quite negative. All of the 11
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research groups engaged in industry
collaboration reported negative experi-
ences. From their point of view, funding
is slanted towards applied research and
industry collaborations. Many scientists
characterized their research as predom-
inantly fundamental in its orientation.
They consider fundamental research as
a necessary basis for any technological
application. External pressures for ap-
plied research with industry partners
prevent them from following their actu-
al duties. In this section, the rationales
for the adverse effects of Mode 2 policies
will be presented.

First, there is an asymmetric distri-
bution of power between corporate and
academic partners. Industry disposes
of substantial financial resources and
hardly depends on collaborations with
universities or extra-university insti-
tutes. Publicly funded research, espe-
cially in universities, badly needs the
resources of corporations. As several
interviewees explained, corporate part-
ners are difficult to approach.

Our main problem is to find clients
who need our services regularly. We
had [name of a company] but they
closed down. That was our best cli-
ent. With their money, we were able
to fund a lot of our activities. Now
we need to search for new compa-
nies and that is very difficult because
some firms hesitate to cooperate.
(University)

A real problem is the cooperation
with industry. In all projects, except
DFG, the participation of industry
is required in the sense that indus-
try provides a lot of money. But the
situation of the industry is not very
good, so this is a real bottleneck. [...]
(University)
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Second, the asymmetric power rela-
tionship provides incentives for firms
to exploit their academic partners. A re-
current complaint is that university re-
search groups are considered as a cheap
substitute for industrial laboratories:

The danger of getting ripped off by
the industry is always a problem, be-
cause they use research groups as
cheap labor force [...], university re-
search groups that want funding have
to cooperate with an industrial part-
ner whether it fits or not. (University)

[...] It started when the industry obvi-
ously drew the conclusion that they
don’t need their own basic research
units, because the under-equipped
universities will always agree to do
research on their behalf, because
the universities need the money.
(University)

They expect that we have to develop
everything until it can be applied to
a technology. But then, only the li-
censing would be left for the industry.
That is not what universities are for.
It is not my task to close as much li-
censes agreements with corporations
as possible. (University)

A third problem are the different aims
and expectations of academic and pri-
vate researchers. Industry seems only to
be interested in collaboration if universi-
ties deliver solutions ready for commer-
cialization. University and extra-uni-
versity institutes often pursue research
projects with a high degree of uncer-
tainty. These different logics of research
seem to prevent a closer collaboration.

[...] ITwant to cooperate with industry
as early as possible but in many areas
it won’t work. When it’s more basic
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oriented research and the direct tech-
nological application cannot be spec-
ified or is quite far away then firms
may be interested but they won't give
you any money for your research.
(Helmholtz-Association)

We try to identify strategic research
fields and just start our research.
When we have the first results we try
to acquire industrial partners and ask
whether they are interested or not.
But this approach got more and more
ineffective in the last years. [...] That
means the overlap between the inter-
ests of the industry and the universi-
ties is getting smaller. (University)

The different aims concerning the out-
come are related to dissimilar time
scales. Whereas industry has a short-
term horizon, university research for
the most part is an open search with no
finite timeframe. Moreover, the reward
systems of business and science are con-
sidered to be incommensurate. For re-
searchers pursuing an academic career,
publications in scientific journals are
essential. Here the priority of scientific
discoveries is of utmost importance. In
contrast, firms have a strong interest not
to disclose their findings in order to re-
alize advantages on the market.

Industry has no interest to invest. For
10 years, industry is solely interested
in a short-term improvement of prod-
ucts. That means that they will give
you only their money when you can
deliver something just to improve al-
ready existing products because they
lack the manpower or laboratory to
do that on their own. They are not in-
terested in funding basic research nor
applied research that goes beyond a
two year horizon. (University)

I don’t do mission oriented research.
That is something that you can not
pursue at a university. If you prac-
tice mission oriented research you
are selling your soul. Publishing is
typically not allowed and the one
thing that drives young researchers
forward are good publications, they
need them for their career and that’s
the reason why mission oriented re-
search is a taboo. (University)

As many corporations have abandoned
any activities of fundamental research,
communication with academic partners
is becoming increasingly difficult:

At the moment we've also got the
problem that the scientific compe-
tence in the industry has strongly
decreased. We have difficulties to un-
derstand each other. They often don’t
know what we are talking about.
(University)

Finally, researchers from extra-univer-
sity institutes which dispose of compre-
hensive institutional funding explained
that their mission and self-image pre-
vents them from doing applied research
and development for industry. The fol-
lowing statement of a Max Planck schol-
ar emphasizes the identification with
the traditional mission of the institute:

[...] we are a basic oriented research
institute. That is why we try to export
as much as we can. As soon as it goes
to an application, we try to give it to
other people because this is not our
business. [...] I mentioned it just be-
fore: Application development is not
our business. That means it is my job
to care that the application is realized
outside the institute. It sounds curi-
ous but it happens that we get a third
party funded project and then I think
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by myself this project is better done
by the scientist from the Fraunhofer-
Institute. And so I give them these
projects including the future benefits
that may occur. (Max-Planck-Society)

In short, the pressure for conducting
applied research and for seeking col-
laborations with industry partners is
considered difficult, although contacts
to industry are generally considered
important. The different aims and log-
ics of scientific research and industry
research, as well as an asymmetric dis-
tribution of power are the main reasons.
The scarceness of public funding makes
scientists vulnerable to the influence of
such policies.

Discussion and conclusion

The results reveal a coherent pattern.
The publicly funded nanotechnology
research in Germany does not fit to the
picture portrayed by Mode 2 literature.
Most research groups focus on funda-
mental research. The division between
basic and applied research is still pre-
vailing in the nanotechnology field. The
underlying rationale for collaboration is
access to complementary resources and
the majority of collaborations take place
with academic partners. Moreover,
transdisciplinarity is not a widespread
occurrence.

Nevertheless, the interviewees stated
a variety of Mode 2-related policy ef-
fects. Funding schemes of public fund-
ing agencies, state funding, and EU-
programs often require an immediate
relevance of the research outcome for
industrial application. Collaborations
with industry partners are even a pre-
requisite for earning public funds. In
this regard, Mode 2 is different from the
earlier debate on the finalization of sci-
ence (Bohme et al., 1973; Schéffer, 1983).
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While the latter had been criticized for
threatening academic freedom, Mode
2-related policies appear as legitimate
and are embraced by policy makers and
funding agencies alike (Weingart, 1997).
As a consequence, academic research
groups are forced to adjust their re-
search proposals accordingly. Research
areas with non-existing short-term con-
nection to industrial production are
harder to pursue. This finding matches
with earlier studies on the impact of
university-industry collaboration on ac-
ademic freedom (Gluck et al., 1987; Blu-
menthal et al., 1996; 1997) which also
showed negative impacts of cooperative
research with industry participation.
These studies have been conducted in
the US and examine clinical and non-
clinical life science faculty, a discipline
which might be considered as another
Mode 2 field. A recent study of Behrens
and Gray (2001) came to different re-
sults. In their analysis of two engineer-
ing departments, no negative influence
of industry sponsors on (perceived) aca-
demic freedom could be found. As their
study was conducted on the level of
graduate students, a direct comparison
with our results is problematic. It can be
assumed that the influence of industry
on the choice of the research topic and
the research topology is exerted mostly
on the principal investigator and not on
the level of graduate students. Therefore,
the research group might be the more
appropriate level of analysis.

Most of the researchers seriously criti-
cized the recent developments. Reforms
in the governance of the research system
are driven by the need to be seen doing
something rather than by the need to get
it right. The focus on applied research
bears the risk of a decline in the excel-
lence of fundamental research. It leads
to an underinvestment of public funds
in scientific research which has not or is
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not assumed to have an immediate prac-
tical relevance. The logic of corporate
R&D on the other hand does not allow
for substituting the lack of fundamen-
tal research (Rosenberg, 1990). Market
pressure forces private firms to concen-
trate on marketable developments. The
arguments for industry not sufficiently
investing in fundamental research are
well known and date back to the work
of Nelson (1959) and Arrow (1962). It lies
in the public good character of scien-
tific knowledge, i.e. the non-excludabil-
ity and the high degree of uncertainty
about the returns (Dasgupta and David,
1994; Metcalfe, 1997). A concentration of
funds on applied research and develop-
ment may enhance short-term and me-
dium-term economic success. But in the
long run, fundamental research should
not be neglected as there is empirical
evidence of increasing interaction be-
tween pure science and technology par-
ticularly in fields such as nanoscience
(Grupp and Schmoch, 1992; Narin et al.,
1995; 1997; Meyer, 2000). That means
that the new knowledge created by fun-
damental research may be useful for ap-
plied research and product development
and vice versa. However, the coherence
between basic research and economic
payoff is very complex and not as simple
as suggested in the linear model of in-
novation (de Solla Price, 1984; Rip, 1992;
David etal., 1994: 74). There is even some
evidence that most innovations are not
based on pure academic research but are
developed within corporate R&D activi-
ties (Kealey, 1996: 216-219; 1998). In con-
trast, David et al. (1994) argue that the
economic payoffs from basic research
are not easy to assess as not only direct
costs and benefits have to be taken into
account, but also terms of learning and
information. Economic returns of fun-
damental research often occur in the
form of externalities. That argument has

also been accentuated by Pavitt (2001).
Fundamental research develops trained
researchers who will be of use for indus-
trial research at a later time.

Several interviewees characterized
the funding policy of state programs as
hidden industry subsidization rather
than research funding. Subsidizing in-
dustry R&D by publicly funded research
may also lead to an underinvestment in
applied research by private firms. This
in turn will reduce the performance of
corporate R&D. Industry is taking ad-
vantage of a situation characterized by
the scarceness of public funds. Univer-
sities especially are facing cuts in their
institutional funding and researchers
are increasingly dependent on external
funding. Corporate actors often con-
sider their academic partners as cheap
product development units.

As we deal with a small sample, the
results should be treated with some cau-
tion. The sample, however, encompass-
es research groups from all pillars of the
German research system and therefore
represents the structure of the popula-
tion well. Probably a more serious prob-
lem is the limited generalizability be-
yond the national research system. One
should be aware that the studyis focused
on the German research system. The
structure of this system has been char-
acterized as highly segmented. As this
segmentation is not supportive to Mode
2, the results may to some extent be
caused by that particular institutional
structure. In other institutional settings,
other effects of Mode 2-related policies
may be observed. Nevertheless, German
nanotechnology research is among the
top five in the world, and there are no
other studies which have analyzed the
effects of Mode 2-related policies on the
level of research groups. Thus, the study
can be considered as a first step for more
encompassing comparative research.
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Another point that could be raised
against the research design is the way
data is collected. As the principle of aca-
demic freedom is deeply rooted in the
scientists’ minds and also guaranteed
by the constitution, there might be a
general distrust against any form of ex-
ternal influence from policy makers or
funding agencies. Consequently, some
of the statements might be exaggerated.
In a situation of researchers interview-
ing researchers, a tendency to blame ex-
ternal circumstances for any grievances
may come up. Nonetheless, the qualita-
tive approach with extensive interviews
seems to be appropriate for gaining in-
depth insight into the logic of knowledge
production in the field.

Despite the limitations of the research
design, the overall picture is consist-
ent and there is evidence for the main
argument. In the light of the empirical
results, the adaptation of Mode 2 ele-
ments into national science policy and
into the requirements for eligibility for
research grants should be considered
critically. The simple logic that a con-
centration of public funds on industry
related research enhances innovation
and economic growth does not apply.
Even in a field generally considered as
typical for Mode 2, policy effects are
evaluated as harmful for the excellence
of both fundamental as well as applied
research. Consequently, Mode 2 should
not be recommended as a general frame
for science policy.

Acknowledgements

This paper presents results of a project
funded by the German Research Foun-
dation (DFG) - JA 548/5-1.

Iam deeply indebted to Karola Franke
for the excellent co-operation through-
out the whole project.

44

I would like to thank all those we
have interviewed for their expertise and
time.

I also wish to thank Dorothea Jansen,
who as the principal investigator pro-
vided her valuable support and advice.

I am grateful to Jochen Gldser and
Arie Rip for critical comments on earlier
versions of the paper.

Notes

1 The terms ‘interdisciplinary’, ‘transdis-
ciplinary’, ‘multidisciplinary’, or even
‘superinterdisciplinary’ are used with
partially different meanings (Schummer,
2004a; 2004b). In this article, the terms
are used as synonyms and define interdis-
ciplinary as joint research work of scien-
tists of at least two different disciplinary
backgrounds.

2 For simplicity, nanoscience and nanote-
chnology are used synonymously.
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