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Research creates knowledge. Knowledge that expands our
awareness and changes our perception of ourselves. Knowl-
edge that shapes our thinking and gives us orientation.
Knowledge with which we create economic growth, secure
jobs and prosperity. Knowledge that helps us to improve our
lives and workplaces.

Today's research opens up new possibilities for our
lives of tomorrow. Many of the things that enhance our lives
would never have been possible without the curiosity of
researchers. Things such as communications satellites, cell
phones, medications against dangerous diseases and laser
scalpels, to mention just a few examples.
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Today, we face the challenge of moving ahead toward
the knowledge society and shaping a common European re-
search and innovation area. Research-intensive industries,
knowledge-intensive services and close links between pro-
ducts and services are growing in economic importance.
Europe is aiming to become the world's most dynamic knowl-
edge-based economic region by the year 2010. The German
Federal Government has taken an active role in setting this
goal, and it fully intends to help make this goal a reality.
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Since 1998, research and education have again been receiv-
ing priority. In just one example, the funds available to the
Federal Ministry of Education and Research (BMBF) have
grown by 34 percent from 1998 to 2004 - to over € 9.7 billion.
Important reforms, such as introduction of programme-

oriented funding at the Helmholtz Association, and reform
of service law (Dienstrecht) at universities, are helping to
enhance quality in science and research, promote more
competition in this sector and intensify its international
orientation. The key now is to stay the course.



1.1 Reasons why the state supports research

Science and research have become a driving force for techno-
logical development - and, thus, for economic development
as well. Francis Bacon (1561-1626) envisioned that the natural
sciences emerging during his lifetime would improve living
conditions. In the 19th century, his prediction began to be ful-
filled, as physics and chemistry brought useful new progress
in electrical engineering and paint production. In the 20th
century, information technology has changed our lives com-
pletely. Now the life sciences, another major area of knowl-
edge, have entered the phase in which scientific and technolog-
ical development interact intensively. Physics and chemistry
have discovered new phenomena in the nanometre range and
are developing many new nanotechnological applications.

Not all branches of science have such direct relation-
ships to technological - and, thus, economic - development.
They are indispensable to society nonetheless. Research has
become an especially powerful "eye": Scientific observation
shows us the world in a multitude of new facets. Without
microscopes, we would know nothing about bacteria and
viruses; without the work of historians, we would soon forget
our historical roots. Scientific theories often provide the
framework for formulating our aims and aspirations.

Science has yet another function: It trains the highly
qualified workforce the knowledge society needs. Today's stu-
dents are tomorrow's highly skilled employees. Only coun-
tries that train sufficient numbers of highly qualified persons,
and that are attractive for foreign specialists, can succeed in
the international competition for the best minds. In the
knowledge society, it is more important than ever for Ger-
many to make the best use of its most vital resource: The tal-
ents and skills of people.

Research is oriented to the unknown. Often, we have to
look for tomorrow's solutions in places that don't fit with our
current expectations. No one can precisely predict the results of
research projects. This applies especially to basic research,
which searches for unknown new phenomena and formulates
theories to explain the phenomena that have already been
observed. Research findings are published in open sources that
are widely accessible. Scientific knowledge is a public asset. To
be able to move beyond the limits of our current understand-
ing, scientists need the freedom and the possibilities to follow
their curiosity. For this reason, the state has a special responsibil-
ity to give scientists the tools and resources they need to apply
their freedom to the benefit of us all.

Basic research also has a cultural aspect. The search
for answers to questions about our origins, about the devel-
opment of the universe or the handing down of old writings
are part and parcel of our culture, like art and music. And top

scientific achievements contribute to Germany's image and
prestige in the world.

Basic research also provides impetus for application-ori-
ented branches of science and research. The state is especially
interested in supporting research that is for the common good
or that will benefit future generations. Examples of such "pre-
cautionary" research include security research, health-care
research, environmental research and energy research.

The state finances some 1/3 of all expenditures on
research and development (R&D). Development of new tech-
nologies that generate economic prosperity is primarily the
task of industry, however. Consequently, industry finances
some 2/3 of all R&D expenditures in Germany. This financing
corresponds to € 35 billion, or 1.7 percent of the country's
gross domestic product (data for 2002).

When a company pursues its own research, it often
generates positive external effects - findings whose benefits
are not limited to the company itself. On the other hand, re-
search always entails the possibility of failure. For this reason,
the state must work to reduce the economic risks for compa-
nies that carry out research. It is in the public interest to
strengthen innovativeness of domestic companies, through
creation of an innovation-friendly climmate and state support
for research and development. Only innovative companies
can offer jobs that remain secure in a competitive business
environment. At the same time, companies must be net-
worked with research resources at universities and non-uni-
versity research institutions. The Federal Government makes
special efforts to support small and medium-sized compa-
nies, which are the backbone of Germany's economy. Such
companies often lead the way in applying new R&D findings
to new products, procedures and services.

Research stimulates economic growth. And yet
progress from research to market success seldom runsin a
straight line; in most cases, its path is more complicated, trac-
ing a dynamic, interactive process. It is thus difficult to quan-
tify the real effects of research support. Nonetheless, many
examples show: Innovation has a positive net impact. An
enormous range of instances can be cited in which public
support has triggered positive effects.

In the 1980s, for example, Germany imported its laser
equipment. The country's machine-tools sector recognised
the laser's great potential as a tool of the future and then,
through efficient research support, Germany developed into
aleading provider of optic technologies. Today, Germany pro-
duces 40 percent of all lasers used in materials processing.
Revenue of laser manufacturers has increased more than ten-
fold, to €1billion per year. Manufacturers of optical compo-
nents and devices now employ 110,000 people in Germany.
Over 50,000 additional jobs have been created in recent years



in this sector alone, and lasers also create jobs at laser-using
companies and institutions. This is also due to effects in the
machine-tools sector, since modern machines and robots are
able to move their appendages with great precision only
because they have optical systems for spatial orientation.
Dental patients also profit from laser technology; optical sys-
tems, for example, make it possible to fit dental work such as
bridges perfectly to patients' mouths and jaws. Use of optical
technology in such applications eliminates the need for sub-
sequent correction, thereby providing top quality at reduced
production costs.

Today, Germany has one of the world's most modern IT
sectors. According to the OECD, an average of 0.38 percentage
points of Germany's annual economic growth rate can be attrib-
uted to use of information and communications technologies.
Under the aegis of the Fraunhofer Society, the Federal Govern-
ment has created Europe's largest IT research institution. Via its
"IT Research 2006" programme, the Federal Government is pro-
viding a total of € 3 billion, with the aim of strengthening inno-
vation in this sector for the long term. Europe’s own "Silicon
Valley" has been created in the Dresden region, with consider-
able support from the BMBE. All in all, this effort has mobilised €
6 billion of additional value creation, and directly created 11,000
new jobs. Additional secure jobs will be created as well in this
area. In October 2003, an Advanced Mask Technology Centre
(AMTC) for development of photomasks for chip production was
opened. This project is also tied to the BMBF's research support.

The example of Dresden also shows how education
and research complement each other: The arrival of semicon-
ductor companies has created an impressive network of study
programmes at universities in the Dresden area. Over the past
few years, the Federal Government, working in co-operation
with the "social partners" (employers' and employees' repre-
sentatives), has established a number of initiatives aimed at
meeting the IT sector's demand for qualified employees,
including the "Green Card" programme, a system for further
training in IT and a programme for work-process-oriented
further training.

Also in recent years, working in the framework of its
support for R&D in multimedia, the Federal Ministry of Eco-
nomics and Labour (BMWA) has pursued a strategy, in co-
operation with various market competitors, for accelerating
development and testing of systems for electronic legal and
business transactions. One relevant example is the MEDIA@
Komm project, which is aimed both at modernising adminis-
trative structures and at developing "eGovernment" as a
future-oriented economic sector with new potential for
growth and employment. In the MEDIA@Komm framework,
over 300 eGovernment solutions have been created at the

municipal level over the past three years, including some 200
with provisions for use of legally binding digital signatures.
At the same time, standards for secure, legally binding data
exchange have been created, standards that have also
become accepted at the European level. In March 2004, a new
measure, MEDIA@Komm-Transfer, was launched, with the
aim of accelerating the spread of "best-practice" examples in
eGovernment and of standardising additional, related spe-
cialised procedures. MEDIA@Komme-Transfer is also part of
DeutschlandOnline, the overall strategy of the Federal Govern-
ment, the Linder and municipalities for integrated eGovern-
ment solutions in Germany.

Biotechnology is a key technology of the 21st century.
Promoting biotechnology is thus a central priority of the
Federal Government's research policy. Support for biotech-
nology has led directly to the emergence of 25 "bio-regions"
in Germany, with some 600 young companies - 360 of which
are in the biomedical sector. This effort has made Germany a
European leader in this category. Many bio-regions, in addi-
tion to receiving publicsector funding, have been able to
mobilise significant amounts of private capital for establish-
ment of biotechnology companies.

The close links between biotechnology and medicine
are lighting a path that points directly toward the future.
Many of today's new medicines would never have become
available without biotechnological procedures. The National
Genome Research Network (Nationales Genomforschungs-
netz), which the Federal Government has supported since
2001, is working to reveal the molecular causes of the most
common serious diseases. To date, this effort has produced
over 1400 publications, some 80 patent applications, 68 prod-
ucts and six start-up companies.

Germany has traditionally been a leader in medical
technology. German companies are among global leaders in
development of state-of-the-art imaging procedures such as
CT and nuclear magnetic resonance tomography, as well as
of related therapeutic applications and procedures. With
some 100,000 employees - primarily in SMEs - medical tech-
nology is an important economic sector, with annual revenue
of over €10 billion. Half of this revenue is generated through
exports. This industrial sector is highly dynamic, with growth
of about 5 percent and very short innovation cycles: over half
of its revenue is generated with products that have been on
the market for less than two years.

Nanotechnology promises to provide the next great
leap in innovation. Most German firms view nanotechnology
as a decisive new competitive factor and as a sector with the
potential to generate up to 38,000 new jobs in the coming
years. Germany now ranks second in nanotechnology



research, behind the U.S. Since 1998, the BMBF has increased its
support funding in this area by 220 percent. "Centres of excel-
lence", which have received funding since 1998, have sparked
the formation of networks linking German research with users
of the new technology. As a result, an excellent basis for eco-
nomic implementation of nanotechnology has been created.
In February 2004, the BMBF launched a new phase of support
with its framework concept "Nanotechnology conquers mar-
kets — German future-oriented campaign for nanotechnology"
("Nanotechnologie erobert Markte - Deutsche Zukunftsoffen-
sive fiir Nanotechnologie"). The new concept focuses relevant
support for nanotechnological applications in areas such as
automaking, lighting technology, pharmacy and medical tech-
nology and semiconductor production.

The market for sustainability-oriented products and
services and for advanced environmental technology has
been growing dynamically. Research in the interest of a sus-
tainable economy promotes Germany's economic competi-
tiveness and ecological viability — and it increases the de-
mand for better qualifications and improves jobs themselves.
Some 900,000 people in Germany are employed in environ-
mentally oriented and sustainability-oriented jobs - about as
many people as those working in road vehicle construction.
Innovations developed with the BMBF's support tend to un-
fold benefits throughout many different economic sectors.
Two examples that help conserve water resources and pre-
vent pollution: Innovative glues and adhesives that release
their hold under defined conditions, i.e. that can be "switched
on and off" - and thus used in both assembly and recycling of
a broad range of products -, and water-free dyeing and
cleansing processes using super-critical liquids.

As such examples show, Germany's future lies within
our knowledge and skills. To grow economically and create
new jobs, Germany needs superbly qualified people, a top-
quality research sector and development of new technologies.

12 Instruments of research funding

Different procedures are used for research funding, in keep-
ing with the specific aims in each case. In recent years, the Fe-
deral Government has strengthened its competitive award-
ing procedures, in order to enhance the efficiency of support.
Between 1998 and 2004, for example, the BMBF's project sup-
port was expanded by 32 percent. Project support fosters
competition among researchers, thereby providing impetus
for top performance. It brings science and industry together
and has developed into a driving force for innovation in cen-
tral areas. In addition, the Helmholtz Association's institu-
tional funding has been placed on a competitive, pro-
gramme-oriented basis.

1.2.1 Institutional funding

Basic research must be given a free rein to develop in accor-
dance with its own needs. This is why the Federal Govern-
ment and the Lénder, in supporting organisations active in
basic research, provide most of their funding on an institu-
tional basis. In each case, the percentage of a research organi-
sation's total budget that is provided as basic institutional
financing depends on the organisation's profile.

Universities are the basis of Germany's research sys-
temn. They train each new generation of young scientists,
thereby maintaining close links between teaching and
research. Increasingly, basic financing provided to higher
education institutions - funding for which the Lénder are
responsible - is being tied to performance indicators. Along
with basic financing, project funding from industry and from
research sponsors — such as the BMBF or the EU Commission —
has increasingly been promoting greater orientation to appli-
cations and fostering competition leading to more efficiency.

The Deutsche Forschungsgemeinschaft (DFG) plays
an importantrole in support of knowledge-oriented re-
search. The DFG awards its funding on a competitive basis, to
winning project proposals - especially from universities and
research institutes. This approach ensures that supported
projects provide the necessary efficiency and quality.

Along with its higher education institutions, Ger-
many has a traditionally rich, highly differentiated non-uni-
versity research landscape.

Scientists of the Max Planck Society (MPG) primarily
carry out knowledge-oriented basic research. This is why near-
ly 90 percent of the MPG's budget is provided as basic financ-
ing. Adolf von Harnack, the first president of today’s Max
Planck Society, once formulated the following maxim with
regard to the best way to establish a research institute: "Take an
outstanding scientist and then build an institute around him".
This maxim reflects the conviction that pure research, explor-
ing new frontiers, thrives best when the outstanding men and
women who carry out such research are free to follow their
own curiosity. The success of this approach is manifested in the
large number of Nobel Prizes that MPG scientists have won.

The Helmholtz Association (HGF) is another impor-
tant pillar of the German research landscape. Basic financing
accounts for some 90 percent of the funding for its 15 centres,
which conduct both basic research, with large experimental
facilities, and long-term research projects in the public inter-
est, in areas such as health care, aerospace, energy, transport
and the environment.

On the other hand, basic financing accounts for only
about 40 percent of the total budget for the Fraunhofer
Society (FhG), which is highly application-oriented. Basic
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financing for the FhG funds preparatory research that
enables Fraunhofer institutes to develop their competences
continually and to maintain their contacts to the academic
world. Since the FhG's basic financing is linked to the third-
party funding that the organisation is able to attract, the FhG
has a high incentive to mobilise such outside funding, espe-
cially from the business sector.

The 80 institutions of the Leibniz Association (WGL)
differ widely in their profiles. The WGL's spectrum ranges
from scientific service organisations to institutes oriented to
basic research. As a result, the various Leibniz institutes differ
in the percentage amounts (with respect to their overall fund-
ing) of third-party funding that they raise.

In addition, the Federal Government and the Lander
maintain their own departmental research organisations.
These organisations are charged with developing the neces-
sary scientific foundations for the ministries' decisions and
tasks. In addition to advising policy-makers, the organisations
carry out scientifically oriented, government-based tasks and
conduct supportive, preparatory research. Their research
activities, which are primarily application-oriented, also pro-
vide scientific findings that benefit the public at large.

1.2.2 Project funding at the interface between
science and industry

In scientifically mature areas, findings and applications are
often not far apart. In such areas, there is no obvious bound-
ary between basic research and applied research. For indus-
try to be able to absorb and act on the newest research find-
ings, and for researchers to be able to answer users' questions,
academic researchers and users must be able to maintain
close ties and contacts. Project support of the Federal Govern-
ment, the Lander and the EU thus especially promotes co-
operation between research institutes and industry.

The Federal Government has established research-
support programmes for economically attractive fields -
such as biotechnology, nanotechnology and information
and communications technologies. Applicants - normally,
collaborations of researchers and companies - submit pro-
ject-based applications for funding. Companies are reim-
bursed for only part of their research costs. Because they
have to co-fund research projects with their own money,
companies have decisive interest in defining project aims
and in implementing research findings. The leverage exert-
ed by state research support is more extensive than this:
Studies show that every euro spent by the public sector on
average mobilises one extra euro in addition to the compul-
sory co-funding by industry. Such investments thus
strengthen industrial innovation effectively.

Support programmes run for several years. It is im-
portant that they be properly balanced: On the one hand,
applications need a certain amount of time in order to reach
maturity; on the other hand, they should not become perma-
nently dependent on support. Numerous experts, from both
the science sector and the practical spheres in which results
are applied, advise the Federal Government in designing sup-
port programmes and monitoring their success.

In addition to collaborative-research projects bring-
ing together partners from science and industry, promising
individual projects are also supported. Concentration on key
projects enhances the visibility of project support - and, thus,
its effectiveness in sending out signals.

1.2.3 Centres and networks of excellence

Regional clusters are particularly effective frameworks for
fostering ongoing co-operation, outlasting individual proj-
ects, between researchers and users of results. Innovation-
research findings confirm: Regional concentration of excel-
lence stimulates innovation-friendly climates. The most
prominent example of this principle at work is Silicon Valley,
arelatively small area that is home to large numbers of re-
search institutions and IT companies. Such local concentra-
tion promotes exchange and interaction and creates a special
social climate. Such an environment fosters close links
between universities, research institutions, high-technology
companies and venture-capital providers. Excellent research
centres spin off high-technology companies that, in turn,
attract new companies, with complementary strengths, to
the region. Such centres function as magnets for complemen-
tarily positioned companies and institutions, thereby contin-
ually increasing their attractive power. Via such mechanisms,
aregionally prominent centre can develop into an interna-
tionally prominent one.

Germany has a highly differentiated research land-
scape that has grown over time, a landscape in which non-
university research institutions play a much larger role than
they do in other countries. For this reason, the BMBF has for
years stressed the importance of subject-area-oriented net-
working of science sectors at universities, non-university
research institutes and companies that carry out research.
Intensive networking — across the boundaries of institution
membership - is an indispensable basis for formation of clus-
ters with enough "critical mass" to attain international lead-
ership.

Innovative companies, research institutes and good
university departments are also found outside of such major
centres, however. Especially in highly specialised and newly
emerging fields, the relevant players are often located far
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apart and are known to only small groups of experts. The
totality of the country's existing resources is thus often over-
looked - and its potential is not used to the fullest. For this
reason, it is also important that national competence net-
works be formed. The Federal Government directly supports
the establishment of such networks. Such support helps net-
works' strengths to become known outside of small, well-
informed circles of experts. This is important, since, in inter-
national competition, Germany needs to publicise its
strengths more intensively and become more obviously
attractive as a location for research.

In recent years, support of regional centres of excel-
lence and national competence networks has become a cen-
tral instrument of support. In nearly all important techno-
logical areas, excellent centres and networks are being sup-
ported that were selected through a competitive process. In
1995, with the "BioRegio" competition, the BMBF began
building German biotechnology centres. Additional compe-
titions followed, in areas that included nanotechnology,
optical technologies and medical technology. Specific meas-
ures for the new Lander include InnoRegio, a regions' com-
petition that is not limited to specific subjects, Innovative
Regional Growth Cores and Centres for Innovation
Competence. Effective contributions are also being made by
the programme "Support of innovation networks" (InnoNet),
which is supporting research networks linking small and
medium-sized companies and research institutions, and
"Network Management East" (NEMO), a competition-based
support programme of the Federal Ministry of Economics
and Labour (BMWA).

The "kompetenznetze.de" Internet portal gives
German competence networks and centres of excellence the
opportunity to jointly present themselves, and their capabili-
ties, to an international public. The portal is designed to serve
as a guide for national and international target audiences.
Today, over 100 selected networks, representing 20 different
fields of innovation and 30 regional centres, are now present-
ing themselves at www.kompetenznetze.de.

1.2.4 Indirect support

Indirect support is aimed at small and medium-sized compa-
nies, across technological and sectoral boundaries. The Federal
Ministry of Econormnics and Labour (BMWA) supports technolo-
gy-oriented start-ups and provides incentives to mobilise invest-
ment capital for young, innovative companies. Via programmes
open to a wide range of sectors and technologies, R&D co-opera-
tion and networking between companies and with research
institutions is supported. Such efforts are aimed at intensifying
co-operation and technology transfer between science and

industry, and at preparing the basis for innovative networks.
The BMWA also supports technological advising and qualifica-
tion for small and medium-sized companies and for innovative
crafts companies. The aim of such efforts is to support small and
medium-sized companies in using state-of-the-art technologies
and to enhance such companies' research and innovation com-
petence.

13 Thinking about tomorrow - today

The future is open. This especially applies to research. After
all, research explores the things we do not yet know.

However, many of society's challenges - such as cre-
ating secure jobs and combating disease - would be impos-
sible to master without research. Therefore, it is especially
important for research policy to remember the following:
We must think about tomorrow - today! As a result, we're
always asking ourselves the following questions in our
research policy:

* Are we focussing on the right future-oriented topics and pri-
orities in research funding?

* Have we overlooked any important topics, thereby endan-
gering our country's ability to innovate in international
competition?

* Is our research support helping to solve the problems of our
society and our world?

The BMBF considers such questions via the following two
approaches: Firstly, it continually reviews existing subject-
related research-support programmes for new, future-orient-
ed topics. Over the past few years, the BMBF's research-sup-
port programmes have become dynamic, "learning" pro-
grammes able to react quickly to shorter and shorter innova-
tion cycles. Secondly, this continuous screening is comple-
mented by the FUTUR process, which is not limited to any sin-
gle topic. This keeps interdisciplinary efforts, especially those
that do not fit within the existing research-support struc-
tures, from falling through the search "grid". While subject-
related research-support programmes are usually focussed
on further development of existing lines of research and tech-
nology, FUTUR works from societal developments and
changes and considers how research and technology policy
can help solve societal issues.

FUTUR is a dialog-based process that involves experts
from science, industry, associations and NGOs, including cre-
ative, innovative thinkers, irrespective of age. Some 1,500
people have participated in the FUTUR process to date - the
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BMBF invites broad participation in identifying its research-
support areas. The key results of the FUTUR process include
"lead visions" for research policy. Such visions highlight the

directions in which society may be developing, along with
the ways research and technology could contribute to such
development.

Europe is to become the world's most dynamic knowledge-
based economic area. This goal was adopted by the EU
Member States' heads of state and government at a meeting
in Lisbon in 2000. In keeping with this aim, Member States'
expenditures on research and development are to grow to 3
percent of gross domestic product (GDP) by 2010. Of these
expenditures, industry is to contribute 2/3 and the state is to
provide 1/3. In 2003, Germany's percentage in this category
was 2.5 percent — up from less than 2.3 percent in 1995.
Industry provided 2/3 of the expenditures, and the state pro-
vided 1/3. Additional efforts will have to be made if the 3% tar-
getis to be reached.

The 3% target is not an end in itself. A country's expendi-
tures on research and development are an important measure
of its support for innovation and of its innovation capability. In
terms of R&D expenditure as a percentage of GDP, Germany
ranks third within the EU, behind Sweden and Finland, and
ahead of countries such as France and the UK. On the other
hand, important international competitors such as Japan and
the U.S. have shown greater commitment in this area than
Germany has. Consequently, the only way to improve
Germany's position in the long term is to intensify its invest-
ments in its future. Experience shows: Countries that place a
high priority on education, research and innovation achieve the
highest rates of economic growth. To remain successful in inno-
vation, Germany must be strong in education and research.

Without a strong educational sector, we will face
growing shortages of skilled people. Without research, we
will lack ideas for innovation. Without innovation, we will
lack secure jobs - which are the basis for sustained prosperity
and social peace. This is why we must strengthen our most
important resources: our human resources (the knowledge
and skills of our people), our technological capabilities and
our companies' ability to innovate.

Germany must intensify its focus on the real bases of
its prosperity. Innovation is the ideal road that leads to the
Federal Government's central goal - safeguarding and creat-
ing jobs. On the other hand, policy-makers cannot simply tell
people and companies to be innovative.

This is why the Federal Government has reached an
agreement with leading representatives of industry, the
unions and the science sector calling for a "Partners for
Innovation" initiative. The aim of this effort is to strengthen
the German innovation system, on all levels. This will involve
reducing and eliminating hindrances to innovation and
awakening new confidence in our country's real capabilities.
The "Partners for Innovation" are being supported by an
"innovation bureau", located in Berlin.

The Federal Government has taken the following first
steps in this initiative:

1. High-tech master plan
Innovative small and medium-sized companies are a key
driving force for growth and employment. At the same
time, the sluggish growth of the past few years has left its
mark on innovation and start-up behavior. Consequently,
one of the central challenges for an future-oriented policy
is to eliminate hindrances to the growth of innovative com-
panies, to provide a growth-friendly framework and to sup-
port start-ups. With its initiative "Innovation and future
technologies in small and medium-sized companies - High-
tech master plan", the Federal Government has presented a
package of measures for supporting innovative small and
medium-sized companies. This initiative stands on four pil-
lars:

* Improving the framework for technology-oriented start-
ups,

* Expanding and enhancing research and innovation strate-
gies in small and medium-sized companies, via a newly
designed, expanded range of research funding pro-
grammes,

* Promoting co-operation between public-sector research
and small and medium-sized companies,

* Combating shortages of skilled people via energetic edu-
cation and qualification policies.



2."Information Society Germany 2006" master plan
In December 2003, the Federal Government presented a
master plan for development in information and commu-
nications technologies, based on the insight that Germany
cannot strengthen its growth and competitiveness unless it
has aleading position in the global information society: its
action programme "Information Society Germany 2006".
Information and communications technologies accelerate
innovation in industry, science and society. Over 80 percent
of Germany's exports now depend on the use of modern
information technologies and electronic systems. IT
research is one of this programme's emphases.

3. Promotion of excellence through top-class universities
and a network of excellence in the science sector
Germany has many good universities and research institu-
tions. What it lacks, however, are top-class universities that
have worldwide reputations and attract the best minds
from around the world. For this reason, the Federal
Government has proposed a competition that is open to all
German universities. The Federal Government and the
Lander have agreed to use competitive procedures to initi-
ate a "spiral of performance" aimed both at developing
elites and at enhancing quality throughout Germany's
higher education and science sectors. Excellence is dynam-
ic, rather than static, constantly redefining itself; therefore,
the competition will be repeated.

4. Pact for research and innovation
To give research organisations planning security, the
Federal Government intends to increase their funding in a
predictable way. At the same time, it plans to eliminate
bureaucratic hindrances. In return, the Federal Govern-
ment expects this reliable financial basis to be applied
toward measures to enhance efficiency and quality in
research and science. The central objectives include:

* Promoting quality and performance through competition,
both within and between research organisations,

* Promoting co-operation and networking,

* Promoting the development of young scientists, to provide
a self-renewing intellectual basis,

* Providing extra funding for new, unconventional research
approaches.

5. Strengthening support for research projects in selected
emerging areas
The Federal Government plans to strengthen its applica-
tion-oriented research and technology support especially
in those emerging areas that will have strong leverage on
growth and employment. Such areas include biotechnolo-
gy and nanotechnology, which are dynamic new growth
fields, and basic technologies such as information and
communications technologies, which drive growth in
many different industries and sectors. The BMBF plans to
work with science and industry to define "lead innova-
tions" that will strengthen outstanding existing resources
along value-creation chains with major economic poten-
tial. It also plans to make its project support more mission-
oriented in relevant areas in the future.

2.1 The task: increasing investments in the
future

The further the boundaries of knowledge are pushed, the
more expensive and complex research becomes. Research
solves the simple problems first, before it turns to the more
difficult ones. How relatively simple the laws of mechanics
are in comparison to the human genomic code or the
processes at work in the human brain! Researchers such as
Galileo Galilei (1564-1642) were able to make revolutionary
discoveries with simple tools and equipment. Today, we need
space-based telescopes, enormous accelerators and super-
computers to achieve similar breakthroughs.

The continued growth of knowledge will be assured
only if the research sector's continually growing needs for
resources can be met.

In 2003, Germany spent some € 53 billion on research
and development. This figure works out to over € 600 per
capita, or 2.5 percent of the country's gross domestic product
(GDP). Since 1998, the Federal Government has made consid-
erable efforts to increase its expenditures on research and
development. Whereas from 1992 to 1998 R&D expenditures
decreased by an amount equivalent to about € 670 million,
between 1998 and 2003 they grew by over €1 billion. And:
Expenditures on education, research and development will
continue to grow markedly in the future.



2.2 Promoting and challenging human
resources

Research is carried out by people. For the Federal Govern-
ment, this elementary insight translates into a need to link
education and research policies closely. Well-educated peo-
ple are the knowledge society's most important resource.

2.2.1 Begin in the schools

A good education is each person's best insurance policy
against unemployment. For a country, education is the basis
of economic prosperity. A country such as Germany, poor in
natural resources, must make the best use of its people's tal-
ents and skills. For this reason, we need a culture of education
that supports and challenges children at an early age. A child
who gets excited about natural sciences is likely to become a
scientist when he or she grows up.

A first step in this direction has been taken with the
investment programme "Programme for the Future,
Education and All-Day School" ("Zukunft Bildung und Betreu-
ung"), via which the Federal Government is providing a total
of €4 billion for establishment and expansion of all-day
schools from 2003 to 2007. All-day schools provide more time
for fostering individual talents and for giving individual
attention.

In addition, the BMBE, in co-operation with the Lan-
der, is promoting efforts to strengthen mathematics and sci-
ence skills. For example, the SINUS programme is enhancing
efficiency in mathematics and science teaching. The first
SINUS wave is reaching over 700 schools, in thirteen of the six-
teen Lander.

The BMBF projects "Chemistry in Context", "Physics in
Context" and "Learning Laboratory" are aimed in the same
direction: Enabling children to learn science through play.
For similar reasons, the BMBF also supports the Ldnder com-
petitions designed to encourage and challenge gifted stu-
dents, such as the "Jugend forscht" youth science project con-
test and the "National Computer Science Competition"
("Bundeswettbewerb Informatik").

2.2.2 Increasing the percentages of pupils who
go on to higher education

The future of our economy and society depends decisively on
the qualification level of our population. Growing require-
ments in the employment market call for intensified efforts to
encourage young people to go on to higher education. By the
year 2015, Germany will need to add about 1 million more
highly qualified, university-educated people to its workforce.

For this reason, more young adults need to begin university
studies — and complete them successfully. On the average for
all OECD member countries, about 46 percent of the people
in each age group enrol in higher education. In Germany,
the corresponding figure has grown from 27.7 percent in
1998 to 35.7 percent for the 2003 academic year. The current
aim is to increase this figure to at least 40 percent. At the
same time, the average duration of studies, and the number
of students who discontinue their studies, both need to be
reduced.

By improving individual support of students, via
reform, in 2001, of the Federal Training Assistance Act
(BAf6G), the Federal Government has taken measures to
reduce obstacles to university studies. From 2000 to 2002, the
number of students receiving support increased by 72,000. In
addition, the educational loan programme introduced in
2001 has proven to be a flexible, non-bureaucratic instrument
that can overcome temporary financing shortages, effectively
and efficiently.

Young people justifiably expect our universities to
offer them an education that is of high quality, has a practical
orientation and includes an international perspective. To
ensure that the German higher education system remains
internationally competitive, the Federal Government is
strongly supporting efforts to attain the objectives of the
Bologna Process, which commenced in 1999 and calls for the
creation, by 2010, of comparable higher education structures
in all European countries - and, thus, of a standardised
European higher education area.

The Federal Government is ready to take an active
partin this process. It has offered to support and assist the
Lander and the nation's universities in implementing the
Bologna Process. The primary task in this regard is to intro-
duce a system of consecutive bachelor's and master's degree
programmes throughout the country. This effort will also
include introduction of the European Credit Transfer System
(ECTS) for academic achievement, along with the Diploma
Supplement and quality assurance, in keeping with interna-
tional standards, via accreditation and evaluation.

2.2.3 Top-class universities can attract the best
minds to Germany

In addition to a solid base of universities offering high-quality
programmes for large numbers of students, Germany also
needs top-class universities with worldwide reputations that
can attract students and leading academics and scientists
from around the world. German universities must be enabled
to compete, in both research and teaching, with world-
renowned universities such as ETH Zurich, Stanford
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University and Oxford University. In light of today's glob-
alised knowledge markets, true excellence in teaching and
research must be defined in a global - rather than regional or
national - context. To be a top-class university, a higher edu-
cation institution must show excellence and research per-
formance in considerably more than one area of science. It
needs a broad basis in order to be able to quickly absorb and
be inspired by new research opportunities at the periphery of
established subject areas and disciplines. And new ideas are
of course most likely to emerge from environments of excel-
lence.

By announcing its intention to promote the growth of
top-class universities, the Federal Government has initiated
development toward such excellence. The Federal Govern-
ment and the Lander have reached agreement on providing
extra funding for the following three areas: Structural growth
and development of universities into top-class universities via
an orientation to areas of science that are conducive to repu-
tation-building; creation of centres of excellence and of clus-
ters, designed to enhance co-operation between university
and non-university research; and establishment of graduate
schools for young scientists.

2.2.4 Strengthening support for young scien-
tists

Germany will be able to maintain its position as a leading nation
in science and industry only if a great many of its young people
receive a high-quality academic education. Talented young sci-
entists must thus be groomed, via targeted support, for later
leadership in science, industry, culture and society. Germany
needs top-quality people in all areas.

Supporting and promoting young scientists is the
responsibility of universities, but it is also the responsibility of all
other research institutions. Teams of young scientists play an
especially important role in giving young scientists opportuni-
ties to carry out research of their own choosing. The Federal
Government is thus aiming to at least double the country's
numbers of groups and teams of young scientists by 2010 — espe-
cially in subject areas with shortages of young scientists.

The "Pact for research and innovation" thus includes
plans for expansion of structured graduate-studies and doc-
toral programmes - in both universities and non-university
research institutions. Trans-boundary co-operation pro-
grammes, such as those of the DFG's Research Training
Groups and those of the International Max Planck Research
Schools, which are operated jointly with the universities, are
leading the way in intensifying internationalisation.

One of the key factors that young researchers take
into consideration when deciding about an academic career

in Germany is whether they will be offered opportunities for
independent work in research projects. To enhance
Germany's attractiveness for excellent young scientists from
Germany and abroad, the Federal Government has intro-
duced "junior" professorships. With such professorships,
young scientists receive the opportunity to research and
teach under their own responsibility as soon as they turn 30 -
or ten years earlier than before. The Federal Government is
providing a total of € 180 million for the junior professorship
programme.

The key now is to enhance perspectives for young sci-
entists' long-term career planning. Excellent young scientists
must be offered attractive career tracks in research and sci-
ence. In this context, intensified use of the "tenure track"
model is one way to enhance opportunities in the interna-
tional competition for the best young researchers.

2.2.5 A brain-gain instead of a brain-drain

The research sector requires close links to international part-
ners. The Federal Government is thus supporting the science
and industry sectors' efforts to expand their research co-oper-
ation both in Europe and around the world.

At the same time, the Federal Government is aiming
to make Germany one of the world's most attractive loca-
tions for young scientists from Germany and abroad. The
initiative "Brain Gain instead of Brain Drain" has significant-
ly enhanced German universities' attractiveness in this
regard. The number of foreign students at Germany's uni-
versities increased by over 10 percent in the 2002/03 winter
semester. This success was due in no small measure to
Federal-Government-supported marketing campaigns pro-
moting Germany's education and research sectors. German
universities are again well-represented in the international
education market. The Wolfgang Paul and Sofia
Kovalevskaya prizes, which were awarded for the first time
in 2001 and 2002, respectively, also played a role in attract-
ing leading international scientists to Germany. The initia-
tive "Export of German study programmes", financed from
UMTS license proceeds, has enabled German universities to
establish locations abroad. For example, the German
University in Cairo opened in October 2003. The Federal
Government plans to continue its support for the successful-
ly launched marketing campaign for Germany's education
and research sectors.

2.2.6 Promoting personnel mobility

Germany's universities and research institutions must offer
attractive conditions that can succeed in the tough interna-



X1

tional competition for the world's best minds and attract out-
standing scientists to Germany. The Federal Government and
the country's science and research organisations thus wish to
respond to the realities in this highly dynamic employment
sector by means of modern salary systems - including, for
example, improved opportunities for variable, merit-oriented
compensation and more flexible work-time arrangements.
Merit-orientation compensation has already been introduced
in the salary system for professors. Obstacles that currently
keep researchers from moving between the worlds of science
and industry need to be reduced and eliminated so that new
ideas can be translated into applications more quickly. After
all, knowledge is transferred most efficiently via people.

2.3 Modernising the research landscape's
structures

Change is the only constant. This also applies to the research
sector, which has to adapt to the constantly changing condi-
tions of a knowledge society that is increasingly global. In the
last legislative period, financing for HGF centres, which was
previously oriented to individual centres, was converted into
a programme-oriented, competitive support system using
content-based criteria and requirements. As a result, the fun-
damental principles applying to Federal and host-Lander
funding for HGF facilities include competition, transparency,
quality and efficiency. At the same time, HGF institutions
have been given greater responsibility and flexibility in
designing and evaluating research. For the future, the Fe-
deral Government is working to achieve a "Pact for research
and innovation", with German research organisations, that
will link a financical planning security with reforms and
structural innovations on the part of the research organisa-
tions. Other important efforts in this area include restructur-
ing of the division of competencies between the Federal
Government and the Lander, building of new large-scale
research facilities and evaluation of departmental research.

2.3.1 Restructuring the division of competen-
cies between the Federal Government
and the Lander

0On 16/17 October 2003, the Bundestag and Bundesrat (Ger-
many's upper and lower houses of parliament) jointly
installed a "Federalism Commission" for modernisation of the
country's federalist system; among its tasks, this commission
is reviewing division of competencies, and the financial rela-
tionships, between the Federal Government and the Lander,

especially the "joint tasks" (Gemeinschaftsaufgaben) and
mixed financing arrangements. In the Federal Government's
view, the Federal Government and the Lédnder should retain
joint responsibility for the areas of educational planning and
research support. On the other hand, at least partial elimina-
tion of mixed-financing arrangements would meet needs
for a clearer division of tasks and efficient, transparent
design of structures for decision-making. In light of the sci-
ence sector's growing internationalisation, of increasing
globalisation in private industry and of the importance of
research and development to Germany's competitiveness,
Germany's research and innovation system needs to
upgrade its research policy, enhance its performance and
heighten its transparency.

2.3.2 Intensifying networking among research
organisations

Germany has a highly capable and highly differentiated
research landscape. The various research organisations pur-
sue aims that are different but not unrelated. In light of the
research sector's growing funding needs, and of the tight
constraints on publicsector budgets, research policy will
have to give top priority to funding efficiency. For this reason,
the Federal Government supports the Science Council's rec-
ommendation for intensified consultation and co-ordination
between the various research organisations. This effort
should be based on portfolio analyses for important research
areas, designed to identify strengths and weaknesses in light
of international comparisons. The Federal Government is also
strongly urging that research organisations intensify their
efforts in the area of inter-organisational, interdisciplinary
research projects.

2.3.3 Increasing use of competition in award-
ing of research funding

In an international comparison, there is too little competition
between and within Germany’s research institutions. Re-
search organisations need to intensify use of competition
procedures in awarding funding. Competition is the best way
to improve quality. One of the aims of the Federal Govern-
ment's "Pact for research and innovation" is to strengthen
emerging efforts to enhance basic funding flexibility via
establishment of central funds, within individual science
institutions, from which institutions can make funding
awards in accordance with performance criteria, under their
own responsibility.
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2.3.4 Being willing to take risks via new fund-
ing procedures

"Quantum leaps in innovation" often take place outside of
established fields. It is vitally important that young scientists
who wish to enter new research fields have the opportunity
to pursue original approaches with great innovative promise
but without any guarantee of success. Existing funding proce-
dures are too rigid for this. The Federal Government is there-
fore acting on the Science Council's recommendation and in
co-operation with science and research organisations to
establish highly simplified funding mechanisms that comple-
ment conventional procedures.

2.3.5 Ensuring that research is of high quality

"Excellence" must remain the main research policy objective
for science and for research funding. Evaluation of research
institutions and scientific organisations is, and remains, a
central element of quality assurance.

Results of previous evaluations are being implement-
ed on an ongoing basis. For example, in response to a system
evaluation, the DFG's review procedures were modified, and a
standardised financing key (58 percent from the Federal
Government; 42 percent from the Lander) was introduced,
with the aim of enhancing the DFG's flexibility in designing
its programmes. Via its International Max Planck Research
Schools, the Max Planck Society has expanded its support for
young scientists and intensified its co-operation with univer-
sities.

In 2001, financing for Helmholtz centres was placed
on a programme-oriented basis. To this end, the Helmholtz
Association's activities were divided into six research areas:
structure of matter, transport and space, key technologies,
energy, health and earth and the environment. The centres'
research plans are reviewed, at regular intervals, by interna-
tional experts. Initial evaluations have already been carried
out for four of the six research areas. The reviews are provid-
ing the basis for future financial priorities. A total of 20 per-
cent of the HGF centres' funding is for the centres' own discre-
tionary use, in a category separate from funding for the va-
rious programme areas. In addition, a President's "Impetus
and Networking Fund" has been established to support co-
operation between the centres and networking between HGF
centres and the overall national and European research land-
scape.

2.3.6 Evaluating departmental research

Evaluations of the German research landscape carried out to
date have initiated important reforms and contributed signif-
icantly to enhancing the efficiency and safeguarding the
quality of German research. Along with the country's major
research institutions, the Federal Government’s departmen-
tal research institutions have also been undergoing evalua-
tions. For example, in 2002, the Federal Ministry of Economics
and Labour (BMWA) carried out an evaluation of the Federal
Institute of Physics and Metrology (PTB), and this year it is
evaluating the Federal Institue for Materials Research and
Testing (BAM). Both evaluations have been conducted by
commissions of international experts. The Science Council's
recommendations of January 2004 regarding departmental
research within the sphere of the Federal Ministry of
Consumer Protection, Food and Agriculture (BMVEL) are of
significance with regard to the further development of the
entire system of departmental research. In particular, the
Federal Government agrees with the Science Council's recom-
mendation that competition-based elements should also play
a greater role in departmental research.

In spring 2004, the Federal Government requested the
Science Council to review selected departmental research insti-
tutions in light of their special tasks and purposes, giving spe-
cial attention to the need for such institutions to conduct inde-
pendent scientific research and to the quality of their work.

2.3.7 Meeting the need for large-scale
research facilities

Research excellence is not possible without a state-of-the-art
research infrastructure. At the Federal Government's request,
the Science Council has reviewed and evaluated nine proposals
for new large-scale research facilities. On the basis of the Science
Council's recommendations, the Federal Government has
decided to support procurement of the HALO research aircraft;
construction of the HLD magnetic field laboratory in Rossen-
dorf, near Dresden; construction of the X-FEL free electron laser
and conversion of the PETRA ring accelerator into a state-of-the-
art synchrotron-radiation source, at the DESY facility in Ham-
burg; and expansion of the GSI facility in Darmstadt.
Construction and maintenance of large-scale research
facilities create major challenges for a country's research
resources and, thus, for its entire science and research system.
This is why the Federal Government also has to rely on inter-
national investors for expansion of the DESY and GSI facilities.
At the same time, it is necessary for the respective host Land,
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and German science organisations, to participate in financ-
ing construction and maintenance of the new large-scale
facilities.

2.4 Promoting technologies for new markets

Research produces ideas and concepts for new products,
processes and services. Without innovation, we can neither
protect existing jobs nor create new ones. As a wealth of
examples shows, we can achieve the Federal Government's
central aim - protecting and creating jobs in Germany - only
if we mobilise new forces for growth via research, new tech-
nologies and innovation.

2.4.1 Stimulating research and development
in the business enterprise sector

Companies that wish to survive and thrive in national and
international markets must engage in research, development
and innovation. Stimulating research and development in
industry thus pays off in two ways: Research findings and new
knowledge bring rewards to researchers and contribute to
economic growth and employment. For years, companies'
revenues abroad have been growing faster than their domes-
tic revenues. This trend is especially pronounced in research-
intensive industries. In 2002, such industries achieved some
55 percent of their revenue abroad. The Federal Govern-
ment's research policy is thus aimed at helping industry pro-
tect and improve its technological capabilities and at sup-
porting itin its efforts to enhance its image and presence in
the global competition.

The Federal Government's research policy is aimed,
firstly, at enhancing the research-relevant and innovation-
relevant framework for young, innovative companies, for
example, by encouraging the establishment of technology-
based companies, since start-ups play a special role in eco-
nomic use of new technological know-how. Young, re-
searching technology-based companies absorb research
findings, position themselves, armed with concepts and
product ideas, in new markets and create future-oriented,
internationally competitive jobs. The Federal Government is
thus working to eliminate hindrances to the establishment
and growth of new technology-based companies. Special
attention is also being given to the resources available to
young, growing technology companies in financing re-
search and innovation projects. Issues of financing are
among the most common barriers for innovation. In addi-
tion, the framework in this area needs to be improved
through further reduction of bureaucracy and red tape in
the areas of re-search and innovation.

Secondly, the Federal Government has introduced
targeted measures for making full use of the potential of the
country's innovation system. For example, research and inno-
vation projects are increasingly being carried out in the
framework of collabarations involving either multiple indus-
trial partners or partnerships with organisations in both
industry and science. The Federal Government's support for
such co-operation includes establishment of professional
structures for patent exploitation in public-sector research
and intensified involvement of small and medium-sized com-
panies in networks for cutting-edge research. Furthermore,
the Federal Government is using specialised programmes and
indirect support programmes to stimulate research and
development in industry.

2.4.2 Intensifying co-operation between
science and industry

Our economic future depends essentially on how effective-
ly we make use of the opportunities in new technologies
and promote their transfer into commercial uses. We need
new technologies, products and services. And research and
innovation policy plays a central role in meeting this need.
Consequently, R&D support must be focussed primarily on
technological developments and processes that exert espe-
cially strong leverage for growth and employment. This
means:

* Strengthening key basic technologies such as materials
technologies, chemical technologies and information and
communications technologies,

* Developing new growth fields - such as those in biotechnol-
ogy and nanotechnology.

In the interest of such aims, project support is being concen-
trated on research in strategic technology developments and
processes identified in co-operation with industry and sci-
ence - especially on research efforts that span different tech-
nologies. Close links with research institutions ensure that
such support is integrated, both in substance and strategy,
with basic institutional support. The following examples illus-
trate this approach:

Conventional light bulbs are terrible wasters of ener-
gy. The future belongs to more energy-efficient light sources.
Progress in nanotechnology is now making it possible to
increase the luminescence of white LEDs more than tenfold.
This is making such LEDs a highly attractive lighting option
for everyday use — and not just for niche applications such as
cell phones and flashlights. With its "lead innovation"
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NanoLux, the BMBF is supporting industry-led research pro-
jects for development of highly versatile white LEDs.

Nanotechnological innovations have great economic
importance in the automotive sector as a result of that sec-
tor's status as a lead market and technology driver that influ-
ences other application areas. At the same time, their impor-
tance in this sector results from their potential for the sector's
supply industry, which consists mostly of small and medium-
sized companies. Support of automotive-sector projects that
use nanotechnological know-how for new functionalities is
aimed at optimising sustainability, safety and convenience.

Software systems are now commonly integrated into
many different types of technical systems and devices that
must meet the highest standards of security and reliability.
This category includes critical applications in which software
errors can cause malfunctions of entire facilities and installa-
tions, with disastrous consequences for people, property and
the environment. To guard against such risks, suitable me-
thods, tools and development environments for ensuring sys-
tems' proper functioning and reliability must be provided
and tested. Software verification plays a key role in such pro-
vision and testing. Secure, reliable software is becoming a
quality feature in products "Made in Germany", a feature that
enhances sales opportunities.

Multimedia is providing important impetus for effi-
ciency, economic growth and employment. Development
and testing of new multimedia technologies and services is
thus an emphasis of the technology policy of the Federal
Ministry of Economics and Labour (BMWA). Relevant efforts
are aimed at developing new applications for electronic busi-
ness transactions (eBusiness, eGovernment), eLearning and
knowledge management. One of the central challenges
involves the information and knowledge society's transition
from stationary to mobile systems. Development of complete-
ly new hardware and software for mobile multimedia appli-
cations, along with pertinent new services and business mod-
els, holds great commercial promise.

2.4.3 Providing special support for SMEs

Small and medium-sized companies often lead the way in
translating new research and development findings into new
products, processes and services. In highly research-intensive
industrial sectors, companies with fewer than 100 employees
tend to have particularly high levels of R&D involvement. 8,5
percent of these SME’s staff is engaged in R&D. These SMEs
have research commitments that are easily comparable to
those of large companies with over 1,000 employees. However,
unlike these specialised companies, many small and medium-
sized companies do not achieve the necessary minimum size

in their markets to be able to establish their own R&D depart-
ments, carry out research on a continual basis or pursue risky
R&D projects on their own. Often, such companies can carry
outresearch and development only in co-operation with
external partners in science and industry. Small and medium-
sized companies tend to place considerably greater emphasis
on co-operation with partners from the science sector than
do large companies.

This is why the BMWA, in co-operation with the "Otto
von Guericke" Federation of Industrial Co-operative Research
Associations (AiF), in a support programme focussing on
industrial collaborative research, is supporting pre-competi-
tion-phase projects that are initiated, technically assisted and
materially supported by industry — especially by small and
medium-sized companies. The project results help to com-
pensate for the disadvantages that small and medium-sized
companies, without their own research departments, incur in
developing innovative new products.

The Federal Government plans to do more to
strengthen the innovation and competitiveness of small and
medium-sized companies. The focus of relevant support is on
young technology-based companies and on R&D co-opera-
tion and networking between innovative companies and
research institutions. Careful attention is also being given to
financing for young, innovative companies, with a view to
providing incentives for technology start-ups and mobilising
venture capital. Until the end of the 1990s, financing options
via venture capital developed very favourably; after the year
2000, financing, especially for start-up and growth phases of
young technology-based companies, became scarce, however.

For this reason, in early 2004, the Federal Govern-
mentlaunched an initiative entitled "Innovation and Future
Technologies in SMEs — High-tech Master Plan". In co-opera-
tion with the ERP Special Fund and the European Investment
Fund (EIF), a new fund of funds for investment capital was
launched; this fund, acting in co-operation with private inves-
tors, invests in German venture-capital funds for high-tech-
nology start-ups and young, technology-based companies. In
addition, suitable divisions were defined between assets-
managing and commercial private equity and venture capi-
tal funds, to ensure transparent, reliable treatment under tax
laws. At the same time, the Federal Government welcomes
efforts to permit carried interest of fund initiators to be taxed
in accordance with the so called "Halbeinkiinfteverfahren",
whereby only half of shareholder dividends are subject to
income tax. All this is improving the taxation framework for
young, growing technology companies, and it is giving new
impetus to the market for venture capital for early-stage
financing. What is more, SMEs are participating strongly in
subject-specific research-support programmes. Whereas in
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1998 SMEs accounted for about half of all participating compa-
nies, in 2002 some two-thirds of all support commitments went
to SMEs.

2.5 Research for people and the environment

Science and research play an indispensable role in meeting
the challenges of our age. Much is expected of science's abili-
ty to solve problems: concepts for dealing with demographic
change, impetus for managing economic structural change,
progress in the battle against disease, better prediction and
management of natural disasters and solutions to the prob-
lems of climate change and world hunger. We can shape an
attractive future only if we efficiently support research for
people and the environment. Fighting disease, protecting the
environment, tailoring the workplace to human needs and
safeguarding mobility are all important objectives of the
Federal Government.

2.5.1 Applying findings from life sciences to
medicine

Life sciences are now gaining new knowledge and findings at
an unprecedented rate. Genomic research is playing an espe-
cially important role in improving our understanding of the
causes of disease. Progress in this area is opening up new pos-
sibilities for more effective therapies and preventive meas-
ures. UMTS license proceeds have enabled the Federal
Government to launch the "National Genome Research
Network". This network is focussing on the five most common
groups of major diseases: cardiovascular diseases, cancer, dis-
orders of the nervous system, environmentally related illness-
es and infections and inflammation. The close links between
biotechnology and medicine are lighting a path that points
directly toward the future. Many of today's new medicines
would never have become available without biotechnologi-
cal procedures.

2.5.2 Expanding research aimed at sustainable
development

In recent years, science has shown convincingly that human
beings are endangering their own natural environment. The
growing world population's continually increasing energy
consumption will have dramatic impacts unless effective cli-
mate protection policies are applied. And mankind must be
able to respond to extreme climate events such as floods,
storms and droughts.

These challenges call for a better understanding of
the complex natural processes at work and for development
of strategies for adapting to global change. The Federal
Government is responding to these needs with two new
framework research programmes: on "system earth" and
"sustainable economy".

2.5.3 Research for the workplace of tomorrow

Innovation is a complex social process in which people play
the central role. In recent years, science has shown that peo-
ple are innovative especially when they have appropriate
responsibility and latitude for their actions.

With research on innovative workplaces, and on
innovative services, the Federal Government is exploring
workplace concepts that provide such latitude and permit
employees to make the most successful use of their options.
The aim is to provide working conditions that promote moti-
vation, reduce companies' internal barriers to innovation and
thus contribute to entrepreneurial success.

2.5.4 Safeguarding mobility - minimising the
impacts of transports

Mobility is one of the basic requisites for economic success,
societal prosperity and individual satisfaction. At the same
time, the negative consequences of the transports resulting
from our mobility needs are becoming more and more visi-
ble: the world's growing transports produce traffic jams,
noise and environmental pollution, and they consume
resources and damage landscapes.

One of the Federal Government's key research policy
aims is thus to design mobility systems that not only serve
economic development and social needs but also protect our
natural environment and resources. Research and develop-
ment can play a significant role in enhancing the perform-
ance, efficiency, safety and user-friendliness of transport sys-
tems, as well as in improving the international competitive-
ness of such systems and in protecting jobs in the transport
sector.

With its "Mobility and Transport" research pro-
gramme, begun in 2000, the Federal Government has created
the programmatic basis for achieving such aims. The aviation
research programme of the Federal Ministry of Economics
and Labour (BMWA), which has been co-ordinated with the
relevant EU research programme, is also in line with these
objectives.
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2.6 Promoting women in the research sector

The times when mathematician Emmy Noether (1882-1935)
was denied habilitation simply because she was a woman are
long past. In today's Germany, more young women than
young men obtain a higher education qualification (Abitur).
In addition, more women than men, out of each age group,
begin higher education studies. And in recent years women
have also been catching up with men in the later stages of
the educational path, the entryway into research. One out of
every three doctoral theses is now written by a woman. On
the other hand, only one out of every eight professorships is
held by a woman. Nevertheless, the relevant percentage
increased from 9 to nearly 12 percent between 1998 and
2002. And the relevant figure for junior professorships is 32
percent. But an international comparison shows that
Germany still has a great deal of catching up to do in this cat-
egory. This fact must be taken as a call for action - after all,
equal opportunity for women is not only a matter of social
justice, itis also an important factor in the success of a
knowledge society.

The Federal Government is working to enhance equal
opportunity for women in all areas of society. In doing so, it is
concentrating especially on the following areas:

* Encouraging more young women to study and train in the
natural sciences and technical fields,

* Increasing participation of women in the information
society,

* Increasing percentages of women in management positions
in science and research,

* Supporting women starting up in business.

2.7 Strengthening research in eastern
Germany

The new Léander now have a state-of-the-art public research
infrastructure that compares with the best in Europe.
Research institutions such as the GeoResearch Centre in
Potsdam, the Max Delbriick Centre for Molecular Medicine in
Berlin, the Berlin Adlershof Science and Technology Park, the
Leibniz Institute for Neurobiology in Magdeburg and the
Leipzig-Halle Environmental Research Centre are recognised
centres of excellence that conduct top-level research that is
acclaimed world-wide. Eastern Germany's universities are
among Germany's best — also for the reason that they provide

especially good support and assistance for their students. The
region's higher education institutions have state-of-the-art
equipment and laboratories.

Asregards universities and public scientific institu-
tions, eastern Germany's research infrastructure is now com-
parable to that of western Germany.

Many eastern German regions have specific strengths,
in the form of qualifications and competencies, that give
them a good basis to become growth regions. For example,
the Jena "BioRegion" now has an especially dynamic start-up
sector in the area of biotechnology. And Dresden, Berlin and
Potsdam are also excellent biotechnology centres. The Leip-
zig-Halle-Bitterfeld region has become one of the world's
leading new centres for environmental protection technolo-
gy. Thuringia and Saxony have gained worldwide reputations
as centres for electronics. Saxony-Anhalt and Saxony are cre-
ating competitive clusters in the automotive-supply sector.
An innovative maritime technology alliance is emerging in
Mecklenburg-West Pomerania.

In the interest of its future business success, eastern
German industry has developed a comparatively high degree
of specialisation in research-intensive key technologies. In so
doing, it has been enriching Germany's overall research
image and spectrum.

Nonetheless, the region's R&D intensity is still lag-
ging behind that of western Germany, due to the persisting
structural disadvantages in the economies of eastern German
Lander. One of the region's main structural particularities is a
lack of large companies, including a lack of headquarters and
research departments of such companies. In contrast to the
situation in western Germany, most industrial research in
eastern Germany takes place in small and medium-sized
companies. Over 40 percent of the region's R&D personnel is
employed in such companies, while the comparable figure in
western Germany is only about 15 percent. A pronounced
shortage of capital hampers urgently required process and
product innovation and clouds perspectives for competitive
management. Most importantly, however, it hinders start-up
of knowledge-based, R&D-intensive companies.

With the various programmes of its "Unternehmen
Region" effort, the BMBF's innovation initiative for the new
German Ldnder, the Federal Government has developed a
new approach in innovation policy. This approach supports
networks of different regional players and strengthens their
innovative capability. With joint research and development
projects and forward-looking entrepreneurial management,
such projects gain competitive advantages in the market. As
aresult, unique economic and scientific regional profiles
emerge, profiles that include new companies and suitable



XVl

training programmes. The "Unternehmen Region" elements
include InnoRegio, Innovative Regional Growth Cores,
Innovation Forums and Centres for Innovation Competence.

Today, five years after the commencement of the
Federal Government's support, the InnoRegio-competition
networks are producing a great deal of positive news. The fol-
lowing section presents the network of Saxony Anhalt's auto-
motive-supply industry, as a representative example for the 23
regions involved in the programme. Since 1999, a total of nine
new companies have been founded in this one InnoRegio
region alone. A total of 3,000 new jobs have been created, the
total revenue of the participating companies has grown by 30
percent and the region's image has been significantly en-
hanced via a range of additional co-operative arrangements.
The support provided by the BMBF - totalling some € 10 mil-
lion - has played a significant role in this success.

The successful approach used in InnoRegio, and in
the UMTS-funded Growth Cores, is being continued within
the "Unternehmen Region" effort by means of new support
initiatives. In an effort oriented to the motto "Creating excel-
lence - protecting talent", the Federal Government is sup-
porting top-level research at universities: Centres for
Innovation Competence are being established and expanded,
and this is readying excellent research and commercialisa-
tion resources for international competition. In a first round
of funding, six centres with a positive evaluation will receive a
total of some € 50 million, distributed over five years, for sup-
port of international teams of especially talented young
researchers.

Promotion of innovation in eastern Germany con-
tinues to have high priority. With a new programme,
"Support of research and development of growth leaders in
disadvantaged regions - INNO-WATT" ("INNOvative
WachsTumsTrager" = "Innovative Growth Leaders"), the
BMWA's R&D support is being concentrated on promising
growth leaders in structurally disadvantaged regions. The
aim of this effort is to support promising growth leaders in
eastern German Ldnder and Berlin in developing new prod-
ucts and processes.

The BMWA'’s PRO INNO programme is providing
innovative companies in the new German Lander with major
support in carrying out technologically sophisticated R&D
projects in co-operation with other companies or research
institutions. Each year, the new German Lénder receive a dis-
proportionately large share - 60 percent, averaging € 75 mil-
lion - of this SME-support programme.

In the framework of the BMWA competition
"Network Management East" (NEMO), small and medium-

sized companies in the new German Lander are being sup-
ported in developing innovative, business-oriented networks.
This programme, designed to help eliminate existing deficits
in network management, represents a continuation of co-
operation support.

2.8 Intensifying internationalisation

Research is another area in which Europe competes with
Japan and the U.S. Increasingly, European countries have
been learning that they must network their resources if they
wish to succeed in today's world. This especially applies to
Germany. German industry has strongly internationalised its
R&D and investment activities. At present, one out of every
four euros that companies in Germany invest in R&D comes
from foreign companies. For American companies, Germany
is the second most important location for research - after the
UK. Conversely, German companies invest in key foreign mar-
kets — and not only in production and sales, but also in
research and development. The large-scale internationalisa-
tion that has occurred in the research sector has not been to
Germany's detriment. On the contrary: Germany remains an
attractive location for research. Among German companies,
those that carry out research abroad have higher levels of
R&D intensity in Germany than do those without any such
international research. Increasing internationalisation of
research activities, and the high quality of research conduct-
ed in Germany, are reflected in patent applications: German
applications to the European Patent Office, for patents result-
ing from international co-operation, nearly quadrupled in
the course of the 1990s. In the category of patents relevant to
the global market, Germany achieved the highest growth of
all major industrialised nations.

One of the Federal Government's continuing priori-
ties is to enhance the international competitiveness of the
German science and research system and to further intensify
the sector's European and international connections. The
especially significant achievements in this area include
Germany's close co-operation within Europe, its bilateral co-
operation, on the basis of agreements on scientific-technical
co-operation, with a total of over 50 countries and its involve-
ment in multinational organisations. Support for internation-
al studies and research stays by students and young scientists
continues to be another priority. The Federal Government is
working to make Germany one of the world's most attractive
locations for young scientists. Initiatives such as "Brain Gain
instead of a Brain Drain" have made it possible for German
universities to become established abroad, and they have
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helped increase the numbers of foreign students at German
universities.

European integration has reached an advanced stage.
Institutions such as the European Space Agency (ESA), and the
major European research centres CERN and ESO, in which
Germany is an active participant are fitting symbols of this
integration. The Bologna Process is gradually leading to a
unified European higher education area. Relevant efforts
include European-wide introduction of a system of consecu-
tive bachelor's and master's degree programmes, of diploma
supplement programmes, of the ETCS credit-point system for
academic achievement and of quality assurance via accredi-
tation and evaluation of study programmes.

The importance of the EU's research-support pro-
grammes should also not be underestimated. The Federal
Government is aiming for strong German participation in the
EU's Sixth Framework Programme for Research and Tech-
nological Development (FP6). Germany's science and industry
sectors are called on to take an active role in integrated proj-
ects and networks of excellence, and to assume consortial
leadership as often as possible. A nationwide network of
national contact points is helping German applicants make
optimal use of the possibilities afforded by the Sixth Frame-
work Programme. To assist innovative German small and
medium-sized companies in finding suitable R&D co-opera-
tion partners abroad, the BMWA maintains an "International
Technology Co-operation Network", a service organisation
with a total of 15 contact points — in 13 central and eastern
European countries, in China and in India.

2.9 Conducting a dialogue on research

A number of recent scientific advances, such as those in bio-
medicine, raise fundamental ethical issues regarding human
life — issues that can be resolved only through dialog between
scientists, policy-makers and society. Science, the political
sector and society are therefore called on to engage in criti-
cal, open discussion regarding the opportunities of scientific
and technical progress in such areas and, in the process, to
highlight the economic interests at stake and weigh the rele-
vant risks — and to eliminate such risks, if possible, or reduce
them to acceptable levels. It is important to stress that this
discussion does not involve issues that are black and white, i.e.
conflicts between "good" and "bad" research - it concerns the
joint search for ways of putting the progress and achievements
of modern research to responsible use, for our own benefit.
The Federal Government continues to recognise its
own responsibility to provide and develop a suitable legal

framework for biomedical research and its applications. In
addition to clear legal regulations, there is a need for pub-
lic discussion and ongoing supportive research into the
opportunities and risks of scientific and technical develop-
ments in this area. The BMBF is therefore promoting dia-
logue with the general public, and itis funding research
into the ethical, legal and social aspects of the life sciences
in particular and into analysis of innovation and technol-
ogy in general.

In addition, the Federal Government is working with-
in the European Union, and within an international frame-
work, for greater harmonisation of bioethical standards. The
Federal Government supports reconciling research-friendly
regulations with strict ethical standards.

Responsible discussion about opportunities and risks
is possible only when a) there is clarity about what science has
actually achieved; b) when the specific consequences of scien-
tific progress are known; and c) when the available options
have been clearly outlined. This is the basis on which ex-
changes between science and society must be conducted.
Policy-makers are charged with providing initiatives that pro-
mote dialog between science and society - and with support-
ing relevant ongoing processes until they have become firmly
established. Since 1998, the Federal Government, in co-opera-
tion with many different partners, has created a wide range
of frameworks for participation.

The initiative "Science in Dialogue" ("Wissenschaft im
Dialog"), an initiative sponsored by all major research organi-
sations, by the Donors’ Association for the Promotion of
Sciences and Humanities in Germany (Stifterverband fiir die
Deutsche Wissenschaft) and by the BMBF, is worthy of special
mention in this context. This initiative devotes numerous
events each year to a specific area of science (a different area
each year). A special highlight is the "Science Summer",
which lasts for an entire week and is held at a range of differ-
entvenues. The "Year of Physics", launched in January 2000,
was widely seen as a highly experimental effort. Since then,
the "Science in Dialogue" initiative has had four successful
years. Following a successful first year, the next year, the "Year
of Life Sciences", surpassed all expectations. Over half a mil-
lion people attended the year's wide range of different
events, thereby promoting better understanding between
science and society. The "Year of Geosciences" and the "Year
of Chemistry" have added further chapters to the success
story. 2005, coming after the "Year of Technology", will be the
"Einstein Year", a year that will recall the great breakthroughs
of Albert Einstein. In co-operation with the "Partners for
Innovation", the "Einstein Year" will be used, in the framework



of the innovation initiative, to promote understanding and
enthusiasm for science and research, and to enhance public
awareness of science's and society's complementary responsi-
bilities. The plans for the year include a major Einstein exhib-
ition in Berlin.

The "Science in Dialogue" initiative has succeeded in
encouraging scientists to communicate their research results

and findings more effectively and intensively to the public.
An interested public has been given new access to the
fascinating world of science, and many young people have
been inspired to choose careers in science. The science sector
will only receive the lasting social support it needs for its own
development if it takes public expectations and criticism ser-
iously and responds appropriately.
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