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Preface

Preface

The Austrian Research and Technology Report
2014, as a status report pursuant to section 8 (1)
of the Research Organisation Act (FOG), is de-
voted to assessing the current challenges for na-
tional and international research and technolo-
gy policy by analysing current developments
and trends and presenting extensive data on re-
search, technology, and innovation; other spe-
cific areas of focus are also presented.

Statistics Austria currently projects gross do-
mestic expenditure for research and experimen-
tal development (R&D) to reach €9.32 billion in
2014, representing a research intensity of 2.88%.
Total R&D expenditure are estimated to rise
2.7% over 2013 levels; the federal government
is projected to increase research funding by 2%,
and business enterprises by 3.6%. Fortunately,
Austria continues to invest in research at a level
far above the EU-28 average of 2.06% and re-
mains in fifth place for research intensity in
2012 behind Finland, Sweden, Denmark, and
Germany.

The results of the comprehensive R&D sur-
vey of 2011, published by Statistics Austria in
2013, confirm the very positive overall picture
for research and development in Austria: R&D
expenditure rose a total of 10.6% to some
€8.3 billion since the previous comprehensive
survey in 2009. The increase was 12% in the
business enterprise sector to about €5.7 billion
and 8.5% in the higher education sector to
roughly €2.2 billion. The public sector finances
36.4% of overall R&D expenditure, with the Eu-
ropean Union accounting for 1.8%. The domes-
tic business enterprise sector funds 46.2% of
research and development. When foreign firms
are included in this figure, the total share of pri-
vate funding comes to 61.3%.
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The number of those working in research and
development came to 61,170 full-time equiva-
lents (FTE) in 2011 (up 8.4% from 2009), includ-
ing 16,096 in the higher education sector (+6.7 %)
and 42,098 in the business enterprise sector
(+9.9%).

The Austrian federal government remains
committed to its goal of moving the country up
into the group of European innovation leaders.
International innovation rankings represent one
tool for measuring the status and progress in
reaching objectives. But each innovation rank-
ing is shaped by the decisions that were made in
designing it — the selection and weighting of in-
dicators and other subjective factors. This
makes it all the more important to understand
the theory and methodology underlying such
rankings. That’s why this report looks at the po-
sition of Austria in five international innova-
tion rankings. The broad picture shows that
Austria was able to significantly improve its in-
novative performance in the past fifteen years
but that the dynamics of RTT investments have
slowed somewhat since the financial crisis.

This year the Austrian Research and Technol-
ogy Report once again offers an overview of the
latest results and areas of focus in the imple-
mentation of the federal government’s RTI
strategy. Nine working groups have analysed
key problem areas in the R&D system and rec-
ommended actions to be taken. Key actions tak-
en by the responsible ministries in the year un-
der review include creating a service centre for
innovation-friendly public procurement, intro-
ducing regional university knowledge transfer
centres, offering endowed professorships, ex-
panding Austria’s participation in European re-
search infrastructures, providing robust funding



for the “production technologies of the future,”
and much more. Other steps taken in imple-
menting the RTI strategy will be outlined in the
corresponding chapters.

In the field of scientific research and tertiary
education, the report focuses on how Austrian
universities compare to their international
counterparts, the transfer of knowledge between
universities and the private sector, and the de-
velopment of the universities of applied scienc-
es sector. The report also examines the chal-
lenges that lie ahead for scientific research and
research agendas through the use of new social
media in light of the fundamental changes tak-
ing place in research methodologies, communi-
cation, and publication.

In the realm of applied research and tech-
nology among business enterprises, the report
also examines the position of Austrian manu-
facturing in global value chains, revealing that

(9

Dr Reinhold Mitterlehner
Federal Minister of Science,
Research and Economy

Austria’s share in the production and export ac-
tivity of other countries has risen continuously
by some 7% since 1995. Another very positive
trend over the past two decades has been the
number of Austrian firms with innovation part-
nerships, a figure that has more than doubled
and is above the international average. Entre-
preneurial innovations can also be found else-
where, however. This opens up new areas of ac-
tivity for RTI policymakers in Austria, not only
in identifying and supporting the potential for
alternative forms of partnership and funding but
also in the realm of intellectual property rights.

Austria has seen an explosion of innovative
activity over the past 15 years. But reaching the
ambitious goals of the RTI strategy and joining
the ranks of Europe’s innovation leaders will re-
quire extraordinary efforts and clear priorities
even in the face of budget pressures.

(D&\‘s (kwes

Doris Bures
Federal Minister of Transport,
Innovation and Technology
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Executive Summary

Executive Summary

The Austrian Research and Technology Report
2014 is a status report on the country’s federally
funded research, technology, and innovation. It
was commissioned by the Federal Ministry of
Science, Research and Economy (BMWFW) and
the Federal Ministry for Transport, Innovation
and Technology (BMVIT). The report looks at
current data and findings to describe significant
trends in development and key themes in
Austria’s system of innovation and examine
them in the international context.

Global estimate of R&D expenditure in 2014

The latest global estimate from Statistics
Austria (May 2014) projects total expenditure
on research and development (R&D) in Austria
of €9.32 billion in 2014. This represents an in-
crease of €248 million or 2.73% (nominally)
over the previous year. The result is an R&D in-
tensity — ratio of R&D expenditure to GDP — of
2.88% in 2014, meaning that current forecasts
show a virtual stagnation of R&D intensity
compared to 2013 and 2012 (each at 2.90% ac-
cording to revised figures).

The business enterprise sector remains the
most important source of funds for domestic
funding, accounting for nearly 45% of total
R&D expenditure at €4.15 billion and showing
the strongest growth (+3.59%) over 2013. Fund-
ing from businesses has settled in between 44 %
to 45%. Federal sources of funds, which will ac-
count for 38.7% of projected research expendi-
ture (€3.06 billion), has risen 2.0% year on year.
Funds of €1.53 billion from abroad (primarily
from foreign firms that contribute to the R&D
expenditure of their Austrian subsidiaries) ac-
count for some 16% of research and develop-
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ment spending in Austria. Funding from this
source is expected to rise 2.9% in 2014. This
means that the business enterprise sector (do-
mestic and international funding sources to-
gether) accounts for more than 60% of R&D
funding. The other sources of funds (“regional
governments” and “other,” which includes
local governments, professional associations,
social insurance institutions, etc.) play only a
minor role in R&D funding. Austria remains
well above the average research intensity of
2.06% in the EU-28 (2012 reference year), rank-
ing fifth behind Finland, Sweden, Denmark, and
Germany.

The new European System of Integrated Eco-
nomic Accounts (ESA 2010) will bring about
major changes starting in September 2014. R&D
expenditure, previously recorded as intermedi-
ate consumption, will now be regarded as gross
fixed capital formation, which means they will
factor into the gross domestic product. Although
R&D will play a greater role in the ESA, this
new accounting method will presumably lower
the R&D intensity slightly.

R&D expenditure in Austria

Statistics Austria’s comprehensive R&D survey
of 2011 shows a very positive overall trend for
Austria up to that time. R&D expenditure rose
a total of 10.6% to some €8.3 billion since the
previous comprehensive survey in 2009. R&D
expenditure in the business enterprise sector
rose 12% to €5.7 billion in this period, while
the higher education sector increased expendi-
ture by 8.5% to about €2.2 billion. Growth in
the business enterprise sector can be traced to
both the growing number of firms engaging in
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research and the simultaneous surge in R&D ac-
tivities among those already conducting re-
search. Despite this broadening of the research
base, however, R&D expenditure in the busi-
ness enterprise sector remains highly concen-
trated. This concentration, which is also appar-
ent when comparing Austria to other countries,
underscores the influence of a small number of
major corporations in the R&D landscape.

In 2011 the business enterprise sector again
paid for the lion’s share of its R&D expenditure
- some €3.7 billion (64.8%) — with its own
funds. Funding from abroad accounted for some
22%, most of that from businesses — a high level
of foreign funding compared to other countries.
A major factor in the development of business
sector R&D expenditure (and its stabilisation
during the financial crisis) was corporate R&D
funding: in 2011, some 13% (€756 million) of
business R&D was publicly funded, a sharp rise
of 34.9% from 2009.

As the size of a firm grows, so too does the
role of foreign funding sources and indirect re-
search subsidies (research premium). The ex-
pansion of subsidies for research, attributable
primarily to the increase in the research premi-
um, has caused a major shift in how public
funds are used. In 2002, the business enterprise
sector accounted for just 11% of such public
funding. By 2011, this figure had risen to 25%.
During the same period, the share going to the
higher education sector fell from 74% to 62%.

The number of those working in research and
development totalled 61,170 FTE in 2011 (+8.4%
from 2009), including 16,096 in the higher edu-
cation sector (+6.7 %) and 42,098 in the business
enterprise sector (+9.9%). Despite a clear trend
toward greater participation by women in R&D,
the 25% share of women among FTE is low both
in absolute terms and internationally.

Austria’s position in international innovation
rankings

Austria has made great strides in its capacity for
innovation in the past ten to fifteen years. This

is evidenced by the trend in its overall economic
R&D intensity, higher exports of medium- and
high-technology goods, the growing share of the
workforce with university degrees, and the in-
creased international publishing activities of its
universities. This trend was even evident until
very recently in international innovation rank-
ings that try to give a condensed picture of the
innovative capacities of countries.

Despite greater investments in innovation,
however, Austria has recently slipped in the
rankings, in part because other countries have
also intensified their innovation activities.
Driving this development is a push toward
greater competition in innovation and a long-
term economic shift in which the role of knowl-
edge-based activities (and as a result, innova-
tion) in all countries has grown relative to tradi-
tional activities.

In five international innovation rankings —
the Innovation Union Scoreboard and EU 2020
Innovation Indicator of the European Commis-
sion, the Global Innovation Index of INSEAD
and WIPO, the Innovation Indicator of Deut-
sche Telekom Foundation and BDI, and the in-
novation-related indicators of the Global Com-
petitiveness Index of the World Economic Fo-
rums - Austria currently ranks 11th to 20th
among OECD and EU member states. Austria
made great progress in the Innovation Union
Scoreboard from 2004 to 2009, but by 2013 it
had fallen back to its original ranking from the
early 2000s. Austria also made significant gains
through 2011 on the Innovation Indicator of
Deutsche Telekom Foundation and BDI, though
it remains in the middle among the countries
analysed. By contrast, Austria’s ranking in the
innovation-related indicators of the Global
Competitiveness Index has barely changed in
the past seven years, but even here a variety of
indicators show Austria coming up short in re-
lation to the leading countries. In another study
on innovation among EU member states, the In-
novation Union Progress Report issued by the
European Commission, Austria also lags signifi-
cantly behind the innovation leaders in the five

Austrian Research and Technology Report 2014
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indicators cited but shows much higher growth
rates than both the lead group and the EU as a
whole in the period from 2000 to 2010.

Rankings are often viewed critically, since
the indicators they choose can only ever offer an
incomplete picture of a system of innovation,
and because the significance and international
comparability of many indicators is limited.
Nevertheless, they can serve as a general barom-
eter of trends and positioning. Regardless of
Austria’s position in international innovation
scorecards, it makes sense to continue down the
path toward greater knowledge and innovation,
since this offers the greatest relative benefits in
the international competition. The result does
not necessarily have to be an improved position
in innovation rankings. What’s more important
is that the structural shift toward research- and
knowledge-intensive sectors continue and that
all stakeholders take advantage of the innova-
tive potential already available. Determining
whether a country is on track to succeed here
means looking at a variety of indicators (includ-
ing those not covered by the ranking) and inter-
preting them through context-specific analyses.
Innovation rankings may provide points of ref-
erence but can never give the full picture. There
are many important areas that are inadequately
reflected in innovation rankings, such as the
quality of interaction between the scientific and
business communities on the one hand and uni-
versity educators on the other, the degree of in-
novation in low-technology industries and
non-knowledge-intensive services, or the appli-
cation of (key) technologies to boost productivi-
ty in a wide array of sectors.

Implementation of RTI strategy and the challenges
ahead for Horizon 2020

The Austrian government, in its latest working
agenda for the 25th legislative period, noted that
the RTI strategy adopted in 2011 remains an im-
portant policy framework and that, in keeping
with the stated objectives, it will systematically
support the positive developments in RTT so that
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Austria can make the jump into the leading group
of European research innovators by 2020. The
federal government’s “RTI Task Force” is a coor-
dination and implementation tool designed to
help the RTI departments at ministries work to-
gether more effectively on the various activities
and initiatives, assisted by outcome-oriented im-
pact assessments and impact-oriented budgetary
planning. Working groups have been deployed in
specific areas of activity in the RTI strategy, fo-
cusing on central problem fields in order to iden-
tify strengths and weaknesses in the structural
shift and develop a concrete plan of action.

Austria’s involvement in the 7th Framework
Programme can certainly be regarded as a suc-
cess. Between 2007 and 2013, Austria was able
to bring in about €950 million in (earmarked)
funding through its participations — not only an
above-average rate of return but also an excel-
lent result relative to the participations based
on the potential of the Austrian researchers.
Austria was also successful in its participation
in the ERC grants, garnering the fourth-best ap-
proval rate internationally.

The new Horizon 2020 Framework Pro-
gramme introduces several changes to which
Austria must respond and in some cases already
has responded in its RTT policy: defining new
goals, increasing returns to at least €1.5 billion
by 2020, increasing the number of ERC grants,
and achieving quantitatively measurable suc-
cesses in patenting, participations, and regula-
tions. Reaching these goals means reorganising
and improving the support and consulting ser-
vices offered by the Austrian Research Promo-
tion Agency (FFG), focusing on strategic consul-
tation. The aim is to support Austrian universi-
ties develop independent capacities and areas of
expertise, fostering the participation of their re-
searchers. This is accompanied by the creation
of new consulting agencies (the ERA Observato-
ry Austria, which includes the ERA Policy Fo-
rum and ERA Council Forum) with the aim of
supporting evidence-based decision-making and
strengthening Austria’s role in European policy-
making.
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Austrian universities in international comparison

University rankings play an important role in
the international higher education policy debate
and are garnering more attention in Austria.
Their benefit is often viewed critically: On the
one hand, rankings are regarded as an essential
basis for realistically assessing the performance
of individual universities and entire national
systems of higher education. On the other hand,
one must keep in mind the fundamental differ-
ences between university systems in different
countries and between different types of univer-
sities — differences that limit the validity of
such rankings. This report presents various in-
ternational rankings and examines the position
of Austrian universities in these rankings. The
best Austrian universities achieve rankings of
100-200, which means they are among the top
10% of universities worldwide.

It is clear that size — and by extension, name
recognition — is an important factor in rankings.
Size, as determined by the number of students,
is a factor in the measurement of many indica-
tors. But when measured according to the out-
put categories of better-placed universities in
other countries, Austrian universities are at a
relative disadvantage with up to ten times the
number of students per researcher. Universities
in the English-speaking world also benefit in the
rankings due largely to their popularity, interna-
tional reputation, and low language barriers for
international students and researchers.

Recruiting more high-quality academics is
one way to improve both the number of publica-
tions and the quality of instruction in the inter-
national competition for research locations.
Compensation is one of the success factors in
recruiting university researchers, especially
those with the most qualifications. Austria’s
gross annual compensation is above both the
EU and OECD average, but in some cases, sala-
ries lag far behind those in the top countries.
When seeking to properly evaluate the attrac-
tiveness of salaries and thus of university posi-
tions, however, one cannot view compensation

10

in isolation from the overall conditions that re-
searchers care about. The United States, togeth-
er with a group of European countries, stands
out for good overall packages and working con-
ditions (such as academic positions that offer
good career perspectives early on) as well as a
high degree of autonomy for researchers, the
quality and prestige of their researchers, and
high salaries. In this international comparison,
Austria ranks in the middle range.

Alongside teaching and research, the so-
called “third mission” of universities — knowl-
edge and technology transfer —is playing an ever
greater role. In the context of the traditionally
high percentage of public funding for R&D, a re-
cent international ranking that examined R&D
activities funded by the business enterprise sec-
tor placed Austria in the top third of OECD
member countries. It was also determined that a
relatively high percentage of business-funded
R&D at universities comes from abroad. The re-
search funded through competence centres were
to be included in the assessment of the partner-
ship between the scientific and business com-
munities, Austria would be at the very top of
the European field.

The universities of applied sciences in domestic
R&D

Since the university of applied sciences sector
(the UAS sector] was founded and the first
courses were established in academic year
1994/95, capacities in the UAS sector have
grown considerably both in relation to the pri-
mary education function as well as to the sec-
ondary research and development function. The
UAS sector plays an important complementary
role in the Austrian system of innovation along-
side the educational and research activities of
the universities and non-university research in-
stitutions. The universities of applied sciences
expanded their R&D expenditure from €21 mil-
lion in 2002 to €77 million in 2011, with 93%
going to applied research and experimental de-
velopment — a step forward in fulfilling their le-

Austrian Research and Technology Report 2014
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gal mandate in this regard. Austria’s universi-
ties of applied sciences thus accounted for 7.3%
of applied research and 7.8% of experimental
development among R&D expenditure in the
higher education sector.

The application-oriented research competen-
cies of the UAS sector have been best realised
through longer-term, broadly defined federal re-
search promotion programmes aimed at estab-
lishing research infrastructures — such as FH-
plus, COIN, and the Josef Ressel Centres. The
UAS sector is building upon this with a focus on
application-oriented, primarily regional R&D
projects with the business community.

Global value chains and R&D partnerships

The trend toward globalisation in recent de-
cades has brought about a drastic increase in the
degree of international integration. This is also
true in Austria, whose economy relies more and
more on input from abroad to fuel its manufac-
turing and export sectors. The share of domestic
value added in Austria’s gross exports has de-
clined slightly in recent years even though, in
absolute terms, domestic value added in Austri-
an exports is growing each year by an average of
4.4%. This phenomenon can also be observed at
the global level.

Austria has managed to position itself well in
global value chains — both on the demand side as
an importer of intermediate consumption input
and as a major provider of key production input
for other countries.

Austria’s share in the production and exports
of other countries has risen continuously, for
example — averaging 7% between 1995 and
2011. This is particularly evident in the Europe-
an market. In 2011, some 37% of the directly
exported domestic value added was re-exported
by the recipient countries. The bulk of this went
to Germany, underscoring the importance of
Germany for Austria’s integration into global
value chains.

The findings from patent statistics do not re-
veal any clear trend when it comes to interna-
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tional R&D partnerships on the part of Austrian
firms, even though the rise in the number of in-
ternational joint patents has slightly outpaced
that of overall patents. The fact that foreign
firms with patent activities in Austria are rely-
ing increasingly on Austrian resources can,
however, be interpreted as an indicator of
Austria’s quality as a place to conduct R&D.

Entrepreneurial innovation in flux

The innovative activities of firms are influenced
by various trends relating to the type of innova-
tions, how they are funded, and the relation-
ships to customers and competitors:

The term “open innovation” refers to the em-
pirically observable trend of firms that increas-
ingly work with customers, research institu-
tions, suppliers, competitors, and other stake-
holders to develop and implement innovations.
A series of such forms and strategies, all of
which can be seen as forms of open innovation,
has taken hold in recent years. Examples in-
clude the concepts of “user-driven innovation”
and “crowdsourcing,” in which users are active-
ly involved in the innovation process.

The analyses of the Community Innovation
Survey offer empirical evidence that the innova-
tion process is opening, even in Austria. Over
the past two decades, for example, the number
of Austrian firms with innovation partnerships
has more than doubled to include nearly a quar-
ter of all businesses, positioning Austria above
average in the international community when it
comes to business-academic partnerships.
“Crowdfunding” and “crowdinvesting” - in
which the goal is to convince a greater number
of investors to finance business ideas — are gar-
nering increased attention as new models for
funding innovation. This trend is just starting to
take hold in countries such as the United States
and Germany serve as models for the potential
of such funding models. Some issues still need
to be clarified, especially those pertaining to
regulation and protections for investors. There
are various potential roles for governments here

1
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—as a promoter to raise awareness of (subsidised)
projects, for example, or as a network and hub
for community events.

Businesses that adopt a strategy toward open
processes of innovation typically experience a
higher success rate in product developments,
more market innovations, and a measurably
positive influence on the company’s success.
Studies also show the growing role that service
innovations play in technological innovations,
especially the role of knowledge-intensive busi-
ness services (KIBS). Firms from KIBS sectors
are also found to engage much more frequently
in innovation partnerships, thereby making a
major contribution to the distribution of knowl-
edge across all sectors.

This opens up new areas of activity for RTI pol-
icymakers in Austria, not only in discovering
and supporting the potential for alternative
forms of partnership and funding but also in the
realm of intellectual property rights.

Measuring the economic impact of innovation
activities

Evidence-based RTI policies require indicators
to track the development of innovation activi-
ties over time. Given Austria’s unwavering
commitment to join the group of innovation
leaders despite budget consolidation measures,
the debate is increasingly focused on indicators
that can track the economic impact of innova-
tion. Austria falls well below the average in the
corresponding indicators of the Innovation
Union Scoreboard (IUS) — 17th place compared
to 10th place overall. This can be traced to an

12

underestimation of the impact of innovation in
the TUS, however: economic effects of innova-
tion are tracked largely through indicators mea-
suring the structural shift toward knowledge-in-
tensive sectors, while the second key compo-
nent — progress within sectors toward more
knowledge-intensive segments — is lacking (sec-
toral upgrading or movement up the quality lad-
der within a sector).

Extending the IUS to include indicators that
better reflect sectoral upgrading would yield a
much more positive picture for Austria: if the
measurement of performance is adjusted to re-
flect the quality of patents, the quality of ex-
ports, and the R&D intensity independently of
structural effects, Austria advances to 9th place
in the economic effects of innovation and 7th
place overall. This result reflects the traditional
economic strengths of Austria such as the con-
tinuous, incremental progress in global market
niches. This does not lead to a high-tech eco-
nomic structure, but it does yield a high level of
competitiveness internationally.

But even with this recalculation, Austria’s in-
novative performance still remains behind that
of the “innovation leaders.” This is why further
efforts are needed, especially where structural
effects result: expanding basic research, boost-
ing the number of university graduates, and cre-
ating better funding for innovation risks (ven-
ture capital). Only then can Austria bridge the
gap to the innovation leaders and secure its pos-
itive economic development.

Austrian Research and Technology Report 2014
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1.1 Trend of R&D expenditure hased on new

global estimate

Statistics Austria’s latest global estimate from
May 2014 projects total expenditure for research
and development in Austria of €9.32 billion in
2014 — an increase of €248 million or 2.73%
over 2013. Taken together with the trend in the
gross domestic product (GDP), this yields an
R&D intensity (gross domestic spending on re-
search and development as a percentage of GDP)
of 2.88% in 2014. Current forecasts thus project
near stagnation of the R&D intensity at the lev-
el of 2013 and 2012 (revised at 2.90%, previous-
ly projected at 2.81% for both years in the 2013
global estimate).

Fig. 1 shows the trend of absolute contribu-

tions from the various sources of funds along-
side the R&D intensity. Domestic R&D expen-
diture has steadily increased and the research
intensity has remained at a consistently high
level since 2009 — even throughout the financial
and economic crisis. The projected R&D inten-
sity of 2.88% places Austria well above the av-
erage research intensity of 2.06% in the EU-28
(2012 reference year), ranking fifth behind Fin-
land, Sweden, Denmark, and Germany.

The current data and estimates yield the
following picture of the various sources of funds
(see also Fig. 2 and Fig. 3): The public sector is
projected to account for €3.61 billion or 38.7%
of total research expenditure in Austria in 2014.
The federal government will contribute the
lion’s share of €3.06 billion (32.8%), up

Fig. 1: Expenditure on research and development in Austria by sources of funds
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€59.0 million or 2.0% from the previous year.

Domestic businesses make up the largest
funding sector in overall projected R&D expen-
diture in 2014 at 44.5% (roughly €4.15 billion).
R&D funding from businesses is expected to
rise some €144 million or 3.59% over 2013,
more or less mirroring the expected nominal
growth in GDP (3.49%).

A relatively large share of the R&D conduct-
ed in Austria is still funded from foreign sourc-
es. In 2014, €1.53 billion or 16.4% of total R&D
expenditure in Austria is expected to come from
abroad. The primary sources are multinational
corporations whose Austrian subsidiaries con-
duct R&D and, to a lesser extent, returns from
EU research framework programs. R&D funding
is up €43 million or 2.9% over 2013.

Austria’s regional governments are projected
to spend €440 million for research and develop-
ment in 2014, representing 4.7 % of overall R&D
funding and a slight decline of €1.7 million
(-0.4%) from 2013. Other public institutions (lo-
cal governments, professional associations, so-
cial insurance institutions) are estimated to
contribute some € 110 million or 1.2% to over-
all research funding in Austria, up about €3 mil-
lion or 2.7% from the previous year. The private
non-profit sector funds some 0.5% (€42.5 mil-
lion, +2.7% from 2013) of overall projected R&D
expenditure in 2014.

As the structural trend of R&D funding shows
(see Fig. 2), public-sector R&D expenditure has
been instrumental in not only maintaining but
actually increasing R&D investments in
Austria, even throughout the financial crisis.
The data also shows that the share of funding
from the business enterprise sector has stabi-
lised between 44% and 45% in the past three
years following a phase of relative decline (see
Fig. 3). Taking into account the fact that most

1 See European Union (2013).

2 See Braakmann (2013).

3 See Havel (2013).

4 See Spies (2013); United Nations (2014).
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foreign R&D funding also comes from business-
es, this yields a private-sector share of over 60%
in 2014 (see also Chapter 1.2).

Revision of Integrated Economic Accounts in
2014

On 26 June 2013, the Official Journal of the
European Union published Regulation (EU)
No. 549/2013 of the European Parliament and of
the Council of 21 May 2013 on the European
System of Integrated Economic Accounts (ESA).!
This regulation states that effective Septem-
ber 2014, the data submitted by member states
to EUROSTAT must meet the latest EU ac-
counting framework for a systematic and de-
tailed description of a total economy.? This
means that by the end of September 2014, the
gross domestic product (GDP) and the main ag-
gregates of the integrated economic account
must be presented in annual (1995-2013) and
quarterly (Q1 1995-Q2 2014) time series, and
the public deficit and public debt must be pre-
sented in annual (1995-2013) time series.?
ESA 2010 revises ESA 1995 and is based on the
United Nations System of National Accounts
2008 (SNA 2008), which includes an interna-
tionally recognised standard set of recommen-
dations for measuring the economic activities of
a national economy.*

SNA 2008 is an international system of inte-
grated economic accounts formulated as recom-
mendations and published in 2009 by the Euro-
pean Union (EU), International Monetary Fund
(IMF), Organisation for Economic Cooperation
and Development (OECD), United Nations
(UN), and the World Bank. SNA 2008 imple-
ments 44 changes from the previous version of
SNA 1993, some with direct or indirect effects
on the gross domestic product or gross national

Austrian Research and Technology Report 2014
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Fig. 2: Development of R&D in Austria by source of funds (Index, 2007=100)
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Fig. 3: R&D funding shares in Austria by sources of funds (in %)
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income (GNI), others with methodological
changes not affecting GDP or GNI. The most
significant amendment in terms of its impact
on GDP is the change to how expenditure on
research and experimental development (R&D)
are handled.

Up to now, R&D expenditure was treated in
the Integrated Economic Accounts as interme-
diate consumption, internal costs, or non-mar-
ket consumption. The introduction of ESA 2010
means that R&D expenditure are now recorded
as gross fixed capital formation, so they flow in-
to the gross domestic product. One reason for
this change is the increasing importance of
R&D, a growing segment now accounting for a
significant portion of overall investments.
Moreover, the definition of R&D expenditure as
intermediate consumption was problematic,
since countries with a high level of R&D invest-
ments not flowing completely into the produc-
tion value of goods or services, as is usually the
case, were significantly underestimated. But
knowledge does serve a firm over the long term
and is not consumed in the production process,
which qualifies it for measurement under fixed
assets in the subcategory of intangible assets.’

Non-recognition of R&D expenditure, as was
the case before the implementation of ESA
2010, meant that these expenditure were visible
only in the value added of the goods or services
subsequently produced with the knowledge that
was gained. This has two implications: First,
R&D expenditure remained completely disre-
garded if no usable results were derived from the
research. Second, it was not possible to allocate
R&D expenditure to the year in which it oc-
curred, which distorted the measured produc-
tion in the reference year. While implementa-

5  See Falkinger (2013a); Falkinger (2013b).
6 See Scheiblecker (2013).

7

8

9  See Oltmanns et al. (2009).
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tion of ESA 2010 improves economic assess-

ments by recording the time period of R&D ex-

penditure more accurately, this reclassification
also means a weakening of the measurement of
prosperity through GDP, since the GDP is high-
er without increased prosperity behind it.°

The reclassification of R&D expenditure has
various effects on GDP:

e Purchased R&D services inflate the gross val-
ue added (GVA) of market producers’ by the
total amount of purchased services, since
they are recorded as investments and no lon-
ger as intermediate consumption. This also
increases GDP by the total amount of R&D
expenditure.

e In-house R&D services by market producers
increase the production value by the amount
spent on the services, since they are mea-
sured as investments and no longer as inter-
nal costs. This also increases GVA and ulti-
mately the GDP by the total amount of ex-
penditure for the in-house R&D services.

e For non-market producers® who calculate
gross value added as the total of all expendi-
ture, in-house R&D services are viewed as
investments and no longer as consumption
expenses. The result is an increase in GDP by
the depreciations for the in-house R&D ser-
vices.

e It is similar with R&D services purchased by
non-market producers. Measuring them as in-
vestments rather than government consump-
tion increases the GDP by the amount of the
depreciations.’

A preliminary estimate by Statistics Austria
finds that the GDP for 2011 would be about
3.3% higher under ESA 2010 than previously

Market producers are institutions or firms whose output is entirely or mainly intended for the market (EUROSTAT 2014a).
Non-market producers are institutions or firms whose output is entirely or mainly not intended for the market (EUROSTAT 2014b).
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calculated, with some three-quarters of this
growth attributable to the reclassification of
R&D.!® GDP generally increases in a roughly
linear pattern relative to R&D expenditure. One
exception is disproportionately high percentag-
es of R&D exports, which have a disproportion-
ately weak effect on GDP. Disproportionately
high percentages of R&D imports, on the other
hand, have a disproportionately strong effect on
GDP. The revision of the ESA affects all ratios
linked to GDP. While the revision has only a
marginal effect on the deficit ratio, the R&D in-
tensity will decline slightly as the GDP increas-
es and R&D expenditure remain unchanged.
Statistics Austria estimates that the R&D in-
tensity of 2007 would be adjusted from 2.51% to
2.46% under the revision.!!

1.2 Financing and implementation of R&D in
Austria

Statistics Austria conducts comprehensive bi-
ennial surveys among all institutions in all eco-
nomic sectors that conduct research and experi-
mental development (R&D) on the amount of
funding and personnel they devote to R&D. Re-
cent surveys on the reporting year 2011 were,
like the preceding reports, carried out in accor-
dance with the guidelines, definitions, and stan-
dards of the Frascati Manual, which is in use
worldwide (OECD, EU, etc.) and thus ensures
international comparability.!? Frascati defines
R&D as an activity “undertaken on a systemat-
ic basis in order to increase the stock of knowl-
edge ... and the use of this stock of knowledge
to devise new applications.”

Novelty and originality (new findings, new
knowledge, new knowledge systems, new appli-
cations) are therefore the most important crite-

10 see Spies (2013); Havel (2013).
11 see Falkinger (2013D).
12 see OECD (2002).
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ria for distinguishing R&D from other scientific

and technological activities. R&D in the sense

of these statistics therefore includes not only
the natural sciences and engineering but also
the social sciences and humanities.

This report distinguishes between four sec-
tors in which R&D is performed: the higher ed-
ucation sector, government sector, private
non-profit sector, and business enterprise sec-
tor. The report also distinguishes between the
various sources through which R&D is funded:
the public sector, private non-profit sector, busi-
ness enterprise sector, and foreign sources.

e The higher education sector encompasses
public universities and universities of applied
sciences, private universities, University for
Continuing Education Krems, colleges of ed-
ucation, the Academy of Sciences, research
facilities at Federal Higher Technical Insti-
tutes, and other university-level institutions.

e The government sector includes federal,
state, and local institutions; chambers of
commerce; institutions of the social insur-
ance carriers; publicly funded and/or con-
trolled private organisations; and the institu-
tions of the Ludwig Boltzmann Gesellschaft
that conduct R&D.

e The private non-profit sector includes
non-commercial institutions whose status is
predominantly private or governed by civil
law, religious, or otherwise non-public.

e The business enterprise sector is comprised
of the company R&D sub-sector (“firmenei-
gener Bereich”) and the institutes’ sub-sector
(“kooperativer Bereich”). The R&D sub-sec-
tor comprises all firms, both private and pub-
lic, that produce for the market with the aim
of earning profit. The institutes’ sub-sector
(“kooperativer Bereich”) includes research
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service institutions that conduct R&D for
firms and for the public sector. Most of these
are members of Austrian Cooperative Re-
search (ACR), competence centres, and other
scientific institutions and research service
providers.

A total of some €8.3 billion was spent on R&D
in Austria in 2011, up 10.6% from the previous
comprehensive survey in 2009. Table 1 shows a
rough breakdown of R&D expenditure by re-
search sector and source of funds. This shows
that the business enterprise sector accounts for
about 69% of total R&D expenditure, the higher
education sector for 25.6%, the government sec-
tor for 5.1%, and the private non-profit sector
for 0.5%.

The public sector funds 36.4% of total R&D
expenditure. The European Union provided
€150 million, or 1.8% of total funding volume.
Most R&D expenditure was funded by the busi-
ness enterprise sector. The domestic business
enterprise sector accounted for 46.2% of R&D
expenditure, a figure that rises to 61.3% when
foreign firms are included.

Fig. 4 shows an overview of the funding
streams between the financing sectors and the

sectors of performance, illustrating the interre-
lationships among the various sectors. The box-
es show the scope of R&D expenditure among
the sectors of performance, while the arrows
symbolise the funding streams.

The business enterprise sector invested just
over €5.7 billion in R&D in 2011. Compared to
2009, the year of the last comprehensive survey,
this represents increased R&D expenditure of
about 12%. The majority of expenditure, some
€3.7 billion (64.8 %), come from the businesses’
own funds. Own funding in business enterprise
R&D climbed by 8.7% over 2009. The business
enterprise sector also contributed €109 million
in R&D funding to the higher education sector,
€18 million to the government sector, and €6
million to the private non-profit sector. Some
13% (€756 million) of business enterprise R&D
is funded publicly. Although the rise in R&D
expenditure in Austria stemmed largely from
the business enterprise sector, the public sector
also made an important contribution to the no-
ticeable momentum by funding R&D. There
was a remarkable 34.9% increase in govern-
ment-financed business enterprise R&D over
2009. This means that Austria still has one of

Table 1: R&D expenditure broken down by sector of performance and sources of funds (2011)

Sectors of performance miIIii:ni Share in %

Business enterprise sector 5,693 68.8
Institutes' sub-sector (“kooperativer Bereich") 626 7.6
Company R&D sub-sector (“firmeneigener Bereich”) 5,067 61.2
Higher education sector 2,118 25.6
Government sector! 425 5.1
Private non-profit sector? 11 0.5
Total 8,271 100

Sources of funds millii:ni Share in %

Business enterprise sector 3,821 46.2
Public sector 3,015 36.4
Private non-profit sector 39 0.5
Abroad 1,402 16.9
Foreign firms® 1,252 15.1

EU funds 150 18

Total 8,271 100

1 Federal institutions (not including those combined in the higher education sector), state, local government, and chambers of commerce, R&D
institutions of the social insurance carriers, public sector-financed and/or controlled private non-profit institutions as well as R&D institutions
of the Ludwig Boltzmann-Gesellschaft; including regional hospitals. The regional hospitals were not surveyed by questionnaire, but instead
Statistics Austria prepared an estimate of the R&D expenditure based on the reports of the offices of the provincial governments.

2 Private non-profit institutions whose status is predominantly private or under civil law, sectarian, or other non-public.

3 Foreign firms, including international organisations (without EU)

Source: Statistics Austria (R&D survey 2011). Calculated by JOANNEUM RESEARCH.
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Fig. 4: Performance and funding of R&D in Austria (2011)
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the highest percentages of public funding for re-
search in the business enterprise sector among
the countries surveyed. Foreign funding ac-
counts for a total of €1,244 million, which cor-
responds to 21.9% (+9.3% over 2009).

R&D expenditure in the higher education
sector rose from €1,952 million (2009) to
€2,118 million (2011), an 8.5% increase. Fund-
ing of university R&D by the business enter-
prise sector (contract research) rose to € 109 mil-
lion in 2011 (+7.5%). Increases were also report-
ed in funding from the public sector (€ 1,870 mil-
lion, +7.1%) and above all in the volume of
funding from abroad (€119 million, +37.8%),
even though the overall level was low.

Research grants play a major role in the fund-
ing of research in general. The most important
source of funding from the public sector is the

research premium® of €382 million, up about
50% from 2009 (€255 million). The strong ex-
pansion of research grants, especially from the
increase in the research premium, brought
about a major shift in recent years in how public
funds are used. In 2002, 11% (€175 million) of
all public funding went to the business enter-
prise sector; by 2011, this figure had risen to
25% (€756 million). During the same period,
the share going to the higher education sector
fell from 74% to 62% (Fig. 5).

The absolute volume of public-sector funding
grew from € 1.574 million in 2002 to €3.015 mil-
lion in 2011. Public funding of higher education
R&D rose from €1.157 million (2002) to
€1.870 million (2011). This means that between
2002 and 2011, public-sector funding of R&D
rose by €713 million in the higher education

13 The research premium is an instrument of indirect research funding that could be applied for until the end of 2010 in the amount of 8%
of R&D expenditure (since 1 January 2011, 10%). Because the research premium - in contrast to the research tax allowance permitted
up to the end of 2010 - represents a direct transfer to a firm's tax account, the Frascati Manual requires this type of financing to be

subsumed under the “public sector” source of funds.
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Fig. 5: Distribution of public R&D funds by sector (2002-2011), in % and absolute
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sector and by €581 million in the business en-
terprise sector.

Trend of R&D funding structure in Austria

Fig. 6 offers a detailed breakdown of the trend of
R&D funding from 2002 to 2011. It comes as no
surprise that the higher education and govern-
ment sectors are fed largely from public funds.
The percentage of public-sector funding in the
business enterprise sector has risen sharply in
recent years, from 5.6% (2002) to 13.3% (2011).
The percentage of internally funded R&D in the
business enterprise sector has fallen since the
financial crisis, returning in 2011 to the level
from 2002 (64%).

Some of the shifts in the (much smaller) pri-
vate non-profit sector are much more conspicu-
ous, especially the growing share of foreign
funding even as public funding declines. But the
€41 million spent in this sector represent only
0.5% of overall research expenditure.

Businesses were the source of 46.2% of over-

14 RTI Strategy (2011), p. 7
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all research funding. It is clear that further ef-
forts are needed to achieve one of the key objec-
tives of the European RTI policy and thus of the
national RTI strategy — to increase the business
enterprise sector’s share in overall funding to
66%, and ideally even to 70%, by 2020.'* How-
ever, it should be noted that Austria can boast a
high percentage of foreign funding compared to
other countries — 17% currently, up from 15%
in 2009 — and that the lion’s share of this comes
from businesses. Research funding from the EU
stands at 1-2% and is reported separately. Do-
mestic and foreign businesses together account
for about 63% of overall research expenditure in
Austria in 2011 - as was the case in 2009 -
which is already quite close to the target (see
Fig. 7).

As in past years, the largest shares of research
expenditure go primarily to personnel (2011:
51%) and material expenses (41%). Broken
down by type of research, one sees a dispropor-
tionately sharp rise in expenditure on basic re-
search, with investments of €1,576.5 million in

Austrian Research and Technology Report 2014
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Fig. 6: R&D expenditure in € millions: 2002/06/09/11, by sources of funds
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Fig. 7: Funding structure of R&D expenditure in country comparison (2011)
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2011 nearly double the volume of 2002
(€819 million, +93%). Expenditure for experi-
mental development (+76% to €3.642 million)
and applied research (+68.3% to €2.907 mil-
lion) were also up sharply over the period since
2002. The distribution of structures by type of
research remains quite stable over the years.
Experimental development accounts for 45%,
applied research for 36%, and basic research for
19% of all research expenditure in 2011. Basic
research is largely the domain of the higher ed-
ucation sector; businesses focus primarily on
experimental development (61%) and applied
research (34%).

R&D in the business enterprise sector in detail

R&D expenditure in the business enterprise
sector (including the institutes’ sub-sector (“Ko-
operativer Bereich”) has risen continuously in
recent years, from €3.1 billion in 2002 up to
€5.69 billion in 2011 (Fig. 8). This trend can be
observed across all research types, but especial-
ly in basic research, which shows an expendi-
ture increase of 136% (to €326 million). One
reason for this increase could be that the few
major businesses that conduct basic research to

any significant degree have increased their
spending on R&D since 2002 at a disproportion-
ate rate from a very low level.

R&D expenditure are made up of four types of
expenses: labor costs, current costs for items
such as material and energy, expenditure for in-
struments and equipment, and expenses for land
and buildings. In 2011, somewhat more than
half (52.4%) went to personnel expenses, about
40% to ongoing R&D expenditure, 6.1% to in-
vestments in plants and equipment, and 2.0%
for buildings and property. The picture is largely
unchanged from previous years.

In 2011, about €3.63 billion (63.7 %) of overall
R&D expenditure of business enterprises went
to manufacturing, which remained the major
category of spending. The services sector is be-
coming more important, however, growing from
26.4% of overall R&D expenditure in 2002 to
35% (about €1.9 billion) in 2011. It should be
noted that, as in other countries, the signifi-
cance of this sector for R&D is well below its
overall economic significance: this can be seen
in the ratio of gross value added to factor costs,
with the services sector showing a GVA nearly
double that of the manufacturing sector.

The share of R&D expenditure in the gross

Fig. 8: R&D expenditure in € millions: 2002/06/09/11, by type of research in the business enterprise sector
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Table 2: R&D expenditure in the husiness enterprise sector, 2002/11
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Agriculture and forestry, fisheries 6 2 5 0.0 0.0 1.7 4 2 4 0.1 0.1 1.8
Mining 13 6 1 0.6 0.1 0.4 9 3 1 0.3 0.1 0.4
Manufacturing 1,504 3,626 50 73 637 185 1169 2,273 39 59 726 194
High tech 201 694 5 138 122 19 229 867 4 234 217 1.9
Medium tech 553 2,154 6 132 378 6.0 672 1,265 22 57 404 111
Other manufacturing 750 778 29 2.7 137 106 268 139 13 1.1 4.5 6.5
Electricity, gas and water supply 52 20 6 0.4 0.4 2.1 17 14 1 0.2 0.5 3.3
Construction 81 47 18 0.3 0.8 6.6 53 12 14 0.1 0.4 7.1
Services 1,728 1,991 188 1.1 350 696 690 828 135 06 264 679
High-tech knowledge intensive 778 1,098 8 146 193 28 299 415 8 52 133 4.0
Other services 950 893 181 05 157 668 391 412 127 03 132 639

Total 3,384 5693 271 2.1 1,942 3,131 199 1.6

Note.: Economic sub-sectors according to ONACE 2008; technology intensity: high tech (21, 26), medium-tech (20, 27-30), other material
goods (miscellaneous); knowledge intensity: high tech knowledge intensive (59-63, 72). In the R&D Survey of 2011 the classes 58-60 were
aggregated, 61-63, 72 were included in the evaluation, the same approach was used for the gross value added. The differences in time frames
with respect to the various types of technologies, especially when it comes to the medium-tech sector, can be attributed to the changes in the
aggregate composition. Please refer to the footnote below for more.

Source: Statistics Austria (R&D survey, national accounts). Calculated by JOANNEUM RESEARCH.

Table 3: Financing of R&D expenditure by sources of funds, 2011
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Agriculture and forestry, fisheries 6 1969 88.0 - 43 23 4.7 0.6 12.0 - - -
Mining 13 5978 49.4 - 5.0 33 8.4 18 18.5 - 321 -
Manufacturing 1,504 3,625,797 70.5 0.3 1.7 0.3 238 0.1 11.2 0.0 17.9 0.4
Electricity, gas and water supply 52 20,284 86.3 0.1 35 0.2 6.9 31 13.7 - - -
Construction 81 47,452 83.2 - 6.3 15 5.7 0.3 13.8 - 24 0.6
Services 1,728 1,991,361 53.8 43 49 2.4 48 0.7 17.1 0.3 27.1 17
Total 3,384 5,692,841 64.8 1.1 6.7 1.0 3.5 0.3 13.3 0.1 21.0 0.9

Source: Statistics Austria (R&D survey). Calculated by JOANNEUM RESEARCH.
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value added of businesses rose from 1.6% in
2002 to 2.1% in 2011. This increase in R&D in-
tensity was evident in all main groups, though
it was only slight in some groups. Even when
taking into account the methodological restric-
tions' that accompany the formation of classifi-
cations, one still sees an undiminished increase
in the number of survey units conducting re-
search: +29% among manufacturers (from 1,169
to 1,504) and an impressive +150% among ser-
vice providers (from 690 to 1,728). One also sees
a clearly positive connection between technolo-
gy content and R&D intensity, with a research
intensity among technology- and knowledge-in-
tensive services of 14.6% compared to only
0.5% among all other service providers. The
R&D intensity for manufacturing also varied by
industry from 3% to 14% .

The trend among funding sources for R&D is
overwhelmingly stable. About two-thirds
(64.8% vs. 66.6% in 2009) of the R&D expendi-
ture of the firms in the business enterprise sec-
tor were self-financed, followed by the foreign
sector (21% without EU) and the public sector

(13.3%). R&D funding by the EU and the private
non-profit sector play a minor role. The services
sector receives a high share of public funds
(17.1%) and EU funds (1.7%), compensated for
by a disproportionately low share of funding
from the business enterprise sector (53.8%).

Breaking down the data by number of em-
ployees, we see that public R&D funding is es-
pecially important in small firms. As the size of
the firm grows, so too does the role of funding
from abroad and from the research premium.
Funding from the latter in 2011 covered 4.0% of
R&D expenditure by micro-enterprises with
less than 10 employees compared to 7.3% by
firms with more than 250 employees.

Table 4 underscores the significant role of
large enterprises among R&D expenditure and
all the indicators that derive from it. Here we
see that large enterprises with more than 250
employees account for only 13% of researching
firms (434 entities) but some 70% of all R&D
expenditure in the business enterprise sector.
By comparison, small firms with less than 50
employees (2,132 entities) account for nearly

Table 4: Financing of R&D expenditure by employment size category, 2011
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Less than 10 employees 1,191 166,364 68.6 2.2
10 - 19 employees 410 161,122 70.3 1.1
20 - 49 employees 531 335,499 73.9 14
50 - 249 employees 818 1,131,501 70.5 34
250 and more employees 434 3,898,355 61.9 1.2
Total 3,384 5,692,841 64.8 11
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4.0 21 12.8 2.4 235 17 33 29
5.4 11 8.4 1.0 17.0 13 9.1 24
5.6 2.1 6.8 14 17.3 0.1 6.4 23
555 22 5.3 0.4 16.9 0.0 11.2 14
7.3 0.5 2.1 0.1 11.3 0.0 26.3 0.5
6.7 1.0 35 0.3 13.3 0.1 210 0.9

Source: Statistics Austria (R&D survey). Calculated by JOANNEUM RESEARCH.

15 Reclassifications of some (large) firms due to a change in their activity can have an effect on the aggregates and their significance. They
can also cause certain reciprocal effects — e.g. a decline in research intensity in one area can lead to an increase in another area. For this
reason care must be taken when interpreting data based on such classifications.
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two-thirds (63%) of researching firms but only at 0.7%. “Other public-sector funding”, which

11% of R&D expenditure. includes the Austrian Research Promotion
Fund, covers 12% of research expenditure by

Higher education sector universities.

The federal government pays for the majority Employees in R&D

(88.3%) of R&D expenditure in the higher edu-

cation sector. In 2011, this share came to some In 2011, over 61,000 FTE (“person years”) were

€ 1.8 billion (Table 5). The public-sector share is deployed for R&D in the various sectors (Ta-

highest in the humanities at 97% and lowest in ble 6). About 108,000 employees were working

engineering, though still very high at 79%. The on R&D. The number of employees involved in

business enterprise sector funded some R&D grew +64% between 2002 and 2011 to a

€109 million (5.2%) of R&D in the higher edu- headcount of 107,949. As in recent years, this

cation sector, a ratio that was highest in engi- trend is seen most strongly in the business en-

neering at 13.4% and lowest in the humanities terprise sector (+72%) and higher education sec-

Table 5: Financing of R&D expenditure in the higher education sector, 2011
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1.0 to 4.0 Subtotal 740 1,598 6.3 70.5 2.4 0.1 135 86.4 0.6 24 43
1.0 Natural sciences 2712 671 29 722 2.0 0.0 14.8 89.0 0.3 22 55
2.0 Engineering 225 384 13.4 61.7 36 0.3 13.2 788 0.7 2.5 46
3.0 Human medicine incl. hospitals 183 471 6.0 73.2 2.1 0.0 12.6 88.0 0.9 2.7 24
4.0 Agricultural sciences, VetMed 60 72 2.0 84.0 0.9 0.1 8.0 93.0 1.2 1.2 2.6

5.0 and 6.0 Subtotal 564 520 17 85.6 22 0.1 6.1 94.1 1.7 0.7 18
5.0 Social sciences 344 327 22 853 23 0.1 47 92.4 2.3 0.8 22
6.0 Humanities 220 193 0.7 86.3 2.0 0.1 8.6 97.0 0.7 0.6 1.0

Total 1,304 2,118 5.2 14.2 23 0.1 1.7 88.3 0.9 2.0 3.7

Source: Statistics Austria (R&D survey). Calculated by JOANNEUM RESEARCH.

Table 6: Employment in R&D, 2002/06/09/11

Employees headcounts Employees - full-time equivalents Ratlo FTE/headcount

Sector of performance
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Higher education sector 25072 32,715 39,084 42291  +69% 9,879 12,668 15059 16,096 +63%  39% 39% 39%  38%
Government sector 6,010 5511 6,008 6,185 +3% 2,060 2423 2,679 2567 +25%  34%  M4%  45%  42%
Private non-profit sector 623 404 742 830  +33% 227 161 397 410 +80%  36%  40%  53%  49%
Business enterprise sector 34,020 45336 50,668 58,643  +72% 26,728 34,126 38303 42,098 +58% 79% 5%  76% 2%
Total 65,725 83966 96,502 107949  +64% 38893 49377 56438 61170 +57%  59%  59%  58%  57%

Source: Statistics Austria (R&D survey). Calculated by JOANNEUM RESEARCH.
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Fig. 9: R&D employment structure in FTE, share of women in FTE, 2002/06/09/11
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Source: Statistics Austria (R&D survey). Calculated by JOANNEUM RESEARCH.

tor (+69%). The government sector also shows
an increase in employee numbers for the first
time since 2002.

The trend among full-time equivalents is
similar (+57% to 61,170). The ratio between
FTE and headcount has remained relatively sta-
ble since 2002, albeit with a slight decline from
2009 to 2011. The greatest stability has been in
the higher education sector, where the time de-
voted to research must be seen in conjunction
with teaching and administration. The average
was 57% in 2011, with the business enterprise
sector showing the highest ratio (72%).

The higher education sector has the highest
percentage of scientific personnel (among FTE)
at about 76%. The government sector and high-
er education sector have both steadily increased
their percentage of scientific personnel since
2002, while this percentage has fallen in the
business enterprise sector from about 60%
(2002) to 55% (2011).

The percentage of women among FTE re-

16 Holzinger (2013).

26

mained low at 25% in 2011 (Fig. 9). The per-
centage of women employed in R&D did rise
slightly from 28% in 2002 to 31% in 2009
(headcount), but the percentage since 2009, and
the percentage among FTE, has remained virtu-
ally unchanged. The low overall percentage of
women is primarily attributable to the trend in
the business enterprise sector, where only 17%
of R&D employees in 2011 (and 16% of FTE)
were women.

Austria ranks low in its representation of
women in R&D compared to other countries as
well (Fig. 10). Austria did manage to improve its
ranking since 2007 among the 24 countries that
provided comparable data, but it remains in the
back ranks.

Despite this development, a clear trend toward
greater participation of women in R&D has
emerged in the last decade: women made up just
16% of all scientists in 2002 but this figure was
up to 23% by 2011. Upon closer examination'®

Austrian Research and Technology Report 2014
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Fig. 10: Percentage of women amongst researchers (academics and equivalent employees; headcounts) in an

international comparison, 2007/11
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Source: OECD (MSTI). Calculated by JOANNEUM RESEARCH.
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Fig. 11: Development in the number of female researchers and the percentage of women amongst research staff,
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Source: Statistics Austria (R&D survey). Calculated by JOANNEUM RESEARCH.

of the group of researchers, we see that the high-
er education sector has grown much more rapid-
ly over time with an average 8% annually com-
pared to some 5% in the business enterprise
sector (Fig. 11) The percentage of female scien-
tists in the higher education sector grew from
27% (2002) to 34% (2011); in the business enter-
prise sector, the increase over the same time pe-

Austrian Research and Technology Report 2014

riod was 10% to 15%. Given the high level of
female scientists in the higher education sector
at the start, one can speak of dynamic growth.
When one first considers that, up to 2011, the
economic and growth crisis impacted employ-
ment in R&D less dramatically than in other
economic sectors, it is interesting to note that
the growth in the number of female scientists
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slowed considerably during this same time. The
difference in the growth rates between women
and men over time was 20% (2004), 9% (2006),
8% (2007), and 12% (2009) - but just 2% in 2011.

Slower growth of the number of female scien-
tists could be interpreted to mean that women
in R&D were more strongly impacted by the cri-
sis than men."” Women were not pushed out of
the R&D labour market during the crisis, but
there was still a major slowing of the growth
rate of female scientists. This could be the re-
sult of fewer women being newly hired, more
women being laid off, or more women seeking
another job outside R&D. The reasons for this
development have not yet been studied, but the
consequences are already evident: if the growth
rates among female scientists do not recover,
the percentage of women will continue to stag-
nate, and the prospect of closing the gender gap
in R&D will recede far into the future. This is
why further intensive efforts are needed, such as
actions focused on achieving structural and cul-
tural change'® so that the gender gap in R&D
can be reduced and the position of Austria in in-
ternational rankings improved.

1.3  Structures and trends in international
comparison

1.3.1 Position and development of Austria in
international innovation rankings

The Austrian federal government has set out to
make Austria a leading international centre for
innovation. International innovation rankings
offer an opportunity to assess the current status
and progress in reaching this goal. Innovation
rankings are analytical tools to summarise the
innovative performance of countries (and some-
times regions) by measuring factors critical to
innovative capacity and innovative success and

17 Ibid.
18 1Ibid, p. 11 and p. 17.

aggregating them into a composite index. In this

section, we look at the position of Austria in

five international innovation rankings:

e the Innovation Union Scoreboard of the EU
Commission (from March 2014)

e the new EU 2020 Innovation Indicator (from
September 2013)

e the Global Innovation Index, which is pub-
lished by Cornell University, INSEAD, and
WIPO (from September 2013)

¢ the Innovation Indicator of Deutsche Telekom
Foundation and BDI (from December 2013)

¢ theinnovation-related elements of the Global
Competitiveness Index of the World Econom-
ic Forums (from October 2013).

All innovation rankings rest on a theoretical un-
derstanding of innovation from which individual
indicators of relevance are derived, standardised
for measurement, and aggregated into a compos-
ite index. All the rankings examined rely concep-
tually on the innovation system approach!® and
measure innovative capacity along various
phases and steps of an integrated economic pro-
cess of innovation. This process typically in-
cludes education and science, legal, political,
and social conditions, research and innovation
activities of the business sector, as well as the
interactions between individual stakeholders
within the innovation system. The number of in-
dividual indicators that are considered vary wide-
ly among the rankings (5 for the EU 2020 Innova-
tion Indicator, 84 for the Global Innovation In-
dex), relying on both quantitative indicators
(based on statistics) and qualitative indicators
(based on expert assessments). The Global Com-
petitiveness Index has an especially high number
of qualitative indicators (24 of 31 innovation-re-
lated indicators), while the Innovation Union
Scoreboard and EU 2020 Innovation Indicator
only use quantitative indicators.

19 see Freeman (2005); Patel, Pavitt (1994); Lundvall (1992); OECD (1999).
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In all five rankings, the individual indicators
are harmonised to a uniform basis of measure-
ment using the so-called “minimum-maxi-
mum” method. This involves subtracting the
value of the country with the lowest value from
the individual indicator value of a country and
dividing it by the difference between the highest
and lowest value, so that the measured values
for all individual indicators lie between 1 (=
country with highest value) and 0 (= country
with lowest value).? This statistical method
can have a significant impact on the results,
since extreme values of some countries influ-
ence the standardised indicator values of all
countries. This means that a country’s results
may worsen even if the indicator value went up
in case the value of the country with the lowest
value went up even further. Weights are used to
aggregate the individual indicators into sub-in-
dicators (representing different aspects of inno-

vative capacity) and a composite index. All
rankings weight individual and sub-indicators
equally.”

Current position of Austria

In recent years, Austria’s position in interna-
tional innovation rankings has been evaluated
based first and foremost on the EU Commis-
sion’s Innovation Union Scoreboard. The Score-
board primarily compares EU member states
but also includes a few other European and
non-European countries. The current ranking,
published in March 2014, puts Austria in 10th
place among the 28 member states of the EU
(see Fig. 12). Austria lost one place relative to
last year, thanks to Ireland’s gains, but kept its
place in the composite index.

Other innovation rankings come to conclu-
sions very similar to those of the Innovation

Fig. 12: Results from the Innovation Union Scoreboard 2014 for EU member states
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20 To avoid too strong impact from extreme values, rankings either ignore or adjust extreme values. The Innovation Indicator follow a
different approach by considering a pre-defined group of reference countries for determining minimum and maximum values.

21 The Global Competitiveness Index employs varied weights for the three sub-indicators “Basic requirements”, “Efficiency enhancers”
and “Innovation and sophistication factors” depending on the level of development in the relevant country. An equal weighting of the
individual indicators was used to define the sub-indicators. Since only sub-indicators related to innovation are used here, the reported

value of the rankings is based on an equal weighting.
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Union Scoreboard. Depending on the ranking,
Austria scored between 7th and 11th place
among the EU-28. Many highly innovative
countries are outside of Europe, however, so
that a strictly European comparison is not ade-
quate to assess Austria’s innovative ranking
within the international community. When
Austria’s results are compared to all the coun-
tries studied in the rankings, it ranks between
11th and 23rd place (see Table 7). Given the
varying number of countries included in each
innovation ranking (between 28 and 148), it
does not make sense to compare placements, es-
pecially since some rankings include very small
countries and countries with very specific eco-
nomic structures (oil-exporting countries, small
island nations, etc.).

To compare the individual rankings and
Austria’s prospects for joining the group of
“innovation leaders,” it helps to draw upon a
reference group of comparable, economically
and technologically sophisticated countries.
These countries compete primarily among
themselves for innovation and try to secure a
competitive edge through innovation-oriented
strategies. The reference group here includes all
countries that have at least half of Austria’s per

capita GDP and at least half of Austria’s popu-
lation. Oil-exporting nations are excluded from
the outset due to their very specific conditions.
This reference group includes 22 countries —
including Austria itself — of which 14 are in
Europe.??

Austria occupies between 11th and 20th place
within the reference group in the latest versions
of the five innovation rankings (see Table 7).
Austria ranks eleventh in the Innovation Indi-
cator. In the innovation-related sub-indicators
of the Global Competitiveness Index, Austria
occupies 12th place. The Innovation Union
Scoreboard and EU 2020 Innovation Indicator
rank Austria as number 13, though this ranking
only covers 16 of the 22 comparison countries,
including just two outside of Europe (US and Ja-
pan). By far the worst ranking for Austria is on
the Global Innovation Index, where it trails in
20th place. The varying positions of Austria can
be explained by the different sets of indicators
used by the individual rankings. The poor rank-
ing in the Global Innovation Index can be at-
tributed to the inclusion of general economic
conditions and a few rather unconventional in-
dicators to measure knowledge and technology
output.

Table 7: Austria’s position in selected international innovation rankings in 2013

e e |

Innovation Union Scoreboard
EU 2020 Innovation Indicator
Global Innovation Index

European Commission
European Commission
Cornell University, INSEAD and WIPO
Innovation Indicator

Global Competitiveness Index — HTBI®  World Economic Forum

Deutsche Telekom Foundation and BDI

among all in the in reference Total Reference
countries EU group” group?
14 10 13 442 28 192
14 11 13 34 28 16
23 11 20 144 28 22
11 7 11 28 13 20
13 8 12 148 28 22

1) Countries with at least 50% of Austria’s GDP per capita (at current exchange rates) and at least 50% of Austria’s population, excluding OPEC
member countries (AT, AU, BE, CA, CH, DE, DK, ES, FI, FR, IE, IL, IT, JP, KO, NL, NO, NZ, SE, SG, UK, US).
2) For non-European countries on the basis of a limited set of indicators (12 out of 24 indicators).

"o

3) Mean of the sub-indicators “Human capital and training”, “Technological readiness”, “Business sophistication” and “Innovation”.

Sources: Deutsche Telekom Foundation and BDI (2013), European Commission (2013a, 2014), Cornell University et al. (2013), WEF (2013).

— Compiled and calculated by: ZEW.

22 This is the following: Australia, Belgium, Denmark, Germany, Finland, France, Great Britain, Ireland, Israel, Italy, Japan, Canada, New
Zealand, the Netherlands, Norway, Austria, Sweden, Switzerland, Singapore, Spain, South Korea and the US.
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Switzerland leads four of the innovation rank- tion of the indicator values has kept the gaps
ings. Only the EU 2020 Innovation Indicator between the industrialised nations generally
views the innovative performance of Switzer- small. Closing a 16% deficit would require ma-
land less favourably (5th place), while it gives jor improvements on a variety of indicators rel-
top honours to Japan, which does not make it ative to the best-placed countries. Austria would
among the top five most innovative countries in have to improve its score in the Innovation In-
any of the other rankings (see Table 8). In addi- dicator of Deutsche Telekom Foundation and
tion to Switzerland, Sweden is also among the BDI and in the Innovation Union Scoreboard by
top five in all rankings, including three times in 12% to reach the level of the top five countries.
2nd place. Germany makes the top five in three
rankings. Finland, the US, and the Netherlands Trend of Austria’s position in the past ten years
each has two top-five placements. The top five
countries in all five rankings are all in the refer- For three of the five innovation rankings, it is
ence group studied here. possible to compare Austria’s innovation per-
Austria’s gap to the “innovation leaders,” if formance with that of the reference countries
that is how one wishes to designate the top five over time.? In the Innovation Union Score-
countries, is a relatively slim 7% in the Global board, Austria managed to improve relative to
Competitiveness Index (innovation-related the reference group between 2004 and 2009 and
sub-indicators only) and a substantial 26% in moved up to 8th place (see Table 9). But in 2010
the EU 2020 Innovation Indicator (see Table 8, and 2011, Austria dropped four places again and
last column). The gap of 16% in the Global In- is now ranked at number 12 (within the EU:
novation Index is moderate despite Austria’s number 10). In the Innovation Indicator,
poor placement, but this is because the inclu- Austria scored its highest ranking (8) in 2010
sion of developing countries in the standardisa- after placing 14* within the reference group in

Tahle 8: Comparison of the overall index for Austria in selected innovation rankings in 2013 with the five top ranked

countries
| Rank! [Rank2[Rank3 [ Rank4 | Rank5 |  Austria’ |
Innovation Union Scoreboard 0.835 0.750 0.728 0.709 0.684 0.599
(CH) (SE) (DK) (DE) (FI) (12%)
EU 2020 Innovation Indicator 134.2 127.5 126.1 124.8 121.5 96.4
(P) (SE) (DE) (IE) (CH) (26%)
Global Innovation Index 66.69 61.36 61.25 61.14 60.31 51.87
(CH) (SE) (UK) (NL) (US) (16%)
Innovation indicator 75.4 72.9 61.6 61.3 60.0 53.5
(Deutsche Telekom Foundation/BDI) (CH) (SG) (BE) (NL) (SE) (12%)
Global Competitiveness Index — HTBI? 5.70 5.62 5.61 5.56 5.55 5.21
(CH) (FI) (SE) (US) (DE) (7 %)

1) In brackets: Difference between the value for Austria and the country ranked number 5 expressed in %.
2) Mean of the sub-indicators “Human capital and training”, “Technological readiness”, “Business sophistication” and “Innovation”.

Sources: Deutsche Telekom Foundation and BDI (2013), European Commission (2013, 2014), Cornell University et al. (2013), WEF (2013).
— Compiled and calculated by: ZEW.

23  Only values for 2010 and 2011 are available for the EU 2020 Innovation Indicator. The Global Innovation Index has been published
since the reference year 2006, but comparisons over time are not recommended given the numerous changes to the methodology.
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Table 9: Austria’s rank in the Innovation Union Scoreboard and in the Innovation Indicator, 2002-2013 as well as in the
Global Competitiveness Index (innovation-related sub-indicators), 2007-2013 within the reference group

—mmmmmmmmmm

Innovation Union Scoreboard”

Innovation Indicator 17 14 14 13 13 11 12 14 13 8 11 11
(Deutsche Telekom Foundation/BDI)?
Global Competitiveness Index — HTBI® - - - - - 12 13 14 14 13 12 12

1) Excluding Israel and South Korea since, for these countries only, values are only available for certain years. Dates given are those of the ref-
erence year of the relevant publication (i.e. 2013 for the edition that appeared in March 2014). The data used in determining the indicators’
values is sometimes drawn from up to three years before the reference year.

2) Values calculated backwards to 2002 using the methodology introduced in 2011.

3) Global Competitiveness Index, mean value of the sub-indicators “Human capital and training”, “Technological readiness”, “Business sophis-
tication” and “Innovation”; No comparative values are available prior to 2007 because of changes to the methodology.

Sources: Deutsche Telekom Foundation and BDI (2013), European Commission (2014), WEF (2013). — Compilation and calculations: ZEW.

2008. In 2011, it dropped three places again. In
the innovation-related sub-indicators of the
Global Competitiveness Index, however,
Austria moved up two places between 2009 and
2011. The different tendencies in the three in-
novation rankings reflect not only Austria’s
performance but also that of other countries. It
is possible to win (or lose) places, after all, when
other countries slide backward (or improve
more quickly). Another thing to keep in mind is
that most of the indicators in the Innovation
Union Scoreboard reflect data of one to three
years before the reference year (i.e., the results
for 2012 are based on data gathered for the years
2009 to 2011), while the indicators in the other
two rankings refer to the specified year.
Despite the overall stability of Austria’s inno-
vation performance relative to other countries,
is that the Austrian economy has greatly ex-
panded its innovative activities and innovative
orientation in the past decade. This can be seen
in the noticeable rise in Austria’s index scores
in the rankings. In 2002, Austria achieved a
score of 0.49 in the Innovation Union Score-
board (when the index series is adjusted to re-
flect the methodology used since 2011). By 2013,
this score had increased to 0.60. This put
Austria’s innovation performance on average
within the reference group in 2013, up from
16% below average in 2002 (see Fig. 13). The gap
to the top five countries did not shrink as quick-
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ly, however, since their innovation efforts also
grew.

The picture is very similar with the Innova-
tion Indicator. Austria’s index score rose sharply
from 0.41 (2002) to 0.54 (2013), while the average
among the reference group rose less rapidly from
0.47 to 0.53. The gap to the lead group shrank
most noticeably until the mid-2000s. The main
reason for this was the direct impact of intensi-
fied efforts toward innovation-friendly policies
(such as amending the tax incentives for R&D
through the introduction of the research premi-
um). Since 2007, however, the gap to the top five
countries has grown again slightly.

Austria greatly improved its index score in
the innovation-related sub-indicators of the
Global Competitiveness Report between 2010
and 2012, achieving a score slightly above aver-
age in the reference group. The gap to the five
top-placed countries shrank noticeably during
the same period. The scores for Austria and for
the reference group as a whole went down in
2013, since fewer developed countries managed
to achieve above-average gains in their innova-
tion performance.

Austria in the individual innovation rankings

Innovation Union Scoreboard
The Innovation Union Scoreboard (IUS), pub-
lished each year by the European Commission,

Austrian Research and Technology Report 2014
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Fig. 13: Development of the overall index for Austria and the mean of the 5 best reference countries in the Innovation
Union Scoreboard and in the Innovation Indicator, 2002-2013 as well as in the Global Competitiveness Index

(innovation-related sub-indicators), 2007-2013
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Sources: Deutsche Telekom Foundation and BDI (2013), European Commission (2014), WEF (2013). — Compilation and calculations: ZEW.

compares the innovation performance of coun-
tries on the basis of 25 individual indicators.
The IUS focuses on the European countries, so
it can take into account indicators that exist on-
ly for European countries, most notably the in-
dicators obtained from the biennial Community
Innovation Survey (CIS). The IUS uses six CIS
indicators. These indicators offer the potential
to describe the innovative behaviour of firms
from both the input and output side and with
regard to the organisation of innovation process-
es better than in the other rankings. The compa-
rability of the CIS indicators among the various
countries is limited, however. For comparisons
with non-European countries, the IUS uses just
12 indicators, focusing on R&D expenditure,
patent and publication activities, export perfor-
mance in the area of research- and knowl-
edge-intensive goods, and aspects of higher edu-

cation. The IUS relies entirely on quantitative
indicators. The IUS was first published in Sep-
tember 2001 under the name “European Innova-
tion Scoreboard” and has since been published
annually. The methodology has been adjusted
several times (including amendments/exten-
sions to individual indicators), which limits the
analyses of changes in the performance of coun-
tries over time.

In 2014, Austria placed 14th among the 44
countries that the IUS studied and 13th within
the reference group.?* Austria scores better than
the average of the five best-placed countries
from the reference group on three indicators:
percentage of innovative SMEs collaborating
with others, community trademarks, and com-
munity designs. Austria’s score is more than
50% below the average of the five best-placed
countries from the reference group on six indi-

24 Non-European countries were assigned values based on their performance in 12 of the 24 individual indicators.

Austrian Research and Technology Report 2014
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cators (see Fig. 14): venture capital investments,
license and patent revenues from abroad, non-
EU doctorate students, knowledge-intensive
services exports, percentage of population aged
30-34 having completed tertiary education, and
non-R&D innovation expenditure in the busi-
ness sector.

Overall, the IUS can be regarded as a balanced
system of indicators providing a comprehensive
picture of innovation performance at the na-
tional level. But it fails to consider important
institutional and social conditions for innova-
tion (such as the extent of public funding for re-
search and innovation). The IUS also includes
some indicators whose link to innovation per-
formance is not obvious. Examples include the
percentage of non-EU doctorate students (which
depends largely on historic relationships be-

tween some countries and developing nations,
the availability of doctoral grants for non-EU
citizens, and the importance of English as a lan-
guage of instruction at universities), the intensi-
ty of venture capital investments (which does
not reveal much unless the structure of the
overall corporate financing system is also con-
sidered), or the intensity of license revenues
(which depends heavily on the film industry,
publishers, and intercompany trade). Moreover,
the two indicators on foreign-trade performance
of research-intensive goods and knowledge-in-
tensive services have significant design flaws
(see the following section for details). This
means that most of the indicators in which
Austria’s scored particularly low can be regard-
ed as less critical for assessing the innovation
performance of a national economy.

Fig. 14: Comparison of Austria with the five top ranked countries and the mean values of reference countries in the
Innovation Union Scorehoard 2014, by individual indicator

1.1.1 New doctorate graduates (ISCED 6) per 1000 pop. 25-34
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Europe 2020 Innovation Indicator

The Europe 2020 Innovation Indicator (EU2020-

II) is designed as an output-oriented index com-

plementing the input-oriented leading indicator

of the EU Commission on the Lisbon Strategy —

R&D expenditure as a percentage of GDP. The

EU2020-II combines four indicators from the

IUS with a new indicator designed to measure

the importance of fast-growing firms in innova-

tive sectors. The four TUS indicators are:

e PCT patent applications per billion GDP

e Contribution of medium/high-tech exports to
trade balance

e Percentage of knowledge-intensive services
exports

e Percentage of employment in knowledge-in-
tensive activities

The two export-related indicators are only
half-weighted when calculating the composite
index. The new indicator (which will also be in-
cluded in the IUS starting in 2014) measures the
percentage of employment in fast-growing firms
in innovative sectors among total employment
in all fast-growing firms. Fast-growing firms are
defined as firms exhibiting average annual
workforce growth rates of 10% or more over a
three-year period. Whether a sector is consid-
ered innovative is determined using the product

of an innovation performance index (calculated
using CIS data) and the percentage of university
graduates in the workforce at the level of NACE
groups (3-digit). The EU2020-II was first pub-
lished in September 2013 with data from the
years 2010 and 2011.

Austria scores lower in the EU2020-1II than in
the Innovation Union Scoreboard, the Innova-
tion Indicator, and the innovation-related sub-in-
dicators of the Global Competitiveness Index.
The main reason for this is the two export-relat-
ed indicators and the patent intensity (see Fig.
15). Austria’s relatively low score in the contri-
bution of medium- and high-technology exports
to the trade balance is partly due to its export
surplus in low-technology goods. The indicator
does not measure the trade balance in medium-
and high-technology exports on their own, but
whether this balance is more favourable than the
overall trade balance. This means that countries
with a trade deficit in medium- and high-tech-
nology goods can still achieve a positive score on
this indicator, while highly competitive trade
surpluses can produce a negative score if the sur-
pluses in low-technology trade are higher still.
The low score on the percentage of knowledge-in-
tensive services exports among all services ex-
ports is mainly due to Austria’s high services ex-
ports in the area of tourism, which are not re-

Fig. 15: Comparison of Austria with the five top ranked countries and the mean values of reference countries in the
Europe 2020 Innovation Indicator 2013, by individual indicator

W Top-5 All reference countries

PCT patents applications per billion GDP (in PPS €)

Perc. employment in knowledge-intensive activities
Contribution of medium/high-tech exports to trade balance
Perc. knowledge-intensive services exports

Perc. employment in fast-growing firms in innovative sectors
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Note: Deviations in the first four indicators in Fig. 14 are related to the availability of more current data for the calculations for the Europe 2020

Innovation Indicator. For more, see European Commission (2013d).

Source: European Commission (2013b). — Calculations: ZEW.
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garded as knowledge-intensive, while logistics
services (shipping, aviation, forwarding) are re-
garded as knowledge-intensive. Austria’s be-
low-average patent intensity among PCT appli-
cations primarily reflects the lack of large domes-
tic corporations in the high-tech industries, since
it is such corporations that dominate the patent
activity in PCT applications.

Overall, the EU2020-II focuses on the struc-
tural element of research- and knowledge-inten-
sive sectors within a national economy, since
four of the five indicators represent structural
ratios. Even the fifth indicator, the patent inten-
sity, is strongly influenced by the economic
structure, since most patent applications come
from firms in medium- and high-technology
sectors. The EU2020-II neither records changes
in the behaviour of firms and other stakeholders
toward a more innovation-oriented approach
nor the degree of successful innovations from a
given deployment of resources. As a result, it
overlooks a key component of the process to-
ward greater innovation performance.

Global Innovation Index

The Global Innovation Index (GII) is designed
to represent the innovation performance of as
many countries as possible while taking into ac-
count political, legal, social, and infrastruc-
ture-related conditions. It does this with a very
broad of individual indicators (84). All countries
are included irrespective of their size or level of
development as long as they have data for most
of the indicators. GII 2013 examines 144 coun-
tries. The GII has seven sub-indicators (institu-
tions, human capital and research, infrastruc-
ture, market sophistication, business sophisti-
cation, knowledge and technology outputs, and
creative outputs), with the first five measuring
innovation input and the last two measuring in-
novation output. The global index is calculated
as the average of the input and output indices —
which means that the two output sub-indica-
tors have as much weight as the five input
sub-indicators. GII relies largely on quantitative
indicators while every seventh indicator is
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based on expert evaluations, most of which
stem from the World Economic Forum’s Global
Competitiveness Index. By including indicators
that describe general political, legal, social, and
infrastructure conditions that are only loosely
related to innovation decisions and results, the
GII produces a picture that stands in sometimes
stark contrast to other rankings. The GII also
incorporates indicators that are typically viewed
as negatively correlating with innovation per-
formance and on which countries that are other-
wise highly innovative score very poorly (espe-
cially in the sub-indicator “knowledge absorp-
tion”). This evens out country differences.
Moreover, the inclusion of many very small
countries means that these countries, through
the minimum-maximum method applied to
standardise the individual indicators, have a
strong influence on the global results. This may
explain the sharp differences between the GII on
the one hand and the IUS and the Innovation
Indicator on the other.

The gap between Austria and the best-placed
countries, which is larger in GII than in other
rankings, is due in part to low scores in some
scarcely innovation-related indicators relating
to general economic conditions. Austria scores
particularly low on the sub-indicator “Invest-
ment”, for example, which includes aspects
such as ease of protecting investors, total value
of stocks traded, and venture capital deals (see
Fig. 16). The sub-indicator “creative industries,”
which primarily measures the significance of
the film and publishing industries, also lowers
Austria’s score. Another factor is that Austria
lags behind on many of the GII’s innovation-re-
lated indicators. Austria scored particularly low
in the sub-indicator “knowledge creation” (6.1),
which includes patent and utility model appli-
cations, the number of scientific publications,
and the number of citable documents. The gap
to the five best-placed countries is also large in
the sub-indicator “knowledge diffusion” (6.3),
which covers license receipts, high-tech ex-
ports, IT and communications exports, and for-
eign direct investments.

Austrian Research and Technology Report 2014
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Fig. 16: Comparison of Austria with the five top ranked countries and the mean values of reference countries in the
Global Innovation Index 2013, by individual indicator
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But Austria also lags far behind in the third
sub-indicator of knowledge and technology out-
puts — “knowledge impact” (6.2) — due to its
very low new business density and low number
of ISO 9001 quality certificates. Other weak
points include the indicators “joint ventures/
strategic alliances” (5.2.4), “Graduate Manage-
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ment Admission Test takers” (5.1.5), “online
e-participation” (3.1.4), “national office resident
trademark registrations” (7.1.1), “patent fami-
lies filed in at least three offices” (5.2.5), and the
average score of the top three universities in in-
ternational rankings (2.3.3). Austria scores very
high in the political and regulatory environment
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(sub-indicators 1.1 and 1.2), the percentage of
STEM graduates among all university graduates
(2.2.2), the percentage of foreign students (2.2.3),
and the participants’ results on the GMAT
(5.1.5).

The large number of GII indicators that ulti-
mately are weighted very similarly in the com-
posite index (depending on the number of indi-
vidual indicators per sub-indicator and the allo-
cation to input or output indicators) proves to
be more of a disadvantage relative to other rank-
ings. After all, this weights indicators with a
rather dubious link to a country’s innovation
performance relatively heavily in the overall re-
sults. This is true of many of the indicators in
which Austria scores poorly.

Innovation Indicator
(Deutsche Telekom Foundation/BDI)
The Innovation Indicator (II) compares the inno-
vation performance of highly developed industri-
alised nations and a selection of larger emerging
nations. The group of 28 countries is the smallest
of all the innovation rankings examined here.
The II has been published annually since 2005
and underwent a thorough methodological revi-
sion in 2010. A key element of the revision was
to condense the over 150 indicators into a set of
“relevant” indicators. The first step was to re-
move indicators that correlated strongly with
other indicators. The next step was to check all
input indicators to determine whether they had a
statistically significant effect (including time-de-
layed) on related output indicators. The output
indicators were also checked to determine
whether they influenced economic performance
and competitiveness indicators. In the end, 38 in-
dicators were found to be relevant. II reports the
innovation rankings calculated under the revised
method back to the year 1990, but due to the lack
of complete indicator coverage in the 1990s,
comparisons are meaningful only for the period
beginning in 2000.

Austria scores relatively well in II, most re-
cently placing 11th out of 20 reference coun-
tries. Austria scores higher than the average of
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the top five countries on four indicators (per-
centage of employees with a professional degree,
percentage of population with doctorates in
STEM fields, percentage of scientific publica-
tions that are international co-publications, per-
centage of population with a “post-materialistic
attitude” —i.e., a strong preference for the qual-
ity aspects of goods; see Fig. 17). Austria scores
especially low in the percentage of employees
with university degree, patent applications by
public research institutions, patent intensity,
venture capital investments, and balance of
trade in high-tech goods.. The extent of tax in-
centives for R&D (calculated on the basis of
OECD'’s B index, cf. Warda 2001) in Austria also
shows a significant gap to the countries with
the most generous R&D tax incentives.

Many of the II indicators overlap with the In-
novation Union Scoreboard, with the distinc-
tion that the II does not contain any CIS indica-
tors while it includes government and social
conditions and selected qualitative aspects of
the innovation system. It also places more em-
phasis on indicators that show international in-
tegration and openness of a national innovation
system, since these variables have proven to be
key factors in a high innovation output. Austria,
as a small and open economy, benefits from this
indicator choice. Overall, the II seems to be ad-
equately suited to represent Austria’s innova-
tion performance.

Global Competitiveness Index

The primary objective of the World Economic
Forum’s Global Competitiveness Index (GCI) is
to evaluate the competitiveness of all countries.
GCI does this through a broad set of indicators
broken down into 12 pillars (institutions, infra-
structure, macroeconomic environment, health
and primary education, higher education and
training, goods market efficiency, labour market
efficiency, financial market development, tech-
nological readiness, market size, business so-
phistication, innovation), which are in turn con-
solidated into three sub-indices (basic equip-
ment, efficiency drivers, innovation and busi-
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Fig. 17: Comparison of Austria with the five top ranked countries and the mean values of reference countries in the
Innovation Indicator 2013 produced by Deutsche Telekom Foundation and BDI according to individual indicators
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ness sophistication). Four of the twelve pillars
cover innovation-related aspects similar to
those examined in the rankings designed explic-
itly to rate the innovation performance of coun-
tries (higher education and training, technologi-
cal readiness, business sophistication, innova-
tion - totalling 31 indicators). What’s unique
about GCI is that 85 of the 114 indicators are
qualitative in nature and stem from an annual
global survey of leading business managers. In
2013, 13,638 managers from 144 countries took
part in the survey (an average of nearly 100 per
country). This gives GCI an entirely different
data base than the other four rankings examined
here. GCI even relies in part on expert assess-
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ments where reliable quantitative indicators are
available (such as the volume of R&D expendi-
ture in an economy).

Austria scores well below the top five coun-
tries from the reference group on four indicators
(fixed broadband Internet subscriptions, Inter-
net bandwidth per user, mobile broadband sub-
scriptions, patent density; see Fig. 18), while it
approaches or even exceeds the average of the
top five on five indicators (availability of spe-
cialised training services, local supplier quanti-
ty, local supplier quality, competitive advantage
based on uniqueness, and value chain breadth).
While the four indicators with relatively low
scores are quantitative (“objective”), all five in-
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Fig. 18: Comparison of Austria with the five top ranked countries and the mean values of reference countries in terms of
innovation-related sub-indicators in the Global Competitiveness Index 2013, according to individual indicators
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dicators in which Austria scores very high are
based on expert assessments. Austria generally
scores well on all 24 qualitative (“subjective”)
indicators. On the one hand, this can mean that
the experts have additional, qualitative infor-
mation alongside the objective, quantitatively
observed factors (that are primary in the other
rankings studied here) that lead to a more com-
prehensive and overall more favourable assess-
ment of Austria’s innovation performance. On
the other hand, the approximately 100 Austrian
experts that were surveyed may also offer an
overly positive picture of their home country,
perhaps because they lack a direct comparison
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with the innovation performance of other coun-
tries. In any case, it should be remembered that
the expert assessment largely covers aspects for
which no reliable quantitative indicators are
available.

Though it is not the objective of GCI to mea-
sure the innovation performance of countries,
the four innovation-related sub-indicators to-
gether do deliver a powerful picture, and with
their focus on expert assessments, they comple-
ment the other four rankings, which rely solely
(Innovation Union Scoreboard and EU 2020 In-
novation Indicator) or largely on quantitative
indicators. Expert assessments do, after all, ad-
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dress aspects that are otherwise disregarded. For
this reason, the Global Innovation Index and
Innovation Indicator have adopted some quali-
tative indicators from the GCI into their own
sets of indicators.

Summary

Innovation rankings seek to offer a condensed
picture of the innovation performance of coun-
tries by consolidating a large number of relevant
factors into a composite index. The results vary
widely from ranking to ranking due to the dif-
ferent sets of indicators and some differences in
the methodologies by which the composite in-
dex is calculated. The varying results also make
it clear that no ranking alone can claim to have
the “right” result. Each innovation ranking in-
volves making a number of different decisions,
especially when it comes to selecting and
weighting the indicators. This means trade-offs
between a focus on quantitative indicators (gen-
erally more reliable, “objective” data, which
may, however, be unable to reflect certain key
aspects) and qualitative indicators (more com-
prehensive picture, but dependent on subjective
assessments), and between a broad set of indica-
tors (covering many aspects, but difficult for
weighting the various indicators) and a concen-
tration on a few indicators (clearer, more trans-
parent result but disregarding many aspects).
Austria has made great strides in its capacity
for innovation in the past ten to fifteen years.
This is evidenced by the trend in its overall eco-
nomic R&D intensity, higher exports of medi-
um- and high-technology goods, the share of the
workforce with university degrees, and the in-
creased publication activities of its universities.
At the same time, Austria has made little head-
way in the rankings, and the gap to the lead
group of “innovation leaders” remains high.
This is because other countries have also inten-
sified their innovation efforts. This process may
point toward a forced competition for innova-
tion among highly developed industrialised na-
tions (and a few larger, fast-growing emerging
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economies). But it may also simply be the ex-
pression of a long-term economic shift in which
the importance of knowledge-based activities
(an innovation by extension) is eclipsing that of
traditional activities.

Regardless of which interpretation one em-
braces, it makes sense for Austria to continue
down the path toward greater knowledge and
innovation, since this offers the greatest relative
benefits in the international marketplace. The
result does not necessarily have to be an im-
proved position in innovation rankings. What's
more important is that the structural shift to-
ward research- and knowledge-intensive sectors
continue and that all stakeholders take advan-
tage of the innovative potential already avail-
able. Determining whether Austria is on the
right path means looking at many indicators
and conducting specific analyses. Innovation
rankings can provide points of reference but are
never enough. There are many important areas
that are inadequately reflected in innovation
rankings, such as the interaction between the
scientific and business communities, the degree
of innovation in low-technology industries and
non-knowledge-intensive services, or the appli-
cation of (key) technologies to boost productivi-
ty in a wide array of sectors.

The innovation rankings examined here can
nevertheless yield a few general perspectives of
how Austria can improve its own system of in-
novation. The persistently low percentage of
employees with university degrees stands out in
contrast to the innovation leaders. In an increas-
ingly knowledge-based economy, the low rate of
academics can only be partially offset by a high-
er percentage of employees with vocational
training or a higher-quality secondary school
education. Rather than job-specific specialised
knowledge, today’s jobs increasingly require
people who can quickly learn new skills and
solve complex problems. Both of these are skills
typically acquired through higher education.
The performance of Austria’s scientific commu-
nity lags behind the innovation leaders in terms
of both publications and patent applications.
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Since the interaction between the scientific and
business communities is a critical factor for par-
ticularly powerful systems of innovation, a
strong scientific community is needed as a part-
ner for an innovation-oriented economy. This
means striking a balance between leading-edge
basic research and a scientific system that is
prepared to share knowledge. Finally, better eco-
nomic incentives and overall economic condi-
tions are needed so that more firms implement
original innovations and become technology
and global market leaders in their segment. This
sort of transformation would be evident in more
patent activities, especially in international pat-
ent applications, where Austria still lags far be-
hind the innovation leaders.

1.3.2 Austria’s position in the Innovation Union
Progress Report 2013

Europe’s economic development depends largely
on its ability to innovate. The introduction of
new products and processes is a key force behind
creating more jobs and overcoming the current
crisis. This is the context in which the European
Commission launched the “Innovation Union”
strategy in 2010. This initiative seeks to engen-
der an innovation-friendly environment, making
it easier to turn new ideas into products and ser-
vices, which in turn create jobs and growth.?®
The Innovation Union is one of the flagship ini-
tiatives of the “Europe 2020” strategy.

In its two progress reports from 2013, the Eu-

Table 10: Indicators of the Innovation Union Progress Report

ropean Commission found that the Innovation
Union was off to a good start.? The growth in
private and public R&D expenditure in the
member states held steady even in the face of
budget consolidations. Many signs indicate,
however, that the convergence in R&D among
member states evident over the past decade has
come to a standstill. The extraordinarily long
and difficult crisis in various member states has
begun, in the view of the Commission, to weak-
en the European-wide consensus on the need to
increase public R&D expenditure.

The progress report of the Furopean Commis-
sion also analyses the strengths and weaknesses
of individual member states.?” These country
profiles are based in part on various statistical
data already familiar from other international
comparisons like the Innovation Union Score-
board (see Chapter 1.3.1). But the European
Commission is also introducing newly formed
indicators that measure structural shift toward
a knowledge-intensive society or excellence in
science. The following more closely examines
and analyses the country profile for Austria.

Austria’s investments and input in international
comparison

The Innovation Union Progress Report draws up-
on six key indicators to measure the performance
of countries in terms of research, innovation,
structural change, and competitiveness — from
both the input and output end (see Table 10).

m Investments and Input Performance/economic output

Research R&D intensity
Innovation and structural change Index of economic impact of innovation
Competitiveness Hot-spots in key technologies

Source: European Commission (2013c), p. 13.

Excellence in science and technology
Knowledge-intensity of the economy

High-tech and medium-tech contribution to the
trade balance

25 Non-European countries were assigned values based on their performance in 12 of the 24 individual indicators.

26 see European Commission (2013Db, c).
27 see European Commission (2013c).
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The Innovation Union Progress Report
measures the investments and input of various
countries in science and research using three
indicators: the R&D intensity, an index of
the economic impact of innovation, and the
specialisation in various key technologies
(“hots-pots”).

The first input indicator is the R&D intensi-
ty. The trend of Austria’s R&D intensity is han-
dled in detail in Chapter 1.3.1 of this report and
in earlier editions of the Research and Technol-
ogy Report; Austria has exhibited above-average
growth in the period under review relative to
the EU average and the US.

Four of the five indicators in the index of the
economic impact of innovation are the same as
the Europe 2020 Innovation Indicator described
in Chapter 1.3.1. Only the percentage of em-
ployees in fast-growing firms in innovative sec-
tors was replaced by the indicator Sales of new-
to-market and new-to-firm innovations as a
percentage of turnover familiar from the Inno-
vation Union Scoreboard.

In the index of economic impact of innova-
tion, Austria is not in the leading group of ob-
served countries (see Fig. 19). Austria’s relative-

Fig. 19. Indicator economic impact of innovation, 2010-2011
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Source: European Commission (2013c), p. 5. Own reporting.
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ly poor showing is due in part to its low score on
the indicator percentage of knowledge-inten-
sive services exports among all services exports.
As discussed earlier, this is the result of Austria’s
strong tourism and how knowledge-intensive
services are defined - to include shipping, for
example. Austria’s poor performance is also the
result of the patent indicator, which is calculat-
ed in a way that disadvantages countries with a
strong presence of foreign multinational corpo-
rations in research.

The third indicator for measuring input is the
key enabling technologies(“hotspots”), mea-
sured by the PCT patent applications at the re-
gional level (NUTS2). Austria shows strengths
here in energy, environmental, and transport
technologies, in construction, and in production
technologies. The European Commission does
not produce a ranking here.

Austria’s performance and output in international
comparison

What most distinguishes the Innovation Union
Progress Report from similar studies published
by the European Commission in the past is the

rT T T T 1 1 T T T T T T T T T T T T 1T I T T T T T 1T T T_T T T T_1
CH DE DK FI IE SE FR UK EU BE LU NL CY AT IT ES HU SI CZ IS SK EE NO PT RO HR MT EL TR PL LV BG LT
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stronger inclusion of scientific output. This is

captured in a composite indicator — excellence

in science and technology (Fig. 20) — consisting

of the following individual indicators:

e Percentage of heavily cited publications (top
10%) among total national publications

e Number of global top 250 universities and top
50 research organisations of a country divided
by its population

e PCT patent applications of a country divided
by its population

e Number of received ERC grants divided by
the R&D expenditure of universities and the
public sector

The international comparison reveals a wide
gap in this indicator between a group of leading
countries — Switzerland, the Netherlands, Den-
mark, Sweden, and Israel — and the others. Three
of these countries are among the innovation
leaders that head up the European Innovation
Union Scoreboard.

Austria’s scores better in the indicator excel-
lence in science and technology than in the in-

Fig. 20: Indicator excellence in science and technology, 2010

100

90 1

80

70

60

50

Index value

40

30

20

10

0,

dicator economic impact of innovation, but it
remains behind the innovation leaders and the
other smaller European economies. The gap to
the leading country, Switzerland, is consider-
able — about as large as the gap to the last-ranked
country. (The scores of the individual countries
on this indicator have been scaled between 10
and 100.) But among those countries above the
EU average, Austria has the second-highest
growth rate for the period from 2005 to 2010, so
that higher scores can be expected in the future.

The indicator knowledge intensity of the
economy is a consolidation of eight individual
indicators (Fig. 21) that measure R&D intensi-
ty, knowledge intensity of employees, sectoral
specialisation, international specialisation, and
internationalisation. Here, too, Austria lags be-
hind the group of innovation leaders and the EU
average — more so than for the indicator eco-
nomic impact of innovation. Since the Europe-
an Commission does not list the indicators it
uses in its publication, it is not possible to anal-
yse the reasons for this position.

CH NL DK SE IL FI DE BE UK NO AT FR EU IT IS IE ES EL HU CZ CY SI PT EE BG PL LU RO SK MT LT TR HR LV

Source: European Commission (2013c), p. 5. Own reporting.
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The last of the three indicators for measuring of medium- and high-technology products to a
the performance and output of European coun- country’s total imports and exports. A positive
tries is the high-tech and medium-tech contri- score is evidence of a structural surplus in the
bution to the trade balance (Fig. 22). This indi- country for medium- and high-technology prod-
cator compares imports and exports of a series ucts. Austria’s score shows such a surplus, but

Fig. 21: Indicator knowledge intensity of the economy, 2010
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Fig. 22: Indicator High-tech and medium-tech contribution to the trade bhalance, 2011
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it is again lower than the score for the innova-
tion leaders and below the EU average, which is
likely skewed by Germany.

Summary

The overall assessment of the Innovation Union
Progress Report on Austria’s performance in re-
search and innovation is positive. But given
Austria’s goal of closing the gap to the innova-
tion leaders, its score is inadequate. As Table 11
shows, Austria does not rank among the top five
countries on any of the indicators. The gap to
the leading group is the lowest for R&D intensi-
ty at 12% and the highest for contribution of
medium- and high-technology exports to the
trade balance at 70%. Overall, it is noteworthy
that the gap for the input indicators is less than
for the output indicators.

Austria does exhibit much higher growth
rates for all indicators than both the leading
group and EU average, so that if this trend con-
tinues, the gap may shrink in the future. In the
period from 2000 to 2010, for example, Austria’s
score on the indicators excellence in science
and technology and knowledge intensity of the
economy grew faster than with any of the inno-
vation leaders. Austria is also ahead of four of

the five innovation leaders in growth rates for
the indicator contribution of medium- and
high-technology exports to the trade balance
and R&D intensity.

In general, Austria’s unsatisfactory position
seems to derive in part from the selection of in-
dicators used. One example is the indicator
knowledge-intensive services exports, in which
Austria lags far behind the innovation leaders. If
services exports are adjusted for tourism, the
percentage of knowledge-intensive services
among all services exports in Austria is barely
lower than that of the innovation leaders.
Austria’s score can thus be explained primarily
by an inadequately constructed indicator. In re-
ality, services — including knowledge-intensive
services — are among the fastest-growing seg-
ments of Austria’s exports.

Overall, the report shows that Austria is be-
low the group of innovation leaders in all indi-
cators and below the EU average in four of six
indicators. But Austria shows much higher rates
of growth than the leading group or the EU aver-
age in all indicators during the period under re-
view, so that the gap may shrink in the future if
these positive trends can be sustained. In gener-
al, Austria’s poor showing seems to be primarily
the result of the indicators selected.

Table 11: Austria’s position in the Innovation Union Progress Report in comparison to the five top ranked countries

Ranking

Austria’s value

nd rd th and difference

2" place 3" place 4t place between it and
5% place

R&D intensity 44 3.78 3.37 3.11 3.09 2.75
IL FI SE IS DK 12%
Index of the economic impact of innovation 0.837 0.813 0.713 0.698 0.69 0.556
CH DE DK FI IE 24%
Excellence in science and technology 97.59 78.86 77.65 77.2 77.13 50.46
CH NL DK SE IL 53%
Knowledge intensity of the economy 70.05 65.43 64.75 64.6 59.24 424
CH IE LU SE UK 40%
High-tech and medium-tech contribution to the trade balance 8.54 8.44 6.05 5.84 5.42 3.18
DE CH SI HU IL 70%

Source: European Commission (2013c), p. 5. Own reporting.
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1.4 Implementation and perspectives of the
RTI strategy

The RTI strategy “Becoming an Innovation
Leader,” adopted by the federal government in
2011, has succeeded in presenting Austria with
longer-term perspectives that have found wide-
spread acceptance nationally and international-
ly and whose implementation continues to be
steadily advanced. The strategy builds on a
broad, systematic approach with the aim of
moving into the group of innovation leaders.

Despite major reforms and investment efforts,
Austria is faced with growing challenges in the
competition for innovation. Above all, Austria’s
direct competitors have greatly increased their
own efforts. Austria has maintained its position
in the upper middle of EU countries here, but the
gap to the leading group remains high. The Aus-
trian federal government is therefore sticking to
its RTI strategy in its working agenda for the
25th legislative period in order to make the jump
into the group of European innovation leaders by
2020. The research strategy and its focuses con-
tinue to provide the long-term orientation to
continue the impressive catching-up process of
the past 20 years and lead Austria into the lead-
ing group of European innovators.

The RTI Task Force was created to hone and
coordinate implementation of the strategy at a
high administrative level under the leadership
of the Chancellor’s office in collaboration with
the relevant federal ministries. This made it
possible to reinforce the collaboration of the
RTI ministries through various measures and
initiatives, supported by the implementation of
the impact assessment and impact-oriented
budgetary planning.

Working groups have also been deployed in
specific areas of activity in the RTI strategy, fo-
cusing on central problem fields in order to
identify strengths and weaknesses in the struc-
tural shift and develop a concrete plan of action.
In the following, a brief overview is given of the
results so far and the current focus of the work-
ing groups (WG) of the RTI Task Force.

Austrian Research and Technology Report 2014

e WG 1 “Human potential” focuses on the sub-
ject of education as an innovative strength.
The focus is on continuing and expanding tar-
geted actions in the field of young talent and
next-generation researchers, since this deter-
mines the quality of research, generates new
knowledge, and is necessary to grasp, adapt,
and utilise new insights and technologies
that originated elsewhere. The STEM fields
(science, technology, engineering, mathemat-
ics) should be seen as a primary area of joint
focus across all (education) systems. The cur-
rent activities of the various ministries will
be more tightly integrated in this effort. The
plans also call for developing inductively
based natural science instruction with the
goal of improving the STEM skills of all sec-
ondary school graduates, systematically re-
ducing dropout rates, and expanding and
adapting research expertise for industry
through increased qualifications for those al-
ready working in research and innovation.

e WG 2 “Climate change and diminishing re-
sources” is devoted to topics such as a “car-
bon-neutral future” with a parallel focus on
urban development, sustainable resources,
and social transformation with reference to
the “Perspective 2050” initiative. The aim is
to realise a “double dividend”: first, the focus
on “green technologies” should make it easi-
er to achieve climate targets, and second, one
can expect positive side effects for society
and the common good. Modern information
technology makes it possible to achieve effi-
ciency gains while maintaining a high level
of service. Examples include the Climate
Change Center Austria (CCCA) and the es-
tablishment of corresponding targets in the
service agreements.

e WG 3 “Quality of life and demographic
change” addresses the developments in the
healthcare sector, the growing awareness of
the need for personal responsibility in one’s
healthcare, and the consequences for the pub-
lic sector. In this context, the WG develops
and implements funding priorities such as
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test regions for smart homes, mobility, and
individualised medicine while taking into
consideration the aspects of urbanisation, mi-
gration, integration, and labour and employ-
ment systems. Implementation of these re-
search priorities is supported by existing
structures and programmes through service
agreements with the universities and the
Austrian Academy of Sciences (OAW), pro-
grammes implemented by the Austrian Re-
search Promotion Agency (FFG), and funding
from the Austrian Science Fund (FWF). The
common objective is to enhance the efficien-
cy and visibility of Austria in this field on the
international stage.

WG 4 “R&D infrastructure” coordinates in-
frastructure planning, integrates existing in-
frastructures, and expands partnerships for
shared infrastructure use. The Federal Minis-
try of Science, Research and Economy’s re-
search infrastructure database offers an over-
view of publicly funded research infrastruc-
ture, which is also fed into the European data-
bases (MERIL). Further investments are need-
ed to avoid falling behind in the area of re-
search infrastructure at the European level.
The plan of action put forward by an inter-
ministerial working group proposes classify-
ing existing and future expenditure for re-
search infrastructures by “international in-
vestments, national (major) basic research
infrastructures, and applied research institu-
tions.” The WG recommends implementing
the plan of action, continuing and extending
those tools that have proven effective in the
past, and expanding partnerships and the
shared use of infrastructures.

WG 5 “Knowledge transfer and start-ups” de-
velops programmes to build momentum for
research-, technology-, and innovation-orient-
ed start-ups in Austria. The aim is to achieve a

three percent increase in start-ups by 2020
based on an established and uniform interna-
tional definition and data base. The WG rec-
ommends supporting this project by adopting
the appropriate legislative framework to
strengthen corporate equity, implementing
programmes to support firms in their start-up
phase, and reviewing tax models. Four knowl-
edge transfer centres (three regional centres,
one theme-specific centre) were created in
2014 to improve knowledge transfer between
universities, research institutions, and firms
and to optimise the exploitation of scientific
findings, including funding for patents and
prototypes at universities. The relevant minis-
tries are currently considering the develop-
ment of a national IPR strategy.

WG 6 “Corporate research” works to improve
the partnership between the scientific and
business communities. One area of focus is to
make indirect research subsidies effective
and efficient. The evaluation of the “new” re-
search premium planned for 2014 is one step
in that direction. Other measures include in-
creasing an inter-ministerial dialog on future
university funding for R&D in the business
enterprise sector.

WG 7a “Internationalisation and RTI foreign
policy” and WG 7b “plan of action for Austria
and the European Science Area 2020” work
hand in hand with prestigious non-university
research institutions to formulate strategies
for improving Austria’s position internation-
ally. In July 2013, the two working groups
submitted final reports with a complete list
of targets and proposed actions, which were
published on the task force’s website?®,

WG 8 “International rankings” is tasked with
analysing and discussing international RTI
rankings and tracking and developing individ-
ual RTT indicators, innovation indicator sets,

Beyond Europe. Die Internationalisierung Osterreichs in Forschung, Technologie und Innovation tiber Europa hinaus. AG 7a’s recom-
mendations for the federal government’s RTI task force (July 2013) and Austria’s EU action plan (to be passed by the federal govern-
ment): Strengthen Austria’s RTI stakeholders — actively make use of Europe — join group of innovation leaders Version produced by
Working group 7b (Europe) (July 2013) Download at: http://www.bundeskanzleramt.at/site/6485/default.aspx.
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and the underlying methods and modes of
evaluation. One project was to work along-
side experts in adopting a joint statement on
the new EU innovation indicator.

The working groups maintain an ongoing dialog
and are key components of the RTI Task Force.
The working groups also maintain close ties to
the Council for Research and Technology De-
velopment. The Federal Ministry of Economy,
Family and Youth and the Federal Ministry of
Science and Research were consolidated effec-
tive 1 March 2014, and are now the Federal Min-
istry of Science, Research and Economy (BM-
WFW). This satisfies the long-standing call
(from the EU and OECD, among others) for
Austria to consolidate all its RTI competencies
under one roof. Following the model of the EU
research  framework  programme  “Hori-
zon 2020”, the Federal Ministry for Transport,
Innovation and Technology (BMVIT) and the
Federal Ministry of Science, Research and Econ-
omy (BMWFW) can now manage the entire in-
novation chain from basic research to market
launch.

The following offers an overview of the latest
developments in RTI-related activities and the
implementation of new projects and programs.

Innovation-friendly public procurement

The federal government adopted the IPP road-
map in September 2012 with the aim of making
public procurement more innovation-friendly
and has since implemented it. The Public Pro-
curement Act (BVergG) was amended in Ju-
ly 2013, for example, to include innovation as a
secondary procurement criterion. In late 2013,
the Federal Procurement Agency (FPA) set up an
IPP service centre” that serves as a point of con-
tact for IPP questions, initiates and supports IPP
pilot projects, partners with so-called IPP compe-
tence centre (AustriaTech, Energieagentur, aws,

29 Download: www.bbg.gv.at/ioeb.
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Research Promotion Agency [FFG]), and offers
education and training modules. The centre also
organises innovation platforms with industry in
which procurers can interact both with public
agencies and with one another. The focus in 2013
was on LED lighting. This involved establishing
one platform for innovative indoor lighting and
another platform for innovative outdoor lighting
as well as organising meetings — a new event for-
mat that attracted great interest.

Production for the future

Production is a pillar of stability in the Austrian
economy. The Federal Ministry for Transport,
Innovation and Technology (BMVIT) has part-
nered with research and industry experts to de-
velop a strategy for the “Production of the Fu-
ture” framework initiative in order to confront
the growing challenges of globalisation, demo-
graphic shifts, an aging society and labour mar-
ket, the increasing scarcity of resources, and the
need for energy efficiency and strict environ-
mental standards. There is increased momen-
tum in Austria to examine production research
themes and issues and fund strategic collabora-
tions between the business and scientific com-
munities. Initial funding levels of €50 million
in 2011 rose to €95 million in 2012, a high-wa-
ter mark maintained in 2013. The demand re-
mains strong, especially in the business com-
munity, with a 24% jump between 2012 and
2013 in the number of parties applying for col-
laborative projects. This testifies to manufac-
turing’s strong interest in funding for innovative
products, processes, technologies, and business
models to improve competitiveness.

Frontrunners Programme
The Frontrunners Programme was launched in

2013. “Frontrunners” refers to a relatively small
group of firms that are ahead of the pack when it
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comes to technology, product innovation, and
market presence, but that face the problem of
higher-than-average R&D investments and
high-risk, highly competitive markets. Such
firms, as dominant niche players, are critical for
Austria’s international positioning as a centre
for innovation, especially for the country’s stra-
tegic efforts to become an “innovation leader”
in key areas of technology. The Federal Ministry
for Transport, Innovation and Technology (BM-
VIT) is funding this effort with €20 million in
research and investment subsidies.

BMVIT endowed professorships

The objective of these endowed professorships is
the long-term expansion of research expertise and
study programmes for research themes that are of
particular importance to Austria as a centre for
innovation. The focus of the tool funded by the
Federal Ministry for Transport, Innovation and
Technology (BMVIT) is on those RTI priorities in
which Austria already has significant academic
prowess but where gaps persist. These gaps can be
closed by endowed professorships where manu-
facturing demand is strong and a broad-based sci-
entific environment is already in place in the uni-
versities. The call for proposals began in 2014
with the endowment of two professorships for the
subjects of production and material sciences,
which the Federal Ministry for Transport, Innova-
tion and Technology (BMVIT) will fund with up
to €2 million each. Industry co-financing is man-
datory. The endowed professorships are also in-
tended to serve as a model and encourage private
foundations to follow suit. The Austrian Marshall
Plan Foundation already issued a simultaneous
call for applications for an endowed professorship
funded at up to €1 million.

Knowledge Transfer Centres and Exploitation of IPR
(WTZ-IPR)

The new “Knowledge Transfer Centres and Ex-

ploitation of IPR” programme from the Federal
Ministry of Science, Research and Economy (BM-
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WEFW) aims to strengthen the collaboration be-
tween the scientific and business communities
and better align basic research, applied research,
and business. The creation of three regional
knowledge transfer centres (in the East, South,
West) and a life sciences knowledge transfer cen-
tre offers universities and public research institu-
tions attractive incentives to intensify the trans-
fer of knowledge from the scientific to the busi-
ness community and into society.

The idea is that increasing the cooperation
and coordination and aligning the profiling and
prioritisation in the virtual knowledge transfer
centres will create the ideal conditions to effi-
ciently and successfully exploit research find-
ings and expand the relevant networks. The cre-
ation of regional centres in particular is a con-
scious move to benefit regional research and
business centres and intensify collaboration.

One particular focus of funding in collabora-
tive projects is in the humanities, social scienc-
es, and cultural studies. The aim is to strength-
en the systematic knowledge transfer in these
fields among participating universities, non-uni-
versity research institutions, and federal muse-
ums. The programme also funds patents and
prototypes that result from the basic research
according to the requirements set forth in the
program’s special guidelines. The request for
proposals under the “Knowledge Transfer Cen-
tres and Exploitation of IPR” programme ended
on 31 January 2014. The first projects of the re-
gional knowledge transfer centres are expected
to launch in May and June 2014 following eval-
uation by an international jury. Austria
Wirtschaftsservice GmbH has been hired to set
up the programme.

European Strategy Forum on Research
Infrastructures (ESFRI)

ESFRI supports and funds the implementation
of pan-European research infrastructures. ESFRI
activities include evaluating existing ESFRI
projects and prioritising the infrastructure proj-
ects on the ESFRI Roadmap. This roadmap is an
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evolving process for identifying key European
research infrastructures. The list currently iden-
tifies 48 ESFRI projects, and the stated goal is to
implement 60% of them by 2015/2016. Cur-
rently, eleven have been evaluated as success-
fully implemented. To help push implementa-
tion, the European Commission is setting aside
€90 million for research infrastructures as part
of an initial request for proposals in the HORI-
ZON 2020 research programme. ESFRI is tasked
with drawing up a list of ESFRI projects that
should receive this one-time EU funding.
Austria is currently participating in a total of
ten ESFRI infrastructures.’® In addition to the
Graz-based BBMRI, Austria is helping to finance
the following ESFRI infrastructures: E-ELT (as-
tronomy), ESRF, ILL Upgrade (material and
structural sciences), PRACE (e-infrastructure),
and five research infrastructures in the human-
ities and social sciences (see following section).

ESFRI Roadmap — research infrastructures for the
humanities, social sciences, and cultural studies

Austria is participating in all five research infra-
structures for the humanities, social sciences,
and cultural studies: SHARE, ESS, and CESSDA
for the social sciences, and CLARIN and DARI-
AH for the humanities (which have been con-
solidated in Austria under the auspices of the
Centre for Digital Humanities).

SHARE is an international, interdisciplinary,
long-term panel study dedicated to studying the
quality of life, health, professional biographies,
and pensions of the population over 50 and de-
veloping strategies to maintain and improve
high standards in the social, healthcare, and
pension system. ESS (European Social Survey) is
a representative public survey in over 25 Euro-
pean countries that seeks to provide an ongoing
pan-European data base on the attitudes, be-
haviours, and living conditions of the European
population. CESSDA is the Consortium of Euro-

pean of Social Science Data Archives, which
documents and archives the various national
data archives from social science surveys and
works to establish a virtual pan-European data
archive. CLARIN is devoted to making digital
language technologies and resources easily ac-
cessible over the long term. This includes digi-
tal collections of texts or spoken language, dic-
tionaries, glossaries, encyclopaedias, and tools
that generate and process such data. DARIAH
works to develop digital research methods —
both generic basic services and virtual research
environments in the humanities such as histo-
ry, archaeology, philosophy, theology, linguis-
tics, literature, art, music, theatre, film, and
media studies.

The Federal Ministry of Science, Research
and Economy (BMWFW) and Federal Ministry of
Labour, Social Affairs and Consumer Protection
(BMASK) will together spend some € 1.8 million
on SHARE over the next three years and about
€200,000 per year on ESS. The Federal Ministry
of Science, Research and Economy (BMWFW)
plans to spend a total of about €1.6 million on
CLARIN and DARIAH over the next three years
and about €600,000 per year on CESSDA.

Biobanking and Biomolecular Resources Research
Infrastructure (BBMRI)

Austria is the headquarters of the European bio-
banking research infrastructure, whose goal is
to integrate current and future biobanks in Eu-
rope and improve access to biological samples
for research. Biological samples (blood, tissue,
DNA, etc.) and the medical data they provide
are an essential basis for medical and pharma-
ceutical research to develop new preventive, di-
agnostic, and therapeutic approaches. A 2013
resolution by the European Commission estab-
lished the headquarters of the BBMRI European
Research Infrastructure Consortium (ERIC) in
Graz under EU Regulation No. 723/2009. BBM-

30 For detailed information on Austria’s participation in the ESFRI, see appendix L.
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RI-ERIC commenced operations in 2014. It cur-
rently has 12 member states®! and five observ-
ers.®? The coordinating centre of the national
biobank consortium, which also opened its
doors in early 2014, is also based in Graz close
to the BBMRI-ERIC offices. This should provide
new opportunities for collaborations and a
strong international positioning for Austria’s
domestic research environment.

Centre for Digital Humanities at the Austrian
Academy of Sciences

Digital methods and technologies have trans-
formed and enriched research in the humanities,
social sciences, and cultural studies. The Centre
for Digital Humanities responds to this develop-
ment. The centre brings together various institu-
tions — including the Austrian Academy of Sci-
ences, the University of Vienna, and the Universi-
ty of Graz — and provides a forum for close collab-
oration between the research infrastructures of
CLARIN and DARIAH in Austria. The Centre for
Digital Humanities comprises three components
with the following objectives: (i) Continue exist-
ing projects to build and expand humanities re-
search infrastructures in Austria and embed them
in the corresponding European projects or the
long-term initiatives of CLARIN and DARIAH,
and establish a research and service platform for
collaboration of the Austrian consortiums of DA-
RIAH-AT and CLARIN-AT. (ii) An initiative for
scientific digitisation in the context of the digital
humanities in Austria, including sub-projects in
which the scientific digitisation of all types of
materials represents an integral component of re-
search activities, and in which the long-term
availability of the digitised results and associated
research data (metadata, annotations, user notes,
etc.) is guaranteed in a dynamic and innovative

format. (iii) An initiative to train young research-
ers in the field of the digital humanities, bundling
and expanding existing teaching and training pro-
grammes in Austria into one systematic curricu-
lum, then embedding this into international con-
texts. The Federal Ministry of Science, Research
and Economy (BMWFW) will spend €1.6 million
on this in the next three years.

“Research Location Austria” international
communications campaign

The year 2013 saw the completion of the third
phase of the “Research Location Austria” inter-
national communications campaign, whose aim
was to strengthen Austria’s image as an attrac-
tive base for international RTT operations. The
subsequent evaluation of the campaign was very
positive, so it will be continued in 2014. Since
2008, a total of 57 R&D-related businesses were
established with an investment volume of
€109 million.

1.5 Horizon 2020 and the challenges for
Austria’s RTI policy

Stabilising the economic and financial system
while simultaneously creating programmes to
ensure future economic prospects — these are
the big challenges facing the Furopean Union.
Maintaining high standards of living and con-
fronting social challenges requires intelligent
investments, especially in research and innova-
tion.*® Horizon 2020 is considered the primary
European tool to realise the European Research
Area (ERA). It is designed to make an EU-wide
knowledge- and innovation-based economy a re-
ality and support the implementation of the Eu-
rope 2020 strategy.®*

A broad public consultation in 2011 - in which

31 These are: Austria, Belgium, Czech Republic, Germany, Estonia, Finland, France, Greece, Italy, Malta, the Netherlands and Sweden.
32 These are the following: Switzerland, Norway, Poland, Turkey and the International Agency for Research on Cancer (IARC), a World

Health Organisation (WHO) programme.
33 European Commission, COM(2011) 808 final.
34 European Commission, COM(2011) 809 final.
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statements by the European Council, the mem-
ber states, and stakeholders from manufacturing,
higher education, and civil society were consid-
ered — was the launchpad for developing a com-
mon strategy for EU funding of research and in-
novation.*® Austria contributed to this process
through the “Austrian Reflection Paper on the
Successor to the 7th Framework Programme” 3¢
With Horizon 2020 all existing EU funding pro-
grammes for research and innovation (7th Re-
search Framework Programme), all innova-
tion-related activities of the Competitiveness
and Innovation Programme (CIP), and the Euro-

Fig. 23: Horizon 2020 structure, objectives and budget

pean Institute of Innovation & Technology (EIT)
were bundled together for the first time.?’
Horizon 2020 began on 1 January 2014, and
runs until 31 December 2020.%® The budget for
this period comes to some € 70.2 billion (EU and
EURATOM)] in constant prices at 2011 levels.
Taking into account annual inflation rates until
2020, this comes to nearly €80 billion.* The
structure of Horizon 2020 (Fig. 23) rests on three
pillars: i) excellent science, ii) industrial leader-
ship and iii) societal challenges.
Re i): The pillar of “excellent science” is de-
signed to make Europe an attractive destination

o Spread of excellence and distribution of participation [1.06%]
e Research with and for society

Excellent
science

€ 24.441 billion
37.73%

 European Research Council (ERC) 17.00%

® Future and emerging
technologies (FET)

 Marie Sklodowska-Curie
activities (MSCA)

® Research infrastructures
(incl. e-infrastructures)

technology
3.50%
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3.23%

o European Institute of Innovations and Technology (EIT)

* Joint Research Center (JRC)

€17.016 billion
22.09%

o | eading role in basic and industrial

o Access to venture capital

[0.60%]

Societal
challenges

€29.679 billion
38.53%

 Health, demographic change and
wellbeing

* Food safety,
sustainable agriculture, marine
and maritime research and the bio-economy5.00%

Industrial
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17.60%
3.69%
0.80%

9.70%

® Secure, clean and efficient energy 7.70%
o ntelligent, environmentally friendly and
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 Climate change, resource efficiency and

raw materials 4.00%
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societies 1.70%

2.20%

o Safe societies

[3.52%]
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Source: European Commission: Horizon 2020 official standard presentation / European Commission: Factsheet: Horizon 2020 budget / Austrian

Research Promotion Agency (FFG) / European Commission,
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European Union, 2013a.
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for outstanding researchers from around the
world by funding elite research, thereby protect-
ing Europe’s scientific capacities.*’ The aim is to
support, train, and retain talented researchers
and give them access to premium research infra-
structures.*! International cooperation is an im-
portant concern in all areas of Horizon 2020,
with common interests and mutual benefit are
at the front and centre.*

Re ii): The pillar of “industrial leadership” is
designed to accelerate technological develop-
ments and innovations in Europe. Besides key
enabling technologies, this means above all
helping innovate SME to expand into leading
global enterprises.*

e The participation of SME is a key concern
throughout the programme. A new integrated
approach for SME is intended to increase
their participation. Besides horizontal mea-
sures (simplifications, attractive amounts of
funding), SME-specific programmes have also
been introduced. The “Innovation in SME”
campaign targets research-intensive SME. A
new SME tool has also been introduced, and
access to venture capital also has a strong
SME focus.

e Economic participation has been increased
through measures such as the designation of
funding as venture capital and the introduc-
tion of provisions for further support through
public-private partnerships.*

e Support for strategic investments in key en-
abling technologies (in Horizon 2020, these

include ICT, nanotechnologies, advanced ma-
terials, biotechnology, advanced manufactur-
ing and processing, space) is also seen as a
basis for investments in current and emerg-
ing sectors.*”

e Horizon 2020 strongly emphasises close ties
between research and innovation. For the
first time, a single system of rules applies to
the entire innovation chain, with support for
all phases of the innovation process, from
idea to market-ready product.*

e Horizon 2020 is also based on a broad under-
standing of innovation that defines innova-
tion not only as the introduction of new prod-
ucts and processes but also includes system-
atic, social, and service innovations.*’

Re iii): Horizon 2020 seeks to generate a critical
mass of research and innovation efforts to tack-
le societal challenges*®. Research and innova-
tion for the concerns of citizens of our society is
the context for this pillar of the programme.
This specifically includes supporting the devel-
opment of ground-breaking solutions through
an interdisciplinary partnership that includes
the humanities and social sciences.*

The themes of “dissemination of excellence and
broadening of participation” and “research with
and for society” intersect this pillar. Another in-
tersecting theme built into the programme
structure is that the Joint Research Centre (JRC,
non-nuclear section) should provide scientific
and technological support through direct mea-

40 European Commission, COM(2011) 808 final; European Union, 2013a.

41 European Commission: Horizon 2020 official standard presentation / Austrian Research Promotion Agency (FFG): Horizon 2020. The
EU’s Framework Programme for research and innovation (2014-2020)

42 European Commission: Factsheet: International Participation in Horizon 2020.

43 European Commission, COM(2011) 809 final; European Union, 2013a.

44  European Commission: Factsheet on Industrial participation.

45 European Commission: Horizon 2020 official standard presentation / Austrian Research Promotion Agency (FFG): Horizon 2020. The
EU’s Framework Programme for research and innovation (2014-2020)

46 European Commission: Factsheet: Rules under Horizon 2020.

47 European Commission, COM(2011) 808 final, p. 10.
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The societal challenges named in Horizon 2020 were: i) health, demographic change and general wellbeing; ii) Food safety, marine and
maritime research and the bio-economyj; iii) Secure, clean and efficient energy; iv) Intelligent, environmentally friendly and integrated
transport; v) Climate protection, efficient use of resources and raw materials; and vi) Integrated, innovative and secure societies.
European Commission: Horizon 2020 official standard presentation / Austrian Research Promotion Agency (FFG): Horizon 2020. The
EU’s Framework Programme for research and innovation (2014-2020)
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sures to help realise these goals. The European
Institute of Innovation & Technology (EIT) is
designed to integrate the so-called knowledge
triangle of research, innovation, and educa-
tion.® Key intersecting objectives of Hori-
zon 2020 include equalising opportunities for
women and sustainability — at least 60% of the
total Horizon 2020 budget relates to sustainable
development.”

One key innovation in Horizon 2020 is the
streamlined structure of a single system of rules.
This is intended to make it easier to set up, reg-
ulate, run, and monitor programs, significantly
cutting red tape in both the application and proj-
ect execution phases.”” Horizon 2020 stream-
lined funding methods to apply one funding
rate® to all the activities within a single proj-
ect.> The funding rate is capped at 100% of re-
fundable project costs for research projects and
70% for innovation projects (100% for non-prof-
its). A uniform flat rate of 25% is applied to di-
rectly refundable indirect costs.>® The European
Parliament and Council approve the annual
budget for Horizon 2020 within the limits of the
multiannual financial framework.>

The European Commission is primarily re-
sponsible for running Horizon 2020, with sepa-
rate agencies largely responsible for managing
the individual projects. It receives support from
the programme committees, where delegates
from member states provide oversight of the di-
vision between EU and national RTI activities
and adopt the biennial working agendas. The
European Commission will also rely on support

from independent experts to evaluate applica-
tions and monitor projects. These independent
experts (stakeholders from research, industry,
and civil society institutions) will form consul-
tant groups, supporting the Commission in cre-
ating working agendas. The implementation of
Horizon 2020 should also make greater use of
synergies and overlaps between national and
European research and innovation programs.®’

Current participation and future challenges for
Austria’s RTI policy

Austria’s participation in the 7th Framework
Programme can be regarded as a success based
on the latest data from November 2013%: Aus-
trian participations were able to gain a total of
about 2.65% of the earmarked funding - cur-
rently some €949.1 million — over the duration
of the 7th Framework Programme (2007-2013).
This puts the rate of funding brought in above
Austria’s average share of the EU budget for the
years 2007-2011, yielding a rate of return of
about 125%. Austria ranks 6th among the EU-
27 countries for this indicator — behind Estonia,
Sweden, the Netherlands, the UK, and Cyprus
— and is one of the net recipients in the 7th
Framework Programme.

Austria accounts for 2.3% of all scientists
and engineers working in the EU, while Austri-
an participations account for a total of 2.9% of
approved participations in the 7th Framework
Programme (see Fig. 24). This means Austria is
represented in the 7th Framework Programme
well above its relative share of research capaci-

50 European Commission, COM(2011) 809 final; European Union, 2013a.

51 European Commission, COM(2011) 808 final, p. 6.

52 European Commission, COM(2011) 808 final / European Commission: Horizon 2020 official standard presentation / European Com-

mission: Factsheet: Rules under Horizon 2020.

53 The funding rate is capped at 100% of refundable project costs for research projects and 70% for innovation projects (100% for non-prof-
its). A uniform flat rate of 25% is applied to directly refundable indirect costs (European Union, 2013b).

54 European Union, 2013b.
55 Ibid.
56 Ibid.

European Commission: Horizon 2020 — The EU Framework Programme for Research and Innovation. Experts; European Union, 2013a.
See Ehardt-Schmiederer et al. (2013); The proviso provides Austrian ministries and their EU delegates with an information and support
infrastructure as well as specialised, programme-specific and cross-programme analyses of Austria’s participation in EU research pro-
grammes to assist them in realising their research policy agendas at the national, EU and international levels.

The proviso used the European Commission’s 2011 financial report on the EU budget in the calculation of mean equity capital — insofar
as this data related to the time period between 2007 and 2011.
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Fig. 24: RP distribution of approved participations (EU-27) vs. Proportion RSE' hy country (EU-27)
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Source: Ehardt-Schmiederer et al. (2013).

ties and occupies 8th place among the EU-27 on
this indicator.®

Another key success indicator is the partici-
pation in ERC grants — especially starting and
advanced grants — where Austria also scores rel-
atively high: Between 2007 and 2013, a total of
101 grants to Austrian institutions were ap-
proved. This puts Austria in 11th place among
the EU-27. The approval rate across all coun-
tries is 11%, making Austria’s approval rate of
14% above average and putting Austria in 4th
place behind Switzerland, Israel, and France.
The success with ERC grants can also be seen in
the number of approved ERC grants by country
per thousand researchers: Austria received some
2.7 ERC grants per thousand researchers, a score
exceeded only by the Netherlands, the UK, Bel-
gium, and Sweden.®!

Given this success, Austria has also set ambi-

60 See Ehardt-Schmiederer et al. (2013).
61 See Ehardt-Schmiederer et al. (2013).
62 See Naczinsky (2014).
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tious goals for Horizon 2020: they include great-

ly expanding returns of funds and conducting

more ERC-funded excellent research projects at

Austrian institutions. Austrian firms should de-

rive a clear benefit in the area of technological

development through their participation in

Horizon 2020, thereby improving their growth

opportunities. Austrian participation should al-

so help tackle societal challenges.

Regular performance monitoring will track
the impact in terms of the aforementioned goals
and continuously review the success of Austria’s
participation in Horizon 2020 based on the fol-
lowing indicators and outcomes:®?

e The aim of supporting excellent basic re-
search in Austria is to be achieved by greatly
expanding the ERC grants to Austrian univer-
sities.

e An indicator that tracks the number of pat-
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ents relative to the funding received is de-
signed to measure whether Austrian firms
experienced positive development through
their participation in Horizon 2020: Austrian
firms are presumed to have noticeably bene-
fited from Horizon 2020 if there are three or
more patents in the areas of ICT, nano, mate-
rials, biotech, manufacturing, and space per
€10 million in grants.

e Austria’s participation should help tackle so-
cietal challenges. This should be reflected in
the creation of at least one regulation per
€10 million in funding from the participa-
tion.

e The key indicator by which the success of
Austria’s participation is measured remains
the returns in funding from Horizon 2020.
According to the Minister for Science, Re-
search and Economy, Austria’s participations
should gain at least €1.5 billion in returns by
2020.% This requires increasing the return
rate from the 7th Framework Programme by
at least 50%. To achieve this objective is a
central challenge for science and technology
policymakers in Austria in the years ahead.

However, the rate of return alone is not an ade-
quate indicator of the success and impact of
Austria’s participation in Horizon 2020. This
indicator does not reflect economic and social
gains, increases in knowledge and expertise, and
networking effects that Austrian research insti-
tutions and firms can gain from participating in
EU projects. Looking at the rate of return alone
is therefore too narrow and must be coupled
with a broad view of the impacts from Austria’s
participation in Horizon 2020.

The Austrian federal government is already
taking actions to increase Austria’s participa-
tion in Horizon 2020 and generate higher re-
turns. The working agenda 2013-2018 of the

Austrian federal government defines a different
spectrum of consulting and support services for
Austrian research institutions and firms for par-
ticipation in Horizon 2020. A new resolution
has also been adopted by several ministries (un-
der the auspices of the Federal Ministry of Sci-
ence, Research and Economy (BMWFW) and the
Austrian Chamber of Commerce with the Aus-
trian Research Promotion Agency (FFG) relating
to the European and International Programmes
(EIP) that shifts the focus of services toward
strategic, institutional consulting. The Austrian
Research Promotion Agency’s FFG-Academy
will continue to offer information services, in-
dividual consultation, proposal checks, and
training, but more emphasis will be given to en-
couraging Austrian research institutions, espe-
cially larger institutions such as universities, to
expand their skills to derive the most strategic
benefit from the European programme portfolio.
The Austrian Research Promotion Agency (FFG)
should serve as an “information broker” that di-
gests strategic and operational expertise from
European bodies combined with domestic expe-
rience and offers it to R&D institutions, their
researchers, and multipliers and supports deci-
sion-makers from the government, academic,
and business sectors in European management
processes.

Strengthening the availability of strategic
knowledge is intended to create incentives for
institutional learning processes. This shift in fo-
cus is supported by the reorganisation of the for-
mer PROVISO monitoring in the Austrian Re-
search Promotion Agency (FFG). A monitoring
department designed specifically for this pur-
pose will ensure that international data is pre-
pared, analysed, interpreted, and linked to na-
tional data archives.

These changes in the Austrian Research Pro-
motion Agency’s services also support develop-

63  Press release from the Federal Minister of Science, Research and Economy on Horizon 2020 dated 21 January 2014, http://www.ots.
at/presseaussendung/OTS_20140121_OTS0114/mitterlehner-horizon-2020-staerkt-forschungsstandort-und-sichert-wettbewerbsfae-

higkeit-bild#).
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ments toward greater European and internation-
al orientation at universities. The 2013-2015
service agreements set targets for international-
isation strategies that included increasing com-
petitively won funds from European and inter-
national research funding sources and establish-
ing the appropriate conditions within the uni-
versities to achieve this goal. This includes pro-
fessionalising the research service centres to
better support researchers in their applications
for international/European funds. Here, the
changes in orientation in the Austrian Research
Promotion Agency’s consulting and support ser-
vices toward European and international pro-
grammes align with the internationalisation
strategies defined in the service agreements; the
aim is to allow the universities to define and
implement their strategies more accurately.

Structural reforms through the ERA Partnership

The focus on the new EU research framework

programme Horizon 2020 and the challenges

and opportunities this brings for Austria’s sys-

tem of innovation should not obscure the poten-

tial inherent in structural reforms of the entire

European Research Area in the context of the

ERA Partnership. The establishment of a joint

European Research Area (ERA) is designed to in-

crease the performance, quality, and efficiency

of European research and the competitiveness of

member states. Changes are sought in the fol-

lowing priority areas:

® More effective national research systems

e Optimal cross-border collaboration and corre-
sponding competition

e Open labour market for researchers

e Gender equality and consideration of equal
opportunity in research

e Optimal exchange and transfer of and access
to scientific insights, including through the
digital ERA

64 See ERA Portal Austria (http://era.gv.at/directory/166).
65 See ERA Portal Austria (http://era.gv.at/directory/167).
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European research ministers have agreed to
draw up a Europe-wide ERA roadmap by mid-
2015 to support and advance the efforts of the
individual member states. The roadmap should
define a common understanding of strategic
goals and a toolbox of best practices that can
support member states in developing and imple-
menting their domestic policies. The Austrian
position can be formulated using the Austrian
EU action plan, developed by the working group
for implementation of the federal government’s
RTI strategy for “Austria and the European Re-
search and Innovation Area 2020.”

ERA Observatory Austria

ERA Observatory Austria was established to
better integrate Austrian policy into the Europe-
an research, technology, and innovation poli-
cies. It consists of two bodies — the ERA Policy
Forum Austria and the ERA Council Forum
Austria — which closely interact with each other
on a regular basis. The goal of ERA Observatory
is to support evidence-based decision-making
and strengthen Austria’s role in Furopean poli-
cymaking.®*

ERA Policy Forum Austria

ERA Policy Forum Austria is an interministeri-
al steering committee made up of representa-
tives of various federal ministries that commis-
sions studies and analyses on current develop-
ments and needs for action in European research
policy.®® When necessary, the Policy Forum is
expanded to include key stakeholders from
Austria’s RTI institutions (agencies, universi-
ties, non-university institutions, social part-
ners, regional governments, etc.). The aim is to
create a flexible tool to better diffuse European
RTI policies into sectoral Austrian policies.
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ERA Council Forum Austria

The Minister for Science, Research and the
Economy established the ERA Council Forum
Austria as a further initiative to strengthen the
ties between Austria’s system of innovation and
the European research institutions, ensure the
highest possible returns from the European lev-
el, and proactively identify and monitor the rel-
evance of European developments for Austria.
The forum is a high-level advisory body provid-
ing strategic recommendations in the context of
Europe 2020, the Innovation Union, ERA Part-
nership, and Horizon 2020. The ERA Council
Forum Austria devotes special attention to ana-
lysing the strengths of Austria’s science and re-
search system in the European context and best
practices in the areas of transparency in the in-
teraction between the scientific and business
communities, careers in science, and opportuni-
ties for the future development of research in
Austria. Helga Nowotny, former President of
the European Research Council (ERC), is the
new chair of the ERA Council Forum Austria.
She is supported by Dr Jirgen Mlynek (Presi-
dent of Helmholtz-Gemeinschaft Deutscher
Forschungszentren), Dr Reinhilde Veugelers
(Professor for International Business Economics

66  See Republic of Austria (2013}, p. 30
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& Strategy, University of Leuven, Belgium), Dr
Jana Kolar (Morana RTD, Director of Research,
Slovenia), and Dr Hermann Hauser (venture
capital lender for start-ups, co-founder of Ama-
deus Capital Partners).

The working agenda 2013-2018 of the Austri-
an federal government also defines the follow-
ing areas of activity to strengthen Austria’s in-
ternational visibility as a centre for science, re-
search, and innovation, which are also relevant
in the context of Horizon 2020 and ERA:

e Ensure international branding as a centre for
research and innovation

e Increase the mobility of researchers and es-
tablish a long-term network of researchers
with ties to Austria

e Market top Austrian technologies globally
and improve international scientific net-
working by establishing science and technol-
ogy conventions with strategically relevant
countries

e Scientific field offices (OSTA) and RTI at-
tachés in priority countries®

Overall, several institutional changes have been
and will be undertaken to achieve the ambitious
goals of better connecting Austria’s RTI system
within the EU.
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2 Major Federal Funding Agencies in Austria

2.1 The Austrian Science Fund (FWF)

The Austrian Science Fund (Fonds zur Férderung
der wissenschaftlichen Forschung — FWF) is the
country's central institution for the promotion
of basic research. The Science Fund’s mission is
to intensify the development of the sciences at a
high international level, thereby contributing to
cultural development, to build a knowl-
edge-based society and to increase Austria’s val-
ue added and prosperity. The Austrian Science

Fund'’s priorities can be summarised as follows:

e Strengthening Austria’s scientific perfor-
mance in international comparison and its
attractiveness as a place to do research, above
all by funding top research by individuals and
teams, as well as contributing to the improve-
ment of competitiveness of research institu-
tions and Austria’s science system;

¢ Qualitative and quantitative expansion of re-
search potential according to the principle of
“educating through research”;

e Strengthening communication and enhance-
ment of the reciprocal relationship between
science and all other areas of cultural, eco-
nomic and social life; particular emphasis
should be placed on increasing public accep-
tance of science through educational initia-
tives.

The Austrian Science Fund uses the interna-
tional scientific community for its quality stan-
dards. The principle of peer review is applied
consistently throughout the selection of re-
search projects to be awarded funding, and this
contributes to assuring and further improving
the quality of the review processes.

Application volume reached its highest value
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yet in 2013 at €777.5 million, and approval vol-
ume exceeded the €200 million mark for the
first time, coming in at €202.6 million. The
number of new applications handled by the
Austrian Science Fund board of trustees posted
a slight increase to 2,386, while project approv-
als fell slightly to 632 (2012: 684). The growth in
total grants (+3.2% compared to 2012) contrasts
with a decrease in project approvals (-8%),
which suggests the climbing time and cost in-
tensity of research projects (see Table 12).

The gap between demand and grant opportu-
nities has also grown; measured in terms of the
number of approved new applications, the ratio
decreased from 30.2% (2012) to 25.8% (2013).
This means that in 2013, of only one out of four
projects received funding. The ratio of new grant
totals to requested funds fell from 24.2% to
23.6%.

Measured in distributed funds, stand-alone
projects hold the lion’s share of the Austrian
Science Fund’s funding activity (see Table 13).
About half of all funding from the Austrian Sci-
ence Fund, or a total of €355.7 million, went to
this sector in 2013. Stand-alone projects are fol-
lowed by START (€ 108.3 million) and the inter-
national programmes (€95.9 million).

Funding priorities are aligned with objectives
and focused on financing scientific staff; the
Austrian Science Fund makes a crucial contri-
bution to the development of scientific human
potential. By the end of 2013 the Austrian Sci-
ence Fund had financed about 4,000 people
working in the sciences, and about 43 % of them
were women (see Table 14). The share of women
among applicants (about 31%) and among new
approvals (about 28 %) remained nearly the same
as the previous year. The generally decreasing
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Table 12: Number of funding grants in 2013

Funding programme Applications decided’ New approvals Approval rate in %

Number % women Number % women Rate Women
Stand-alone projects 1,177 25.1 347 222 29.5 26.1 30.6
International programmes 390 20.3 68 17.6 17.4 15.2 18.0
SRAs (special research areas) 47 2585) 22 22.7 15.4 0.0 20.0
START 101 26.7 14 28.6 13.9 14.8 13.5
Wittgenstein 21 23.8 1 100.0 48 20.0 0.0
Doctoral programmes (DPs) 7 14.3 5] 0.0 27.8 0.0 8.3
Doctoral programme extensions 12 881! 10 30.0 83.3 75.0 87.5
Schradinger 126 35.7 57 36.8 45.2 46.7 4.4
Meitner 149 39.6 37 29.7 24.8 18.6 289
Firnberg 61 100.0 17 100.0 279 21.9 -
Richter 62 100.0 17 100.0 27.4 27.4
Clinical research (KLIF) 118 373 15 333 12.7 114 135
Programme for the Development and Inclusion of the Arts (PEEK) 73 42.5 8 37.5 11.0 9.7 11.9
0N 19 - 8 0.0 222
Communication in the sciences 23 39.1 6 16.7 26.1 11.1 35.7
Total 2,386 30.8 632 28.0 25.8 24.0 26.8
Concept applications for SRAs (special research areas) 13 16.7 4 25.0
Concept applications for DPs 18 18.8 6 16.7
Expressions of interest 0AJ 36 - 19 -

1 Decided applications are (new) applications handled by the Austrian Science Fund board of trustees.

Source: Austrian Science Fund.

Table 13: Funding totals by programme in 2013

Funding programme Applications decided New approvals Approval rate in %

in € millions % women in € millions % women Rate Women Men
Stand-alone projects 355.7 25.0 102.7 22.8 289 26.3 29.7
International programmes 95.9 19.9 15.2 17.1 15.8 13.6 16.4
SRAs (special research areas) 19.5 24.6 9.3 22.6 17.8 0.0 23.0
START 108.3 26.7 8.1 321 15 8.8 7.0
Wittgenstein 315 2338 15 100.0 48 20.0 0.0
Doctoral programmes (DPs) 16.3 9.2 11.4 0.0 30. 0.0 34.7
Doctoral programme extensions 35.6 40.4 231 41.1 64.8 65.8 64.2
Schradinger 12.9 36.4 6.1 34.4 47.2 445 48.8
Meitner 18.4 40.2 4.5 311 24.2 18.9 218
Firnberg 13.2 100.0 3.7 100.0 27.8 27.8 -
Richter 18.0 100.0 49 100.0 274 274 -
Clinical research (KLIF) 274 358 2.7 29.6 9.9 83 10.8
Programme for the Development and Inclusion of the Arts (PEEK) 22.1 41.4 258 40.0 11.1 10.1 11.9
0AJ 1.2 - 0.4 - 21.0 - -
Communication in the sciences 1.0 40.0 0.3 333 255 12.8 339
Total 1715 293 196.4 283 23.6 233 231
Concept applications for SRAs (special research areas) 52.6 23.0 24.6 20.3
Concept applications for DPs 37.2 11.8 12.1 12.4
Expressions of interest 0AJ 2.1 - 1.2 -

Source: Austrian Science Fund.
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approval rate did however affect the drop in
project grants for female scientists (2013: 24 %;
2012: 30.2%). This means, from the Austrian
Science Fund’s perspective, the proportion of
Science Fund project applications submitted by
women remains too low, particularly in light of
how many women are completing university
educations.

The distribution of overall grants has been
rather stable in terms of scientific disciplines:
distinctions are drawn between the life scienc-
es, natural sciences and engineering, as well as
the humanities and social sciences. Of the total
grants awarded, €80.2 million went to the life

sciences, €82.8 million into the natural scienc-
es and engineering, and €39.7 million into the
humanities and social sciences (see Fig. 25).
The option of compensation for overhead
costs that was reintroduced in 2011 for stand-
alone projects and the Programme for the Devel-
opment and Inclusion of the Arts (PEEK) was
recently topped up: whereas about €1 million
was paid to Austrian research institutions for
overhead costs in 2011, by 2012 the number had
already risen to €5.6 million and by 2013 it was
€11.2 million. In this regard, the “matching
funds” initiative, a successful submission in
2013 by the Austrian Science Fund to the Aus-

Table 14: Research personnel funded by the Austrian Science Fund (FWF), 2010-2013

| | 2010 | 2011 | 2012 | 2013
All

1,197 1,229 1,288 1,351
Postdocs % women 163 1638 101 384
_ Al 1,683 1,771 1935 1967
Doctoral candidates % wormen 122 21 123 127
_ Al 122 137 173 170
Tecnical staft % wormen 67.2 715 68.2 724
Al 403 405 456 476
Other staff % wormen 479 52.6 7.1 187
Al 3,405 3,542 3,852 3,964

Total
% women 452 46.0 433 43.2

Source: Austrian Science Fund.

Fig. 25: Approvals by scientific discipline (total overview of all Austrian Science Fund programmes)

2013 (in € million)

39.7

80.2

Humanities and social sciences: 19.6%
M Natural sciences and engineering: 40.8%
Life sciences: 39.6%

Source: Austrian Science Fund.
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Average 2008—2012 (in € million)

343

68.7

Humanities and social sciences: 19.3%
W Natural sciences and engineering: 42.0%
Life sciences: 38.7%
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trian National Foundation for Research, Tech-
nology and Development, also supports the fi-
nancing of indirect project costs. The initiative
aims to offer regional governments that are in-
terested and active in research specific co-fi-
nancing models that combine Austrian Science
Fund standards for research quality with
site-specific considerations about research. This
model enables the Austrian Science Fund to
match every euro invested by the regional gov-
ernment with National Foundation resources,
thereby creating significant leverage. This co-fi-
nancing initiative is funded with €3 million in
Foundation resources for 2014. Within the Aus-
trian Science Fund for programmes that support
young women researchers (Herta Firnberg and
Elise Richter), as well as funding for interna-
tional cooperation, 20% of the overhead costs
can be payed to research facilities in the federal
states.

2.2 The Austrian Research Promotion Agency
(FFG)

The Austrian Research Promotion Agency (For-
schungsfordungsgesellschaft - FFG) offers a
portfolio of sophisticated and targeted instru-
ments for funding research, technology and de-
velopment at firms and research institutions
along the entire innovation chain. Using stan-
dardised sets of measures, consistent monitor-
ing of themes, and cross-programme topic
teams, the ongoing exchange of experiences
among programmes has been intensified in re-
cent years, including an agreement to coordi-
nate measures along thematic lines.

New to the portfolio of the Research Promo-
tion Agency (FFG) is the KLIPHA programme. It
aims to support small and medium enterprises
(SMEs) with their phase I or phase II clinical
studies. Submissions can be made on an ongo-
ing basis as single projects within the basic pro-
gramme. This method of funding is a pure loan
instrument with an upper limit of € 1.5 million
per study. If the study delivers negative results,
it is possible under certain circumstances to

Austrian Research and Technology Report 2014

convert the loan into a grant. Furthermore, dis-
sertations are now funded in an ongoing funding
programme instead of intermittently by means
of theme-related calls for proposals. An ongoing
call for proposals for “industry-oriented disser-
tations” opened in 2014 and is endowed with
National Foundation funds. Projects can be sub-
mitted by firms or non-university research in-
stitutions that enable the completion of a dis-
sertation in the context of an R&D project. Ap-
proximately €3 million are available for the
programme.

Total funding volume (including liabilities
and loans, excluding commissions) in 2013 was
just over €486.1 million, which corresponds to
a cash value of €361.7 million (+1.2% over
2012). This positive development in Austrian
Research Promotion Agency (FFG) funding to-
tals is consistent with the increased federal re-
search investment in past years. However, it is
found that the share of Austrian Research Pro-
motion Agency (FFG) funding (cash value) in to-
tal federal R&D investments has decreased al-
most continuously since 2008, which marked
the beginning of the financial crisis (Fig. 26).
This share was 11.7% in 2013. One driver for
this development may be the massive expansion
of indirect research funding (research premi-
ums) in recent years in Austria, which caused
federal expenditures to rise overall. The funding
budget of the Austrian Research Promotion
Agency (FFG) remained stable while its share of
federal expenditures decreased. The Austrian
Research Promotion Agency (FFG) has been en-
trusted since early 2013 with the assessment of
R&D expenditures related to the research pre-
mium. About 1,500 applications have been re-
ceived and 1,300 expert assessments have been
carried out since then.

Table 15 provides an overview of the number
of projects, participations and stakeholders, and
contractually secured funds in 2013. With a
funding volume of €486.1 million, research pro-
posals for a total amount of €977.9 were sup-
ported. Excluding commissions, 3,014 projects
were funded with a total of 4,977 participations

63



2 Major Federal Funding Agencies in Austria

Fig. 26: Austrian Research Promotion Agency (FFG) funding (cash value) to federal R&D expenditure (in %)
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Source: Austrian Research Promotion Agency (FFG), Statistics Austria.

and 2,712 stakeholders. A comparison with the
previous year shows that the number of projects
may have grown (+3.5%), yet developments in
participations (-2.9%) and stakeholders (-5.7%)
were negative.

The largest share of Austrian Research Pro-
motion Agency (FFG) funding is awarded
through the general programmes. In 2013, 1,261
projects were supported with €167.9 million.
There are different programme lines with spe-
cific aims (general programme, headquarters,
high-tech start-up, etc.) within the general pro-
grammes. The number of funded projects in this
sector (748) grew by 5.5% in comparison to the
previous year. The Innovation Voucher pro-
gramme line is particularly significant in terms
of its number of projects; this programme focus-
es on supporting SMEs in the initiation of R&D
activity. In 2013, a total of 432 (2012: 486) proj-
ects were funded in this sector.

The topical programmes represent the sec-
ond-largest programme sector in the funding
portfolio of the Austrian Research Promotion
Agency (FFG), with a cash value of €125.1 mil-
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lion (2012: €96.2 million). These programmes
aim to support national and international prior-
ity topics, including energy, ICT, production,
and security research, which are all themes that
are compatible at the European level with
HORIZON 2020. The structural programmes
constitute the third most quantitatively signifi-
cant portion of the Austrian Research Promo-
tion Agency’s (FFG) funding portfolio, ahead of
the topical programmes last year, with an ap-
proximate cash value of €63 million (2012:
€111.4 million). The high cash value totals in
2012 resulted from the extension of several ex-
isting competence centres (COMET). Further
funding priorities include European and interna-
tional programmes, as well as the Austrian
Space Applications Programme, ASAP.
Approximately 60% of committed funds went
to business enterprises in 2013 (2012: 52%). The
effect of the COMET programme led repeatedly
in the past to swings in the share of research in-
stitutions, which would be higher one year (2012:
31%) than in the following year (2013: 19%). The
proportion of universities improved a great deal
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Table 15: Austrian Research Promotion Agency (FFG) funding statistics 2013 (in €1,000)

Programme Participation | Stakeholders Total costs Funding incl.
liabilities and loans
4 32 6,404

ALR ASAP 25 5,309 5,309
25 4f 32 6,404 5,309 5,309

BP General programme 656 673 535 392,169 220,351 99,818
Headquarters 16 16 16 59,145 17,411 17,411

High-tech start-ups 17 18 18 8,420 5,890 4,165

Service innovations 30 32 32 9,882 6,026 4,875
Frontrunners 26 26 26 65,589 17,485 17,485

Rare diseases 3 4 4 3,409 2,385 1,447

748 769 603 538,614 269,547 145,201

BRIDGE 69 208 182 23,306 15,654 15,654
EUROSTARS 12 16 16 7,349 4,148 4,148
Innovation Voucher 432 864 667 3,278 2,905 2,905

1,261 1,857 1,368 572,546 292,255 167,908

EIP TOPEU 8 8 7 641 481 481
8 8 1 641 481 481

SP AplusB 3 3 3 11,711 4,099 4,099
COIN 36 140 123 27,417 17,920 17,920

COMET 12 220 202 70,352 21,268 21,268

FoKo 22 189 162 4,412 3,529 3,529

Research Studios Austria 3 9 5 3,001 2,100 2,100

Talents 1,236 1,312 708 12,824 7,861 7,861

wfFORTE 7 33 33 10,369 6,129 6,129

1,319 1,906 1,108 140,085 62,907 62,907

TP AT:net 21 22 22 8,498 1,908 1,908
benefit 26 56 48 11,836 7,289 7,289
e!MISSION 53 191 142 41,049 27,071 27,071

ENERGIE DER ZUKUNFT (energy of the future) 43 155 125 27,606 16,492 16,492

Energy efficient vehicle tech 2 5 5 1,054 566 566

FIT-IT 7 7 7 1,841 978 978

GEN-AU 1 1 1 8 8 8

IEA 40 68 30 4,481 4,384 4,384

IKT der Zukunft (ICT of the Future) 54 91 73 78,106 14,592 14,592

IV2Splus 7 18 18 1,956 1,031 1,031

KIRAS 23 138 84 9,739 6,814 6,814

Beacons for eMobility 1 13 13 5123 2,235 2,235

Mobilitat der Zukunft 58 180 123 22,847 13,389 13,389

NAWI 1 1 1 344 172 172

Neue Energien 2020 6 26 23 2,629 1,365 1,365
Produktion der Zukunft 34 100 80 24,340 15,846 15,846

TAKE OFF 17 49 40 15,505 9,953 9,953
Technology competences 7 44 38 1,198 1,046 1,046

401 1,165 705 258,159 125,137 125,137

Austrian Research Promotion Agency (FFG) funding and expenses 3,014 4,977 2,112 977,835 486,088 361,742
Austrian Research Promotion Agency (FFG) commissions! 2453 2,453 2,453
Austrian Research Promotion Agency (FFG) Operative Funds 2013 total 488,541 364,195

1 Commissions are ancillary measures financed by operative funds from the programmes.
Note: Quantitative figures refer to funding committed in 2013.

Source: Austrian Research Promotion Agency (FFG).
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in comparison to previous years. In 2013, univer-
sities approached a level similar to that of re-
search institutions at 18.6%, with a cash value
share of 13.3% in 2011 (€46.2 million) and 11%
in 2012 (€39.7 million) (see Table 16).

An analysis of the themes that receive fund-
ing shows that about 19% of funds go to the pro-
duction sector (production technology, tool-
making and mechanical engineering, industrial
processes, etc.), about 18% to information and
communication technologies (ICT), and about
16% to energy and the environment (Fig. 27).
The “Others” group summarises those sectors
that cannot be assigned to thematic fields be-
cause of the heterogeneity and breadth of the
individual fields, as well as the fact that projects
are situated at the interfaces between different
research areas. These include agriculture, food,
mathematical and statistical processes, infor-
mation and media, and social aspects.

Fig. 27: Austrian Research Promotion Agency (FFG)
funding by thematic fields, 2013

Space
1.2% Other
Security 25.1%

1.7%

Life Sciences
11.1%

ICT
17.6%

Source: Austrian Research Promotion Agency (FFG).

2.3 Austria Wirtschaftsservice (aws)

Austria Wirtschaftsservice GmbH (aws) is the
federal development and financing bank for the
promotion and financing of companies. aws em-
ploys a broad range of instruments, such as
grants, liabilities, and guarantees, as well as eq-
uity capital financing, to support firms in the
financing and funding of their projects. Depend-
ing on the business stage and financial need, the
bank develops a financing mix that takes ac-
count of the distribution of public and private
risk. The bank also offers consulting services
that specialise in large investment projects, in-
novation, and technology commercialisation.
Funding logic is strongly oriented towards
growth and innovation, covering a broad range
of topics from start-up preparation to market in-
troduction, to larger leaps in growth such as in-
ternationalisation in later business stages. The
creation of the aws funding manager now offers
a central point of contact and Internet-based
communication platform for aws customers.

In 2013 about 5,200 firms received support
for their growth and innovation projects in the
total amount of €1.97 billion. Table 17 provides
an overview of funding in the area of financial
instruments. The number of approvals rose
year-on-year to 5,346 funding cases (+21.5%),
and the total funding provided by financing in-
struments amounted to €904.9 million (+3.7%).
There was a significant drop (-24.0%) in the to-
tal project volume of funded projects. The main
reasons for this decrease are sinking average

Table 16: Austrian Research Promotion Agency (FFG) funding by type of organisation, 2013 (in €1,000)

Shares in cash value

. L Total funding Cash value i
Type of organisation [in €1,000] [in €1,000] [in %]

Firms 2,817
Research institutions 824
Universities 1,001
Intermediaries 46
Other 289
Total 4971

Source: Austrian Research Promotion Agency (FFG).
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339,868 215,879 59.7
68,416 68,058 18.8
67,203 67,203 18.6

7,054 7,054 1.9
3,548 3,548 1.0
486,088 361,742 100.0
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project size, as well as a trend towards stronger
demand from smaller firms. This development
is clear for all financing instruments to the same
degree. While coaching measures had almost
two-thirds less approvals (468) in comparison to
2012 (1,132), total funding remained quite
steady at €10.3 million in 2013.

A quarter of aws funding service, or € 196 mil-
lion, went to assuming guarantees in 2013. The
number of assumed guarantees (837) increased
by 10.3% in comparison to the previous year.
Grant funding saw a 3.5% decrease in the
amount of grants. The number of funded cases
was about a third higher than in the previous
year, which can be attributed primarily to an in-
crease in funding through the aws creative in-
dustries voucher programme. There was an in-
crease in demand for loans, with 6% more loan
volume disbursed than in 2012, amounting to
approximately € 600 million (incl. about € 8 mil-
lion for development cooperation).

The existing portfolio of equity capital in-
struments, including the aws small business
fund and the aws venture capital initiative, was
expanded to add two new instruments: the aws
Start-up Fund, which invested in three partici-
pations in 2013, offers long-term growth capital
through public silent partnership. Another new
addition is the Business Angel Fund, which is
meant to double the capital that a Business An-
gel brings into a start-up company. The first
co-financing contract was concluded with a
Business Angel in 2013.

There are also aws funding programmes that

Table 17: Funding, 2013

focus on technology- and knowledge-intensive
start-up projects, including PreSeed and Seed fi-
nancing, and the impulse initiative for the cre-
ative industries (see Table 18). The impulse pro-
gramme’s international jury selected 58 projects
in 2013 and provided a total of €4.2 million in
financing. The creative industries voucher,
awarded for the first time in 2013, was meant to
stimulate demand among “traditional firms”
for creative industry services for innovation
projects. Six hundred vouchers of €5,000 each
were distributed.

Table 18: Overview of monetary aws programmes for
increasing knowledge-intensive start-ups, 2013

Projects Total project Funding
[Number] volume support
[€ millions] | [€ millions]
PreSeed 23 48 3.7
Seed financing 26 109.5 15.4
Temporary management 1 0.1 0.1
impulse (creative industries) 58 8.9 4.2
Total 108 123.3 234
Source: aws.

The availability of monetary support was sup-
plemented in 2013 to include a series of aware-
ness and coaching measures, as well as place-
ment services. The spectrum of services ranges
from idea development to conception, planning,
and implementation, all the way through to the
commercialisation of project results (see Table
19). Measures for stimulating entrepreneurial
spirit include Jugend Innovativ, a competition

_ Funding commitments [number] Total project volume [€ millions] Funding [€ millions]

2012 2013 2012
Guarantees 759 837 458.0
Loans 1,068 1,232 1,454.2
Grants 2,567 3,270 1,643.2
Own capital 5] 7 19.7
Total result 4,399 5,346 *2,588.3

Note: * Total result, multiple entries removed.

Source: aws.
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2013 2012 2013
454.4 199.9 196.0
1,205.0 558.2 593.1
1,108.3 103.5 99.9
159 11.2 159
*1,967.3 8728 904.9
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for school-age pupils that received 528 project
ideas in 2013, and the Government Innovation
Prize, which received 510 projects in 2013. In
addition, education modules are provided for
start-ups in growth fields of life sciences and the
creative industries. More than 1,000 people took
advantage of this programme in 2013.

aws, in cooperation with the Austrian Patent
Office, has offered coaching for start-ups and
SMEs (“discover.IP”) since 2008, focusing on
the development, utilisation, and commerciali-
sation of intellectual property (IP). More than
188 firms made use of these services in 2013,
together with IP commercialisation consulting.
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Table 19: Overview of awareness, coaching, and
placement services, as well as training measures, 2013

Projects
[number]
Awareness and coaching services

Competitions Jugend Innovativ (youth innova-

tion competition) e
Government Innovation Prize 510
Intellectual Property (IP) Consulting 176
Commercialisation 12
Knowledge transfer centres 33
Total 1,259
Placement services
Business Angels exchange (1) 135
Participants in training and education
Life Sciences 246
Creative industries 830
Total 1,076

Source: aws.
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3 Scientific Research and Tertiary Education

University rankings are gaining in importance
as a result of increased competition in the high-
er education sector, which is marked by a striv-
ing towards excellence and priority-setting and
is premised on efficiency and effectiveness. The
beginning of Chapter 3.1 is therefore dedicated
to the dissemination, function and methodology
of university rankings and discusses the position
of Austrian universities in these rankings. This is
followed in Chapter 3.2 by an examination of
how Austria compares internationally with re-
gard to researcher salaries, which is an important
factor in preventing the loss of native Austrian
researchers to institutions abroad and attracting
highly qualified research staff to Austria. The
funding of universities by Austrian firms will be
examined in more detail in Chapter 3.3; Chapter
3.4 will look at the transfer of knowledge be-
tween the higher education sector and firms.

The sector comprised of universities of applied
science has grown markedly in the past several
years with respect to its primary educational
function as well as its secondary function related
to research and development. This development
is described in Chapter 3.5 with respect to cur-
rent R&D data, whereby particular attention is
paid to the complementary function of the re-
search and educational activities of both univer-
sities and non-university research institutions.
Finally, Chapter 3.6 discusses the use of new so-
cial media in scientific research.

3.1  Austrian universities in international
university rankings

Rankings play an important role in higher edu-
cation policy internationally and are increasing-

67 See Rauhvargers (2013).
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ly winning attention in Austria as well. The val-
ue of university rankings and their use is a con-
troversial subject worldwide. Whilst some see
in these rankings an indispensable basis for real-
istically assessing the performance of individual
higher education institutions and a country's
entire higher education system, others point to
fundamental differences between higher educa-
tion systems in various countries and between
different types of higher education institutions,
which makes any comparison or assessment on
the basis of a limited number of indicators im-
practical, if not misleading.®’

Though rankings do not play a central role in
the development of Austrian universities strate-
gic plans, universities that have ranked highly
do increasingly make use of this fact in their
public relations efforts, and these rankings in-
crease the university's attractiveness for re-
search staff and students. The Federal Ministry
of Science and Research launched the project
“Austrian Universities and University Rank-
ings” in September 2013 to increase and evalu-
ate possibilities for improving the positions of
Austrian universities in the rankings and to
identify and implement suitable measures to do
so. Within the framework of this project, the
twelve participating universities developed pro-
posals, which are meant to be implemented by
universities individually as well as in a concert-
ed manner across universities and at a political
level with due regard to prevailing strategies
and the current political situation, in order to
improve the positions of Austrian universities
in the identified rankings. Appropriate mea-
sures and strategies were devised at the same
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time to optimise communications regarding
this topic within the university and research
sector as well as to the broader public. Prelimi-
nary results are expected in autumn 2014.

The following section presents several inter-
national rankings and identifies the position of
Austrian universities in these. Shared character-
istics amongst rankings are discussed first. This
is followed by a detailed description of the
Times Higher Education Ranking and an over-
view of the methods and results of the Shanghai
Rankings, the Leiden Rankings and the Webo-
metrics Rankings. These four rankings have
been chosen because they use different method-
ological criteria. The section concludes with a
presentation of U-Map and U-Ranking, two Eu-
ropean initiatives for ranking universities.

Function and characteristics of rankings

Rankings can be found in a number of contexts
in the business world and in society more gener-
ally. All of them hold in common the idea that a
group of comparable units can be organised so
that any unit's position in the series can be un-
derstood as an expression of value. The same is
true of university rankings. They are meant to
depict the quality of individual universities ac-
cording to a variety of criteria (research, super-
vision, etc.) by the rank they occupy. The con-
cept of university rankings originated in the US
and Canada, where rankings are an essential
piece of information for prospective students
when choosing their place of study. These rank-
ings were originally restricted to universities in
one country.

University rankings have three characteris-
tics in common: institutional differentiation,
aggregation and the resultant ranking schema.®
Institutional differentiation here means that the
ranking is of the entire university and there is
no differentiation made amongst individual
component units. One finds this principle in-

68 See Federkeil (2013).
69 See Federkeil et al. (2012).
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creasingly softening (all of the rankings dis-
cussed in this text began reporting results for
individual units some time ago), but globally
the emphasis is still on a comparison of univer-
sities as a whole.

The second defining characteristic shared by
almost all international rankings is the aggrega-
tion, which is calculated on the basis of individ-
ual, weighted indicators: the so-called “compos-
ite indicator”. This composite indicator is ulti-
mately the figure that is able to describe the
performance of a complex organisation such as a
university.”” The designers of each ranking de-
termine the weighting that each individual indi-
cator has in determining the composite indica-
tor. The number of indicators that are taken in-
to account in determining the aggregate value
ranges from six to 13 with corresponding
weights of anything between 2.25% to 30%.
There are also differences in the indicators cho-
sen. The Shanghai Ranking and the Times High-
er Education (THE) Ranking attempt to depict
the multiple aspects of the performance of a
university by including a large number of indi-
cators, whereas the Webometrics Ranking pri-
marily emphasises a university's web presence;
the Leiden Ranking, on the other hand, concen-
trates on bibliometric indicators in assessing a
university's research performance.

The third fundamental element of ranking is
the assigning of an exact position in the ranks,
the so-called “league tables”, whereby each ag-
gregate value, which is derived from the weight-
ed individual indicators, is translated into a spe-
cific position in the series.

The four rankings presented below pursue
different methodological approaches: the Times
Higher Education Ranking and Shanghai Rank-
ing are examples of “international global league
tables”, the Leiden Ranking one of “bibliomet-
ric ranking” and Webometrics represents an ex-
ample of “web ranking”.
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Times Higher Education (THE) Ranking

The Times Higher World University Ranking
has been a joint effort of the Times Higher Edu-
cation magazine’ with Thompson Reuters
since the magazine ended its cooperative rela-
tionship with Quacquarelli Symonds in 2010.
Currently, the world's best 400 universities are
ranked. The top 100 universities are additional-
ly ranked according to subject. The 13 indica-
tors from five categories are meant to fully ac-
count for the primary functions of universities:
education, research and science (see Table 20).

In addition to the use of bibliometric data in
compiling the ranking, two large surveys are in-
cluded, the results of which comprise the larg-
est proportion of the education and research cat-
egories in accordance with the respective
weighting of the individual indicators. The first
survey is the “Thomson Reuters academic rep-
utation survey”, an annual, global question-
naire in which academics rate the reputation of
university institutions with respect to research
and teaching. The second institution-focused
survey collects detailed information about the
activities of various units within the institution
under examination. THE rates the Citations in-
dicator, with is weighted at 30%, as the founda-
tion for its ranking method. Around 12,000 jour-
nals from Thompson Reuters” “Web of Science”
database are consulted. This is followed by the
Research reputation and Teaching reputation
indicators (see Table 20). The indicators are
standardised by taking the mean value and di-
viding it by the standard deviation.

One criticism of the methodology behind the
Times Higher Education ranking is that univer-
sities in English-speaking countries have an ad-
vantage when it comes to citations-based indi-
cators such as the Times Higher Education “Ci-
tations” indicator, because researchers at uni-

70 See www.timeshighereducation.co.uk.
71 See van Leeuwen et al. (2001).

versities in non-English-speaking countries will
tend to publish at least some of their work in
national languages other than English. The
mean citation rates for these tend to be lower
because only a smaller proportion of the scien-
tific community has access to these publica-
tions.”! This indicator also appears to provide an
advantage to large universities since citations
are not normalised according to the size of the
university or its publications output.”

At the same time, the two reputation indica-
tors based on surveys seem to privilege the most
well-known universities from the largest coun-
tries since the sample size (10,000 participants
worldwide for each) presumably allows the in-
clusion of only a limited number of people from
smaller countries.

American and British universities occupied
the top ten positions on the Times Higher Edu-
cation Ranking 2013/14 (Table 21). Austria was
represented amongst the best 200 universities
with the University of Vienna at 170. For rank-
ings lower than 200, the Times Higher Educa-
tion Ranking provides ranges instead of precise
ranks or composite indicators.

On comparing individual indicators, it be-
comes apparent that Austrian universities
achieve lower scores especially when it comes
to the teaching and research indicators. As men-
tioned above, these two indicators are based on
surveys and thus dependent on the subjective
assessments of respondents, which is presum-
ably affected by the name recognition associat-
ed with any particular university. Smaller, spe-
cialised universities, which are characteristic of
the Austrian higher education system, are likely
to be less well-known and will therefore achieve
lower results. The values achieved for citations
and especially for the indicator “International
perspective” are notably higher.

The Quacquarelli Symonds World University

72 The Times Higher Education website states: “We examine research influence by capturing the number of times a university's pub-
lished work is cited by scholars globally”, and this can be accessed at: http://www.timeshighereducation.co.uk/world-university-rank-

ings/2013-14/world-ranking/methodology.
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Table 20: Times Higher Education indicators

T hcaos | Weighing | Commems |

Teaching

e Educational reputation 15.00%
o Students per academic 4.50%
e PhDs awarded to Bachelors awarded 2.25%
e PhDs awarded per scientist 6.00%
e Income per academic 2.25%
Research

e Research reputation 18.00%
e Research productivity 6.00%
e Research funds 6.00%
Income from manufacturing 2.50%
Citations 30.00%
International outlook

e International students 2.50%
o |nternational co-publications 2.50%
o Ratio of international/domestic students 2.50%

Source: website (www.timeshighereducation.co.uk). AIT graphic.

Based on questionnaires to around 10,000 academics globally
Measure for the quality of the teaching

Based on survey of around 10,000 participants

Adjusted to the number of employees and exchange rates. The various types
of government funding for the individual research areas are also taken into
account.

Commercialisation of the university's innovations measured against the
number of employees

Cited publications of the university in the Thomson Reuters “Web of Science
database consisting of 12,000 scientific periodicals

”

Table 21: Position of Austrian universities in the Times Higher Education Ranking, 2013/2014

International Income from
I I I R P e

California Inst. of Technology 94.9 94.4
2 Oxford University 93.9 89.0
3 Harvard University 93.9 95.3
170 University of Vienna 46.2 35.8
201 225 University of Innsbruck - 25.2
226 — 250 Vienna University of Technology - 39.2
251275 Medical University of Vienna - 25.9
351 —400 University of Graz - 24.6
351 —400 University of Linz - 20

Source: website (www.timeshighereducation.co.uk). AIT graphic.

Ranking (QS) should also be considered in con-
junction with the Times Higher Education
Ranking. The two cooperated in data acquisi-
tion up until 2009. The QS Ranking continues
to use the process that was jointly developed,
whereas the Times Higher Education Ranking
adapted the process as of 2010. The QS Ranking
additionally assigns positions to universities in
various subject areas (subject ranking). A total

72

65.8 91.2 98.2 99.8
90.2 90.3 98.5 95.4
66.2 40.6 98.5 99.1
89.5 293 36.1 57.4
91.4 40.2 172 70.6
72.4 66.6 30.8 40.9
69.4 33.7 16.9 68.3
59.9 29.5 144 51
57.7 419 153 51

of 29 subjects in five different subject areas are
singled out. In Arts & Humanities, the Univer-
sity of Vienna was for instance ranked 54 and
the Vienna University of Technology was ranked
195. The University of Vienna was ranked in the
range of 51-100 in Mathematics, whilst the Vi-
enna University of Technology placed in the
range 101-150.

Subject rankings are gaining in importance
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internationally since performance can be anal-
ysed in a more differentiated manner at the lev-
el of individual subjects. The Shanghai Ranking
(though only for five designated subject areas),
the German-language ranking produced by the
CHE (Centre for Higher Education Develop-
ment) and the ranking provided by Leiden Uni-
versity (CWTS Leiden Ranking) all report re-
sults on the level of individual subjects. There is
unfortunately insufficient space here to evalu-
ate the performance of Austrian universities in
these subject rankings in further detail.

Shanghai Ranking

The Academic Ranking of World Universities —
or the 'Shanghai Ranking” for short — was origi-
nally commissioned by the Chinese government
in order to classify the quality of Chinese uni-
versities in the globally competitive areas of re-

Table 22: Shanghai Ranking indicators

search, the natural sciences and engineering.”
The Shanghai Ranking has been produced by the
Shanghai Ranking Consultancy since 2009 (be-
fore that it was produced by Shanghai Jiao Tong
University).

The Shanghai Ranking is based on the num-
ber and rate of citations of scientific publica-
tions, articles published in leading journals and
the number of prestigious awards such as the
Nobel Prize (Table 22). It compares the world's
top 500 universities. Each indicator is subject to
standardisation, in which the best institutions
are awarded a value of 100 and the remaining
institutions are assigned a proportional score.
The sum of the indicators after weighting pro-
vides the respective aggregate score for each in-
stitution. The top 100 universities are awarded
exact rankings whilst only ranges are provided
for the remaining institutions. A short note
should be added here about the weighting in-

Quality of the education

o Alumni: alumni who have received a Nobel prize or a Fields 10%
Medal

Quality of the institution

o Award: Researchers who have received a Nobel prize or a 20%
Fields Medal
o HiCi: Frequently cited researchers in 21 categories 20%

Research output
o N&S: Articles published in “Nature & Science” (2008-2012) 20%

e PUP: 'Science Citation Index-Expanded” & 'Social Science 20%
Citation Index” articles (2012)

Size of the institution

e PCP: Academic output in view of the size of the university 10%
Source: website (www.shanghairanking.com). AIT graphic.

73  See Federkeil (2013).
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Different weighting within the indicator according to degree completed at the
relevant university by the prize winner: 100% ... 2001 — 2010; 90% ... 1991
—2000; ...; 10% ... 1911 — 1920

Different weighting within the indicator according to receipt of the prize:
100% ... 2011 - 2013; 90% ... 2001 — 2010; ...; 10% ... 1921 — 1930

The relevant weighting was left to the cited individual's discretion in the
case of citations in multiple categories. No information from the individuals
resulted in automatic weighting.

Differentiation between primary (100%), secondary (50%) and tertiary
(25%) sources.

Different weighting: Science Citation / Social Science —1/2

For the calculation the weighted scores from the other indicators are divided
by the number of full-time teaching academics. If the number for this
teaching staff cannot be ascertained then this indicator is provided with the
total result of the absolute indicators with a 10% weighting.
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volved in the indicators Alumni and Award.
Universities whose researchers won awards be-
tween 2001 and 2010 are given a higher percent-
age score than universities with researchers
who won awards before this period. Similar
weighting decisions have been taken with re-
gard to other indicators in order to make the
process more transparent.’*

The highest rank for an Austrian university is
that of the University of Vienna in the range
151-200. With the exception of the Medical Uni-
versity of Vienna and the University of Inns-
bruck, all other Austrian universities are ranked
in the bottom fifth. On examination of the par-
ticular indicators, it becomes clear that this
poor performance is due to a lack of Nobel Prize
or Fields Medal winners.

One critical response to the Shanghai Rank-
ing is that the weighting of the Alumni and
Award indicators disadvantage newer and small-
er universities. The use of indicators based on
the absolute number of a university's publica-
tions in the scientific journals Nature and Sci-
ence or the absolute number of articles in jour-
nals that are included in the Science Citation
Index and Social Sciences Citation Index create

Table 23: Leiden Ranking indicators

a bias towards large universities. Thus the Uni-
versity of Vienna fell at least 70 places in the
Shanghai Ranking from 85 in 2005 to the range
151-200 in 2006 because of the new establish-
ment of the Medical University of Vienna.

Leiden Ranking

In contrast to the Shanghai Ranking and the
Times Higher Education Ranking, the ranking
produced by the “Centre for Science and Tech-
nology Studies” (CWTS) at Leiden University is
based solely on bibliometric information, more
specifically the number of scientific publica-
tions produced by each university and how fre-
quently they are cited by other publications. In
addition to four citation indicators, so-called
cooperation indicators have recently begun be-
ing included to account for a further aspect of
scientific cooperation (Table 23). In addition,
the Leiden Ranking does without a composite
indicator, providing ranks for various individual
indicators instead.

The Medical Universities of Innsbruck and
Vienna found themselves listed amongst the top
200 universities, at places 170 and 176 respec-

Citation indicators
o Total number of publications (P)
e \Median citation score (MCS)

e Median normalised citation score (MNCS)
e Proportion of Top 10% publications (PPTop10%)

Cooperation indicators

e Proportion of inter-institutional co-publications
(PP collab)

e Proportion of international co-publications (PPInt collab)
e Proportion of industrial co-publications (PP Ul collab)

o Average distance of cooperation partners (MGCD)

Source: website (www.leidenranking.com). AIT graphic

74 See www.shanghairanking.com.

74

Normalisation with regard to differences in specialist areas, year of publication
and type of document.

Publications by a university which is in the 10% most cited publications per
subject and year compared with similar institutions.

Publications which resulted from collaboration with one or more organisations.
Publications which resulted from collaboration with one or more countries.

Publications which resulted from collaboration with one or more industrial
partners.
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tively, in the 2013 annual ranking of universi-
ties according to their number of top 10% publi-
cations. They are followed by the University of
Vienna at place 249. What is remarkable from
the Austrian perspective is the ranking accord-
ing to international co-publications, in which
the University of Vienna came in sixth, the
Medical University of Innsbruck came in at 18
and the Vienna University of Technology at 19.
The Leiden Ranking also provides indicators for
international institutional comparison exclud-
ing non-English-language publications by virtue
of the fact that it assigns different significance
to non-English-language publications from uni-
versities in English-speaking and non-En-
glish-speaking countries.

Webometrics Ranking

The “Ranking Web”, also known as Webomet-
rics, is released twice annually and is the largest
ranking of universities worldwide, covering
22,000 higher education institutions. This rank-
ing is also the only one that includes universi-
ties of applied sciences. Originally intended to
fund online journals, web presence is now even
more prominent as the central factor in this ini-
tiative, begun in 2004 by CyberMetrics Lab
(Spain).”® Online presence is regarded here as a
measure of each institution's activity and visi-
bility. The entirety of the World Wide Web is
considered the data basis for the ranking, mean-
ing the data used far exceeds the research output
of any university. The indicator Impact, which
is weighted at 50%, is the most significant,
whereby the number of external links (back-
links) are considered to be representative of an
institution's prestige and its academic perfor-
mance among other various types of perfor-
mance. As with other rankings, Webometrics
also weights individual indicators (Impact, Pres-
ence, Openness, Excellence) and calculates a

75 See www.webometrics.info.
76  See http://www.ireg-observatory.org/.
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composite indicator.

In spite of the thoroughly different methodol-
ogy, well-known American and British universi-
ties including Harvard, MIT and Stanford also
lead the Webometrics tables. The University of
Vienna's performance here, at place 78, is better
than in other rankings, whilst Vienna Universi-
ty of Technology, the University of Innsbruck,
the University of Graz and the Graz University
of Technology are all included amongst the 500
best universities worldwide. What is notable is
that the Medical Universities of Innsbruck and
Vienna, both of which placed amongst the top
250 universities in the world in the Leiden
Ranking, achieved poorer results here. This is
evidence that publications play a more limited
role in this ranking.

U-Map and U-Multirank

Since 2005 the European Commission has sup-
ported the development of a university classifi-
cation scheme that aims to overcome the meth-
odological weaknesses of existing rankings. The
European Union is thus reacting to the recom-
mendation made by the IREG (International
Ranking Expert Group) in the context of a meet-
ing held in Berlin in 2006 in which a collection
of principals for good ranking practices was pre-
sented, the “Berlin Principles on Ranking of
Higher Education Institutions”.”® This is a set of
16 principals of transparency (e.g. clarity and
purpose of the survey, the disclosure of sources
and method) that ought to be fundamental to
any ranking schema.

Five years of funding was made available be-
tween 2005 and 2010 for the project “U-Map:
The European Classification of Higher Educa-
tion Institutions”, the implementation of which
was the responsibility primarily of the Centre
for Higher Education Policy Studies (CHEPS) at
the University of Twente in the Netherlands.
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U-Map is not meant to rank universities; its de-
velopment was meant to enable the classifica-
tion of all European universities and thereby
improve the international comparability of uni-
versities (and types of higher education institu-
tions). The portfolio of activities that forms the
basis of the examination includes far more than
research and teaching. U-Map also allows for
the inclusion of universities of applied sciences
and colleges, which tend to be ignored by estab-
lished ranking systems because of their limited
focus on research. U-Map is based on activity
indicators and does not include any output indi-
cators for comparative performance assessment.
It includes 29 indicators classed under Teaching
and Learning Profile, Involvement in Knowl-
edge Exchange, Student Profile, International
Orientation, Research Involvement and Region-
al Engagement. These are meant to encompass
all of the relevant aspects of a university's
work.”” The presentation of each profile is not
based on a composite indicator but rather with
the help of a graphic profile. Using these pro-
files, users ought to be able to determine wheth-
er a comparison of the chosen universities is
reasonable according to the criteria they have
selected (with respect to research performance,
for example).

U-Multirank (“European Multidimensional
Global University Ranking”) is a ranking that
has grown out of U-Map. The feasibility stage
was completed in 2011 and preliminary results
will be available in 2014. It uses the same group-
ings as U-Map but aims to provide a perfor-
mance assessment. U-Multirank encompasses
institutional and subject-based rankings with
the objective of comparing similar universities
(on the basis of their classifications). It is multi-
dimensional and the indicators are designed so
that they are not influenced by the size of the
university. There is no simplification of the re-
sults through the use of a composite indicator.”

77 see Van Vught et al. (2010).
78 see Callaert et al. (2012).
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Thus, in contrast to established current ranking
systems, no decisive ranking is possible with
this schema. U-Multirank distinguishes itself
clearly from other ranking systems by virtue of
the broad array of dimensions it takes into ac-
count and its foregoing the use of a composite
indicator.

U-Map and U-Multirank require information
that is in many cases only available from the
universities themselves. The universities are
therefore actively involved in the data collec-
tion process. Individual universities participate
voluntarily. As a result, only certain Austrian
universities are included in U-Map and U-Mul-
tirank. A comparison of entire national higher
education systems is not possible.

Summary

The past several years have seen the appearance
of numerous efforts to compare the performanc-
es of universities internationally and to express
these findings in the form of rankings. These
rankings are based on a variety of indicators, in-
cluding publications, citations and third-party
funding but also a university's reputation when
it comes to research and teaching or its presence
online.

The best Austrian universities rank in the
range of 100-200, which means that Austrian
universities are among the top 10% of universi-
ties worldwide. With its three universities plac-
ing amongst the Top 400 in the Times Higher
Education Rankings, Vienna is one of the lead-
ing global locations for higher education. The
University of Vienna is the highest ranked Aus-
trian university in most rankings, which is also
a result of its size. The Medical Universities of
Vienna and Innsbruck do remarkably well ac-
cording to bibliometric indicators, which can be
put down partially to differences in publishing
activity amongst various academic disciplines.
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There are generally no more than three or four
Austrian universities represented on the lists.

A comparison of the Austrian universities
that made the list indicates that size and there-
fore name recognition are important factors in
being included in rankings. Size, based on the
number of students, influences a large number
of factors and results in a high per-head-value.
Compared to other universities that have ranked
very highly, Austrian universities have up to ten
times more students per researcher yet still
start off from a worse position. In addition, En-
glish-speaking universities especially benefit
from their popularity and their international
reputation (around 10,000 people are surveyed
for the Times Higher Education Ranking, for ex-
ample), which means that many less well-
known universities must struggle to avoid get-
ting lost in this global playing field.

Finally, university rankings should also be
evaluated with respect to their significance for
societal and economic development. Rankings
results are determined by a relatively small
group of the best academics worldwide who are
able to contribute their excellent reputations
and high number of citations. With respect to
growth and engagement, however, academics
who are not “star scientists” but who do the
bulk of teaching contribute as much as do re-
searchers with strong publication profiles.

Whilst the development of several methods
over the past few years have addressed some of
the criticisms, the sheer number of different ap-
proaches makes it difficult to appropriately in-
terpret changes in a university's position in the
rankings over time.” It is often noted that im-
provements in a university's position in the

79 see Schleinzer (2013).

80 See Berner (2013).

81 See Hunter et al. (2009); Reinstaller et al. (2012).
82 see Laudel (2005).

83 see Docquier, Rapoport (2009); Tritah (2009).

84 see Finn (2010).

85 see Van Bouwel, Veugelers (2012), Grogger, Hanson (2013a, 2013a).
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rankings may well be a result of a change in the
methodology rather than any real improvement
in performance. In spite of the continuous move
towards subject-specific rankings, the primary
focus internationally with respect to university
rankings remains overwhelmingly on the re-
sults achieved by universities as a whole.
Given the structure and budgetary situation
of Austrian universities, it is difficult to imag-
ine them achieving an improved position on in-
ternational league tables and bibliometric rank-
ings. As discussed above, the established rank-
ing methods privilege large universities from
the English-speaking world, which have notably
larger budgets available.® Many rankings (e.g.
the Shanghai Ranking) do not adequately ac-
count for the size of the university in relation to
its output. Funding of and improvements in the
areas of publications and supervision are proba-
bly the most feasible way of improving the posi-
tions of Austrian universities in the rankings.

3.2  University researcher salaries

Researchers are a highly internationally mobile
population. There are empirically based esti-
mates that up to 50% of researchers work in a
country other than that of their birth.®! Young
researchers at the beginning of their careers are
especially internationally mobile, whereas es-
tablished researchers tend to display decreased
mobility.®* It has additionally been noted that
the direction of mobility is primarily towards
the privileged, prestigious research universities
in the US,* and that European PhD students
(with up to 70% remaining)® and the most tal-
ented researchers tend to remain in the US.%
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Those interested in the future of academic re-
search must not only take note of the exodus of
highly talented researchers, but also the ramifi-
cations this has on the conditions for scientific
research in Europe. The suboptimal circum-
stances that result from the asymmetrical mi-
gration of researchers equally affects those sci-
entists who remain in Europe. The potential for
development in European science is therefore
limited not only by migration (brain drain),5¢
but also the reduced number of scientists who
are active in Furope®’

European universities must be able to provide
attractive conditions if they hope to recruit
highly qualified researchers. In the context of
international mobility, these conditions can be
seen as a motivation for mobility in terms of
costs and benefits,® or in other words, highly
qualified workers tend to migrate to those plac-
es where their skills are rewarded most hand-
somely.® The benefit can be estimated by com-
paring the push and pull factors. Push factors
may include insufficient research funding, lim-
ited job availability and low salaries, whilst pull
factors may revolve around a large academic job
market, prestigious colleagues, career perspec-
tives and high salaries. Costs may arise related
to adapting to one's new environment (language,
culture, quality of life), the loss of social and
family circles as well as professional networks.
In general, however, highly qualified research-
ers find that their costs are modest.

One survey that asked researchers® about the
most important factors related to a university's

attractiveness revealed that academic jobs which
offer good career prospects thanks to expected re-
search outcomes were especially important for
young researchers, as was autonomy early on
when it comes to research and funding. The qual-
ity of one's colleagues, the availability of research
funding for one's own work (such as funding from
Austria's Science Fund — FWF) and the balance be-
tween teaching and research are important for
both young and established researchers. The qual-
ity of life only plays a role insofar as researchers
tend to be interested in destinations in which the
quality of life reflects that of the country in which
they currently live. A better quality of life than
that in their current home country does not ap-
pear to be a priority for researchers. Established
researchers prefer positions with university-inter-
nal funding for their research, sufficient adminis-
trative support services and transparent perfor-
mance-related salary scales.

In addition to the range of factors detailed
above, compensation (including benefits such as
health insurance and pension) plays an important
role in determining the attractiveness of a job for
researchers, and its importance increases with
age.”! The pool of funding for researcher compen-
sation must be sufficiently high if a country is to
fare well in the international competition for the
cleverest individuals, a competition that is be-
coming increasingly tight.”?> Salaries at Austrian
universities are subject to the relevant provisions
contained in the collective agreements, which de-
fine minimum salaries for the employment cate-
gories A through C* as follows:**

86 In addition to the brain drain in the USA there are also flows in mobility which can be observed of researchers from less attractive to
more attractive countries within the EU, with the individual EU Member States affected by brain drain at differing levels of intensity.

87 see Janger, Nowotny (2013).

88 see Docquier, Rapoport (2012).

89 see Borjas (1999), Heckman, Honoré (1990), OECD (2008).
90 see Janger, Nowotny (2013).

91 Ibid.

92 see Janger et al. (2012).

94
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Classification into the employment categories is implemented primarily by the university administration using the relevant researcher
qualification. Reaching a certain qualification level does not mean that the relevant individual automatically moves up to the next
employment category. The additional presentation is limited to the employment categories involved in research, with e.g. the group of
teachers involved purely in teaching (B2) disregarded.

see Collective agreement for university employees 2013, version with 4th supplement.
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e Al:university professors who have been fully
appointed

e A2: research or artistic staff in accordance
with qualifications agreements

e Bl: postdocs, senior scientists, senior artists,
senior lecturers, project-specific staff mem-
bers with the appropriate master's or degree
programme qualification

e B2: lectors

e C: student employees who are not classified
as project-specific staff as in B1

The salary structure covered by the collective
agreement follows the principle of seniority.
The minimum salary is determined by the
number of years of service and increases follow
after the completion of additional years of ser-

vice. The monthly gross salary for a university
professor (Al) as of 2013 amounts to at least
€4,601.20 and increases after six years to
€5,054.40 and to €6,413.80 after 24 years (see
Table 24). The monthly starting gross salary for
research and artistic staff in accordance with
the qualifications agreement is €3,468.30 and
this increases to €4,034.70 with a doctorate.
Reaching the agreed qualification increases the
gross salary to €4,374.60. After 24 years of ser-
vice, researchers belonging to group A2 receive
a salary of €6,187.30 as in accordance with the
collective agreement. Postdocs and all other
university researchers belonging to group Bl
receive a gross monthly salary of €2,562.00,
which increases after three years to €3,043.60.
Depending on which group he or she previously

Table 24: Collective agreement salaries for researchers at Austrian universities, 2013 (in €)

Salary at appointment (with applicable doctorate or PhD)

Following fulfilment of the qualification agreement (Section 27)
After 3 years

After 6 years

After 8 years at the relevant preliminary stage

After 12 years

After 18 years

After 24 years

Employment categories

Gross monthly salary

4,601.20 é:ggﬁ:?g) 2,562.00
4,374.60

3,043.60
5,054.40 4,827.80

341170

3,779.90

3,978.20
5,507.50 5,280.90
5,960.70 5,734.10
6,413.80 6,187.30

Source: Collective agreement for university employees 2013. Version with 4th supplement; section 49 note: Al: at least one positive evaluation
is required in the relevant period according to the UG 2002; A2: once the qualification agreement is fulfilled the relevant salary increase takes
place following a positive evaluation of the activity within the relevant period as an associate professor according to UG; B1: the three-year pe-
riod may be reduced in the event of previous experience; first increase after eight years of activity may take place sooner through a doctorate if

this was a prerequisite for a post-doc position.

*) The amounts are increased following eight years of activity in different ways depending on the prior classification.
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belonged to, a researcher classified in group Bl
will receive a gross monthly salary of €3,411.70,
€3,779.90 or €3,978.20 after eight years.

More detailed figures regarding researcher
salaries at Austrian universities that would, for
example, shed light on average salaries at vari-
ous stages of one's career separate from the col-
lective wage agreement are not currently pub-
licly available.”®> Any comparison of Austrian
salaries to salaries worldwide is therefore possi-
ble only to a limited degree. Though universi-
ties are free to set salaries as they choose,”®
most tend to follow the collective agreement,
especially for researchers in the lower salary
groups, though it can be established that uni-
versities tend to make use of the right to exceed
the stated salary ranges more frequently for
men than they do for women.”” On the other
hand, the study that will be discussed below
demonstrates that an international comparison
of university researcher salaries according to
career stages reveals no major differences,
whether the comparison is based on minimum,
average or even top salaries. Countries that pro-
vide higher minimum salary amounts also tend
to pay higher salaries at the middle and top of
the salary range, and vice versa. Thus a compar-
ison of Austria with other countries is valid in
spite of the limited availability of data.

The following international comparison is
based on a study ordered by the European Com-
mission,”® in which researcher salaries were

compared across the 28 EU member states (with
the exception of Slovakia and Malta), eleven
other European countries and nine additional
countries for 2011.* Researchers were divided
into four groups according to a classification
scheme proposed by the European Commis-
sion'® in order to provide correspondence
amongst the various career paths and positions
in the different national university systems.
e R1: First Stage Researcher (up to the point of
PhD)
e R2: Recognised Researcher (PhD holders or
equivalent who are not yet fully independent)
e R3: Established Researcher (researchers who
have developed a level of independence)
e R4: Leading Researcher (researchers leading
their research area or their field)

Table 25 presents an international comparison
of the university researchers, gross annual sala-
ries, adjusted for purchasing power. The mini-
mum, average and top salaries for each career
stage are depicted as percentages of the corre-
sponding salaries in the country that pays the
highest salary in each category (R1-R4).

One can see that salaries, adjusted for pur-
chasing power, of researchers at Austrian uni-
versities lie notably above the averages for the
EU as well as that for the OECD countries. This
is true for all career stages R1-R4 and for the
comparison amongst the EU-28 member states
as well as the comparison amongst the EU-15.

95  Available sources such as the Court of Audit Report on average income and additional benefits for pensions in the public economy in

96

97

98

the federation in 2011 and 2012 are limited to average values for salaries across all positions. This does not allow any inferences to be
made regarding actual salaries for individual career stages and is therefore only of limited significance for this item.

See Collective agreement for university employees 2013. Version with 4th supplement; section 49 (13): “Overpayments based on indi-
vidual agreements are permissible”.

The Court of Audit Report on the “Effects of the collective agreement on employees at universities” (federation 2014/3) shows that
both the proportion of researchers with a qualification agreement and of those with salaries above the collective agreement (overpay-
ments) at the universities examined was significantly greater among men than among women. The Intellectual Capital Statements
2012 accordingly reveal an overall gender pay gap of around 10% across all positions to the detriment of women, i.e. the salaries of
women adjusted for working hours equated overall to 90% of the salaries of men adjusted for working hours, with the difference dis-
torted to the detriment of women as a result of the lower number of women at higher career levels.

see Unterlass et. al. (2013b).

This study does not take into account contracts or salary scales no longer offered, since those positions or contracts which are acces-
sible to new hires are the ones which are relevant for international competition for highly qualified researchers. The focus was also
placed on those positions which most closely resemble the university career model of doctoral candidate to professorship. Accordingly
positions financed by third-party funds or project-related positions were not taken into account.

100 See European Commission (2011).
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Austrian salaries represent between 65% (R1) the EU-15 group is between 60% and 65%, and
and 80% (R2) of the salaries paid in the country the average for the 28 EU member states is be-
with the highest salary, whereas the average for tween 45% and 55%. In the OECD comparison,

Table 25: Gross annual salaries and doctoral grants of university researchers as a % of the highest-paying country in
the relevant career level'"!

-_
[ wm [ & [ R[] R ]
EU states as % of the relevant international maximum values in the relevant career level, rounded figure
Belgium >80 75 . >80 80 75 . 80 80 65 . >80 0 70 . 75 65 80 . 55
Bulgaria <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 20 20 <20
Denmark 75 65 >80 70 65 65 70 50 65 60 70 60 60 65 65 50 >80 >80 >80 70
Germany 80 80 . 75 0 70 . 65 65 65 . 65 60 65 . 50 40 45 . 35
Estonia . . . . 35 . 35 . 35 . 35 . 40 . 40 . 20 . 20 .
Finland 45 35 55 45 5 50 60 50 60 45 70 60 . . . . 30 . . 30
France 3/ 3 . 35 25 25 . 25 45 30 55 50 45 35 50 45 55 . 55
Greece <20 . <20 <20 50 45 55 45 45 40 50 45 40 40 45 35 20 . 20 .
Ireland . . . . 50 50 . 55 B 75 . 75 >80 80 . >80 40 50 . 30
Italy . . . . 60 60 . 5] 65 65 . . 0 70 . . 55 55 . .
Croatia 50 . 50 . 45 . 45 . 45 . 45 . 55 . 55 . 30 . . 30
Latvia <20 <20 . . 20 20 . . . . . . <20 <20 . . . . . .
Lithuania <20 <20 . <20 <20 <20 . <20 <20 <20 . 20 <20 <20 . <20 <20 20 . <20
Luxembourg
Malta . . . . . . . . . . . . . . . .
Netherlands 65 60 >80 60 75 55 >80 80 >80 >80 >80 >80 >80 80 >80 80
Austria 0 170 . . 80 80 . . 65 65 . . 70 170 . . . .
Poland 25 2 . 25 3 25 . 30 3 25 . 40 30 25 . 35 20 20 . .
Portugal . . . . 75 75 >80 60 65 65 75 60 60 70 65 50 50 45 60 45
Romania <20 <20 20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 20 <20 20 2
Sweden 60 50 70 50 55 60 65 50 55 50 60 55 55 60 60 50
Slovakia . . . . . . . . . . . . . . . . . . . .
Slovenia 55 45 70 55 70 60 80 65 65 60 75 65 55 55 55 45 30 <20 25 65
Spain 40 40 5 3 45 50 50 40 60 50 70 65 55 55 60 50 50 55 55 40
Czech Republic 3% 25 45 3 40 20 35 60 40 30 40 55 50 35 40 80 <20 <20 <20 <20
Hungary 25 25 . . 25 25 . . 25 25 . . BIES . . 20 . 20 .
United Kingdom 15 . 45 >80 55 50 65 55 65 5 70 70 75 8 75 . 70 55 55 >80
Cyprus 65 55 . 75 >80 >80 . >80 >80 >80 . >80 80 >80 . 70
Non EU-states
Brazil >80 >80 . . >80 >80 . . >80 >80 . . >80 >80 . .
China . . . . 25 25 25 2% 25 25 25 30 25 20 25 3
Japan 75 55 >80 80 700 65 80 70 0 65 75 70 65 70 65 55 . . . .
Canada . . . . 45 . 45 . 80 45 >80 >80 70 45 >80 . 3 <20 . 60
Norway >80 75 >80 >80 80* 75% >80* 75* 65* 60* 75 65* 65 60 65 75
Switzerland 60 50 . 70 >80 >80 . >80 >80 >80 . >80 >80 70 . >80 . . .
USA 75 40 >80 >80 >80 75 >80 75 >80 >80 >80 >80 >80 >80 >80 >80 55 . 55
EU-15 (until EU expansion 2004) 60 55 60 60 60 60 65 55 65 60 70 65 65 65 65 60 50 60 55 50
EU-13 (as of EU expansion 2004) 3 25 40 3B 3/ 30 35 40 40 3% 3 45 3/ 35 3B 4 20 <20 20 25
EU-28 45 40 50 50 50 50 5 50 5 50 55 55 50 50 5 50 3% 40 40 40
Third countries 50 45 55 55 50 50 50 50 5 50 55 55 55 50 55 55 3/ 30 45 3
OECD 5 50 65 60 55 55 65 55 60 55 65 65 60 60 65 60 40 45 40 45

Source: MORE2 expert survey, Austrian Institute of Economic Research (WIFO) chart. On purchasing-power parities. *) Associate Professor
classified both as R2 and as R3, therefore values for R2 distorted upwards and R3 downwards. The following countries included in the MORE2
study are not reproduced in the table: Albania, Australia, Bosnia-Herzegovina, Faroe Islands, Iceland, Israel, Macedonia, Montenegro, Russia,
Serbia Singapore, South Korea, Turkey.

101 The relevant first column for each career level represents the mean value of the three statistics. This makes it possible to compare
between countries which do not have all values available. In order to account for any potential bias in terms of the data available the
resulting values were rounded to 5% in each case and values above 80% or below 20% of the highest-paying country were not stated
exactly.
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the salaries lie between 5 (R3) and 25 (R2) per-
centage points closer to the country with the
highest salaries than the average.

On the other hand, salaries lie significantly
behind those in the US. Average salaries and
grants in the US for the first career stage R1 tend
to be relatively low when adjusted for purchas-
ing power, though still around 5 percentage
points higher than Austria's in comparison to
the country with the highest salaries. However,
salaries increase significantly in the subsequent
stages. For career stages R2 through R4, the US
belongs to the group of countries with the high-
est researcher salaries when adjusted for pur-
chasing power, along with Belgium (R1), Brazil
(R1 through R4), Ireland (R4), the Netherlands
(R3 and R4), Switzerland (R2 through R4) and
Cyprus (R2 through R4). PhD students in Den-
mark receive the highest grant payments. The
Eastern European countries Bulgaria, Latvia,
Lithuania, Romania and Hungary lie at the oth-
er end of the spectrum with very low salaries. In
these countries university researchers some-
times earn less than 20% of what their col-
leagues in the best paying countries earn. Out-
side of the EU, salaries in Albania and China are
comparably low.

The gross monthly salaries for researchers in
Austria are most comparable to those in Germa-
ny, the Netherlands and Japan. Though German
doctoral students, for example, earn notably
more than Austrian students, German research-
ers in all later career stages earn less than their
Austrian colleagues. The reverse is true for the
Netherlands. In terms of comparison with other
EU countries, researchers earn considerably
more, when adjusted for purchasing power, in
Belgium and Cyprus, but researchers in the
Scandinavian countries lie quite a bit behind
Austria for some stages. Salaries in Denmark
are the closest to those in Austria. Outside of
the Furopean Union, Brazil, Norway and Swit-
zerland, in addition to the US, pay notably high-
er salaries to researchers.

102 See Unterlass et al. (2013b).
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One important component in universities
ability to recruit highly qualified researchers
amidst international competition is the flexibil-
ity to offer attractive salaries or to be able to ne-
gotiate these individually. As was demonstrated
by the MORE2 study, decisions about salaries in
especially those countries that are designated
“innovation leaders” are primarily taken by the
universities themselves.!*> Austrian universities
enjoy a great degree of autonomy, especially in
negotiating salaries for new hires (see Fig. 28).
Salary negotiations may be conducted on an in-
dividual basis; universities are markedly more
autonomous than the EU average. The autono-
my of Austrian universities related to negotia-
tions about salary rises and minimum salary
levels are similar to those in the US (see Fig. 28).

Any meaningful international comparison
must take into account a wide number of other
factors in addition to gross salary amounts.
These include, in addition to differences in pur-
chasing power and the cost of living, the quality
of life, social security provisions, labour market
regulations, taxes and social insurance contri-
butions and, particularly in the case of research-
ers, the research environment and research in-
frastructure. Thus gross salary amounts in two
different countries that are nominally the same
for the same type of position may have radically
different real values.

Similarly to many EU member states in com-
parison to non-EU countries, Austria possesses
comprehensive coverage through a compulsory
social insurance system. It is unclear whether
this more comprehensive insurance scheme in
EU countries can compensate for the slightly
lower gross annual salaries in comparison to non-
EU member countries (see Table 25). Whilst
health insurance is a legally required part of an
employee's compensation in almost all of the
countries examined, universities in non-EU coun-
tries frequently provide additional health insur-
ance coverage, and researchers in these countries,
particularly in the US, tend to more frequently

Austrian Research and Technology Report 2014
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Fig. 28: Selected indicators of relevant aspects in the salary scheme for university researchers. Austria in an

international comparison

Autonomy - minimum wage

Autonomy - salary at appointment Permanent contract

Autonomy -
salary increase

Gross annual salary R4

Gross annual salary R3 Gross annual salary R2

Doctoral grants

Source: MORE2 expert survey. Scaled, missing values (AT doctoral grants) set to zero. ‘Salary increase autonomy’, ‘Autonomy about salary at
appointment’, “Minimum salary autonomy”: institutional level at which the individual indicators are determined (national ... 1, regional, e.g.
regional governments ... 2, sectoral or collective agreements ... 3, university ... 4, individual negotiations ... 5). “Permanent contract”: earliest
career level (R1 to R4) at which a permanent contract is possible (maximum = R1). Gross annual salary R1 to R4, doctoral grant: on purchas-

ing-power parities, as % of the relevant international maximum values in this career level.

Fig. 29: Attractiveness of positions at Austrian universities in an international comparison
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Source: Janger et al. (2013).

103 The indicator averages scaled qualitative and quantitative partial indicators at values between 0 (minimum) and 1 (maximum) which
are relevant for the attractiveness of research positions (salaries, quality of life, organisation of the doctoral studies, career prospects,
research organisation, research units, ratio of teaching to research tasks, financing, quality of academic colleagues). In addition to the
average value, the indicator made up of the individual categories also depicts a statistical fluctuation range in order to account for the

potential bias in the qualitative indicators.
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purchase private insurance coverage. The situa-
tion is similar with regard to pensions. Though
most positions usually provide insurance cover-
age, universities outside of the EU tend to more
frequently provide additional packages. As with
health insurance, these more frequently tend to
be private pension funds in those non-EU coun-
tries that were examined in the study.

Though Austria provides thoroughly attrac-
tive conditions for researchers when it comes to
social security provisions when compared inter-
nationally (including in comparison to the US),
the situation is slightly different when it comes
to those conditions that researchers tend to rank
as important aside from salary. Scientists rank
the US as being particularly attractive as a place
in which to conduct research, followed by a group
of well-regarded European countries such as the
Netherlands, Sweden, Switzerland and Great
Britain. Austria ranks near Germany on this list,
followed closely by France and Italy (see Fig. 29).
In this analysis only Spain and Poland showed
lower scores for attractiveness. Austria was con-
sidered relatively less attractive in international
comparison when it comes to conditions for doc-
toral students, career perspectives for young re-
searchers, research organisation at universities
and the quality of colleagues in one's field.!*

To summarise, Austria is above average in
terms of university researcher salaries in com-
parison with other EU member states as well as
in comparison with OECD countries, though
salaries do tend to be notably lower than those
in the countries with the highest salaries. Fi-
nancial compensation, however, must not be
examined separately from other conditions that
researchers consider to be important if the aim
is an accurate assessment of the attractiveness
of salaries and university positions. The US es-
pecially, but also a group of European countries,
distinguish themselves by virtue of superior
general and working conditions (such as aca-

104 See Janger et al. (2013).
105 See Times Higher Education (2013a).

demic jobs that already offer clear career pros-
pects from early stages) as well as high degrees
of autonomy when it comes to one's research,
the quality and prestige of researchers and high
salaries. In this international comparison,
Austria ranks in the middle range.

3.3 Business enterprise funding of universities

Compared with other countries, public funding
traditionally constitutes a high proportion of
the R&D funding structure in the Austrian
higher education sector (2011: 88.3% This goes
hand in hand with the fact that the business en-
terprise sector contributes a far lower portion of
the funding (5.2%, for more see Chapter 1.2).

As part of the Times Higher Education World
University Ranking of the “World Academic
Summit Innovation Index”'® assessed how
much funding researchers at universities were
able to secure for the acquisition of R&D from
businesses, both nationally and internationally.
With an average of US$11,300 per researcher,
Austria came in 27th out of 30 countries (cf. Ta-
ble 26). Researchers in South Korea (US$97,900)
and Singapore (US$84,500) were the most suc-
cessful in securing funding from business enter-
prises, followed by those in the Netherlands
(US$72,800), which are at the top amongst Eu-
ropean countries. Somewhat surprisingly, Ger-
many and Switzerland came in at places 21 and
22, whilst the UKlay just ahead of Austria at
place 26.

The results of the study gave further impetus
to the already existing conversation in Austria
about the necessity for greater interaction be-
tween the university and business sectors.!0°
However, these results should be regarded with
caution. The analysis did not include all of the
universities and universities of applied science
in each country, but only those that were listed
at that time in the Times Higher Education

106 See derStandard.at (2013); DiePresse.com (2013); Salzburger Nachrichten (2013).
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Table 26: Amount of funds for the acquisition of R&D per researcher according to the Times Higher Education survey

2013

Average value per Average value per Average value per

1 South Korea 97,900 Russia

2 Singapore 84,500 12 Turkey

3 Netherlands 72,800 13 Canada

4 South Africa 64,400 14 USA

5 Belgium 63,700 15 Australia

6 Taiwan 53,900 16 Japan

1 China 50,500 11 Finland

8 Sweden 46,100 18 New Zealand
9 Denmark 43,600 19 France

10 India 36,900 20 Hong Kong

Source: Times Higher Education (2013a).

Ranking and which therefore belonged, accord-
ing to the Times Higher Education Ranking, to
the top 400 universities worldwide. This means
that Austria was represented by the University
of Vienna, the University of Innsbruck, the Vi-
enna University of Technology, the University
of Graz and the Johannes Kepler University
Linz.'” With the exception of the Vienna Uni-
versity of Technology, the research focus of the
Austrian universities that were included in the
ranking were on natural sciences, social scienc-
es and the arts and humanities. These fields of
science traditionally attract lower-than-average
amounts of R&D funding from the business en-
terprise sector (under 2% in Austria for each
field), whilst contributions to the technical sci-
ences (13.4%) and human medicine or health
sciences (6%) are notably above average.!®® With
the exception of the Vienna University of Tech-
nology, those Austrian universities which are
characterised by the high portion of R&D fund-
ing secured from the business enterprise sector
were not included in this analysis. Thus, the ba-
sis for assessing the Austrian situation is some-
what distorted and cannot be regarded as repre-
sentative.

107 See Times Higher Education (2013b).
108 See Statistics Austria (2013a).
109 See OECD (2002).
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36,400 Germany 19,400
31,000 22 Switzerland 17,600
27,200 23 Brazil 14,900
25,800 24 Italy 14,400
25,600 25 Israel 13,600
24,900 26 United Kingdom 13,300
24,500 27 Austria 11,300
22,300 28 Norway 9,100
21,000 29 Portugal 8,600
20,000 30 Ireland 8,300

A fully different picture emerges if one under-
takes an international comparison of funding by
the business enterprise sector of R&D at univer-
sities based on official R&D statistics (com-
posed on the basis of the OECD's Frascati Man-
ual,'® which ensures an international compara-
bility) (cf. Table 27). With US$10,800 (purchas-
ing power parity) in national R&D expenditure
from the business enterprise sector per research-
er in the higher education sector, Austria sits
comfortably in the top third of OECD countries.
The list is led by Germany with an average of
US$25,700 of funding from nationally based
firms per researcher. South Korea, which
achieves an average of US $97,900 per researcher
according to the World Academic Summit Inno-
vation Index, comes in 5th with an average val-
ue of US$16,200. Singapore has an average of
US $3,100 (compared to US $84,500). After Ger-
many, the Netherlands (US$18,700) and Swit-
zerland (US$16,000) lead the list of Western and
Central European countries. The average per re-
searcher in the UK (with some of the world’s
best universities) of US$2,700 lies well below
the EU-15 average value of US $8,500.

When adding OECD data additionally it is
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Tahle 27: Average corporate-financed R&D expenditure per researcher, 2011

@ value / researcher
@ value / researcher

. _EE| Eig

8 SoE| EcE

1 Germany 25,700 n.a. 1" Sweden**
2 China 23,300 n.a. 12 Slovenia*
3 Turkey* 22,300 22,400 13 Russia*
4 Netherlands 18,700 n.a. 14 Chile*
5 South Korea* 16,200 16,700 15 Chin. Taipei
6 Switzerland* 16,000 n.a. 16 Spain*
1 Canada 14,000 n.a. 17 Finland*
8 Belgium** 12,200 12,400 18 South Africa*
9 Hungary* 11,100 11,800 19 Norway**
10 Austria 10,800 12,700 20 Denmark*

* 2010 data; ** 2009 data
Source: Own calculations based on OECD (2013).

possible to calculate what portion of a country's
total R&D expenditure made by the business
enterprise sector sources is made up of R&D fi-
nancing from foreign businesses. This allows to
calculate, for some countries, the entire amount
of expenditure made by firms for R&D at uni-
versities. The amended values that include
funding from foreign firms in the column la-
belled “intern. @-value/researcher (FTE, US$
PPP)” show that a comparable amount of R&D
funding for universities from the business enter-
prise sector (21.17% in 2009) comes from for-
eign firms. Only Denmark, Estonia, Finland,
Sweden, Ireland and the UK (which with 38.9%
for 2010 generates by far the largest share of
funding from abroad) have higher figures.
Though Austria does not occupy a top posi-
tion in rankings even when the entire higher ed-
ucation sector is taken into consideration, the
situation does appear far less troubling from the
Austrian perspective. It is important to remem-
ber that the system of government funding for
research in several of the countries under com-
parison is far less pronounced than it is in

110 See Statistics Austria (2013b), own calculations.
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@ value / researcher
@ value / researcher
@ value / researcher
@ value / researcher

_EE| g _EE|l Ei%
S 3w s @ S @ s @
8,700 10,400 21 Iceland 4,600 n.a.
8,600 9,100 22 Greece 4,500 n.a.
8,000 8,300 23 Australia* 4,400 n.a.
7,800 n.a. 24 Japan 4,100 n.a.
7,200 n.a. 25 Ireland* 3,400 4,000
7,000 7,200 26 Singapore* 3,100 3,600
6,600 8,100 21 France* 3,100 3,400
6,600 n.a. 28 Estonia 3,000 3,800
6,300 6,500 29 United Kingdom* 2,700 3,700
4,800 5,100 30 New Zealand 2,500 n.a.

Austria (and thus firms directly fund university
research to a greater degree) and that non-uni-
versity research institutions play a more limited
role in many countries than they do in Austria
(this too leads to universities being directly
funded by firms). Austrian competence centres
(COMET programme), which have experienced
dynamic growth in the past several years (for
more, see Chapter 5.2), especially exhibit very
close relationships with Austrian universities
since the latter form the core of the centres, sci-
entific partners. A minimum proportion of the
funding for the competence centres is contribut-
ed by firms. If this share of 40% of R&D expen-
diture by firms would classify as a for funding
flow from firms to universities, the average
R&D expenditure made by businesses per re-
searcher in the higher education sector would
increase by about 27%.!1°

Austria's university researchers would then
find themselves classed with those in Switzer-
land, South Korea and Canada. This would still
be well below German levels, but represent a
very good position in Europe overall.
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3.4 Knowledge transfer between the higher
education sector and firms

3.4.1 Results of the European Knowledge und
Technology Transfer Practise Survey

New knowledge generated through research and
development activities is a major driver of tech-
nological change and economic growth. Univer-
sities and public research institutions play an
essential role in this process.!!! For instance just
under a third of Austrian R&D expenditure was
invested by the public sector in 2011.1'> A func-
tioning transfer of knowledge between universi-
ties or public research institutions and firms is
especially important if the knowledge and skills
resulting from this are to be used for economic
purposes. For this reason, the Knowledge Trans-
fer Study 2010/2012 examined among other
things the implementation of the “Recommen-
dation on the management of intellectual prop-
erty in knowledge transfer activities and Code
of Practice for universities and other public re-
search organisations” , which was issued by the
European Commission in 2008, and the perfor-
mance of universities and public research insti-
tutions in relation to this type of knowledge
transfer. A series of indicators was collected in
two comprehensive qualitative surveys which
looked at the implementation of measures
aimed at improving knowledge transfer within
European countries (EU plus associated states).
This section examines the results of this exam-
ination in greater detail for Austria in 2012,
with the focus of this analysis on the perfor-
mance of universities and public research insti-
tutions. The analysis of universities and public
research institutions in this study uses results
from the European Knowledge Transfer Indica-
tors Survey (EKTIS) for 2010 and 2011, which
looked at questions on research activities, intel-
lectual property rights, patents, licensing and

111 See Salter, Martin (2001); Statistics Austria (2013a).
112 See Statistics Austria (2013a).
113 See Arundel et al. (2013).
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other topics relevant for knowledge transfer at
leading universities and public research institu-
tions.

Austria performed exceptionally well in a
country comparison on the implementation of
the European Commission's recommendations,
coming out on top of all countries under obser-
vation. The analysis showed that measures to
improve knowledge transfer have either been
implemented or at least planned in Austria for
93% of the recommendations. As such Austria
is considerably above the European average fig-
ure of 53%, and ahead of both the UK (87%) and
Germany (78%). If the focus is put on measures
that have already been implemented, then
Austria is with 85% in second place behind the
UK in a country comparison (average of all
countries under observation: 48%). The results
show that the issue of knowledge transfer is giv-
en high importance politically in Austria.

The performance of universities and other
public research institutions in terms of knowl-
edge transfer was measured by surveying six key
indicators and three additional indicators,
which are listed in Table 28.

The indicators were assessed using a combi-
nation of data sets from 2010 and 2011 in order
to make them more meaningful. This allowed
17 universities and public research institutions
in Austria to be included in the study, corre-
sponding with just under half of the base popu-
lation. The values have been stated per 1,000
researchers so that the results can be compared
between the individual countries.!'

Unlike the results from the country compari-
son on implementation of the recommendations
from the European Commission, Austria does
not come out on top in Europe in terms of the
indicators assessed for knowledge transfer. Both
in an examination of the individual knowledge
transfer indicators, as well as in a collective re-
view of all the indicators, Austria was below the
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Table 28: Indicators for assessing the performance of universities and public research institutions

o Number of registered inventions

e Number of original patent applications

o Number of technically unique patent approvals

o Number of start-ups

o Number of licences or option agreements with firms
e Amount of licence revenues

Source: Arundel et al. (2013).

European average, and in some cases consider-
ably below this figure (see Table 29).

In order to improve classification of the per-
formance of Austrian universities and public re-
search institutions in relation to knowledge
transfer, a different approach was taken at the
results of the Knowledge Transfer Study 2010-
2012 (see Table 30):

The combined indicators in the two last col-
umns show that very different levels and mech-
anisms of knowledge transfer are in operation
here. For instance public technical universities
contribute to knowledge transfer in Austria es-
sentially through the above-average number of
inventions that they register, the amount of
their licence revenues and their number of
R&D agreements. The fact that the number of
registered patents is relatively low compared
with the high number of registered inventions
is connected with the fact that the rights to the
inventions developed in cooperation with uni-
versities and firms are frequently assigned to
the cooperation partner. The significant num-
ber of cooperation activities of public technical
universities also explains the exceptionally
high number of R&D agreements and the high
licence revenues generated through assigning
the rights to the inventions developed. While
the very positive result regarding knowledge
transfer for technical universities is of little
surprise, the high value for colleges of art needs
to be viewed with caution. It must be assumed
here that this value arises primarily from the
fact that a majority of people employed are allo-
cated to teaching in these establishments. The
units active in research and experimental de-
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o Number of R&D agreements between institutions and firms examined
e Number of patents approved with the USPTO
o Number of start-ups with a product or process brought to market

velopment at public colleges of art are very
small but exceptionally effective, which ex-
plains the extremely high values per 1,000 re-
searchers.

The analyses provided by the authors also re-
veal results for individual specialist areas (see
Table 31). This data allows inferences to be
drawn as to the fields in which knowledge trans-
fer was able to be implemented with particular
success in Austria.

Table 31 shows that the fields of biomedicine
and nanotechnologies and new materials are par-
ticularly successful at using generated knowl-
edge. 29.8% of licence revenues at Austrian uni-
versities or other public research institutions
were generated in the field of biomedicine. This is
followed by the nanotechnologies and new mate-
rials sector with a share of 25.1%, above ICT with
18.1%. 64.7% of all research institutions stated
that they had made at least one patent application
in the biomedicine field in the years under re-
view. For 35.3% of the establishments, this re-
lates to patents in the ICT sector and for 29.4%
the nanotechnologies and new materials sector.
The values related to patents in the field of bio-
medicine are strikingly high. This is attributable
to the fact that economic exploitation of research
results is heavily dependent on patent applica-
tions in this field in particular.

3.4.2 Patent activities of Austrian universities

Exploiting research results via patents is a rele-
vant channel for technology transfer between
science and industry in many natural science,
engineering and medical science disciplines.

Austrian Research and Technology Report 2014
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Table 29: Combined results of the EKTIS, 2011 and 2012!14
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Highest value 78.5 69.1 35.9 6.4 23.9 3,130 300.2 0.387 0.391

Source: Arundel et al. (2013).

Table 30: Combined results of the EKTIS, 2011 and 2012 (according to type of institution)
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Non-university 43 2.3 0.0 0.3 17 13.3 1.0 0.213 0.232
Public medical university 14.1 9.9 5.6 0.1 1.5 0.0 93.3 0.204 0.213
Public technical university 19.7 5.4 59 0.3 0.9 116.5 173.1 0.316 0.339
Public college of art 56.3 33.1 30.0 0.5 20.0 0.0 40.0 0.602 0.623
Other public university 7.6 17 0.9 0.6 13 12.3 18.4 0.178 0.154
Austria 9.8 3.7 2.9 0.4 16 38 733 0.244 0.235
EU + associated countries 15.6 19 45 1.7 6.5 399 82.8 0.256 0.248

Source: Arundel et al. (2013).

Table 31: Combined results of the EKTIS, 2011 and 2012 (according to field)

EKTIS 2011 and 2012: Licence revenues | Proportion of research institutions Number of
combined results for Austria with at least one patent appli- | patent applications
(according to discipline) cation
Biomedicine 29.8% 64.7% 11
Information and Communication Technology, software (ICT) 18.1% 35.3% 6
Nanotechnologies and new materials 25.1% 29.4% 5
Low carbon and carbon-free energy technologies 0.0% 11.8% 2
Other disciplines 27.0% 35.3% 6
Total 100.0% - 30

Source: Arundel et al. (2013).

114 The combined indicators include the results for all seven knowledge transfer indicators captured. A combined value was calculated
for every indicator based on the individual institution. With this the smallest value for an indicator was first of all subtracted from the
value of the institution. The resulting difference was divided by the difference between the highest and the lowest value for all values
observed, resulting in a value of 1 for the institution with the highest value observed and of 0 for the institution with the lowest value
observed. The results of the countries were ascertained by adding up the results at the institution level.
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New regulations of the use of inventions dis-
covered at universities were implemented as
part of the Austrian Universities Act in 2002
(UG 2002). Since then the university's governing
body must be notified of any inventions discov-
ered as part of work activities, and this body will
make a decision on whether to adopt the inven-
tion and apply for a patent. Separate offices have
been set up or appointed for this purpose at most
Austrian universities. The legal change was ac-
companied by several support initiatives for the
universities from the federal government, in par-
ticular the [tecma] and uni:invent programmes.''®

This section examines developments in the
number of patent applications by Austrian uni-
versities (universities and universities of applied
sciences, incl. the Austrian Academy of Scienc-
es) since 2000. The data is from the patent data-
base PATSTAT of the European Patent Office.
Patent applications from Austrian universities
were identified using a text field search in the
“Applicant name” field.!'® Applications to all
patent offices worldwide are taken into account.
Patent applications to multiple offices are only
counted once.''” As a result of the interval be-
tween the priority date for a patent application
(which is often the same as the time of the in-
vention) and the publication of a patent applica-
tion (which generally occurs 18 months after
the application is received), only patent applica-
tions which were made by 2011 were capable of
being recorded in full.

From a very low level in the early 2000s (10-
15 applications per annum), the number of pat-
ent applications from Austrian universities rose
swiftly from 2004, reaching their highest value
in 2006 with 139 applications (Fig. 30). This

115 See Gassler et al. (2010).

heavy increase is the result of the application
rights being transferred to the universities
through the UG 2002 and the setting up of pro-
fessional patent exploitation structures at the
universities, which were essentially supported
by the uni:invent programme set up in 2004.
The high figure in 2006 is also partly the result
of “catch-up effects”, since older inventions
were taken up in some cases with patent appli-
cations made for these based on the changes to
the legal situation.!'® After 2006 the number of
patent applications by Austrian universities fell
somewhat and since that time the number has
been around 100 to 120 applications per annum.

Applications were made for patents at Austri-
an universities for a total of almost 900 inven-
tions in the twelve years between 2000 and 2011.
Measured against the total number of patent ap-
plications by Austrian applicants, which came
to around 35,000 in this period, the university
share remains low at around 2.5%. Nevertheless
this share increased considerably from 0.5% in
2004 to over 3% in 2006. Since then this value
has been between 2.5 and 3.0% (Fig. 31).

The applications for an overwhelming share
of patents from Austrian universities are made
internationally, i.e. not just at the Austrian Pat-
ent Office, but at patent offices abroad (includ-
ing the international application channels via
the EPA and through the PCT procedure at the
WIPO). The average percentage of international
patent applications between 2000 and 2012 was
74% (see Fig. 32). This figure means that the
universities are approaching the share for firms
(84%), and have a more international focus in
their patent activities than non-university and
co-operative research establishments''’ (57%).

116

117

118
119
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It is possible that a few patent applications from Austrian universities could not be captured as a result of different ways of writing the
applicant universities and differences in the entry fields in the “Applicant name” text box. Applications by university professors were
also taken into account in addition to the applications by the universities themselves, provided that the title University Professor or
Professor was also stated in the “Applicant name” text box and the applicants were working at an Austrian university at the time of the
patent application. These applications by the professors account for around 3% of the total number of patent applications by Austrian
universities in the period 2000-2011, with the majority of applications made prior to 2006.

Patent applications made at multiple offices are designated as a patent family. The priority year of the first patent application within
a family is used in order to determine the application year for patent families.

See Schibany et al. (2009).

Cooperative research not including AVL List.

Austrian Research and Technology Report 2014



3 Scientific Research and Tertiary Education

Fig. 30: Number of patent applications by Austrian universities, 2000-2011
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Source: EPO: Patstat. — Calculations: ZEW.

Fig. 31: Share of patent applications by Austrian universities in all patent applications by Austrian applicants,

2000-2011
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The patent activities of the Austrian universi-
ties are focused around a few of the universities
(Fig. 32). The two technical universities in Graz
and Vienna collectively applied for 44% of all
patents made by Austrian universities in the pe-
riod 2000-2011 (Graz: 23%, Vienna: 20%). The

Austrian Research and Technology Report 2014

third-biggest applicant was the University of
Innsbruck (10%), followed by the Medical Uni-
versity of Vienna (8%), the University of Vienna
(6%), the University of Linz (5%) and the Univer-
sity of Leoben (5%). The Austrian Academy of
Sciences or its affiliated establishments applied
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Fig. 32:
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for 2% of the patents. Among the universities of
applied sciences, only the University of Applied
Sciences Technikum Wien has made more than
10 patent applications since 2000. The break-
down of patent applications among the individu-
al universities primarily reflects the difference in
significance of technical inventions as a result of
scientific research based on the disciplinary focal
points of the universities and the size of the es-
tablishments.

The development of patent activities of the
Austrian universities since the reforms of the
UG 2002 can be viewed as positive overall. The
transition of the initial access to inventions to
the university's governing body has allowed in-
tellectual patentable property to be managed
professionally. The number of patented inven-
tions increased considerably.'”® The result was
that the large universities with engineering and
natural and medical science faculties became
major stakeholders in the Austrian patent sys-
tem. For instance universities have regularly
been among the ten Austrian organisations with
the highest number of patent applications since
2006.12!
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Table 32: Number of patent applications of the Austrian
universities 2000-2011

Graz University of Technology 207
Vienna University of Technology 174
University of Innsbruck 89
Medical University of Vienna 74
University of Vienna 49
University of Linz 45
University of Leoben 41
Medical University of Graz 38
University of Natural Resources and Life Sciences, Vienna 38
University of Graz 28
University of Veterinary Medicine Vienna 28
University of Applied Sciences Technikum Wien 19
Austrian Academy of Sciences 17
University of Applied Sciences Joanneum 5]
Medical University of Innsbruck 5]
UMIT — private university of Health Sciences, Medical Informatics and Technology 4
University of Music and Performing Arts Graz 3
University of Music and Performing Arts, Vienna 3
University of Salzburg 3
University of Applied Sciences St. Pélten 2
University of Applied Sciences Carinthia 2
Paracelsus Private Medical University of Salzburg 2
University of Art and Design Linz 2
University of Applied Sciences Campus Wien 1
MCI Management Center Innsbruck 1
University of Applied Arts Vienna 1
University for Continuing Education Krems 1
Vienna University of Economics and Business 1

Source: EPO: Patstat. — Calculations: ZEW.
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This development has been accompanied es-
sentially by technology-related measures imple-
mented by the federal government. In addition
to the consultancy offering of the programme
administered by the aws [tecma], which has
now been in place for over 15 years, the essen-
tial support on offer after the end of the uni:in-
vent programme in 2009 has above all included
the knowledge transfer centres set up with the
new promotional programme “Knowledge
Transfer Centres and Exploitation of IPR”, in-
cluding patent and prototype promotion, as well
as the measures by the “National Contact Point
— Intellectual Property” (e.g. online sample con-
tract www.ipag.at). A further aws programme
“Licence.IP” is currently being developed.

3.5 The Austrian universities of applied sciences
and its role in the national research system

Since the university of applied sciences sector
(the UAS sector) was founded and the first cours-
es were established in academic year 1994/95,
capacities in the UAS sector have grown consid-
erably both in relation to the primary education
function as well as to the secondary research and
development function. The UAS sector has a
complementary function to the research and ed-
ucation activities of the universities and of the
non-university research institutions. The growth
in the UAS sector is outlined below using R&D
data from the universities of applied sciences. An
analysis of participation levels in national fund-
ing programmes by the Austrian Research Pro-
motion Agency (FFG) discusses the significance
of the universities of applied sciences for Austri-
an research, and specifically for small and small
and medium-sized enterprises (SMEs) operating
at the regional level.

The university of applied sciences sector (UAS
sector) in the R&D surveys 2002-2011

The Austrian UAS sector has the primary task
of offering courses of study at university level
for the purposes of a well-founded scientific pro-
fessional education.'?? In order to guarantee this
the relevant parties maintaining the UAS sector
have to ensure that the teaching and research
staff take part in applied research and develop-
ment work, with this potentially taking place at
the relevant establishment or through coopera-
tion with other research and development insti-
tutions.!?®

In accordance with their task of providing ap-
plied research and development which is en-
shrined in statute, the universities of applied
sciences recorded a EUR 21 million increase in
R&D expenditure to EUR 77 million in the peri-
od between 2002 and 2011.

Despite this heavy increase, the UAS sector
continues to play a relatively minor role in the
Austrian R&D scene overall. R&D expenditure
in the UAS sector is around the same magnitude
as that of the Austrian competence centres, and
corresponds with 0.95% of overall Austrian
R&D expenditure. In 2011 the R&D expendi-
ture of the universities of applied sciences was
3.7% of the total R&D expenditure of the higher
education sector (see Fig. 33).

Nevertheless it is apparent that the UAS sec-
tor has somewhat increased in importance with
regards to R&D activities in the higher educa-
tion sector. For instance the share of R&D ex-
penditure for the UAS sector measured against
the R&D expenditure for the higher education
sector as a whole increased significantly over
the entire period under review to 3.7% from a
figure of 1.7% in 2002. Measured against re-

120 However, there is no systematic information regarding how many inventions made at universities had corresponding patent applica-
tions prior to the reform, since these inventions were often registered via cooperation partners of the universities (firms) and the link
between these patents to the university research can only be established via the names of the inventors.

121 See the corresponding publications of the Austrian Patent Office on the ten organisations with the highest number of patents granted.

122 See section 3 (1) and section 10 (7) of the applicable version of the Austrian Universities of Applied Sciences Studies Act (FHStG).

123 Ibid.
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Fig. 33: Absolute R&D expenditure (in € millions) and proportion of universities of applied sciences in the higher

education sector (in %), 2002 to 2011
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searchers (full-time equivalents), the UAS sec-
tor now accounts for 5.3% of research staff in
the higher education sector (1.7% of total re-
search staff in Austria).

The direction of the research undertaken in
the UAS sector is also specifically applica-
tion-oriented in nature. 93% of the research ex-
penditure of the universities of applied sciences
is attributable to applied research and experi-
mental development, with only 6.9% attribut-
able to basic research. As such, the low figure
for the proportion of basic research corresponds
roughly with the proportion for the business en-
terprise sector (5.7%) and differs significantly
from that of the overall higher education sector
(53.9%). However, while experimental develop-
ment dominates in the business enterprise sec-
tor (60.6% of overall R&D expenditure), applied
research is by far the prevailing type of research
at the universities of applied sciences (75.6% of
overall R&D expenditure).

Measured against the R&D expenditure for
the higher education sector, the Austrian uni-
versities of applied sciences are responsible for
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7.3% of applied research and 7.8% of experi-
mental development (Fig. 34). This can be
viewed as an indicator that the universities of
applied sciences are becoming established in
both of these application-related types of re-
search.

The specific significance of the UAS sector for
firms becomes clearer if the R&D financing
structure for the higher education sector and for
the UAS sector is considered (Fig. 35). The busi-
ness enterprise sector financed EUR 109 million
of R&D in the higher education sector in 2011.
The universities of applied sciences accounted
for EUR 10 million or 9% of this in 2011. This
corresponds with a tenfold increase in R&D fi-
nancing from the higher education sector in the
period between 2002 and 2011, while R&D fi-
nancing from the business enterprise sector in
the overall higher education sector merely dou-
bled in the same period: The universities of ap-
plied sciences were therefore able to raise EUR 9
million (16%) from the EUR 58 million of addi-
tional funds from the business enterprise sector
in the higher education sector in 2011 compared
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Fig. 34: Share of universities of applied sciences of R&D expenditure in the higher education sector according to

research type (in %), 2002-2011
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Fig. 35: Share of financing areas in R&D expenditure by the higher education sector
(overall, plus excluding universities of applied sciences) and by universities of applied sciences (in %), 2011

100% —

Share of R&D financing in %

— — ]
90% —
80% —
70% —|
60% —|
50% —|
40% —
30%
20%
10% —
0% —

Higher education sector Higher education sector excl. Universities of applied sciences
universities of applied sciences
I Public sector ™ Business enterprise sector Private non-profit sector B Abroad: incl. int'l orgs. (excluding EU) I EU

Source: Statistics Austria. Calculations: AIT.

with 2002. The business enterprise sector there-
by finances over 13% of the R&D expenditure of
the universities of applied sciences, while the
corresponding value for the higher education sec-
tor as a whole is just under 5%.

Austrian Research and Technology Report 2014

The universities of applied sciences also boast
a share in overall R&D financing which is
slightly above the average in relation to financ-
ing by the EU. Around 5% of EU funds for fi-
nancing R&D in the higher education sector are
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Fig. 36: Development of the Austrian Research Promotion Agency (FFG) cash values* for the Austrian universities of

applied sciences, 2002-2013
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accounted for by the universities of applied sci-
ences, with these funds also thereby contribut-
ing 5% to the overall R&D expenditure of the
universities of applied sciences.

Participation of the university of applied sciences
sector in national funding programmes in the
period between 2002-2013

The status and increased significance of the UAS
sector for the national R&D scene can finally be
demonstrated through the participation of the
universities of applied sciences in the coopera-
tive and application-oriented national funding
programmes (see Fig. 36). While just 15 projects
in total from the universities of applied sciences
were recorded as having been part of the national
funding programmes of the Austrian Research
Promotion Agency (FFG) between 2000 and 2003,
the Austrian universities of applied sciences
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were able to increase both the number of project
participations as well as the corresponding subsi-
dy volume, not least as a result of specific struc-
tural programmes such as FHplus and COIN. For
instance the number of projects by the Austrian
Research Promotion Agency (FFG) with partici-
pation from the universities of applied sciences
rose from less than 25 projects per annum in the
period between 2002 and 2007 to just under 300
projects in 2013.

The increase in participation is in particular
attributable to the below-threshold programmes
“Innovation Voucher”, “Research expertise for
industry” as well as “Talents”, which were cre-
ated specifically for SMEs, which are generally
operating in a regional environment. Excluding
these programmes, between 36 and 100 subsidy
agreements were entered into with participa-
tion from universities of applied sciences be-
tween 2007 and 2013.
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The subsidy cash value generated annually of
the universities of applied sciences increased
from just under EUR 2 million in 2003 to more
than EUR 10 million in 2013. In total the Aus-
trian universities of applied sciences attracted
funds amounting to EUR 82.7 million in the pe-
riod between 2000 and 2013. 22% of this was
attributable to the FHplus subsidy programme,
while a further 34% was attributable to the
COIN - Cooperation and Innovation pro-
gramme. In total these two UAS-specific fund-
ing programmes therefore represent the most
significant funding programmes for the UAS
sector.

However, the universities of applied sciences
also successfully took part in other programmes
in addition to becoming established in FHplus
and COIN. Across the entire UAS sector, 25%
of the funds obtained come from the area of top-
ical programmes. A further 7% come from
structural programmes, 6% from the general
programmes and 5% from the Innovation
Voucher and Innovation Voucher plus funding
systems.

Within the area of “Thematic programmes”,

the ICT subsidy programme FIT-IT represents

the most significant programme in terms of par-

ticipation from universities of applied science

(see Fig. 37), followed by the KIRAS (security re-

search), Take-Off (aerospace), IV2Splus (intelli-

gent traffic systems) and Neue Energien 2020

(energy) funding programmes.

Two thematic focal points for university of
applied sciences participation can be demon-
strated with the area of “structural programmes”
(see Fig. 37):

1. The educational role of universities of ap-
plied sciences for the regional economy via
participation in the research expertise pro-
grammes for industry (FoKo) and Talents:
The “Research expertise for industry” pro-
gramme encourages firms (primarily SMEs) to
systematically expand their existing research
and innovation staff and increase their quali-
fications, and enshrines company-related re-
search priorities at Austrian universities and
universities of applied sciences.'” The uni-
versities of applied sciences are acting both as
leaders of more short-term qualification sem-
inars and of more long-term qualification net-

Fig. 37: Participation of the universities of applied sciences in the Austrian Research Promotion Agency (FFG) support
areas technology and structural programmes, 2002-2013
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124 See https://www.ffg.at/Forschungskompetenzen.
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works, where the intention is for innovative
expertise in firms to be increased in fields of
technology which are relevant to the future
in cooperation with universities and the uni-
versities of applied sciences. The universities
of applied sciences implemented a large num-
ber of research internships for pupils in par-
ticular as part of the Talents programme.

2. The establishment of research and teaching
expertise at universities of applied sciences
via the pilot action of the Josef-Ressel Cen-
tres as well as via the Research Studios
Austria programme: The Research Studios
Austria introduced in 2008 by the Federal
Ministry of Science, Research and Economy
(BMWFW| promote the use and implementa-
tion of research results from basic research at
the forefront of corporate research in Austria.
Between 2008 and 2013, the first three Jo-
sef-Ressel Centres were also supported by the
Austrian Research Promotion Agency (FFG)
as part of a pilot action at the universities of
applied sciences in Upper Austria, Vorarlberg
and Burgenland. The objective of the Josef
Ressel Centres is to use the acquired research
results to develop or continue the develop-
ment of products, procedures and services. It
should therefore be the role of firms to make
economic use of the results, while the univer-
sities of applied sciences should exploit the
results by using them for teaching and for fur-
ther R&D activities.

An evaluation!? of the pilot action confirmed the
signal and appeal through the Josef Ressel Cen-
tres in priority-setting at universities of applied
sciences and in interlinking the research with
the teaching. Following the end of the pilot ac-
tion at the Austrian Research Promotion Agency
(FFG), an independent support programme was
established for Josef Ressel Centres in the re-
search company Christian Doppler Forschungs-

125 Gerhardter, Gruber (2010).
126 See https://www.ffg.at/innovationsscheck.
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gesellschaft (CDG), which is geared towards the
established cooperation model for CD laborato-
ries. The support is specifically focused in the
area of applied research at a high level and will be
in place for five years. The annual budget is set at
up to EUR 400,000. There were four new Josef
Ressel Centres already active (universities of ap-
plied sciences in Upper Austria/Hagenberg Cam-
pus, Salzburg, Technikum Wien and Vorarlberg)
as of January 2014. Up to 15 new Josef Ressel
Centres are planned for the full programme sup-
ported by the Federal Ministry of Science, Re-
search and Economy (BMWFW).

In addition to the participation in the themat-
ic programmes and structural programmes with-
in the Austrian Research Promotion Agency
(FFG) or subsequently the CDG as stated above,
the high level of participation by the universities
of applied sciences in the Innovation Voucher
programme is also worthy of note: “The Innova-
tion Voucher is a type of funding offered to small
and medium-sized enterprises in Austria aimed
at allowing them to start up ongoing research
and innovation activities. With the Innovation
Voucher, firms are able to approach research in-
stitutions (non-university research institutions,
universities of applied sciences and universities)
and, depending on their need, pay for their eligi-
ble services up to a maximum amount of EUR
5,000 using the Voucher, or for up to EUR 10,000
if they make a personal contribution of 50% (In-
novation Voucher plus). This should therefore
make it easier for SMEs to overcome the obsta-
cles to cooperation with research institutions “.12°
Since the introduction of the Innovation Voucher
in 2007/2008, Austrian universities of applied
sciences have carried out around 765 R&D proj-
ects for SMEs. Based on the results of the interim
assessment of the Innovation Voucher subsidy, it
can be seen that Austrian universities of applied
sciences were involved in around 20% of Innova-
tion Voucher transactions for SMEs in the period
between 2007-2011.
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The Austrian universities of applied sciences
also reported their participation in national
competency centre  programmes (K-pro-
grammes). The universities of applied sciences
recorded a total of five cases in the years 2000-
2006 where they participated in the K_Ind com-
petency centre programme for manufacturing.
Since the start of the COMET programme there
have been 13 instances of participation in K1
centres, seven in K2 centres and nine in K-proj-
ects. The universities of applied sciences in-
volved were able to attract a subsidy cash value
of around one million euros in the K-projects.
No subsidy cash values are stated for participa-
tion at the centres.

The Austrian universities of applied sciences
have been involved in a total of 3,571 publicly
funded cooperation partnerships with other or-
ganisations between 2000 and 2013. 70% of the
partnerships are attributable to the business en-
terprise sector, 16% to universities, 6% to
non-university research institutions and 7% to
other establishments. The COMET competen-
¢y centre programme accounts for the (poten-
tially) highest number of cooperation partner-
ships on account of the networking character of
the programme with a large number of network
partners, followed by Innovation Voucher, the
technology programmes and the structural pro-
grammes.

A location-specific analysis of the coopera-
tion partners of universities of applied sciences

reveals that Austria's universities of applied sci-
ences to a large extent cooperate with local or-
ganisations in their home state (Table 33). In
addition to the home states, neighbouring re-
gional governments as well as Vienna represent
the most significant cooperation partners of
Austrian universities of applied sciences. The
high level of participation in below-threshold
R&D support tools, coupled with a high number
of cooperation partners from the same federal
state, suggests that Austria's universities of ap-
plied sciences specifically engage in R&D activ-
ities which are geared towards the demand
structures in the regional environment.

Summary

In summary, it can be confirmed that there has
been a significant increase in R&D expenditure
for the university of applied sciences sector
since 2002. Both the proportion of overall Aus-
trian R&D expenditure as well as of the R&D
expenditure of the higher education sector in-
creased considerably with this.

In terms of the direction for R&D in the uni-
versities of applied sciences (FH), applied re-
search and experimental development are, as
expected, of higher average importance than
they are in the higher education sector, while
basic research plays a subordinate role in the
UAS sector. The importance of the UAS sector
for regional firms in particular can be seen from

Table 33: Cooperation partners of the universities of applied sciences by location (Austrian regional governments)

Partner Burgen- Lower Up
UAS location land Austria | Ausf

per Vorarl-
8% 3% 4% 4% 2%

Burgenland 22% 3% 15% 19% 19%

Carinthia 0% 51% 2% 4% 4% 10% 2% 1% 22% 4%
Lower Austria 0% 1% 36% 14% 2% 1% 2% 2% 36% 0%
Upper Austria 0% 1% 8% 58% 4% 8% 2% 1% 15% 2%
Salzburg 1% 1% 5% 28% 38% 8% 3% 1% 14% 3%
Styria 0% 5% 5% 5% 1% 60% 2% 1% 20% 2%
Tyrol 1% 3% 6% 3% 5% 6% 44% 11% 20% 2%
Vorarlberg 0% 0% 11% 12% 0% 6% 8% 37% 22% 2%
Vienna 1% 2% 14% 1% 2% 11% 4% 2% 56% 1%
Source: Austrian Research Promotion Agency (FFG) database Calculations: AIT.
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the participation by the universities of applied
sciences in the application-based national fund-
ing programmes of the Austrian Research Pro-
motion Agency (FFG). The UAS sector was able
to build up certain research infrastructures and
sustainable expertise through participation in
specific research programmes for universities of
applied sciences, in particular FHplus and COIN
as well as the Josef-Ressel Centres. Against this
background, application-based R&D projects
are implemented in particular in the UAS sector
with firms in a predominantly regional environ-
ment. The subsidies which are particularly sig-
nificant are those that are structurally geared
towards the needs of SMEs, such as “Innovation
Voucher” and “Research expertise for indus-
try”, where universities of applied sciences fre-
quently operate as partners in innovation and
knowledge transfer for firms.

3.6 New social media and its significance for
scientific research

The availability of new information technology
and social media changes the scientific produc-
tion process. This can be seen for instance in the
availability of large quantities of data, the in-
volvement of citizens in the research process,
the establishment of new online publication
formats and effective cooperation between dif-
ferent stakeholders at the global level. Digital
technologies and the codification of knowledge
have generated multiple diverse opportunities
for producing, accumulating and distributing
knowledge. Global access to large and complex
quantities of data (“big data”) has enabled new
types of cooperation and usage, and changed the
scientific process together with the methods
used in this. A number of scientific and innova-
tion researchers have recently started to charac-
terise and examine these types of phenomena:
concepts such as Science 2.0, Cyberscience and

127 See Nentwich, Koénig (2012); Schroeder (2008); Breivik et al. (2009).

E-Science are making their way into the discus-
sion in this context.!?” Some of these develop-
ments are discussed and the challenges for re-
search agendas are outlined below.!28

Big Data and Open Data

The quantity of data produced in science, soci-
ety and industry is increasing exponentially.
Data that is collected by sensors in mobile tele-
phones and cars can also be listed here as well as
data saved in social networks or financial trans-
actions. Current studies show that 1.2 zetta-
bytes of electronic data are generated annually
“.... by everything from underground physics
experiments and telescopes to retail transac-
tions and Twitter posts”.'* This trend, which is
also known as big data, is considered to be a
huge potential in science for the purposes of ad-
dressing new types of research queries, and in-
dustry for developing innovative products and
services. Up until now research has not only
been primarily concerned with the issue of how
the huge heterogeneous quantities of data can
be analysed, but also of how they can be ar-
chived, transferred and used by innovative tech-
nologies and applications over the long term. A
series of projects and initiatives can be listed for
instance in the areas of bioscience and medicine
which attempt to combine and manage data and
make it available for various applications world-
wide.'*® This goes hand in hand with innovative
distributed computer architectures and systems
such as grid computing, a type of distributed
computer which allows the computing capaci-
ties of multiple computers to be used simulta-
neously. The use and treatment of this data, e.g.
through identification of unexpected correla-
tions in the data structures, the interpretation
of empirical findings and the formulation of
new types of research questions is considered to
be a central challenge with this for public and

128 Based primarily on the results of the project Research and Innovation Futures (RIF) 2030. See: Schaper-Rinkel et al. (2012) pages 9-27.

129 See Mervis (2012).
130 See Howe et al. (2008).
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private research.'®! At the same time it can also
be stated that in business in particular, big data
does not necessarily mean data that is made
generally available (open data). Firms are cur-
rently developing many applications where data
is not disclosed. These include the linking and
evaluation of complex customer data.

The US is a significant pioneer in the devel-
opment of big data. The Office of Science and
Technology Policy at the White House started
the “Big Data Research and Development Ini-
tiative” in 2012. The aim of this project is to
facilitate the development of technologies in co-
operation with wvarious public stakeholders
which will allow data to be generated, saved,
managed, analysed and shared. It is assumed
here that the private sector in particular should
play a leading role in developing big data sys-
tems. At the same time, the government is pro-
moting the corresponding research and develop-
ment. It is also setting the regulatory frame-
work, particularly in relation to data protection
and guarantees of privacy. The National Science
Foundation and the National Institute of Health
have recently started to promote some initial
interdisciplinary projects, and are also planning
to support the universities in establishing inter-
disciplinary graduate programmes for big data in
future. The Virtual Laboratory can also be stat-
ed here: this is a tool which allows scientists to
exchange their molecular modelling globally for
the purposes of developing new medications on
a uniform data network.'*> The “Whole Brain
Catalogue” also shows how different stakehold-
ers are able to cooperate in the research and in-
novation process.'®® This open platform for brain
research was developed by a team from the Uni-
versity of San Diego. Anyone who is interested
in this research can take part, and not just a few
privileged researchers from other partner uni-

131 See Frankel, Reid (2008).

132 See Buyya, Abramson (2003).

133 http://wholebraincatalog.org/.

134 http://www.egi.eu/.

135 See Heller-Schuh and Leitner (2012).
136 http://openaire.univie.ac.at/.
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versities. The global community that has devel-
oped in this fashion in recent years works both
on fundamental research questions as well as on
tangible medical applications and procedures.

The European Commission wants to promote
big data with Horizon 2020, and has for instance
published its own priorities for funding big data
in the first call for the information and commu-
nication technologies programme line. The Eu-
ropean Grid Infrastructure Initiative can be
mentioned here.'** The European Commission
supported the setting up of this e-infrastructure,
which links European researchers through a
common data and computer structure. While
the current discussion around big data is gener-
ally centred around the analysis of unstructured
data, large quantities of structured data are also
of central importance in research. The Large
Hadron Collider (LHC) at CERN is an example
here which, in line with the principle of open
data, has been providing large quantities of data
to the research community since 2009. The
LHC Computing Grid (LCG) provides a distrib-
uted computer and storage network infrastruc-
ture for the experiments on the Large Hadron
Collider.

One Austrian example is the establishment
of the European bio-database at the Medical
University of Graz. In total, there are 16 elec-
tronic databases present at Austrian universi-
ties according to assessments from the research
infrastructure database of the Federal Ministry
of Science, Research and Economy (BMWEFW),
which collects different categories of research
infrastructure from the Austrian universities.!3
However, these are only provided to third par-
ties to a limited extent (Open for Collaboration).
The European e-infrastructure OpenAIRE which
the University of Vienna also takes part in can
also be noted here.!®® The aim of this research
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infrastructure is to create free-of-charge public
access across Europe to quality-checked scien-
tific articles via a central electronic portal. The
Centre for Digital Humanities (ZDG) at the
Austrian Academy of Sciences or the research
infrastructure CLARIN and DARIAH run by the
University of Graz aimed at developing specific
basic services, repositories and digital research
methods for research in the humanities can be
mentioned here.'®” Big data projects have also
been encouraged in Austria by the Austrian Re-
search Promotion Agency (FFG) since 2013 un-
der the “ICT of the future” programme umbrel-
la. The internet portal data.gv.at also offers a
catalogue of open data records and services from
public administration (Open Government Da-
ta). This data can be used freely, both for person-
al information as well as for commercial pur-
poses.

The term Open Notebook Science as defined
by a US chemist can also be referenced in this
context. Open Notebook Science means making
the data generated within the scope of research
projects directly available on the internet. This
way scientific data is made freely available
within a few hours, even before the actual pub-
lications are created by the researchers involved
- something which can take a few years in the
case of peer-reviewed publications. An increas-
ing number of scientists have adopted this strat-
egy, placing the notebooks as used in laborato-
ries online. Jean-Claude Bradley defines Open
Notebook Science as “the practice of making
the entirety of one's laboratory notebook and
all associated raw data public in as close to real
time as possible”.'®® The aim is for this trans-
parent approach also to make data available to
the scientific community which is not tradi-
tionally published, for the purposes of publish-

137 www.clarin-dariah.at.

138 Quoted in (Stafford, 2010).

139 See Schaper-Rinkel et al. (2012) page 14.

140 See Burgelmann et al. (2011); ICSU (2011).

141 http://www.wired.com/images/press/pdf/1607cover.pdf.
142 See O’Malley, Soyer (2012).

143 See Goldmann et al. (2009).
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ing failed or unverified experiments or those
which are of limited significance.

Data-driven research methods

Making displaced large and complex quantities
of data usable for research involves a develop-
ment process which is known as a data-driven
research method in the literature.'*® Researchers
postulate with this that traditional hypothesis
and theory-driven research will be replaced by
data-driven research methods in some fields in
future.'*® Wired Magazine writes for instance of
the end of traditional science in this context and
states: “The quest for knowledge used to begin
with grand theories. Now it begins with massive
amounts of data”.'*! Some scientists see a partic-
ular potential here in combining the traditional
hypothesis-driven approach to research with the
data-driven approach for the same project in the
laboratory.'* Information technology infrastruc-
tures including databases acquire an increasingly
major role against this background in terms of
identifying correlations and patterns in the data,
as well as in driving experimental research.

As part of big data development, sensory par-
ticipative data collection (Participatory Sens-
ing) is an additional important development
channel which specifies that individuals and
communities collect and save events, patterns
and infrastructures in a wide variety of fields
from health to culture using their personal mo-
bile phones and web services. The champions of
this development see major opportunities for
acquiring scientific knowledge through citizens
and communities of citizens not only generat-
ing and documenting data collectively, but also
being involved in interpreting and developing
research issues.'*
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New forms of communication and publication

New forms of information technology and so-
cial media create diverse opportunities for re-
search results to be communicated and pub-
lished, and are on the brink of transforming the
scientific research process. In addition to tradi-
tional forms of publication in newspapers and
books, multimedia presentation and publication
options on the internet are increasingly being
used, ranging from presentations and videos and
animations embedded in publications through
to discussions on internet blogs.

Reference can also be made to open access in
this context, i.e. the efforts to make peer-re-
viewed scientific publications freely available
on the internet. This development was already
discussed in detail in the Austrian Research and
Technology Report 2013, to which reference
should be made here.

The online encyclopaedia Wikipedia has be-
come an important online reference in recent
years. While the quality, validity and scope of
Wikipedia entries is a controversial issue, the
entries made there often provide a starting point
for further research into a topic by research-
ers.!** The initiative started in 2008 whereby
findings from peer-reviewed articles in Wikipe-
dia are replicated can be mentioned here as an
example in the area of biology and RNA re-
search.'” The success of Facebook has also en-
couraged the scientific community to increase
presentations and cooperation by and between
scientists. Websites such as ResearchGate, Aca-
demia.edu and Mendeley'* allow research re-
sults and data to be published and shared and
discussed with others. Yet social networks such
as LinkedIn and XING also provide a place for
scientists for networking, discussion and pre-
sentation of their research work. The messaging

144 See Giles (2005).

145 See Daub et al. (2008)

146 http://www.mendeley.com, http://www.researchgate.net/.
147 See Mandavilli (2011).

148 See Williams (2008).

149 See Schroeder (2008); Shneiderman (2008).
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service Twitter is also an essential asset which
as well as being suitable for distributing re-
search results, also specifically acts as a “filter”.
A large number of journals, research organisa-
tions and individuals tweet news about their
scientific work. Users receive the posts that are
interesting to them in their Twitter channel. In-
struments and platforms for joint use of data
and options for setting up blogs and Wiki arti-
cles on the net are relatively easy for scientists
and institutions to use and also speed up the ap-
plication and distribution process. New forms
of rapid (pre-) publication and of fast feedback
from the community are also growing.'*’

New types of web and software-based options
for communication and cooperation between
scientists go hand in hand with strategies aimed
at common use and integration of data which
are already a central component in many areas
of any research work in chemistry and medicine
today. These include applications whereby prop-
erties of molecules are modelled on the net in a
cooperative manner.'*® The success of the Hu-
man Genome Project (HGP), where the princi-
ple of making data available to third parties pri-
or to actual publication has been in place for
some years, is probably one of the best known
and most important examples which can be
stated at this point.

The use of new technologies and media there-
by accelerates the research process, consolidates
cooperation and interaction at the global level
and enables a high degree of inclusion of citi-
zens and society - frequently even in real
time.'* The technologies and applications de-
scribed are not only used within specific re-
search communities and networks — they have
encouraged interaction and cooperation be-
tween different institutions and scientific disci-
plines, and have thereby also facilitated the car-
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rying out of interdisciplinary and transdisci-
plinary research. At the same time, questions
arise in relation to scientific quality assurance,
work distribution and the status of researchers
in scientific activities which are increasingly
dominated by social media and their conven-
tions.

The developments described here thereby
support the “Open Science” paradigm, i.e. the
demand first made by Robert Merton that the
objective of scientists is to justify the priority of
a scientific discovery by first revealing progress
in knowledge.'®® New social media and informa-
tion technology support this demand and allow
all data generated within the scope of research
work to be made public (sometimes in real
time). In relation to the challenge and dynam-
ics, this development has a high level of affinity
with the development of open innovation as in-
creasingly demanded within the framework of
the description of commercial innovation activ-
ities (see also chapter 4.3.1). Both developments
go hand in hand and open up, digitise and link
the overall research and innovation process,
from basic research through to applications in
industry and society.

Challenges for for the research agenda

There are a large number of policy challenges
which arise against this background of digital-
isation and exchange of data between various
disciplines, organisations and nations, which go
beyond pure research and innovation policy and
also include fields such as safety and security,
warranties, copyright and data protection and
which thereby also touch upon many social ar-
eas. The issues as to how data can be saved and
protected, access secured and user-friendliness
increased on a sustainable basis are important

150 See Merton (1973).
151 See Boyd, Crawford (2012).
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topics on the development and policy agenda.
Some researchers also warn against a new type
of digital divide potentially opening up in this
context, characterised by “the big data rich and
the big data poor”.'>!

Science 2.0 requires new investments in data
infrastructures (e-infrastructures) and new capa-
bilities and skills on the part of scientists in or-
der for them to be able to participate successful-
ly in the process. The need and level of these
types of investment must be taken into account
accordingly by universities and research institu-
tions in their financing and facility decisions.
However, there is still little comparable infor-
mation overall at the international level on the
distribution, participation and use of Austrian
scientists and institutions in the new research
methods and strategies described here.

There are also challenges regarding the issue
of how public access to data and information
can be secured for as many stakeholders as pos-
sible — including for the purposes of the open
science and open access postulate — if universi-
ties and research institutions are at the same
time in competition for third-party funding and
commissioned projects. They could achieve an
advantage in the short term in individual cases
where they keep data and findings secret or pro-
vide them exclusively to the client. This con-
flict of priorities will become more acute in
some cases in future, for instance those involv-
ing the acquisition of R&D for manufacturing,
where the research institutions wish to finance
their investments in databases and electronic
infrastructures through projects or scientific
publishing houses have to find new business
models. Issues around data protection and priva-
cy in particular are a factor in this that could
potentially limit the spread of the phenomena
described here.
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4 Research and Innovation in the Business

Enterprise Sector

4.1 International orientation is key when it
comes to technological competitiveness

4.1.1 Austria’s position in the global value chain

Given the increasing globalisation and integra-
tion of the world economy, domestic output in
Austria has become more international over the
past several years. The successive dismantling
of international trade barriers, which has been
accelerated by the work of the World Trade Or-
ganisation (WTO), founded in 1995, has been
essential in this development. In 2001 China
joined the WTO and the country has since be-
come a central actor in the world economy. Eu-
ropean integration and the realisation of a com-
mon market was given strong impetus by the
1992 founding of the European Union following
the signing of the Maastricht Treaty.

Structural changes are evident in the special-
isation of certain products, and these changes
are also accompanied by an increasing fragmen-
tation of production processes. One vital prereq-
uisite for this specialisation, amongst others, is
a comparative cost advantage, which means
that a country specialises in the production of
goods that are produced cheaper than in other
countries. This development leads to funda-
mental changes in the way the global economy
functions, especially with respect to the divi-
sion of labour in the production process. Firms
that previously integrated all aspects of their
work internally now spread these functions

across a number of companies and countries,
with the result that international delivery net-
works - and relationships of dependence
amongst various countries — have grown dra-
matically.’® And since information and com-
munication technologies (ICT) are constantly
being improved, the outsourcing of work to
companies abroad is no longer limited to just
some parts of the production process, such as
accounting and support services.

These trends have a significant impact on
Austria as a business location, too. Given its
tight integration in import-export networks,
Austria is now characterised by a steadily grow-
ing participation in global markets as well as a
resultant dependence on foreign suppliers and
markets, which affects Austria to a greater de-
gree than larger economies. For that reason, the
impact of changes in the global trade network is
far greater for Austria than for larger economies.

Global value chains

Today products cross a number of international
borders as they make their way to consumers,
which is well illustrated by production net-
works and value chains. Global value chains de-
scribe the full range of activities required to
bring a product or service from conception via
the intermediate phases of production to deliv-
ery to consumers and final disposal after use.!*

The concept of global value chains has gained
in international importance in the past few
years, especially as a result of the availability of

152 See Linden et al. (2009); Hummels, Ishii (2001); Johnson, Noguera (2012).

153 See Gereffi, Fernandez-Stark (2011).
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global, multi-regional data that portrays the in-
put-output relationships between countries. Ex-
amples include the World-Input-Output-Data-
base (WIOD)** and the Global Trade Analysis
Project (GTAP). The central indicator in the
analysis of global value chains is the determina-
tion of the proportion of the value added con-
tributed by other countries to one’s own exports
and, conversely, the proportion of the value it
adds to the exports of other countries.'® This
indicator enables the consideration of indirect
relationships in the production process ("im-
ports for exports"), whereas standard foreign
trade statistics depict data only in gross terms,
which do not allow for any conclusions regard-
ing the location along the value chain (upstream
or downstream). The absence of indirect rela-
tionships in foreign trade statistics leads to the
value of a country’s exports being overestimat-
ed. This is especially true for emerging econo-
mies, which tend to focus on the labour-inten-
sive assembly of imported intermediate goods,
which contributes only a small amount to the
finished product’s value added. Apple’s iPhone
is a prominent example. Chinese manufacturers
are responsible only for the assembly of individ-
ual components and therefore contribute only
1.8% to the total value added of the final prod-
uct. When discussed in terms of gross value,
though, the entire value of the iPhone is at-
tributed to China’s exports.'*®

Value added in exports

A country’s position in global value chains and
the competitiveness of that country in terms of
international trade can be determined on the ba-
sis of developments of it’s domestic content of
value added in exports as well as its indirectly
exported value added. By means of the Net-
work-Value-Added-Index (NWI), which illus-

1"y

trates the share of value added by country “r” in
the exports of country “s” for any pair of coun-
tries in the network.'’

Countries that lead globally in the export of
manufactured products and industrial goods in-
clude Germany (DEU), the US (USA) and China
(CHN), which are all tightly integrated into the
global trade network. Germany creates a large
portion of the value added of the exports of Eu-
ropean countries and therefore dominates the
European market for manufactured goods and
services. Comparing the global trade network in
1995 with that in 2011, we find that the large
economies of Russia (RUS), the US and Germa-
ny were still the strongest and most central
players on the market, but the situation changed
remarkably by 2011. First, China has clearly
grown in significance. Germany and especially
Russia have lost in importance. Furthermore it
is clear that the degree of integration, measured
by the number and strength of relationships, has
grown significantly in the past decade.

An examination of Austria’s position in the
global trade networks demonstrates that the
size of an economy matters. Austria’s position
in the global market, however, has remained
stable since 1995. Austria is generally well inte-
grated in European trade, especially in Eastern
Europe. The country contributes a considerable
share of value added to the exports of neighbour-
ing countries such as Hungary and Slovenia.
Austria’s own exports are strongly dependent on
value added imports from Germany, Italy, Chi-
na and the US.

Austrian value added in a global context

Fig. 38 shows the development of Austria’s gross
exports as well as its domestic and foreign con-
tent of value added. One can see that gross ex-
ports continually rose between 1995 and 2008,

154 Timmer et al. provides a detailed methodological description of the WIOD database (2012).
155 See Johnson, Noguera (2012); Dedrick et al. (2010); Hummels et al. (2001).

156 See Kraemer et al. (2011).
157 See Fig. 60 in Annex.
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but that they noticeably declined in 2009 as a
result of the global economic crisis. Recovery be-
gan in 2011, during which gross exports were
nearly able to reach pre-crisis levels. The share of
domestic value added steadily declined between
1995 and 2011 as a result of progressive interna-
tionalisation (from 76% in 1995 to 66% in 2011).

The proportion of foreign value added to a
country’s gross exports depends on the size of
that country’s economy and the degree of spe-
cialisation. The share of foreign value added in
Austria is relatively high in global comparison
(2011: around 34%). Countries with large econ-
omies, such as the US, Russia and Japan, pro-
duce a large portion of the necessary intermedi-
ate products themselves and are therefore less
dependent on foreign imports. The domestic
contribution to value added is therefore also sig-
nificantly higher. This was over 85% in 2011 for
the US, Russia and Japan. Domestic contribu-
tions to value added are equally high in those

countries, such as Australia, that are rich in nat-
ural resources since the processes related to the
discovery and extraction of natural resources
are only dependent on intermediate products to
an insignificant degree.'™®

Given the growing share of foreign value add-
ed in Austrian gross exports, it is natural to ask
which countries contribute most to this devel-
opment. As depicted in Fig. 39, the largest share
of foreign value added comes from Germany
(DEU), followed by the remaining EU-12 coun-
tries (RoEU-12), especially Italy and France, as
well as south-eastern Europe (SEE), with the
Czech Republic leading the way. A comparison
over time reveals that Germany’s share has
slightly decreased but still remains the largest
amongst the countries compared. It should addi-
tionally be noted that the portion of value added
contributed by the remaining EU-12 countries
declined (from 25% to 19%), whilst that from
south-eastern Europe has risen significantly.

Fig. 38: Developments in gross exports, sorted into domestic and foreign share of value added (in € billions)
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158 See OECD-WTO (2012), OECD (2013).
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Fig. 39: Breakdown of foreign share of value added of Austrian gross exports by country
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The BRIC countries, with China leading
amongst them, have also gained in influence.

In addition to the size of a country’s econo-
my, the level of foreign value added is also de-
pendent on the country’s economic structure
(degree of specialisation, mix of industries) and
the composition of gross exports by sectors.
Empirical studies have demonstrated that the
degree of global networking at the level of in-
dustry or economic sector can deviate widely.!’
The international fragmentation of a produc-
tion process depends on the product’s technical
characteristics and is far more prevalent in
manufacturing and assembly than in the ser-
vices sector.

This correlation is also reflected in the break-
down of Austrian gross exports by industry. As
is evident in Fig. 40, the share of foreign value
added is greatest in the manufacturing industry,
which is dependent on imported primary goods
and raw materials. The share of foreign value
added in the metal industry, for example,

159 See Ferraini (2011); Gereffi et al. (2005).
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Presentation: JOANNEUM RESEARCH (2014). (See Annex | for country abbreviations).

amounted to 46%. It is furthermore evident that
these industries account for a large portion of
Austria’s total gross exports. In contrast, gross
exports in the healthcare, education and hous-
ing industries are small, as is to be expected.
Their share of domestic value added, however,
is large by comparison.

The fragmentation of production processes is
of central importance especially for products
built in a modular fashion in the high-tech in-
dustries. This takes the form of parts and com-
ponents produced in a variety of countries to be
exported to other countries, the so-called as-
sembly countries, where a product is assembled
into its final form. The internationalisation of
modular products has had an impact especially
on the following industries: electrical machin-
ery and equipment; radio, television and tele-
communications equipment; transport devices;
and the automobile industry. The highest levels
of foreign value added are in the production of
transport devices (foreign value added at 50%),

Austrian Research and Technology Report 2014



4 Research and Innovation in the Business Enterprise Sector

machinery (38%) and electronics (36%), which
are also Austria’s strongest export industries.
The counterpart to foreign contributions to
Austrian exports is the Austrian contribution to
other countries’ exports, which is often defined

as indirectly exported value added. This demon-
strates above all which countries regard Austria
as an important supplier of products. This indi-
rect value added amounted to around €37 bil-
lion in 2011, from a total of around € 170 billion

Fig. 40: Gross exports by industry, sorted into domestic and foreign share of value added, 2011
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in direct exports (Fig. 41). In comparison, foreign
producers added around €52 billion of value to
Austria’s exports. The share of value added con-
tributed by Austria to gross exports by other
countries has noticeably risen in exactly the
same way as the share of value added contribut-
ed by other countries to Austria’s gross exports.
Annual growth between 1995 and 2011 averaged
about 7% (and about 11% in the previous period
2000-2008).

As indicated by more detailed analyses,!®
Austria plays a role via third party countries in
exports to the US, China and Mexico. These are
all countries that can not necessarily be directly
connected to Austria’s gross value added. Ana-
lysing the indirect value added contributed by
Austria to gross exports on the level of individ-
ual countries, we find that a significant portion
(around 25% in 2011) can be attributed to Ger-
many (DEU), which is Austria’s most important
trading partner. It should be noted that
south-eastern Europe has become an important

market for Austria, with Hungary, Slovenia and
Poland as central trading partners. An amount
that is certainly not insignificant from the Aus-
trian perspective goes to the BRIC countries.

Austria’s participation in the global market

When both indicators are taken into account to-
gether — the foreign share of value added in a
country’s gross exports and that country’s share
of value added to the gross exports of third party
countries — a clearer picture arises of the com-
plex connections that characterise foreign trade
in the global market. Fig. 42 shows values for
2011, with the foreign share of value added in
domestic gross exports on the vertical axis and
the share of indirect value added on the horizon-
tal axis.

A country has a high degree of participation
or integration in the world market when it has
both a relatively high share of indirect value
added and a high share of foreign value added in

Fig. 41: Indirect value added for Austria by region (in € hillions)
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160 See Fig. 6 1 in Annex.

110

Austrian Research and Technology Report 2014



4 Research and Innovation in the Business Enterprise Sector

Fig. 42: Level of participation in the global market
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domestic products.'® Of course, the size of a
country’s economy plays a role in determining
its participation in the world market. But be-
cause the value chain works in both directions,
this effect does not have as great of an impact.

It is apparent that Austria and other small
economies (such as the Netherlands and Slova-
kia) are more tightly integrated into the world
market than the large economies of the US,
Russia and China. On the one hand, Austrian
firms use a number of foreign products in their
own production processes and, on the other,
Austria produces a variety of products that are
used in the global value chain.!¢?

Importing R&D via the acquisition of goods and
services

The intensity of R&D activity and the use of
external sources of technology are an important
aspect in an industry’s position in global value
chains. Whilst innovation activities in some in-
dustries (the pharmaceutical industry, for ex-
ample) is driven especially by R&D internal to

161 See Johnson, Noguera (2012); Koopman et al. (2011); OECD (2013).

162 See Grossman, Helpman (1993); OECD (2013).
163 See OECD (2013).

0%

that industry, other industries primarily secure
technology and know-how from sources exter-
nal to that industry via the purchasing of prod-
ucts and services, both domestically and from
foreign suppliers. The same can be witnessed at
the macroeconomic level: whilst large, highly
developed economies can overwhelmingly rely
on domestic research and technology, smaller
or less developed countries find themselves de-
pendent on technologies that have been devel-
oped abroad. It is evident, however, that small
countries can become leading producers of spe-
cialist technologies, that new technologies are
generally developed and introduced by small
enterprises, and that researchers’ international
mobility is a primary vector for the spread of
technology.'®

Current firm-specific figures related to R&D
do not allow us to identify which countries and
industries profit the most, and to which degree
they profit, from specific R&D activities con-
ducted at particular points in the economic sys-
tem. Total R&D income is central to new stud-
ies!'®* that aim to quantify the total R&D-related

164 See Hauknes, Knell (2008); Hutschenreiter, Kaniovski (1999); Papaconstantinou et al. (1996).
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Fig. 43: Structure of total research and development income of the industries, share of value added (in %)
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income generated by output streams. This in-
cludes not only direct expenditure for R&D, but
also R&D-related income from intermediate
goods and capital goods, both domestic and im-
ported, and is therefore in many cases a mean-
ingful measure of the level of technological ad-
vancement.

The role of technology imports in international
comparison

Fig. 43 depicts the structure of the total R&D-re-
lated income from aggregated outputs (all goods
and services) compared internationally.'®® Total
technology intensity'® is in many respects a far
more suitable measure of the technological lev-
el of production in a country (or industry) than
direct R&D intensity. Total technology intensi-
ty may be significantly higher than direct R&D
intensity, especially in small and less developed
countries. International comparisons based on

direct R&D intensity, therefore, may very likely
underestimate the level of technology involved
in production systems located in those types of
countries.

Half of the total R&D income resulting from
aggregated outputs in Austria in 2007 were ac-
counted for by direct R&D expenditure. The
most important components of “indirect R&D”
are imported and domestic intermediate prod-
ucts.

Direct R&D expenditure are highest, relative-
ly speaking, in large, research-intensive coun-
tries such as Finland and Sweden in Europe and
in the US and Japan internationally. The ratio of
indirect to direct R&D expenditure in these
countries is approximately 1:3. As would be ex-
pected of a small, open economy, the ratio of
R&D income from imported intermediate and
capital goods to direct R&D expenditure in
Austria is higher than in larger economies
(around 1:1 in 2007).

165 The study by Hauknes, Knell (2008) follows the method used here to quantify total R&D income of material good and services in the
Austrian economy. EUROSTAT as well as the OECD ANBERD database and the World Input Output Database (WIOD) for 2007 pro-

vide the basis for data.

166 Defined as the ratio of total R&D income to gross value added of the aggregated output.
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As in the analysis of global value chains, Ger-
many here too plays a central role for the Aus-
trian economy as a supplier of R&D in the form
of intermediate goods and an even more import-
ant role as a supplier of R&D that is delivered in
the form of capital goods. The R&D income
from intermediate goods imported from Germa-
ny amounted to €447.23 million in 2007.
Austria’s second most important partner from
this perspective (excluding the remaining EU-12
countries!'®’) is the US (€53.27 million).

In each and every year examined, Germany
features as the most important supplier of indi-
rect R&D in all ten economic sub-sectors with
the largest contributions of indirect R&D to to-
tal technology intensity. The remaining EU-12
countries are the second biggest supplier, fol-
lowed by the US and Japan. The R&D income
related to imported intermediate goods for these
countries lies between 0.1% and 0.9%. The sig-
nificance of the US as a country of origin reflects
the structure of American exports to Austria as
well as the high intensity of R&D related to
manufacturing in the US.

Whilst an industry’s “R&D performance” is
straightforwardly derived from its direct R&D
expenditure, the acquisition of related technolo-
gy — mediated through the structure of the in-
ter-sector streams of intermediate and capital
goods — depends on the R&D intensity of the
upstream industries (domestically and abroad).
Fig. 44 illustrates the total R&D income for the
relevant industries.

The spread of indirect R&D across various in-
dustries is markedly different from that of direct
R&D expenditure (performance of R&D). Those
industries that perform substantial amounts of
R&D activities are generally not the same as
those which acquire indirect R&D by means of
intermediate and capital goods. Agriculture, the

food industry, the construction industry or the
recycling sector acquire up to 50% of indirect
R&D via their intermediate and capital goods.

Summary

There is a steady increase in cooperation in the
production of goods in the form of intensifying
import-export relationships. Products pass nu-
merous national borders on their way to con-
sumers, either in the form of intermediate prod-
ucts that are used in the production process or
as finalised products that are sold to the public.
The share of foreign value added in gross exports
is in direct relation to the size of an economy
and its degree of specialisation. For this reason,
the Austrian share of foreign value added is rel-
atively high compared internationally. As a re-
sult of progressively growing internationalisa-
tion, the share of domestic value added in gross
exports between 1995 and 2011 declined from
76% to 66%.

Austria has strong connections with other
European countries, especially those in Eastern
Europe, and contributes a significant share of
value added to the exports of its neighbouring
countries (Hungary, Slovenia). At the same
time, Austrian exports are heavily reliant on
value added imports from Germany, Italy, Chi-
na and the US. The largest share of foreign value
added in Austrian exports can be attributed to
Germany (DEU), followed by the remaining EU-
12 countries (RoEU-12) and south-eastern Eu-
rope (SEE). Foreign contributions to Austrian
exports vary according to the industry. The
highest levels of foreign value added are to be
found in the production of transport devices
(foreign value added at 50%), machinery (38%)
and electronics (36%), which are also Austria’s
strongest export industries.

167 The “EU 12 country” group of countries includes: Belgium (BEL), Denmark (DNK), Germany (DEU), France (FRA), Greece (GRC),
Ireland (IRL), Italy (ITA), Luxembourg (LUX), Netherlands (NLD), Portugal (PRT), Spain (ESP) and the United Kingdom (GBR)
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Fig. 44: Contribution of indirect research and development to overall technological intensity of Austrian manufacturing
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The concept of global value chains can be ex-
panded to include the analysis of direct and in-
direct R&D relationships via the provision of
goods. Whilst innovation activities in some in-
dustries (the pharmaceutical industry, for exam-
ple) is driven especially by R&D internal to that
industry, other industries primarily secure tech-
nology and know-how from sources external to
that industry via the purchasing of products and
services, both domestically and from foreign
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suppliers. Total technology intensity may be
calculated as the sum of direct and indirect
R&D intensity. Direct R&D expenditure are
highest, relatively speaking, in large, re-
search-intensive countries such as Finland and
Sweden in Europe and in the US and Japan inter-
nationally. The ratio of “indirect R&D expendi-
ture” to direct R&D expenditure in these coun-
tries is approximately 1:3. As would be expected
of a small, open economy, the ratio of R&D in-
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come from imported intermediate and capital
goods to direct R&D expenditure in Austria is
higher than in larger countries (around 1:1 in
2007).

4.1.2 International R&D cooperation by Austrian
firms: findings based on patent statistics

A number of factors drive the internationalisa-
tion of firms’ R&D processes. One significant
component is winning and securing markets
abroad for the sale of a firm’s products. Firms
are continually faced with new product require-
ments in foreign markets. These may include
technical requirements for the product to be
placed on the market or specific preferences on
the part of consumers. Products must thus regu-
larly be technologically adapted to a number of
different markets if exportability and market ac-
cess are to be ensured. Another factor is the ac-
cess to sources of know-how that complement
in-house competences. Finally, costs may also
play a role in the internationalisation of R&D.
This internationalisation of R&D can take sev-
eral forms. One is the establishment of a new
R&D location abroad, whilst another is partici-
pation in or the take-over of foreign firms with
their own R&D capacities. A third form is coop-
eration with foreign partners on R&D projects.
One means of measuring Austrian firms’ in-
volvement in international cooperation in R&D
is provided by patent statistics. As part of the
patent application process, firms must provide
the names of people who were involved in de-
veloping the invention. This includes the provi-

sion of these individuals’ home addresses. The
locations where the inventors are active can be
approximately determined from this informa-
tion. The regional distribution of inventors
should correspond to a great degree with the re-
gional distribution of locations in which R&D
activities take place since employees tend to
live near their place of employment. Patents
that list inventors from a number of different
countries illustrate the international coopera-
tion involved in R&D processes.!®

The following analysis draws on information
contained in the EPO’s PATSTAT database. This
database contains all patent applications from
nearly all patent offices worldwide. All patent
applications by applicants from Austria were
identified in the database.'® The institutional
sector (business enterprise sector, university,
government and cooperative research institu-
tions, public administration and private individ-
uals) was identified, as was the location in
Austria in which the inventor works or where
the R&D activity primarily took place. In addi-
tion, the industry (2-digit NACE), the size (in
the categories SMEs with fewer than 250 em-
ployees and large firms with 250 or more em-
ployees) and membership in corporate groups
with headquarters abroad were identified for all
firms.!7% Patent applications were grouped to-
gether into patent families,'”! and the locations
(by country) of all of the inventors were identi-
fied for each patent family. Patent applications
by foreign subsidiaries were not included in the
analysis since applications submitted only by
foreign subsidiaries of Austrian firms'”? (and not

168
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171

172

Inaccuracies also have to be taken into account, since inventors may move between the time of the invention and the patent applica-
tion and inventors in areas close to borders may have their place of residence abroad but work in Austria.

The applicant’s country ID “AT” was used for this. However, since Austrian applicants constantly appear incorrectly under the coun-
try ID “AU” (Australia) or “ST” (for applicants from Styria), a name search was used (whereby all applicant names with “AT” were
searched under all other applicant names) in an attempt to capture these Austrian applicants also. At the same time non-Austrian (in
particular Australian) applicants which were captured under the country ID “AT” were excluded from the analysis.

This information was captured through reconciliation of the corporate applicants with the Creditreform Austria database and through
additional research.

A patent family covers all applications to different patent offices which relate to the same invention. The term “patent” is used below
for patent families.

“Domestic firms” below refers to those firms whose headquarters are in Austria. “Foreign firms” are accordingly subsidiaries or
branches in Austria with the firm’s headquarters located abroad.
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by the Austrian parent company) are a sign that
the patent was to be exploited solely in the for-
eign location. Were the Austrian parent compa-
ny also intended to exploit the patent, the appli-
cation would generally have been filed by (or
along with) the Austrian parent company. The
analysis covered the period from 2000 to 2011,
and patents were organised according to the pri-
ority year of the first patent application within a
patent family.

Firms in Austria submitted over 20,400 pat-
ent applications worldwide between 2000 and
2011. Almost 13,800 patents were registered by
firms headquartered in Austria, and more then
6,600 were registered by firms active in Austria
but with headquarters abroad.!”® The number of
patents increased continuously from 2001
(Fig. 41). The rise was attributable equally to in-
creased patent activity by domestic and foreign
firms. If controlled for the inventor’s location,

then the rise is primarily due to the increased
number of patents registered by inventors lo-
cated in Austria. Foreign firms have profoundly
increased the number of patents that feature
only inventors located in Austria (Table 34).
This indicates that personnel in Austrian loca-
tions have been increasingly central to activi-
ties undertaken by foreign firms in Austria
leading to new inventions, whilst cooperative
work on inventions with foreign locations or
external partners abroad has relatively declined
in importance. This may be interpreted as a
sign that Austria is now a stronger location for
R&D, which implies further that Austrian sub-
sidiaries are increasingly working independent-
ly on R&D.

The number of patents registered by domestic
firms with inventors located in Austria and
abroad ("international cooperative patents") ex-
perienced a disproportionate rise. The number

Fig. 45: Number of patents of firms in Austria 2000-2011 by inventor location
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173 For foreign firms only those patents are taken into account which have been registered by the Austrian subsidiaries (where applicable
incl. patents which at the same time have been registered abroad by the parent company or affiliated company).
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Table 34: Change in the number of patents of firms in Austria hetween 2000 and 2011

by inventor location

Change 2000-2011 in % Only inventors from Austria Inventors from Only inventors from Total
Austria and abroad abroad
36 71 43 40

Domestic firms
Foreign firms 124
All firms in Austria 52

Source: EPO: PATSTAT. Calculations: ZEW.

of these patents rose by 71% between 2000 and
2011, compared with a rise of just 40% for pat-
ent activity in total. The number of patents reg-
istered by Austrian firms but with inventors
who reside abroad increased only by 12%. Do-
mestic firms experienced a disproportionate rise
of 48%, whilst there were 8% fewer patents in
2011 than in 2000 registered by foreign firms in
which the named inventors reside outside of
Austria. This development can be attributed to
a small number of international firms which up
until 2006 used their Austrian subsidiaries to
register a large number of patents developed
abroad; this strategy changed in 2007.

The number of international cooperative pat-
ents grew up until 2009. The rate of growth was
particularly strong amongst foreign firms,
which is in part due to the limited number of
patent applications in which all of the listed in-
ventors reside abroad. International cooperative
patents represented 18% of patent applications
filed by domestic firms in 2009 (2000: 14%).
This figure returned to 14% for both 2010 and
2011 (Fig. 46). This decline was experienced
equally by domestic as well as foreign firms.
Amongst domestic firms, SMEs and large firms
registered similar numbers of international co-
operative patents, and these figures largely de-
veloped in parallel over the past twelve years.

The number of international cooperative pat-
ents registered by domestic firms is highest in
the chemical and pharmaceutical industries and
lowest in the services segments (with the excep-
tion of engineering/R&D) (Fig. 47). Foreign
firms in the metal industry and in engineer-
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ing/R&D registered an especially high number
of international cooperative patents. The chem-
ical, pharmaceutical and electronics industries
are responsible for the registration of significant
numbers of international cooperative patents by
foreign firms which list only inventors who re-
side abroad.

A differentiation by federal state (in which
firms are assigned to federal states not accord-
ing to the location of their legal headquarters,
but rather the location in which the largest por-
tion of their R&D activities takes place) shows
few differences in terms of the number of regis-
tered international cooperative patents (Table
35). The highest numbers amongst domestic
firms were in Vorarlberg and Vienna with shares
of 18% and 17% respectively. The high share in
Vorarlberg may be partially attributable to
workers who commute from Switzerland, Liech-
tenstein and Germany. The numbers of interna-
tional cooperative patents registered by foreign
firms are above average in the states of Lower
Austria, Salzburg and Upper Austria. There
were no significant differences amongst the fed-
eral states overall.

The largest number of inventors resident
abroad who were involved in the development
of patents registered by Austrian firms come
from Germany. Amongst those working for do-
mestic firms, 60% of the inventors with
non-Austrian addresses are resident in Germa-
ny. However, Germany is home to only a third
of those who work for foreign firms. The propor-
tion of inventors resident in Germany amongst
all of the inventors with residences abroad is

117



4 Research and Innovation in the Business Enterprise Sector

Fig. 46: Share of international cooperative patents of firms from Austria, 2000-2011
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Source: EPO: PATSTAT. Calculations: ZEW.

Fig. 47: Share of patents of firms from Austria with inventors from abroad, average 2000-2011
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Table 35: Inventor location of patent firms in Austria, by federal state, average 2000-2011

fal | wifms
PR Only AT AT + foreign Only foreign Only AT AT + foreign Only foreign Only AT AT + foreign Only foreign
inventors inventors inventors inventors inventors inventors inventors inventors inventors
74 17 9 81 15 5 76 16 8

Vienna

Lower Austria 78 12 10 47 27 26 64 19 17
Upper Austria 82 12 6 56 25 19 79 14 8
Salzburg 83 13 5 68 26 6 79 16 5
Tyrol 76 13 11 80 13 7 76 13 11
Vorarlberg 69 18 13 24 10 66 49 15 36
Burgenland 74 15 11 100 0 0 75 14 11
Styria 77 13 11 79 18 4 77 14 9
Carinthia 75 16 9 34 21 45 48 19 32

Allocation of patents to federal states based on the location for R&D activity.

Source: EPO: PATSTAT. Calculations: ZEW.

45% (Table 36) for all firms taken together. stronger for domestic firms than for foreign
Switzerland and the US are the places of resi- firms. The largest number of inventors located
dence for the next greatest share of inventors abroad who were involved in the development of
with foreign addresses, with 13% each. Another patents registered by Austrian firms came from
5% of inventors resident abroad are located in Germany (60%), Switzerland (8%) and the US
neighbouring countries (Italy, Czech Republic, (6%). This analysis demonstrates a trend towards
Slovakia, Hungary, Slovenia). Amongst EU stronger international cooperation in R&D, par-
member states, Great Britain and France follow ticularly within Europe.
Germany as the most prominent countries of
residence for those inventors who are not resi- 4.2  Corporate innovation in transition
dent in Austria (5% each). Asia plays a minor
role as home to inventors not resident in 4,271 Open Innovation as the new innovation
Austria, with a total share of just 3%. paradigm

The analysis of the home locations of inven-
tors provides a good indication of the level of in- The concept of “Open Innovation” has increas-
ternational cooperation in the development of ingly become part of innovation policy over re-
new technologies and new products. Between cent years. The concept introduced by US inno-
2000 and 2011, 15% of all patents registered by vation researcher Henry Chesbrough in 2003
business enterprises in Austria were developed in denotes the trend which can be observed empir-
cooperation with international partners, which ically for firms to cooperate more frequently
means that the underlying invention was devel- with customers, research institutions, suppli-
oped jointly by people in Austria and abroad. ers, competitors, etc. for the purposes of devel-
This figure was 13% for companies headquar- oping and implementing innovation. Open In-
tered in Austria and 19% for the Austrian subsid- novation is defined as followed in the literature:
iaries of foreign firms. The share of international “Open Innovation is a paradigm that assumes
cooperative patents increased up until 2009, but that firms can and should use external ideas as
declined again in 2010 and 2011. Growth in the well as internal ideas, and internal and exter-
number of international cooperative patents was nal paths to market, as the firms look to ad-
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Table 36: Regional hreakdown of inventors from abroad who were involved in the development of patents registered by

Austrian firms, average 2000-2011

Proportion of all patents with inventors from abroad
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Africa, Oceania

60 3 45

17 13
2 3
2 2
5 5
8 5
2 2
7 6
1 1
18 13
1 1
3 3
0 0

Allocation of patents to federal states using the location for the R&D activity.

Source: EPO: PATSTAT. Calculations: ZEW.

vance their technology”.'* Open innovation is
therefore aimed on the one hand at using as ma-
ny external sources of information as possible,
with interaction and cooperation with custom-
ers playing a particularly important role here.
This form of Open Innovation is also known as
an inside-out strategy. On the other hand, Open
Innovation means commercialisation of as ma-
ny ideas and technologies developed with the
scope of R&D activities as possible, with differ-
ent external sources, stakeholders and channels
used in this process: this is also known in the
literature as an outside-in strategy. With this
Chesbrough specifically advocates the funding
of spin-off companies, licensing of patents and
the formation of joint ventures.

The Open Innovation model can be contrast-
ed with the “Closed Innovation” model here.
The Closed Innovation model follows the se-
quential introduction of business innovation, in
which firms generate technical knowledge in

174 See Chesbrough (2003, xxiv).

relatively isolated R&D departments, and then
commercialise this knowledge in the form of
improved production processes and new prod-
ucts on the market. The ability to maintain a
focus on the market and to absorb information
on customer needs is comparatively weak in
this model. The Open Innovation paradigm is
quite different: the postulate here is that firms
generate profitable ideas internally or acquire
them externally, and then commercialise the
products built upon these ideas either them-
selves, in cooperative efforts with third parties,
or through licensing in the marketplace.

The idea of open networked innovation is not
a new one: significant importance was already
being attached to the integration of and coopera-
tion with customers, suppliers, universities and
competitors for successful R&D and innovation
activities in the 1980s.!7® In his model, however,
Chesbrough specifically illustrates the interplay
between a company's internal development and

175 See for instance Rosenberg (1982), von Hippel (1986) or Lundvall (1988).
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the internal use of external knowledge, between
in-house commercialisation and alternative ex-
ploitation strategies. In the age of Open Innova-
tion firms are compelled to access external re-
sources as soon as possible, and to press ahead
with their R&D efforts in constant interaction
with the environment. Information technology,
the internet, new social media and the creation
of knowledge markets are the particular drivers
and characteristics of Open Innovation.

A series of forms and strategies have become
established in recent years, all of which can be
designated as different forms of Open Innova-
tion. The concept of “User Innovation” has
been in use for some years in connection with
active customer involvement. User innovation
is more than the conventional customer focus,
e.g. through customer surveys in traditional
marketing and market research, as it means all
those examples where customers or users them-
selves become innovators and develop products
independently. The development of software
products in open source communities can be
stated as a very familiar example in this regard.
The traditional image of the innovative firm is
increasingly being replaced by a model which
sees the innovation process as a network be-
tween different stakeholders. The lead user ap-
proach is an additional method discussed in this
context.'”® Lead users or pioneer users involve
the small group of customers who anticipate
market needs and provide important momen-
tum for innovation. Firms attempt to identify
these in a targeted manner and to actively in-
clude them in the product development process.
As such the customers are not merely receivers
of the value, they are actually involved in creat-
ing the value.'”” Companies often also use spe-
cific software products in this context which are
frequently known as “Toolkits for User Innova-

176 See von Hippel (1986).

177 See Prahalad, Ramaswamy (2004).
178 See Howe (2006).

179 See Wikipedia.

180 See Liithje, Herstatt (2004).
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tion”, which the companies use to provide an
interactive platform to customers which gives
the customers the opportunity of creating new
products or product versions based on their re-
quirements.

One promising strategy for implementing ap-
proaches to Open Innovation is Crowdsourc-
ing.!”® Based on the term outsourcing this in-
volves outsourcing working and creative pro-
cesses to a number of volunteers (the “crowd”),
e.g. via the internet,'”. Often referred to as
“swarm intelligence”, this crowd is used for the
purposes of gathering product innovations or
suggestions for improvements for existing prod-
ucts. One well-known example is crowdtesting,
where internet users are invited to test web ap-
plications, apps or other (mobile) web solutions
and to share their experiences with the firm.
Participants usually receive financial remunera-
tion with this or some other form of compensa-
tion, and the firm then generally implements
the most suitable ideas. The internet, software
solutions and new social media have enabled
these and similar innovation models and strate-
gies and have encouraged the opening-up of the
innovation process.

Empirical findings

The first empirical studies on opening up the in-
novation process and using Open Innovation
strategies have been published in the last few
years. In accordance with the major focus on
customer integration, a large number of these
studies are concerned with the degree of inter-
action and the various roles played by custom-
ers in the innovation process. For instance stud-
ies have found that between around 10 and 20%
of users in the software area develop their own
solutions.!® In some industries, the majority of
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new product ideas actually come from users. Ex-
amples include the medical engineering sector
and the development of tools in the semicon-
ductor industry. An analysis of the providers of
computer-assisted planning and manufacturing
tools (CAD/CAM) have likewise shown that us-
ers frequently put process innovations into
practice. Nevertheless, the significance of cus-
tomers as idea suppliers or innovators has also
been noted in low-tech industries such as con-
struction.'®! However, the significance of differ-
ent partners depends on certain specific features
in the sector: for example, universities are the
most important source of innovation in the field
of biotechnology, while users dominate in the
development of scientific measurement instru-
ments.'#?

A more recent study on the prevalence of
Open Innovation at US and Furopean firms with
more than 1,000 employees concluded that
Open Innovation strategies are applied in partic-
ular by technology-intensive companies, with
the focus placed on the outside-in process.!®3
Around 80% of companies which use Open In-
novation rely on the integration of external
knowledge and joint development of innovation
with a wide variety of partners. Yet only 20% of
the companies surveyed use the inside-out pro-
cess, where internal capabilities and knowledge
are used in external markets or in-house patents
are licensed. A further study at 159 Ger-
man-speaking firms of all sizes examined the
motives behind the implementation of Open In-
novation. According to these the most signifi-
cant motives are faster product development,
cost savings, access to new markets and the use
of synergy effects.’® Joint development with
customers and/or suppliers represents the most
significant form of Open Innovation, with this

181 See Slaughter (1993).

182 See Zucker et al. (1998); Riggs, von Hippel (1996).
183 See Chesbrough, Brunswicker (2013).

184 See Enkel (2011).

185 See Dachs, Leitner (2009).

186 See Sundic, Leitner (2012).
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used by more than 44 % of the firms. On the oth-
er hand, web-based Open Innovation strategies
such as crowdsourcing and solution platforms
are pursued by just a few firms; the application
potential for these is also dependent on the in-
dustry.

The extent to which interaction and coopera-
tion with external partners increased at firms in
Austria was examined for the first time in 2009
based on the CIS surveys between 1994 and
2006.1% The data shows an increasing apprecia-
tion of different external innovation sources,
with the significance of customers, suppliers,
and competitors growing in greater proportion
compared to other sources, such as universities
and research institutions. The percentage of co-
operating innovators remained unchanged for a
long time, and has been clearly increasing only
since 2002/04. Within the group of cooperating
enterprises an increase primarily in cooperation
with customers and principals as well as suppli-
ers can be observed. The following section in-
cludes a detailed analysis on innovation cooper-
ation programmes based on current CIS data.
Initial works have also recently been published
on the importance and experience of crowd-
sourcing by Austrian firms.'®¢ Telekom Austria
and 3M Austria have implemented projects of
this type for example.

Challenges for innovation policy

Open Innovation was originally discussed as a
concept and strategy in company innovation lit-
erature and management theory, but is now also
increasingly making its way into discussions on
innovation policy. The change in orientation to-
wards more Open Innovation processes is a wel-
come development from the perspective of poli-
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¢y, as initial studies show that business enter-
prises which pursue these strategies have a
higher success rate in product developments,
develop more new products for the market, and
have a measurably positive influence on corpo-
rate success.'®” However, at the same time there
are also potential negative effects with this de-
velopment, such as when the corporate risk is
transferred to individuals, without these indi-
viduals being remunerated accordingly. In addi-
tion the implementation of Open Innovation
strategies does not encourage sustainable devel-
opment, and may also result in research and de-
velopment activities no longer being carried out
by firms in Austria. New challenges arise
through this both for firms as well as for RTI
policy.

The importance of new types of innovation
and of wider support measures can be found in
the current innovation policy of the European
Commission, the Europe 2020 strategy, as well
as lead initiative Innovation Union, which state:
“While some conduct R&D and develop new
technologies, many base their innovations on
existing technologies or develop new business
models or services driven by users and suppli-
ers, or within clusters or networks. Policies
must therefore be designed to support all forms
of innovation, not only technological innova-
tion. ... As the problems grow more complex,
and the costs of innovation increase, firms are
increasingly being driven to collaborate.
They sometimes co-innovate with users and
consumers in order to better satisfy their needs
or create new routes to market. This trend is
being fuelled by social networking and cloud,
mobile and collaborative computing and is
spreading across manufacturing and service
sectors”1%8 The issue of user innovation was al-

187 See von Hippel (2005), Laursen, Salter (2006).
188 See European Commission (2010) p. 18.

189 See Aho et al. (2006).

190 See EU (2005), AWT 2006, OECD (2008).

191 See de Jong et al. (2008).

192 See Leitner (2012).
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ready referred to in the Aho Report on “Creating
an Innovative Europe”.'®® Furthermore the EU
Lead Market Initiative builds on insights from
user innovation, as do the OECD project on
“Globalisation and Open Innovation” and the
Dutch “Advisory Report on Open Innova-
tion” .19

In relation to Open Innovation a report fi-
nanced by the EU has examined the implica-
tions of Open Innovation for innovation poli-
cy.?! For this the authors investigated European
and national policies for their potential in pro-
moting Open Innovation. Among other things
they demand that policy should support user
innovation, venture capital markets, the found-
ing of spin-off companies and open innovation
and crowdsourcing concepts more intensively
for public procurement which promotes innova-
tion.

Open Innovation also raises the question as
to whether intellectual property rights (IPR) are
an incentive for innovation activities or in fact
represent an obstacle to the exchange of knowl-
edge instead. A better understanding is required
in relation to the areas in which IPRs make
sense and the areas in which they have negative
effects on economic welfare. Measures which
promote innovation policy should also support
customer integration more than has previously
been the case, and should promote awareness
among customers that they can bring about in-
novation themselves. At the same time the pub-
lic sector can itself act as an innovative user, for
instance by co-developing and encouraging in-
novations through public procurement and spe-
cific product specifications.'?

The first observations on increased open-
ing-up of the innovation process and associated
prevalence of new types of innovation can also
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be found in Austrian national RTI strategy. The
Austrian government’s current strategy states
the following in relation to promoting innova-
tion: “We must adopt a broad approach to inno-
vation that not only includes technological, re-
search-driven and non-technological innova-
tions in manufacturing and in the service sector
but also ecological and social innovations and
innovations in the public sector.” It then explic-
itly mentions the importance of users and con-
sumers in developing innovative products and
services. Although no more concrete objectives
and actions are stated for funding non-techno-
logical innovations, it is undoubtedly still possi-
ble to detect a greater awareness of new innova-
tion models, accompanied by a broader under-
standing of innovation. As such the federal gov-
ernment aims overall to avoid focusing unilater-
ally on pure financial support for science and
technology, and to take a comprehensive ap-
proach to innovation policy which includes or-
ganisational measures in the fields of training,
regulation and procurement'”® Research is still
required overall at the international as well as
the national levels for the purposes of better un-
derstanding the many positive as well as nega-
tive effects on business and society and of for-
mulating appropriate political strategies and
actions.

4.2.2 Open Innovation in Austria: empirical
findings based on the Community Innovation
Survey

The extent to which opening up the innovation
process can also be validated empirically is ana-
lysed below in relation to Open Innovation. The
development and importance of innovation co-
operation for innovation over the last decade are
portrayed for this purpose using the Communi-
ty Innovation Surveys (CIS).

In addition to developments in the impor-

193 See RTI Strategy (2011). Page 11.

tance of innovation cooperation in the business
enterprise sector over the period, the innovation
cooperation initiatives are also looked at in
greater detail below broken down into coopera-
tion partners. A distinction is made for these
purposes between the type of cooperation part-
ner on the one hand and their location on the
other. As the literature on cooperation'** within
business as well as between business and sci-
ence shows that there are major differences in
the cooperation trends according to industries
and sizes, particular focus is placed on a differ-
entiated consideration between the manufac-
turing and the services sector, and a distinction
is made between small and medium-sized enter-
prises.

The Community Innovation Survey (CIS)

The CIS surveys the innovation behaviour of
firms in the European Union, and is organised
jointly by EUROSTAT and the national statisti-
cal offices. Results from the Community Inno-
vation Survey for Austria are available for six
different time periods: 1994-1996 (CIS2), 1998-
2000 (CIS3), 2002-2004 (CIS4), 2004-2006
(CIS2006), 2006-2008 (CIS2008) and 2008-2010
(C1S2010).

The sample for the CIS covers the business
enterprise sector, incl. mining, manufacturing,
energy and water supply, wholesale trade, trans-
portation, information and communication, fi-
nancial and insurance services as well as select-
ed business-related services. A representative
sample of enterprises with ten employees or
more were questioned as part of the survey.

The individual surveys in the CIS are based
upon common definitions, and can therefore be
compared with one another in principle. Never-
theless there are still differences between the
individual rounds of the CIS. For instance CIS4
uses a slightly different definition of innovation

194 See Schartinger et al. (2002); Abramovsky et al. (2009); Srholec (2011).
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cooperation. The sample also changed over
time. CIS2 (1994/96) had a significantly stronger
focus on manufacturing than did later surveys,
which was one reason for the strong decline in
the innovator ratio (proportion of firms active in
innovation out of all firms) between CIS2 and
CIS3 (1998/00).1%

Furthermore, when interpreting the results
one must not forget that more than 14 years
passed between the first and last survey. During
this time, awareness of the importance of inno-
vation increased significantly due to the pres-
ence of this topic in public discussion, and this
could have led to a change in answer behaviour.
There are also large differences between the in-
dividual surveys in terms of the economic envi-
ronment: the average growth rate in real GDP
was 3.5% for 1998/2000, whereas the compara-
ble value for 2002/2004 is only 1.1%, and there
was even a drop of 1.8% recorded for the period
2008/2010. Firms adapt their innovation plans
to future prospects over the course of the eco-
nomic cycle.

Development in cooperation trends in the business
enterprise sector

Despite major attention from policymakers, the
trend towards cooperation - measured as the
proportion of firms with innovation cooperation
initiatives in place out of all companies - has

changed very little over the long term in Austria
(see Table 37). The percentage of cooperating en-
terprises consistently accounts for around 10%
of all firms between 1994/96 and 2002/04. The
lowest value was in the period of 2002/04; weak
economic growth and uncertain expectations
for the future during these years may have re-
duced the willingness to cooperate. A signifi-
cant increase in the trend towards cooperation
can be observed only in the time period of
2004/06, and this increased even further by the
period covering 2008/10. Only firms with more
than 250 employees showed a constant increase
in innovation cooperation throughout the entire
time period. Smaller and medium-sized enter-
prises exhibit greater fluctuations in the trend
towards cooperation, with a trend that is sharp-
ly upward from the period 2004/06.

According to the last available figures from
the 2008/10 survey, 22% of all Austrian firms
enter into innovation cooperation. This corre-
sponds with 51% of Austrian innovating firms,
and as such half of all innovating firms in Aus-
trian cooperate in relation to innovation.

In relation to the overall number of firms in
manufacturing, the trend towards cooperation
is slightly higher than in the services sector, and
this increases considerably with the size of the
firm. Large firms have relatively larger capaci-
ties in terms of searching for partners and main-
taining and monitoring cooperation, and have

Table 37: Firms with innovation cooperation as a proportion of all firms

_ 1994/96 1998/00 2002/04 2004/06 2006/08 2008/10

Total 11.6% 10.3%
Manufacturing 13.1% 9.9%
Services 9.7% 10.4%
10-49 employees 8.6% 1.4%
50-249 employees 17.4% 14.1%
250 and more employees 34.6% 34.7%

Source: Statistics Austria.

195 See Falk, Leo (2004), p. 12.
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9.1% 19.7% 16.6% 22.4%
10.8% 20.2% 18.4% 25.5%
7.6% 19.2% 15.1% 19.8%
6.6% 15.2% 11.8% 16.9%
12.6% 30.3% 26.5% 35.7%
40.2% 55.1% 54.7% 61.3%
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higher absorptive capacities for incorporating
external knowledge and therefore also a greater
trend towards cooperation. If one looks solely at
innovating companies, then the difference in
the trend towards cooperation between manu-
facturing and the services sector disappears. In-
novating service providers cooperate just as fre-
quently as firms involved in manufacturing .

The importance of cooperation partners over time

In addition to the prevalence of innovation co-
operation over time described previously, an
analysis of the importance of different coopera-
tion partners is also enlightening in terms of an
empirical validation of the opening-up of the in-
novation process in Austria. A distinction can
first of all be made between national and inter-
national cooperation initiatives. Fig. 48 below

shows the development of company cooperation
initiatives according to the head office of the co-
operation partner over the last five CIS (as of
CIS3, or the years 1998/00). For this the number
of cooperating firms according to partners was
related to the total number of cooperating firms.

It is clear that the rise in the trend towards
cooperation described above can be attributed
primarily to a consistently high proportion of co-
operation initiatives within Austria and to a
slightly lesser extent within Europe. On the oth-
er hand, the proportion of firms with non-Euro-
pean cooperation partners remains stagnant at a
very low level. As such distance between the
partners remains a significant limiting factor for
innovation cooperation. Over 85% of firms also
cooperate with at least one national partner, and
around 60% have at least one European coopera-
tion partner. Firms from the USA, the most im-

Fig. 48: Proportions according to registered office of the cooperation partner, 1998-2010
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Table 38: Proportions according to type of the firm’s cooperation partner with innovation cooperation

| 1994/96 1998/00 2002/04 2004/06 2006/08 2008/10

Suppliers! 38.8% 54.8% 43.0% 58.6% 56.6% 53.5%
Customers? 40.5% 43.7% 44.8% 59.8% 41.9% 43.3%
Competitors® 22.6% 48.5% 22.5% 36.0% 23.8% 21.5%
Consultants* 41.8% 37.1% 37.8% 36.6%
Universities® 42.1% 45.0% 57.6% 41.5% 50.5% 42.6%
Other public research institutions® 21.5% 20.7% 30.1% 23.8% 18.7% 18.1%

Multiples allowed.

1 suppliers of equipment, raw materials, primary products or software; 2 contractors or customers; 3 competitors or other firms from the same
sector; 4 consultants, commercial laboratories or private R&D facilities; 5 universities, universities of applied sciences or other tertiary centres
of education; 6 other government or public-sector research facilities.

Source: Statistics Austria.

portant cooperation partner country outside of
Europe, are only stated by around 10% of firms.
In addition to the distinction according to the
registered office of the cooperation, a distinc-
tion can also be made according to the type of
cooperation partner (see Table 38). Here too
there are only minor changes apparent over
time, with certain fluctuations between the in-
dividual surveys in the CIS. Around a half of all
cooperating firms were cooperating in each case
with suppliers, customers and universities in
the last surveys. Another third cooperated most
recently with consultancy firms, the impor-
tance of competitors and other public research
institutions is the lowest with around 20% in

each case. While these proportions of all cooper-
ating firms remain relatively stable, the abso-
lute number of cooperation initiatives and the
number according to registered location of the
cooperation partner rose for all types of cooper-
ation as a result of the general rise in the trend
towards cooperation (see Table 38).

The above analysis of the trend towards coop-
eration according to economic sector and cate-
gory of size on the one hand and according to
registered location and type of cooperation part-
ner on the other can also be combined in a final
step, thereby allowing examination of the inter-
action between company features and types of
cooperation (Table 39).

Table 39: Firms with innovation cooperation as a proportion of all innovating firms

2
o B -
2. £ 2 |52
ZE B a 2'c
£5¢ = g | 5582
e 8 5 | 888
Total 51% 22% 271% 22% 11% 19% 22% 9%
Manufacturing 51% 21% 30% 23% 8% 20% 25% 12%
Services 51% 23% 24% 21% 13% 17% 18% 6%
10-49 employees 45% 15% 23% 19% 10% 15% 15% 6%
50-249 employees 59% 30% 33% 23% 10% 22% 30% 12%
250 and more employees 17% 57% 48% 40% 18% 40% 55% 25%

Multiples allowed.

1 suppliers of equipment, raw materials, primary products or software; 2 contractors or customers; 3 competitors or other firms from the same
sector; 4 consultants, commercial laboratories or private R&D facilities; 5 universities, universities of applied sciences or other tertiary centres

of education; 6 other government or public-sector research facilities

Source: Statistics Austria.
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Firms involved in manufacturing cooperate
more frequently with suppliers, universities and
other public research institutions than firms in
the services sector, while service providers co-
operate far more frequently with competitors.
Like the trend towards cooperation as a whole,
the trend towards cooperation within the group
of companies, with customers and with consul-
tancy firms in manufacturing is around the
same level as it is in the services sector.

The rise in the trend towards cooperation in
line with the size of the firm can be seen across
all cooperation partners. However, differences
can be seen in the relative importance of the co-
operation partners for the relevant category of
size. For firms with less than 50 employees, the
proportion of cooperation with suppliers is less
significant at 23% than at larger firms, but is
the most important form of cooperation overall
at the smaller firms. Cooperation with custom-
ers is the second most important form of coop-
eration for these small firms. For small firms
therefore cooperation primarily takes place
along the value chain.

This cooperation along the value chain is also
of major importance for the medium-sized firms
with between 50 and 249 employees. However
the importance of cooperation within the group
of companies and with universities is also in-
creasing significantly as compared with small
firms.

Cooperation within the group of companies
and with universities is particularly important
for the large firms with more than 250 employ-
ees. More than half of the large firms use both
these types of cooperation. Cooperation with
science replaces cooperation along the value
chain as the most important type of cooperation
here. While customers, suppliers and consultan-
cy firms have similar importance as cooperation
partners for large firms and are used as partners
by just under half of the firms, one in four large
firms cooperates with public research institu-
tions outside of the higher education sector. Co-
operation with competitors is also less import-
ant for large firms, with only one in six of these
firms using this type of cooperation.

If a similar distinction is made according to
the registered location of the cooperation part-
ner between manufacturing and the services
sector (Table 40), then no significant differences
can be seen: cooperation within Austria or with
partners in Europe is the dominant type of coop-
eration in each case. However, considerable dif-
ferences can be seen with the distinction ac-
cording to category of company size. The trend
towards cooperation does indeed increase in all
cases in line with the company size, but it is
also clear that the heavy focus on cooperation
partners ascertained in Austria or Europe is par-
ticularly pronounced with small and medi-
um-sized enterprises. Cooperation with part-

Table 40: Firms with innovation cooperation as a proportion of all innovating firms according to region

; other
e [ e e s [ [ B

Total 51% 44%
Manufacturing 51% A44%
Services 51% 43%
10-49 employees 45% 37%
50-249 employees 59% 52%
250 and more employees 17% 70%

Multiples allowed.

30% 5% 3% 4%
32% 5% 3% 3%
28% 6% 3% 5%
24% 4% 2% 3%
36% 1% 3% 5%
63% 18% 10% 11%

! Europe includes the EU Member States (not including Austria), the EU candidate countries of Croatia, Macedonia and Turkey and the EFTA

countries (Iceland, Liechtenstein, Norway and Switzerland).

Source: Statistics Austria.
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Fig. 49: Innovation cooperation between firms and the higher education sector, various countries, 2008/10
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Source: EUROSTAT, CIS 2010.

ners outside of Europe is only of certain impor-
tance for large companies with 250 or more em-
ployees. For instance around one in five large
firms cooperates with a partner in the USA and
one in ten large firms with a partner in China or
India.

Cooperation behaviour in an international
comparison

In terms of the trend with firms towards cooper-
ation with the higher education sector, Austria
is one of the leaders in this area at well above
the EU average. Austria is one of the leading
countries in Europe for cooperation between
science and business.

This above-average placing for Austria in an
international comparison is also confirmed

Austrian Research and Technology Report 2014
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Share of all firms

from the point of view of the firms (Fig. 49). As
the country comparison shows, Austrian firms
cooperate with the higher education sector more
frequently than the average level. As such
Austria is in the top group together with Fin-
land, Slovenia, Hungary and Belgium. From this
grouping it may be presumed that cooperation
between science and industry arises compara-
tively more easily in small countries, since the
number of stakeholders in a field of science is
more manageable and therefore existing rela-
tionships and networks are easier to use.

Summary

The number of Austrian firms with innovation
cooperation initiatives has almost doubled in
the last two decades to almost a quarter of all
firms, thereby providing empirical evidence of
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the increasing interaction and opening-up of the
innovation process in the domestic economic
sector. No essential difference can be seen be-
tween manufacturing and the services sector in
the prevalence of innovation cooperation. How-
ever, very clear differences can be seen in rela-
tion to the size of the firm: The trend towards
cooperation rises considerably in line with com-
pany size. However, larger firms are not only
inclined to be engaged in more frequent innova-
tion cooperation overall, the relevant impor-
tance of the cooperation partner can also be dis-
tinguished according to company size: SMEs
cooperate primarily with partners in Austria
and Europe, with partners along the value chain
particular important here. In contrast, coopera-
tion partners outside of Europe also have greater
importance for large firms, with greater cooper-
ation also taking place with partners from sci-
ence. Cooperation with competitors remain the
exception, irrespective of the company size.
While half of all Austrian firms were cooperat-
ing most recently in some way for innovation
activities, this only applied to one in ten firms
in terms of cooperation with competitors. Fur-
thermore the results from the CIS reveal
above-average performance in an international
comparison: according to this Austria is one of
the leading countries in terms of cooperation
between industry and universities.

Table 41: Overview of crowdfunding business models

4.2.3 Crowdfunding in Austria

While the knowledge, creativity and working
power of the crowd is at the forefront with
crowdsourcing, crowdfunding aims to attract
the crowd as a provider of funding for business
ideas.!”® The restrictions on access to bank loans
as a result of the economic and financial crisis
along with new requirements as a result of Ba-
sel 1T and Basel III make this type of financing
particularly interesting to start-ups and young
firms. Mediation between initiators and the
community generally takes place via online por-
tals known as crowdfunding platforms. The idea
is presented to a wide audience (“campaign”),
which is used at the same time for marketing
and public relations (PR) purposes. If the re-
quired amount is achieved within a specific pe-
riod of time then the project is implemented. If
it is not achieved then the initiators usually re-
ceive no money from the supporters.

A distinction can generally be made between
four business models"” with crowdfunding,
with mixed forms being frequent and transi-
tions fluid (Table 41).

The difference between crowdfunding in gen-
eral and crowdinvesting in particular is based on
the fact that with crowdfunding there are no
shares in the business assigned to (the many)
funders. The consideration consists of small
courtesies such as acknowledgments, special

I ™

Donations Campaigns for donations on the internet, often supplemented by non-monetary incentives such as sponsorship.

Pre-sale The fund providers are asked to pre-order (planned) products or services and therefore to provide (advance) financing. The
firm also gets a first overview of the demand structure and target group.

Loan Similar to a bank loan, generally with collateral provided. The amount contributed will be repaid (incl. interest) if the case is
successful.

Equity investment
(crowdinvesting)

196 EFI (2013).
197 Ibid.

130

"Traditional investment” in the enterprise value and profits. Providers of funds become
private investors and share in the enterprise risk following their contribution.
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conditions, the possibility of advance orders or
exclusive access to the product. By comparison
crowdinvesting, such as via venture or general
risk financing, involves concrete economic in-
terests. The crowd is supposed to finance a firm
which promises a return for providing the capi-
tal. The opportunities and risks must be consid-
ered with crowdfunding in the same way as
with risk investments. There may be a threat of
total loss in a worst-case scenario following a
sale or cessation of the business or insolvency.
The growing interest in this type of financing
is reflected by its disproportionately high mar-
ket growth. While according to estimates for
2011 around US$1.5 billion were provided via
crowdfunding, for 2012 this figure had already
risen to US$2.8 billion (+ 81%)."°® North Ameri-
ca accounted for around US$1.6 billion and Eu-
rope for around US$1 billion. Experts expect an
increase of more than US$5 billion for 2013.
Capital is predominantly raised via donations
and gratuitous models for crowdfunding. Around
a third of all crowdfunding platforms are con-
centrated on the Anglo-American area. In Eu-
rope high start-up dynamics can be seen for plat-
forms in the United Kingdom, Netherlands,
France and Germany. Transregional competi-
tion between platforms is constantly increasing.
Between 2011 and mid-2013, around €6 mil-
lion were raised in Germany via crowdfund-
ing'”. Of the 2,758 projects 1,350 (approx. 49%)
were successful in receiving financing. In the
case of crowdfunding Startnext is the market
leader with a share of around 90%. Using
crowdinvesting®® around €20 million were
raised since the end of 2011; 66 projects were
implemented in 2013 alone with capital raised
of around € 15 million. The market leader in the
crowdinvesting area is seedmatch. Dynamic de-
velopment is expected for both areas in 2014.
The platform bergfiirst.de which is active using
a licence from banking supervision authority

198 Ibid. 2013CF (2013).

199 Crowdfunding monitor of Fiir-Griinder.de (www.fuer-gruender.de).

200 Ibid.

Austrian Research and Technology Report 2014

Bafin is subject to particular observation. The
difference between crowdinvesting and the pro-
vision of venture capital noticeably disappears
in such cases.

Crowdfunding is not very widespread in
Austria. The first German-speaking crowdfund-
ing platform was founded in Vienna in 2010 by
the Respekt.net association. It is focused on so-
cial, charitable and voluntary projects. Support-
ers are able to contribute resources to projects
such as time or knowledge and skills in addition
to monetary amounts. Donations/investments
can be made from the sum of €10. In April 2014
the investment volume for the platform came to
around €660,000. inject-power.at. is dedicated
to the issue of research sponsorship. Amounts
from €20 can be invested in scientific projects
since September 2013. The Ludwig Boltzmann
Gesellschaft (LBG), the Natural History Muse-
um Vienna (NHM), the Austrian Archaeological
Institute (OAI), the Institute of Molecular Bio-
technology (IMBA) and DEBRA Austria (aid for
children with epidermolysis bullosa) have been
acquired as partners to the platform.

Crowdinvesting is also offered in Austria by
conda.at, 1000x1000.at and Greenrocket.at. Ta-
ble 42 offers an overview.

In addition to the acceptance criteria and the
testing processes which are somewhat compre-
hensive in some cases, the following must also
be noted in Austria on account of the current
legal situation related to crowdfunding and in-
vesting: firms are allowed to raise a maximum
of €250,000 of private equity per project with-
out having to submit an investor’s prospectus
approved externally. This limit was amended by
parliament in July 2013 (previously: € 100,000).
Raising higher amounts is not generally pursued
since the provision is cost-intensive and not
cost-effective at this scale. Whether and the ex-
tent to which crowdinvesting can be brought in
line with the definition of “deposit business”

131



4 Research and Innovation in the Business Enterprise Sector

Table 42: Crowdfunding platforms in Austria — as at April 2014

Active since April 2012 March 2013 October 2013

Investment in legal form Participation certificates Participation certificates Participation certificates
Amount of investment €100 to 5,000 €100 to 3,000 €250 t0 10,000

Investment sum max. €250,000 min. €50,000 (max. €250,000) max. €249,990

Financing term Freely selectable Freely selectable Freely selectable, min. 30 days

3 projects (around €440,000)
Focus on projects in the fields of energy,

Financed successfully!
Comments

Three projects (around €290,000) Five projects (around €560,000)
Crowdfunding possible -

1 Crowdinvesting only.

for the purposes of the Banking Act is also the
subject of fierce discussion. Commercial depos-
it business currently requires a banking permit.
No money can therefore be offered for providing
capital via the crowd.

There are currently no uniform regulations
regarding crowdfunding/investing at the Euro-
pean level. As a result a consultation has been
held by the European Commission for the pur-
poses of examining whether a European Regula-
tion on crowdfunding is required. The submis-
sions and considerations of the Commission
became part of a communication which was
published on 27 March 2014.2°! Some provisions
which indirectly affect crowdfunding are
planned or are currently being implemented, in-
cluding the Prospectus Directive and the Alter-
native Investment Fund Manager (AIFM) Direc-
tive?®? in Austria by late July 2013 in the form of
the Alternative Investment Fund Manager Act
(AIMFG)*®. Developments such as those in the
USA where in 2012 individual provisions on
crowdfunding were eased as part of the Jump-
start Our Business Startups (JOBS) Act?** are al-
so possibilities for Europe going forward.

In summary crowdfunding/investing in

environment, mobility and health

Austria are at an early stage of development, in-
creasingly becoming an alternative for innova-
tion financing in a restrictive environment
shaped by traditional forms of financing and an
underdeveloped venture capital market?®, at
least for the purposes of closing existing financ-
ing gaps. Things are at an early stage and the
number of successful financing initiatives has so
far been modest.. It is little surprise that no firm
has yet raised the maximum amount of € 250,000
via any of the domestic crowdinvesting plat-
forms. It will probably take some time before the
platforms are cost-effective. Similar high levels
of growth can be expected in Austria based on
the developments in Germany. Competition, in
particular between platforms in different coun-
tries, is on the rise.

Clarification is required regarding issues of
regulation and the protection of investors. Pos-
sible solutions are being discussed, for instance
in relation to the permitted investment volume
which can be raised using crowdfunding and a
simple yet purposeful obligation to provide in-
formation. The developments with inject-pow-
er.at could provide some initial indications for
funding research. The public sector could also

201 Communication from the Commission to the European Parliament, the Council, the European Economic and Social Committee and
the Committee of the Regions. Unleashing the potential of Crowdfunding in the European Union.

202 See EFI (2013).
203 See ECN (2013).

204 Firms may raise a maximum of USD 1 million per year using crowdfunding. Certifications for crowdfunding platforms as well as stat-
utory regulations related to the capital invested per person, which should depend on the relevant income, are used in addition.

205 See Improveo et al. (2012).
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expand its role as a promoter in order to increase
awareness of (supported) projects, and as a net-
work and hub, for example through events with
crowdfunding platforms and investors.

4.2.4 Service innovations

Increasing tertiarisation and the growing rele-
vance of the service sector for economic devel-
opment and the growth in employment raises
growing scientific and political interest in ser-
vice innovations. This can be seen in the recom-
mendations of the Austrian Council for Re-
search and Technology Development for the use
of funds from the National RTD Foundation for
2014 or the “Innovation with services” R&D
programme of the Federal Ministry of Education
and Research in Germany among other things.
For instance the Austrian Council for Research
and Technology Development suggests embrac-
ing the important trend for service innovations
and providing support for founders in this sector
through a necessary reinforcement of venture
capital .20

Service innovations have been underestimat-
ed for some time, particularly in terms of their
importance for technological innovations. The
main reasons for this are the fact that the origi-
nal understanding of innovation was heavily
characterised by the perception of technological
innovation in the industrial environment on the
one hand. On the other, this was caused by the
fact that the influences of services for techno-
logical innovation are very difficult to quantify,
primarily due to the heterogeneity of the ser-
vices sector. This has also now become part of
the political indicators through the increasing
link between industrial production and innova-
tion with services and service innovations.?"’

The Seventh Community Innovation Survey

(CIS7) from 2012 provides an insight into the
multiple ways that services influence innova-
tion. A distinction is made in the CIS7 between
technological (product and process innovations)
and non-technological innovations (organisa-
tional and marketing innovations). Technologi-
cal innovations include innovative services
both within as well as outside of the process in-
novations, while non-technological innovations
are understood to be (supporting) service inno-
vations per se. Around 57% of all firms were
able to show innovation activities in Austria
between 2008 and 2010. Around 77% of inno-
vating firms have implemented non-technologi-
cal innovations and thereby provided innovative
services, and just under 23% of innovative com-
panies have also exclusively implemented tech-
nological innovations, with a significant por-
tion of these also representing services.

Just under half of those firms which has im-
plemented product innovations?*® between 2008
and 2010 generated a new service product. A
new innovation in goods was also developed at
the same time in two-thirds of these cases. Ser-
vice innovations take up a significant propor-
tion of product innovations in the material
goods sector, particularly in the manufacture of
transport equipment. 25.7% of all firms in the
sector implemented service innovations be-
tween 2008 and 2010.

Table 43 shows the proportions for services
aggregated within technological innovations
and according to the economic sectors with the
highest proportions of services.?” It is clear here
that service innovations also play a role in the
area of process innovations?'°.

The CIS7 also allows an assessment to be
made of the service innovations within product
and process innovations according to developer.

206 See Austrian Council for Research and Technology Development (2013).

207 See Schienstock et al. (2010); Boden, Miles (2000); Leiponen (2003).

208 A product innovation is defined as the market launch of a new or significantly improved product (incl. service products) (OECD 2005).

209 See Statistics Austria (2013).

210 The Oslo Manual views a process innovation as the introduction of a new or significantly improved process for providing services or

for selling products (OECD 2005).
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It can be seen here that service innovations take
place to a large extent within the same firm.
Services which accompany products are very of-
ten developed together with new goods. The
proportion of service innovations developed
with the same company tends to be higher in
companies active in manufacturing than it is in
service companies, where this occurs more fre-
quently in cooperation with other firms or insti-
tutions.

Among the business-related services, knowl-
edge intensive business services (in short: KIBS)
play an exceptionally important role in the in-
novation process. They make a big contribution
to the production, recombination and diffusion
of knowledge and to the development of innova-
tions in other sectors, particularly in the mate-
rial goods area.?!! This is also clear from the data
from the area of research and experimental de-
velopment. 13.3% of all employees in KIBS
firms were active in research and experimental
development in 2011. By comparison this is on-
ly true of 4.9% of employees in the material

goods sector and 0.7% of employees in the ser-
vices sector. Both the proportion as well as the
growth rate of research staff are very high. The
level of R&D employees in KIBS firms grew by
32.4% between 2007 and 2011 .22

Knowledge intensive business services can
take on a role as a knowledge broker in associa-
tion with innovation processes and be seen as a
co-contributor of a “second” (informal) knowl-
edge infrastructure which supplement the more
heavily institutionalised public institutions of
the “first knowledge infrastructure” (while also
competing with these). In addition to the knowl-
edge transfer adapted to customer needs, knowl-
edge intensive business services also make an
essential contribution to growth and structural
change by creating highly qualified jobs.?!®
Knowledge intensive business services are par-
ticularly relevant for higher corporate roles.
However, it can be seen that in relation to head-
quarters, geographical proximity to this KIBS is
less important than this in turn influences the
location decision of KIBS firms.?!*

Table 43: Proportion of services within technological innovations, 2008-2010

Economic sectors
(ONACE 2008)

Total

Manufacturing

26-27 Computers, electr. and optical products; electr. equipment

29-30 Vehicles and parts, other manufacture of transport equipment
46-71 Services

61-63 Provisioning of information technology services; information services

Source: Statistics Austria (2013).

211 See Muller, Doloreux (2009).

212 See Statistics Austria (2013a).

213 See Schnabl, Zenker (2013).

214 See Wood (2002); Jakobsen, Aslesen (2004).
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Process innovations

Product innovations

services
logistics processes, delivery or

both new goods as well as
with new/improved

methods for producing goods
with new/improved

sales and distribution methods
with new/improved support
activities for their processes
and procedures

new goods only
new services only

or

32.0% 9.5%  16.6% 58%  31.2% 178%  114%  21.8%
38.0% 9.1%  21.4% 14%  351%  264%  108%  21.4%
733%  19.8%  524% 1.0%  59.0%  448%  181%  39.2%
64.1%  18.6%  38.5% 7.1%  603%  519%  21.2%  41.0%
21.9% 9.9% 8.9% 9.0%  27.7%  109%  11.5%  21.9%
62.7%  304%  17.7%  146%  538%  27.7%  16.7%  42.9%
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The area of knowledge intensive business-re-
lated services is defined differently at the indus-
try level. Not all industries included in a more
recent analysis by Schnabl and Zenker (2013)
are covered by the CIS7.2"® The following con-
sideration of innovation trends and behaviour
includes information services (Nace 62), infor-
mation technology services (Nace 63) and archi-
tectural and engineering offices (Nace 71).

The studies show that the economic catego-
ries under consideration feature a comparative-
ly high trend towards innovation which is
above the average. In those sectors assigned to
knowledge intensive business services (KIBS),
67.6% of firms carried out innovation activities
between 2008-2010, which is also above the
value for the aggregated material goods sector
which was already high (60.6%). Furthermore
an exceptionally high proportion of KIBS firms
feature innovation activities both for techno-
logical as well as non-technological firms, and
for product and/or process innovations (see Ta-
ble 44).

The data from the CIS7 also shows that firms
from KIBS sectors enter into innovation cooper-
ation considerably more frequently than is the
case in the area of other services or the produc-
tion of goods. While 33.6% of these companies
were able to show innovation cooperation be-
tween 2008-2010, this was only true for 22.4%
of all firms, or 25.5% of firms in manufacturing
and 19.8% of all service providers. KIBS firms
with innovation cooperation initiatives in place

cooperate very frequently with clients or cus-
tomers or with universities, universities of ap-
plied sciences or other institutes of higher edu-
cation. For instance 51.5% of these firms were
engaged in innovation cooperation with clients
or customers (all firms: 43.3%) and 60.8% with
universities, universities of applied sciences or
other institutes of higher education (all firms:
42.6%).

The studies in this section provide the rea-
sons behind the increasing interest in service
innovations and the growing awareness in rela-
tion to the suitability of funding for research
and innovation in the area of service products
and processes. These make an essential contri-
bution to technological innovations, both in the
material goods and the services sector, and con-
siderably influence the innovative capacity in
the material goods sector. The results of the as-
sessments of the CIS 2010 also show that knowl-
edge intensive business service firms are highly
innovative and make an essential contribution
to the distribution of knowledge across all sec-
tors through their intensive cooperation activi-
ties.

4.2.5 Corporate culture and innovation

The trend towards Open Innovation also in-
volves changes in corporate cultures and struc-
tures. New forms of innovation and networking
processes are finding their way into the compa-
ny environment, which also frequently involves

Table 44: Proportion of KIBS firms in innovation activities, 2008-2010

Economic sectors

(BNACE 2008)
Total 56.5% 43.9%
10-33 Manufacturing 60.6% 50.4%
46-71 Services 53.4% 38.9%
KIBS (62, 63, 71) 67.6% 56.4%

Source: Statistics Austria (2013).

Innovation active Technological inno- Non-technological Product Process
firms vations innovations innovations innovations

(in % of all firms)

43.9% 32.0% 31.2%
45.1% 38.0% 35.1%
43.6% 21.9% 21.7%
51.3% 47.2% 44.4%

215 In study cited the NACE rev. 2 classes 62, 63, 69, 70, 71, 72 and 73 are allocated with knowledge-intensive corporate services.
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opening the organisation up to external influ-
ences. People speak of organisational innova-
tions whenever new management practices are
developed, propagated and implemented in a
firm on a sustainable basis. Organisational in-
novations can be seen both in the firm’s inter-
nal processes as well as in its external coopera-
tion initiatives: examples in internal work pro-
cesses include the creation of a culture of recog-
nition through personal wellbeing, optimisa-
tion of innovative research teams or organisa-
tional innovations through greater participation
by employees in the decision-making processes.
Examples of organisational innovations in ex-
ternal cooperation initiatives include innova-
tive networking and outsourcing strategies as
well as new organisational forms in care for the
elderly.?'®

According to Steiber?'” organisational innova-
tions feature the following characteristics as
compared with technological innovations: (i)
They are more difficult to observe and define
and based on their type and the system limits are
less easily distinguishable. (ii) Markets do not
emerge in the traditional sense, but emerge in-
stead through shifts in position between firms,
user networks and advice services. (iii) More
commitment is required from top management
to push forward with change processes.

Impetus for the introduction of organisation-
al innovations comes from new markets or from
knowledge transfer, internal company experi-
ence or from economic crises. Their implemen-
tation in firms requires different steps in the
decision-making process which follow a circu-
lar implementation path. Steiber?'® has identi-
fied five typical ideal steps for this:

216 See Doos, Wilhelmson (2009).
217 See Steiber (2012), p. 12f.

218 Ibid., p. 14.

219 See Amabile et al. (1996).

220 See Kaiser et al. (2012).

e The desire for organisational change on the
part of central stakeholders in the firms

e A conviction on their part that the innova-
tion is feasible in the firm

e A “first trial”, i.e. a pilot run and subsequent
evaluation of the organisational innovation

e Application of the organisational innovation
in parts of the firm at least

e A focus on sustainable implementation, so
that organisational innovations become part
of the firm’s regular operations, work organi-
sation or external relations.

These steps are influenced by the nature of the
innovation per se, the firms internal manage-
ment culture, the firm’s external environment
and the different diffusion mechanisms. Cur-
rent activities are outlined below which provide
more precise insights into organisational inno-
vations and which discuss central intangible
factors on firms’ innovation performance. Cru-
cial importance for the innovation behaviour of
the employees?” is attached to the work envi-
ronment and the corporate culture?®.
Benchmarking results are provided e.g. by the
European Manufacturing Survey (EMS)**!, which
measures innovations in human resource man-
agement of producing firms. In the last survey
from 2012 it was observed that regular work
meetings represent the most frequent form of in-
novation in the creative search for new ideas.
Half of the Austrian firms surveyed feature this
form. The other organisational innovations, i.e.
instruments for keeping older employees and
their knowledge in the company, specific leeway
for creativity and innovation during working
hours, talent promotion programmes and pro-

221 The EMS records the use of technical and organisational innovations in production and the improvements in performance achieved
with this in manufacturing. There is now data available from four survey rounds, with the last survey taking place in 2012 (companies
involved in manufacturing with more than 20 employees, for 2012 there were 250 companies in Austria; representative of the base

population).

136

Austrian Research and Technology Report 2014



4 Research and Innovation in the Business Enterprise Sector

grammes aimed at encouraging creative and in-
novation-based skills of employees can be found
at around a third of firms.

It was also possible to determine that greater
product complexity increases the diffusion of all
innovations surveyed. Firms active in R&D
have considerably higher specific leeway for cre-
ativity, talent promotion programmes and pro-
grammes aimed at encouraging creativity. As
Fig. 50 shows, the proliferation of these three
organisational innovations rises with the tech-
nological intensity in the sector.

With the exception of regular work meetings,
the implementation of all types of organisation-
al innovation rises significantly in line with

company size (Fig. 51). The difference with the
employee promotion programmes is especially
clear, with these implemented in each case by
around two-thirds of large companies but by
just one in five small companies.

Efforts to improve innovation behaviour by
changing corporate culture can also be seen in
relation to research promotion: the Laura Bassi
Centres of Expertise?? (LBC) stimulus pro-
gramme is targeted at changing the organisa-
tional and management culture in research in-
stitutions. Requirements in this regard are set
out in the proposal for the programme. Central
elements include a clear definition of which
criteria are actually crucial for the assessment,

Fig. 50: Organisational innovations according to technology intensity

Regular work meetings for the
creative search for new ideas

Instruments to help older employees
and retain their knowledge in the company

I Low-Tech
Medium-Low-Tech
' Medium-High-Tech

B High-Tech
Specific room for creativity and
innovation during working hours
Talent promotion programme
Programmes to promote creative and
innovative abilities of employees
| I I I I I I I |
0% 10% 20% 30% 40% 50% 60% 70% 80%

Proportion of all firms

Source: AIT.

222 See also Chap. 5 Evaluations for a description of the support programme.
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Fig. 51: Organisational innovations according to size of the firm (number of employees)
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Source: AIT.

a change in the performance assessment, which
is based around the future development poten-
tial of the management personnel and not
around the CV or track record of the research-
ers. Different factors are assessed accordingly
using newly developed analyses of future po-
tential:

e since a management culture is required which
is based around management standards, the
skills related to management and career pro-
gression need to be evidenced to the centres
in the application process?”® and during the
interim evaluations.

e The management skills were focused on es-
tablishing appropriate structures, knowledge

223 See programme document (BMWA 2008, p. 24f.).
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transfer and economic exploitation of the re-

search results, as well as on developing team

potential.
L]
The changes to the management culture are
supposed to be expressed in responsibility for
the career options of the researchers employed,
which need to be made visible both in the team
as well as on an individual basis. Team culture
is fostered and career development options set
out for the employees using personal develop-
ment plans. The experiences from this pro-
gramme which can be seen as organisational
innovations should be extended to other fund-
ing programmes in order to encourage organisa-
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tional innovations also in research institutions
and firms. The following factors were identified
as being transferrable:***

e The composition of the jury is considered to
be relevant. Management and personnel de-
velopment qualities must be assessed in hear-
ings in addition to scientific excellence.

e Targeted environmental management, i.e.
confirmation of the expectations of the rele-
vant environments, as well as management of
the cooperation with the partner organisa-
tions were also set out as further essential re-
quirements as part of the interim evaluations
by the centres.

e Finally the future direction also needs to be
considered, including the establishment of
successful structures for knowledge manage-
ment and transfer.

A study recently carried out among Austrian re-
search institutions in cooperative research??® on
cooperation, competition, success and leader-
ship based on qualitative and quantitative as-
sessments found that management skills are
barely seen as a separate qualification in cooper-
ative research but are generally justified based
on scientific reputation or contextual expertise.
Accordingly there is a shortfall in increased pro-
fessionalism among the management personnel,
with employee motivation and staff develop-
ment only of marginal importance as a conse-
quence.

Efforts to establish quality standards across
Europe for “good HR management in the public
research sector” find expression in the “Human
resources strategy for researchers”??. Research
institutions and support organisations receive
support with actual implementation of the
Charter and Code in four areas using this tool

224 See Dorflinger, Heckl (2013).
225 See Schiffbanker et al. (2013).
226 See Technopolis Group (2014).
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(ethical and professional aspects, recruiting,
working conditions and advanced training).
These establishments are honoured as attrac-
tive employers and promoters with a “stimulat-
ing and pleasant working environment under
the slogan “HR Excellence in Research”.

The Human Resources Strategy for Research-
ers (HRS4R) needs to be seen in the ERA context
as a contribution to the change in organisational
culture in research and support institutions at
the overall European level.

4.2.6 The importance of intangible assets for the
national economy

Compared with tangible capital assets, intangi-
ble assests receive increasing attention, for in-
stance as part of corporate valuations and fi-
nancing questions. In addition to expenditure
for research and development (R&D) and infor-
mation and communication technologies (ICT),
these include in particular the development of
human and organisational capital, the brand
value and physical appearance (design) of prod-
ucts and the knowledge contained in databases
and IT processes. Intangible assets make an es-
sential contribution to strengthening a business
location by increasing the innovative potential
and competitiveness of firms.

Intellectual property rights (IPR), such as
such as patents, utility models and trademarks
are important components of intangible assets.
Companies, and to a growing extent also univer-
sities and research organisations, are using IPRs
not only to protect monopolies in competition,
but also for the targeted commercialisation of
innovations. Development of the legal instru-
ment into a strategic tool opens up new oppor-
tunities, for instance trade and direct marketing
of intellectual property using licensing mecha-
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nisms. IPRs are increasingly playing a more sig-
nificant role in the context of open innovation
and crowdsourcing. The creation of the Europe-
an Union patent should benefit small and medi-
um-sized enterprises (SMEs) in particular at the
European level, for instance by reducing the
costs of fees and translations associated with
comprehensive patent protection.

Overall economic importance

Intangible assets are also highly significant in
Austria in relation to economic growth and the
increase in national economic productivity.??’
The growth contribution to labour productivity
averaged 0.5% in Austria between 1995 and
2007, and between 0.2% (Italy) and 0.9% (USA)
internationally. Looking back, high investment
rates above the average could be determined un-
til 2008 in Austria for intangible investments.
Further development slowed slightly with the
onset of the economic and financial crisis. In
2010 with a share of around 6% of GDP, Austria
was at the European average, roughly equal to
Germany. The countries with the highest in-
vestments include the United Kingdom (8%),
France (9%) and the USA (11.4%). Expenditure
for software and databases, R&D, advanced
training and organisational capital are particu-
larly important in Austria. The above-average
R&D investments compared internationally are
contrasted with growth potential in software,
design and market research.

In relation to industrial structures, signifi-
cant importance is attached to intangible assets
in the areas of manufacturing and business-re-
lated services in particular. However, catch-
ing-up processes can be ascertained in other in-
dustries in this regard. The trend towards the
“scientification of industry” also essentially

contributed in Austria to the fact that firms and
therefore the entire national economy are in-
creasingly geared towards and accordingly in-
vesting in intangible assets, particularly IPRs.
The focus on intangible assets had positive ef-
fects on Austria’s journey through the economic
and financial crisis.

A positive trend can also be identified both
for patents applied for and issued for Austria in
international comparisons. Patent statistics
show that international patent applications by
Austrian firms abroad have undergone dynamic
development since 2005. The overwhelming
proportion of patents are submitted by private
individuals in Austria, which may point to the
fact that a large number of innovations take
place in start-ups and small businesses. The
photovoltaic example shows that care is needed
with a simple count of patents, for instance
based on the lack of any accounting for techno-
logical relevance or the portfolio strength.
While Austria is ranked eighth in the photovol-
taic area in terms of patent counts, it is ranked
fifth when technical quality is taken into ac-
count, and is even third within Europe.??® This
is evidence of the existence of leading edge re-
search in Austria, but also points to gaps in in-
ternational protection and in the implementa-
tion of effective commercialisation strategies.

IPRs in firms

Innovation protection such as patents allows
firms to achieve monopoly gains for limited pe-
riods and to reduce the uncertainties of invest-
ments in R&D. The development of a patent
and/or IPR strategy which defines the strategic
scope of technical and non-technical intangible
property rights and which is closely aligned to
the R&D and/or corporate strategy is of central

227 The following statements are based on the results of the study by ITEM-HSG (2013).
228 The technical quality was measured using the St. Galler Patent Index™ in this example. With this the Index takes into account factors
such as the strength of the patent portfolio, the market strength of the patent and the relevance of the patent.
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importance here. Patents do not by any means
need to be the best possible tool for market suc-
cess and competitiveness. The trade-off between
the protection from patents and aggressive dis-
persal of an innovation not protected by patent
can differ depending on the firm and the indus-
try. Protective mechanisms such as confidenti-
ality, market leadership and technical complex-
ity may be a more effective approach.

Only few Austrian companies are aware of
this trade off, and they rarely consider it in stra-
tegical conisderations. A similar thing applies
to Open Innovation, where the innovation pro-
cess usually works based on clear regulations
and the use of IPR concepts. Against this back-
ground a need for catching-up on IPRs can be
stated for SMEs and the start-up area in Austria,
particularly in the area of IPR management. Al-
tough there is more is more capacity and corre-
sponding knowledge and skills in medium and
large firms, there appear to be opportunities for
improving the development of international IPR
strategies.

IPRs barely play a role in financing decisions
at private institutions in Austria. While licence
payments are considered, the main priority lies
on material collateralisation. IPRs are acknowl-
edged as a soft factor at larger firms in certain
cases. The high assessment costs and the diffi-
culties with the handling IPRs are the main rea-
sons against any increased consideration of
IPRs. A number of support measures and activi-
ties are provided at multiple levels (national and
state) by different institutions (e.g. the Austrian
Research Promotion Agency (FFG), aws, the
Austrian Science Fund, regional providers) in
several forms which to some extent build upon
each other. IPRs can also be used as collateral at
aws upon approval of funding or grants.

Outline for a national IP strategy

Starting points for changes are the creation of
awareness and knowledge and skills in relation
to intangible assets in society (“innovation and
IP culture”). Institutions from research and sci-
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ence must also be supported in addition to firms
when establishing patent and IP strategies. In
particular, the lack of specific IP stakeholders
and transaction intermediaries has to be consid-
ered. The existing support measures in Austria
must be coordinated more effectively, particu-
larly from the aspects of clearer and target
group-based structuring and communication.
The centralisation of (initial) advice at a cross-re-
gional institution would be conceivable. Sup-
port and consultation for companies when de-
veloping international IP strategies and com-
mercialisation is needed. Deregulation mea-
sures, such as a reduction in administrative ob-
stacles for start-ups and in the barriers to trade
and investments could be implemented as ac-
companying support measures. Over the long
term, considerations could be made related to
the creation of an IPR market place which could
simplify transactions for IPRs, in particular pat-
ents.

The development of an overall Austrian strat-
egy for intellectual property is essential for sus-
tainable increase in the importance of IPRs, a
project which is in the working programme for
the Austrian federal government for 2013 to
2018 and which has already been implemented
successfully in other countries. The corner-
stones to any national IP strategy include a clear
formulation of objectives (e.g. “top 3 ranking in
Europe in terms of quality of the IPRs generated
in future industries”), the selection and defini-
tion of corresponding focus industries, targeted
funding for firms at the start-up and growth
stage, for internationalisation projects and for
the development of new business models that
link to IPR issues (“modular sytem”), and a tar-
get group-based communication concept includ-
ing all key stakeholders.

One challenge in developing an Austrian IP
strategy will be in linking this closely to the
country’s economic policy strategies, in particu-
lar the RTI strategy. Clarity towards the mea-
surement of key figures related to IPR is the ba-
sis for any productive analysis and assessment.
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4.3 Measuring the economic effects of
innovation activities

Evidence-based research, technology and inno-
vation policy requires indicators to understand
the development of innovation activities over
time. The international use of indicators to
measure RTI activities, by the OECD and the
U.S. National Science Foundation (NSF) for ex-
ample, can be divided into two periods.??® Up
until the 1970s, RTI policy was dominated by
efforts to develop research potentials and capac-
ity. The focus was placed accordingly on input
indicators, such as expenditure for research and
development. The slowdown in growth and the
economic crises associated with oil shocks in
the 1970s led to a shift in RTI policy towards
the distribution of scarce resources. Relatively
stagnant budgets for RTI activities, combined
with the simultaneously increasing importance
of RTI for economic development, led to the de-
velopment of output indicators by the USA and
then the OECD, the latter of which published
three initial indicators for measuring the impact
of innovation: patent statistics, the technology
balance of payment flows, and trade in high-
tech products.

The Lisbon Strategy initially prescribed a
pure input target in the form of a 3% R&D in-
tensity at the EU level. This target is now sup-
plemented by an output indicator in the Europe
2020 Strategy. The Innovation Union Score-
board (IUS) however has long included an “eco-
nomic effects” group of indicators. Output indi-
cators will assume even greater significant in
RTI policy debates as the trends described here
intensify further in the coming years: budget
consolidation applies to Austria’s efforts to
break into the top group of Innovation Leaders.
In the face of scarce resources, considerations
about impact, efficiency and efficacy will all be-
come increasingly important. It is all the more

229 See Godin (2013).
230 See Jaffe (2011); McLaughlin, Jordan (1999); Webber (2004).
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important to have high-quality impact indica-
tors that represent the economic effects of inno-
vation activities as completely as possible and
that do not entail a distorted depiction of im-
pact effects that could for example negatively
influence the allocation of public resources for
RTI activities.

This section will first define what is meant
by the impact of innovation activities. Then the
TUS will be used to assess the economic effects
of innovation activities in Austria. We first
analyse at a conceptual level the recognition of
the economic effects of innovation in the IUS
before proposing a series of additional and alter-
native indicators. These indicators are used to
recalculate the IUS and represent Austria’s posi-
tion. In addition to economic effects, there is of
course a series of further important effects of
innovation, for example in the fields of health
and the environment. A description of these ef-
fects lies beyond the scope of this work.

4.3.1 Innovation along the chain of effects:
measurement options

A chain of effects?*® can illuminate the measure-
ment of innovation activities in the fields of in-
put and (innovation) resources, (innovation) pro-
cesses, output and services, outcome and effect,
or impact and effect on third parties (Fig. 52).
The EU’s Innovation Union Scoreboard is con-
structed in principle according to an impact
model; the survey for the Community Innova-
tion Survey (CIS) also enquires into innovation
inputs, processes, results, and impacts. Both
however do not deal with the impact of innova-
tion (see below).

Input indicators describe the required re-
sources for innovation activities: the “raw ma-
terials”, meaning staff, monetary and physical
resources, such as the number of researchers,
R&D and innovation expenditure, and research
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Fig. 52: Innovation along the chain of effects
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infrastructure. Process indicators provide infor-
mation about the transformation of resources
into services and typically correlate two input
indicators; for example, innovation expenditure
relative to human resources. Indicators on the
progress of innovation processes, such as coop-
eration with external partners such as universi-
ties or other firms, are conceivable.

Output indicators and innovation patterns

Output indicators represent the results of the in-
novation process, for example in the form of new
or improved products or production processes, or
organisational and marketing innovations. The
relationship between resources and results is
termed efficiency. The degree of expression and
the forms of innovation are fundamentally di-
verse. There is a basic distinction made between,
on one hand, small and continuous improve-
ments of existing products and processes along

introduced innovation)

technology paths or within existing industries,
and on the other hand, fundamentally new prod-
ucts that could for example lead to the emer-
gence of new markets.?®! The ongoing incremen-
tal innovation in the context of existing products
is also described as a quality ladder that can lead
to major economic effects over the long term.>?
This kind of innovation is typically the domi-
nant pattern for innovation.?®® “Radical” innova-
tions or innovations that lead to disruptive
changes can lead to the emergence of completely
new industries and fields of activity, thereby un-
leashing very significant economic effects. Such
innovations tend to occur rather seldom.

The frequency at which these patterns of in-
novation appear vary between industries.?®*
Some industries are influenced typically by cu-
mulative, incremental innovation (i.e., automo-
bile and mechanical engineering), while others
exhibit major leaps in innovation (i.e., pharma-
ceuticals and software). Both patterns of innova-

231 See Darby, Zucker (2003); Kline, Rosenberg (1986); Pavitt (2005); Smith (2005).

232 Smith (2005), Grossman, Helpman (1991).
233 See Smith (2005), Pavitt (2005), Harberger (1998).
234 See Malerba, Orsenigo (1997).
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tion surface everywhere and can also be associ-
ated with an industry’s life cycle. At the cre-
ation of a new industry, such as the manufac-
ture of smartphones, major innovations emerge
that disrupt existing markets; afterwards, how-
ever, products tend to develop in a more incre-
mental way (for example, the succession of im-
proved yet not fundamentally different smart-
phones from Apple, Samsung, etc.).

Examples for innovation performance and
output indicators are those that were produced
with the aid of the CIS: the proportion of firms
that have introduced an innovation. However,
there is no information about the quality of in-
novation, meaning whether incremental or
comprehensive improvement is taking place.
Patent statistics are always used as output indi-
cators although patents actually only represent
a preliminary stage of a potential innovation;
indeed, many patents never lead to innovations.

Impact indicators

Impact indicators express the economic effect
that innovation has on those firms that have in-
troduced an innovation. The impact of the vari-
ous aforementioned forms of innovation can be
divided into two groups. First, economically
successful innovations can initiate a shift in
creation of value added and employment to-
wards knowledge-intensive sectors, such as
those with higher intensities of research or edu-
cation, extending through an entire country’s
creation of value added or employment, as the
IUS shows in the form of classical structural
change indicators. Second, innovation triggers
an increase in knowledge intensity in individual
sectors that can lead for example to improved
product quality or more cost-effective produc-
tion processes, that then lead in turn to in-
creased creation of value added or exports with-
out industry shifts (“sectoral upgrading”). Indi-
cators for this include the share of revenue from
innovation as reported for example in the CIS.
This focus on economic effects such as turn-
over, creation of value added, etc. enables us to

144

compare innovations in terms of their effects
among countries and between technologies.
More radical innovations need not necessarily,
in purely statistical terms, lead to structural
change; they can also lead to incremental inno-
vations: incremental improvements to the iP-
hone, for example, which are very successful
commercially, therefore lead to faster growth in
corresponding industries in the USA, while for
example the introduction of breathable water-
proof clothing does not lead to a shift towards
knowledge-intensive industries. It is important
however to capture both effects - structural
change and upgrading - for impact indicators;
this is also relevant in terms of the fact that sec-
toral knowledge intensity typically coincides
with the formation of an international average.
The computer sector is classified as high-tech in
all countries, although many countries probably
are not conducting any research in this sector;
instead, they merely acquire existing innova-
tions. Structural change indicators do not mea-
sure actual innovation activity. This is why up-
grading indicators, which record actual innova-
tion activity, are an important supplement to
the structural change indicators. It is more diffi-
cult to construct upgrading indicators, however,
which is why there are fewer of them and why
they are applied less often. Other problems in
ascribing impact to innovations come from in-
ternational spillover (the impact of the innova-
tion also benefits other countries) and temporal
delays in an innovation’s effects, which some-
times can take a few years.

The impact of innovation at the economic level

Impact studies go one or more steps further than
impact indicators by attempting to determine
the effect of innovation on the economy. This
effect occurs at a broad level only with the diffu-
sion of an innovation from a successful innova-
tor to other firms or to customers. From an eco-
nomic perspective, the economic effect of inno-
vation is typically associated with a rise in
hourly productivity or overall productivity. This
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attribution of impact is however often not pos-
sible with the aid of simple descriptive statis-
tics, according to which developments in pro-
ductivity are determined by various factors. In
order to examine the effect of innovation on
productivity while excluding these factors,
econometric analyses that typically combine
data from many countries over many years are
necessary.”® The result of such analyses is often
a single number (such as the elasticity of pro-
ductivity on R&D expenditure, which serves as
a proxy for innovation) that provides a general
view of several countries over time. This ap-
proach is therefore not appropriate for indica-
tors. However, assessments of productivity at
the sectoral level show that most of the growth
in productivity stems from improvements with-
in industries and not from a shift towards indus-
tries with higher growth in productivity.>°

Fig. 52 shows these elements of the chain of
effects. The arrow from the “impact” area to re-

Fig. 53: GDP per capita of purchasing power parities in an

sources clearly shows that these effects are not
monocausal or one-sided; instead, economic ef-
fects influence available innovation resources.
Business enterprises will only continue to allo-
cate resources for innovation if these innova-
tions result in profits that are reasonable for the
market. The public financing of RTI activities
depends on the success of these activities, for ex-
ample through rising tax revenues, which allevi-
ates the competition for funds with other gov-
ernment remits such as healthcare and pensions.

4.3.2 The economic effects of innovation: Austria
in international comparison

Fig. 53 shows Austria’s positive economic de-
velopment, measured in GDP per capita in pur-
chasing power parity. Austria has distinguished
itself not just against the EU-27 average, but al-
so in comparison to Innovation Leaders such as
Germany, Denmark, Finland and Sweden. Only
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235 See Crepon et al. (1998), Griliches (1979), Mairesse, Mohnen (2010), Falk, Hake (2008).

236 See Peneder (2003).
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Switzerland ranked significantly above all of the
other countries. This positive economic devel-
opment can only be attributed however to a
small portion of innovation activities, if we take
Austria’s performance in the IUS “Economic ef-
fects of innovation” sub-group as a yardstick,
which is contrasted with Austria’s overall rank-
ing in Fig. 54: while Austria held the 10th posi-
tion across all the indicators (7th place without
group economic effects), it only reached 17th
place in innovation impact. This means that a
solid portion of Austria’s positive performance
is based on other factors such as tourism and
wage flexibility.?” This kind of evaluation
would lead in the medium term to scrutiny of
significant increases of public R&D funding.

Fig. 55 shows Austria’s R&D ratio in interna-
tional comparison, which has far exceeded the
EU and OECD average since 1995. If we believe
the TUS impact indicators, then these higher in-
puts for R&D and innovation have not found
adequate expression in economic effects. In this
context, we would be able to describe Austria’s
position as having higher R&D inputs, lower in-
novation outputs, and good overall economic
performance.

4.3.3 Impact measurement in the IUS

The “economic effects” group of the IUS in-

cludes the following indicators:

e Employment in knowledge-intensive sectors

e Contribution of medium-high and high tech-
nology intensity products to the balance of
trade

e Exports of knowledge-intensive services

¢ Revenue share from innovations that are new
for the firm and new for the market

e Licensing and patent income from abroad.

The first three indicators are classic indicators
of structural change: the knowledge-intensive
sectors in the first indicator are determined by

the international average of the proportion of
university graduates in each sector (those with
more than 33 % qualify as knowledge-intensive).
This average is only calculated once and then
remains stable over a longer period of time.
Country-specific variations are caused by the
different proportions held by these sectors in
employment in each country. As described
above, this creates a problem, namely that some
countries have high proportions of sectors that
qualify statistically as knowledge-intensive
without actually having a high share of univer-
sity graduates.

The technological character of export prod-
ucts in the second indicator is also determined
not by actual metrics but by the calculation of
international averages; this is also the case for
exports of knowledge-intensive services. The
latter is affected by a major problem: exports are
calculated as the share of all service exports,
which means that countries such as Austria and
France, which have a high proportion of tour-
ism, are massively disadvantaged in structural
terms.

The fourth indicator captures in principle ac-
tual innovation activity in all sectors and can
therefore be classified as an “upgrading” indica-
tor. It is based however on the CIS and therefore
on a subject assessment by firms of what is
“new to the market”. It is scarcely possible to
use this for objective comparisons of impact
among countries.”®® Calculations of the average
volatility of the IUS indicators also show that
CIS-based indicators swing the most by far,
along with the oscillating spectrum of subjec-
tive evaluations of what is new.?*

The fifth indicator also tends to be an upgrad-
ing indicator, even if industries differ structural-
ly in terms of their technology payment flows,
depending on the role that codifiable technolo-
gies play in the creation of competitive advan-
tages. The problem with this indicator is its geo-

237 See Ederer, Janger (2010) for a picture of Austria’s economic strengths and weaknesses.

238 See Smith (2005).
239 See Janger (2012).
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graphical categorisation of actual innovation ters are located, as actual innovation activity; as
activity. It captures framework conditions, such a result, countries such as Ireland and the Neth-
as the taxation of companies where headquar- erlands are way ahead for this indicator.

Fig. 54: Comparison of rankings for IUS overall indicator vs. IUS sub-indicator “economic effects", 2014
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Fig. 55: R&D ratio for Austria in an international comparison
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Overall, the TUS provides a highly insuffi-
cient image of the upgrading components of in-
novation impacts, or those components that are
actually dominant in contrast to structural
change effects. Even the structural change indi-
cators, especially the service indicator, are
plagued by major problems. The next section
therefore proposed supplemental indicators that
will allow a more comprehensive assessment of
innovation impact and a recalculation corre-
sponding to the IUS.

4.3.4 Alternative impact indicators and
recalculation of the IUS

Indicators have been developed in recent years
to gain a more comprehensive view of upgrading
components for innovation impact. These in-
clude in particular export quality indicators*,
structurally adjusted R&D intensity of the busi-
ness enterprise sector’, and patent statistics.>*
The following briefly explains these indicators
and then applies them to recalculate the IUS
“economic effects” group of indicators.

Export quality indicators

It is obvious that innovation efforts that lead to
enhanced product quality are also expressed in
export quality. Improvements in export quality
within the same industry can also be interpret-
ed as an upgrade to the position of “quality lead-
er” in an industry sector. The export quality of
products is determined on the basis of the distri-
bution of unit prices (unit values) for export
products, which are classified at a very refined
level as six-digit NACE units.?*® Three thresh-
olds are formed on the basis of distribution,
which results in three price segments (low: less

240 See Reinstaller, Sieber (2012).

241 See Reinstaller, Unterlass (2012a, 2012b).

242 See Unterlass et al. (2013a).

243 NACE is a classification system for economic activities.
244 See Reinstaller, Sieber (2012), p. 657.

245 See Peneder (2002).
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than 33.3%, medium: between 33.3% and
66.7%, and high: above 66.7%). There is an in-
herent assumption here that higher prices mean
higher quality: a higher proportion of exports in
the high-price segment is interpreted as an indi-
cator for high product quality.

An analysis of this product quality shows
that the recent development of the Austrian ex-
port market was shaped less by diversification
of geographical markets or industries than it
was by an increase in quality among quality
leaders within the industries.?** This report used
the inverted share of the lowest price segment
in technology-oriented industries as an indica-
tor, that is to say, the share of the high and me-
dium price segment in all exports from technol-
ogy-oriented industries. Technology orientation
is measured in terms of R&D intensity at the
three-digit NACE level?*®; the association be-
tween export product quality and innovation is
supposed to be especially high in these indus-
tries. Table 45 presents the normalised and up-
dated value for Austria’s share; it is significantly
higher than the values for the five IUS “eco-
nomic effects” indicators.

Structurally adjusted R&D intensity

Different industry sectors exhibit various R&D
intensities. The pharmaceutical industry re-
quires a much higher R&D intensity to remain
internationally competitive than does the metal
construction industry, for example. The com-
parison of R&D intensities in the business en-
terprise sector therefore says little about knowl-
edge intensity and competitiveness: a country
with specialisation in high-tech sectors tends to
have higher aggregated R&D intensities than
countries, like Austria, that specialise in medi-
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um-tech sectors. Countries can however spe-
cialise in very knowledge-intensive segments of
particular industries, thereby assuming a highly
knowledge-intensive position. This is why R&D
intensity for the business enterprise sector was
calculated in a way that adjusts for these sec-
toral effects and represents a weighted version
of the aforementioned IUS structural change in-
dicators. This indicator provides a more realis-
tic assessment of countries like Hungary that
specialise strongly in rather research-intensive
sectors, yet actually perform little of their own
research and innovation there.

Fig. 56 shows the results of this computation.
The horizontal axis shows the expected R&D
intensity based on industry structure. This is
determined by the average of leading R&D
countries. Countries with strong high-tech in-
dustries are located at the far right. The vertical
axis represents actual R&D intensity. Countries

with a higher than expected R&D intensity are
located above the 45° line, which means that
they have a positive “country effect” that is an
actual measure of knowledge intensity. The
evaluation showed that a country such as Hun-
gary has a sectoral high-tech structure due to its
integration in international value chains (and
therefore has a good ranking in the IUS structur-
al change indicators). However, there is only a
limited amount of R&D and innovation carried
out in Hungary; the country primarily hosts the
production side of creation of value chains. In
contrast, Austria has a medium-tech economic
structure with clear sectoral positioning in the
knowledge-intensive segments, even if Austria
is significantly behind the Scandinavian coun-
tries in this regard. The normalised values for
country effect intensity are presented in Table
45 and again show a much higher value than the
IUS indicators.

Fig. 56: R&D intensity in an international comparison adjusted for structure, 2011
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Patent statistics

As stated above, patent statistics are not impact
indicators because they only represent one pre-
liminary stage of an innovation. Nonetheless,
the consideration of patent citations (i.e., cita-
tions of patents in other, newer patents) has im-
proved conventional patent statistics in terms
of their significance for assessing the quality of
inventions. Similar to scholarship in the scienc-
es, oft-cited patents can be interpreted as an in-
dicator for the quality of an invention, which
should at least facilitate an economically suc-
cessful innovation. Fig. 57 shows three indica-
tors constructed with the help of citations, and
supplements them by the number of triadic pat-
ent families relative to GDP (meaning the num-
ber of patents filed with the three major patent
offices: the EPO, USPTO, and JPO). With the

exception of one indicator, a comparison with
the Innovation Leaders yields below-average but
rising values; these figures are above average in
comparison to recent performance in the EU-28.
Table 45 shows the normalised value for the
“ Average number of citations per patent” indi-
cator, in which Austria has a value that is sig-
nificantly above the IUS impact indicators.

The three groups of indicators introduced here
suggest overall a positive and above-average in-
novation effect. Austria is positioned in the
knowledge-intensive and high-quality segments
of industries which have experienced a signifi-
cant rise in invention quality in the last 15 years.
Austria has delivered solid performance for im-
pact indicators that represent improvement
within industries, along technology paths, and
within niches. This finding corresponds with nu-
merous analyses of Austria’s innovation activi-

Fig. 57: Patent indicators for measuring invention quality, 1990-2010

Al/Innovation leader

1.80 —
1.60 —
1.40
1.20
1.00 —
0.80 — )
0.60 —|

0.40 —

1990 1995 2000 2005 2010

= (itations first and second generation

= = Number of triadic patent families per GDP
Number of patents with more than 5 citations
= Average number of citations pro patent

AT/EU28

1.80 o

1.60 —

1.40 —

1.20 —

1.00 —

0.80 —

0.60 —

0.40 —

0.20 \ \ \ \
1990 1995 2000 2005 2010
= (itations first and second generation rel. EU28
= = Number of triadic patent families per GDP rel. EU28

Number of patents with more than 5 citations rel. EU28

= Average number of citations pro patent rel. EU28

Source: OECD, Regpat database, January 2014, OECD Citation database, January 2014, OECD Triadic Patent Families database, January 2014,
World Bank, Austrian Institute of Economic Research (WIFO) calculation. Note: Innovation Leader: average of DE, DK, FI, SE=1.0. Citations from
first and second generation, number of patents with more than 5 citations, average Number of citations per patent: indicators have been adjust-
ed for families. Proportion of patents with more than 5 citations: the last years from 2006 (grey line) must be interpreted with caution for the
indicator on account of an outlier caused by a low falling number with the comparison countries.

150

Austrian Research and Technology Report 2014



4 Research and Innovation in the Business Enterprise Sector

ties.* Like the TUS indicators, all three indica-
tors also demonstrate weaknesses, thereby sug-
gesting that interpretation must be done careful-
ly and in combination with other indicators.
They do however offer additional important in-
formation for evaluating the economic effects of
innovation. The indicator values are normalised
in a way similar to the IUS and are added to the
“economic effects” group in the IUS (figures in
Table 45). The IUS indicator 3.2.3 is also rendered
more meaningful with the removal of tourism
and shipping services from the overall total of
service exports. Both of these service sectors de-
pend heavily on geographic idiosyncrasies and
should therefore not reduce the proportion of
knowledge-intensive services (for the sake of
comparison, Austrian tourism accounts for 35%
of service exports, while tourism makes up 13%
of service exports for the Innovation Leaders).

Fig. 58 shows the resulting changes in the
country rankings. Austria improves its position
by eight rankings, from 17th to ninth place.
This leads to an improvement in the TUS Sum-
mary Index by three rankings to seventh place,
moving past the Netherlands, the United King-
dom, and Ireland (Fig. 59). If we also remove the
highly problematic indicator 3.2.5 from the IUS
(licensing and patent revenue), Austria’s posi-
tion in the assessment of the economic effects
of innovation improves even more to sixth
place, and sixth place in the overall index as
well. Austria remains however below the Inno-
vation Leaders in all cases, including the up-
grading indicators introduced here. Even if the
recalculation of impact is only one of many, and
even if the proposed indicators have their weak-
nesses, the highly essential upgrading compo-
nents of innovation impact are represented in a

Fig. 58: Positions of the countries in the IUS 2014 in the “Economic Effects” group vs. position following new
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246 See System Evaluation Summary Report on performance determination for the Austrian innovation system (Aiginger et al., 2009;

Leitner, 2003).
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Fig. 59: Changes to ranking Summary Index IUS 2014 based on new impact calculation
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much more comprehensive way in comparison
with the IUS. Different combinations of indica-
tors may locate Austria somewhere between
17th and fifth or sixth place, but the country
still does not attain the level of an Innovation
Leader.

Summary

The current measurement of impact in the IUS
and in the Commission’s new output indicator
captures only a relatively small part of the eco-
nomic effects of innovation, primarily that part
that is visible in the structural change towards
more knowledge-intensive activities. Its signifi-
cance for policy-making is therefore reduced in
such a way that no decisions about resource al-
location should be taken on the basis of these
indicators. A more comprehensive consider-
ation of innovation impacts includes both the
effects of structural change and quality im-

provements within industries. The use of such
quality indicators to enhance the TUS leads to a
significantly more positive image of the effects
generated by innovation efforts in Austria. Even
with this more comprehensive assessment of
impact, however, Austria continues to lag be-
hind the Innovation Leaders. The gap between
Austria and the Innovation Leaders however is
no longer so large as to suggest that Austria can-
not join the ranks of the leading countries by
2020, which is the explicit aim of the RTI Strat-
egy 2020. This section therefore has arrived at
an assessment similar to that of the report of the
Council for RTD on the implementation of
Austria’s RTT strategy: The weaknesses in the
IUS* include the number of university gradu-
ates and innovation risk financing (venture cap-
ital). Both are significant drivers of structural
change, not least because of their significance
for innovation-intensive, fast-growing start-up
company formation, thereby reinforcing the

247 See Austrian Council for Research and Technology Development (2013b).
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conclusion that Austria has delivered medium those components that drive forward structural
performance for the structural change indica- change, since sectoral upgrading functions com-
tors. In the context of the further development paratively well. This renewed focus could set
of the Austrian innovation system, special at- Austria on a trajectory to improve its position,
tention should be paid in the coming years to which has not been the case since 2010.

Table 45: Impact indicators from the IUS 2014, supplemented by additional indicators (scaled values)
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EU-28 0.58 0.55 0.69° 0.66 0.57 0.50 0.48° 0.83°
BE 0.66 0.60 0.59 0.52 0.56 0.75 0.66 0.88
BG 0.23 0.25 0.74 0.19 0.16 0.77 0.35 0.46
(074 0.49 0.67 0.76 0.72 0.24 1.00 0.25 0.34
DK 0.68 0.34 0.83 0.70 0.66 0.94 0.82 0.98
DE 0.70 0.93 0.72 0.74 0.47 0.72 0.57 1.00
EE 0.39 0.35 0.81 0.52 0.18 0.00 0.68 0.00
IE 0.97 0.59 0.80 0.31 1.00 0.43 0.00 1.00
EL 0.48 0.24 0.90 1.00 0.13 0.34 0.44 0.52
ES 0.46 0.65 0.73 0.98 0.23 0.78 0.40 0.35
FR 0.61 0.74 0.61 0.69 0.52 0.54 0.70 0.85
HR 0.36 0.54 0.00 0.40 0.17 0.69 0.00 0.00
IT 0.54 0.72 0.67 0.70 0.33 0.95 0.38 0.61
CY 0.77 0.61 0.81 0.69 0.08 0.00 0.41 0.55
Lv 0.35 0.26 0.86 0.00 0.12 0.00 0.30 0.83
LT 0.28 0.45 0.37 0.13 0.08 0.00 0.30 0.52
LU 1.00 0.28 0.80 0.24 0.80 1.96 0.00 0.98
HU 0.49 0.76 0.48 0.62 0.70 0.49 0.10 0.70
MT 0.78 0.65 0.38 0.18 0.37 0.00 0.00 0.86
NL 0.66 0.54 0.41 0.39 0.60 0.38 0.61 0.80
AT 0.60 0.66 0.60 0.49 0.34 0.75 0.72 0.87
PL 0.32 0.52 0.67 0.22 0.16 0.66 0.00 0.23
PT 0.27 0.48 0.78 0.66 0.11 0.17 0.50 0.40
RO 0.11 0.51 0.79 0.66 0.28 0.00 0.10 0.11
N| 0.59 0.80 0.66 0.41 0.32 0.26 0.60 0.24
SK 0.34 0.68 0.52 1.00 0.06 0.46 0.08 0.58
Fl 0.68 0.55 0.53 0.73 0.90 0.39 1.00 0.99
SE 0.82 0.58 0.54 0.25 0.85 0.29 0.93 0.98
UK 0.83 0.69 0.81 0.17 0.50 0.29 0.53 0.92

a EU-27 (not incl. HR), b EU-24 (not incl. IE, HR, PL, LU), ¢ EU-27 (not incl. HR).

Source: Innovation Union Scoreboard; Eurostat, Patstat, OECD, WIFO calculations.

Austrian Research and Technology Report 2014 153



5 Evaluations

5 Evaluations

Evaluations are an indispensable part of the pro-
cess of introducing and implementing research
and technology policy support measures today,
both from a legal perspective and in daily prac-
tice. The relevant statutory foundations are pro-
vided by a series of laws in Austria, including
the Research and Technology Promotion Act
(FTE-G), the 2004 Act for Creation of the Austri-
an Research Promotion Agency (FFG-G), the Re-
search Organisation Act (FOG; reporting stan-
dards: sections 6-9), and guidelines for research
funding®*® based on these laws and for the pro-
motion of economic-technical research and
technology development, the so-called “RTD
guidelines”.?® The FTF-G (section 15, para. 2) in
particular creates a legal standard for the princi-
pals of evaluation, stipulating a set of minimum
requirements for the guidelines. The guidelines
stipulate that “a written evaluation plan must
be created for all subsidy programmes and
measures based upon the RTD Guidelines. This
plan must include the purpose, objectives, and
procedures, as well as deadlines for evaluating
the achievement of the funding objectives, and
must define appropriate indicators” 2>

This statutory basis has played no small part
in the fact that nearly all research and technolo-
gy programmes use evaluations in their pro-
gramme planning (ex-ante evaluations), pro-
gramme implementation (monitoring and inter-

im evaluations) and programme conclusion (ex-

post evaluation), and it is seen as essential to

providing direction to the further strategic de-
velopment of Austria’s research funding portfo-
lio.

The following section will provide an over-
view of the evaluative activities of Austrian re-
search funding programmes. These have been
selected according to the following criteria:

e The evaluations are primarily relevant to fed-
eral policy.

e There is an approved report of the evaluation
available.

e The evaluation report is available to the pub-
lic, which essentially means that the report
has been published on the Austrian Platform
for Research & Technology Policy Evalua-
tion’s homepage.?!

The results of some of the evaluations commis-
sioned by the Federal Ministry are presented in
summary below. They are the accompanying
evaluations of the “Laura Bassi Centres of Ex-
pertise”, 2014 Final Report (on behalf of the
Federal Ministry of Economy, Family and Youth
(BMWE]); the ex-post evaluation of the K-plus
and K-ind/K-net programmes for competence
centres (on behalf of the Federal Ministry for
Transport, Innovation and Technology (BMVIT)
and the Federal Ministry of Economy, Family

248 Federal government guidelines on granting and executing funding pursuant to sections 10-12 of the Research Organisation Act (FOG),

Federal Law Gazette No. 341/1981.

249 Guidelines for the funding of economic-technical research and technology development (RTD Guidelines) pursuant to section 11 (1
to 5) of the Research and Technology Funding Act (FTFG) by the Federal Minister for Transport, Innovation, and Technology dated 27
September 2006 (GZ 609.986/0013-111/12/2006) and by the Federal Minister for Economics and Labour dated 28 September 2006 (GZ

97.005/0012-C1/9/2006).
250 See RTD Guidelines, section 2.2., p. 4.
251 www.fteval.at.
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and Youth [BMWF]]); FOR-AUS, an internation-
al comparison of criteria applied to organisa-
tions that fund research (on behalf of the Federal
Ministry for Transport, Innovation and Tech-
nology [BMVIT]); the evaluation of research co-
operation resulting from bilateral treaties and
agreements (on behalf of the Federal Ministry of
Science and Research [BMWEF]); and the ex-post
evaluation of the Austrian genome research pro-
gramme, GEN-AU (on behalf of the Federal
Ministry of Science and Research [BMWF]).

5.1  Evaluation of the “Laura Bassi Centres of
Expertise” campaign 2014 Final Report

Objective of the evaluation

The accompanying evaluation of the “Laura
Bassi Centres of Expertise (LBC)” programme
was commissioned in 2009 shortly after the
programme started, aiming to provide strategic
monitoring with a focus on drawing appropriate
lessons and creating feedback loops as well as
clear recommendations for the programme’s
management. To this end, a progress report was
produced annually to document and discuss
progress and preliminary results. The report for
2010 focused on an analysis of the selection
process, evaluation criteria and general aware-
ness of the programme.?*> The 2011 report em-
phasised the programme’s unique aspects
through the inclusion of direct target groups; it
also outlined early activities related to the cat-
egory “Transfer of knowledge” and discussed
opportunities for such transfers.?®® The third
year’s report emphasised the way in which the
LBC function and methods of increasing aware-
ness.?® The final report, which is now avail-
able,?® summarises the primary results from
the work accomplished, supplemented by new

252 See Mayer et al. (2010).

253 Dorflinger, Heckl (2011).
254 Dorflinger, Heckl (2013).
255 Daorflinger, Heckl (2014).
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findings from evaluation activities undertaken
in 2013.

Programme objectives and key information

The “Laura Bassi Centres of Expertise” is a pro-
gramme organised under the auspices of the
Federal Ministry of Economy, Family and Youth
(BMWEF]) (now the Federal Ministry of Science,
Research and Economy, BMWFW) which estab-
lishes excellence centres led by female research-
ers. The development and implementation of
the programme are a response to the low num-
ber of female directors of research centres fo-
cused on applied science research in cooperative
research fields. The programme’s objectives are:
e to improve the visibility of the research work
undertaken and results achieved by highly
qualified women in a way that addresses re-
search, management and careers
e to work as a learning and teaching instru-
ment to contribute to increased equality of
opportunity in Europe’s scientific landscape.

From this perspective, the programme is also
meant to serve as an example for future initia-
tives in developing transparent and sustainable
procedures (selection and evaluation proce-
dures) and aims to increase the level of gender
competence in research management.

After comprehensive preparatory work and
analyses of the conditions necessary for sup-
porting the work of female researchers, a selec-
tion procedure was initiated in 2009, the result
of which was the establishment of eight LB cen-
tres. There was a two-stage selection process
(preliminary and full proposals), in which the
evaluative focus was on the candidates’ research
performance, with consideration given especial-
ly to their future potential, and their ideas re-
garding management, team leadership and ca-
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reer planning. The funded centres began opera-
tions towards the end of 2009. The federal min-
istry contributes €15 million of the total €25
million budget. Each centre has access to a
maximum amount of €320,000 per year. The
Austrian Research Promotion Agency (FFG) was
charged with the responsibility of implement-
ing the Laura Bassi Centres of Expertise.

An international peer review process that fol-
lowed the first LBC funding period (2010-2013)
recommended a second period of funding (2013-
2016) for all of the centres. The output of the
LBC was quite considerable:?*® By the spring of
2013 the eight centres produced 230 publica-
tions, 21 dissertations, 41 bachelor’s and mas-
ter’s theses, two patents and two licenses. Some
90 researchers, in addition to the eight directors,
were active at the centres.

Results of the evaluation

Having spent four years strategically monitor-
ing the programme, the evaluation team has
given the LBC positive marks for both its initial
stages and the effects the programme has. All of
the participants praised the selection process,
which has consisted of two stages. In particular
the focus on academic excellence, equality and
management aspects were described as unique.
Given the centres’ innovative features and the
overall potential displayed by all of the partici-
pants, evaluators judged the significant effort
involved in the programme to be worthwhile.
The centres, located on the boundary be-
tween science and industry, are characterised by
a distinctive, open culture of communication
and a focus on teamwork as vital components of
research performance, without creating any dis-
advantages for any individual team member’s
personal career development. Traditional re-
search organisation and culture is placed under
critical examination, not only to create new
possibilities for female researchers, but also to

rethink the concept of research as a whole. A
fully integrated interdisciplinarity and ongoing
engagement with the topics of management and
careers, which is a fundamental aspect of the
programme and the individual centres, contrib-
utes in a profound way to this objective. The se-
lection process specific to the programme is
considered the central element in its targeted
objective of helping women to reach top leader-
ship positions at the centres. Funding works to
support the centres’ research performance and
allows for an ongoing expansion of competences
and a thorough engagement with the specific
themes of the research, from the creation of the
proper basis for research activity through to the
development of marketable products.

Programme evaluators expressed the opinion
that those aspects identified in previous prog-
ress reports related to creating and sustaining a
more broad sensitivity towards and awareness
about gender in the research community will
require a certain set of conditions before sus-
tainable change can be realised throughout the
system as a whole. These include, in particular,
a receptive audience, the inclusion of appropri-
ate themes in research institutions’ agendas,
the formulation and implementation of rele-
vant ongoing activities, supportive lobbying
and the creation of a critical mass of female re-
searchers in leadership roles who can act as role
models.

In summary, the key aspects of management,
leadership, human resources development and
interdisciplinarity must play an explicit role in
developing future structures and measures in
line with the stated goals. A focus on future po-
tential during the selection process, the thema-
tisation of gender during the entire selection
process and the implementation of ongoing sup-
port measures for centre directors are all proven
measures. To ensure equal opportunity in the
research sector and to promote and strengthen
the potential of individual researchers, the eval-

256 See Laura Bassi brochure, available at: https://www.ffg.at/sites/default/files/downloads/131011_laura_bassi_broschuere_final.pdf; last

accessed on 10 April 2014.
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uators recommend a dual approach that includes
incorporating these programme elements into
mainstream processes and continuing the spe-
cific (adapted) LBC programme.

5.2  Ex-post evaluation of the K-plus and K-ind/K-
net Programmes for Competence Centres

Objective of the evaluation

The objective of the evaluation was to investi-
gate the integration of the K-plus and K-ind/K-
net Programmes for Competence Centres in the
Austrian innovation system and to assess what
effects these programmes have had.>® A final
evaluation of the K-programmes was produced
and recommendations for future funding mea-
sures were formulated. It must be noted that the
COMET programme is a direct successor to the
K-programmes, which represents a significant
challenge for ex-post evaluations of the majority
of centres.

Programme objectives and key information

The K-plus and K-ind/K-net competence centre
programmes, which have been coordinated at
the federal level since 1998, were created as in-
struments to support research cooperation be-
tween academia and industry. The programmes
aimed to improve the culture of cooperation be-
tween industry and science through the estab-
lishment of competence centres and compe-
tence networks as well as to accelerate the accu-
mulation of shared research competences and
the commercialisation of these.

Integrated into fixed-term research institu-
tions, the K-plus centres placed a central focus
on cooperative, scientifically ambitious re-
search and the specialised professional develop-
ment of young researchers and engineers within
the context of bridge-building between scientif-

257 See Schibany et al. (2013).
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ic and industrial research. K-plus centres were
primarily housed in publicly funded research
institutions. The K-plus centres thus allowed
for a so-called non-K-area, which enabled the
centres to additionally focus on R&D and ser-
vice activities separate from their core partners’
cooperative research activities.

The programme specifications for the indus-
trial competence centres (K-ind) and compe-
tence networks (K-net] were more clearly
aligned with the research agendas developed by
the industrial partners. They were considered
complementary instruments in the founding of
industry competence centres, networks or ‘clus-
ters’ and tended to operate under the aegis of
industrial firms or consortiums.

K-plus centres were established following a
competitive, two-stage peer review selection
process. K-ind and K-net centres were the result
of applications to the federal ministry (Federal
Ministry of Economics and Labour (BMWA), lat-
er the Austrian Research Promotion Agency
[FFG]); successful applications were chosen in a
one-stage process. Fach programme was entitled
to public funds to cover up to a maximum of
60% of its budget.

The number of centres fluctuated over time.
In 2013 around 1,500 researchers from scientific
institutions and the private sector were actively
working in 35 projects across 21 centres under
the umbrella of the COMET programme. The
centres’ research orientations areheterogeneous,
including information and communication
technology (ICT) and mobility to energy, the en-
vironment and life sciences. Over the course of
the entire lifespan of the programme (1998-
2009), €432 million was made available for
K-plus and €399 million for K-ind/K-net.

Results of the evaluation

The evaluators affirm that the K-programmes
have made a substantial contribution to the
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readiness of Austrian firms and research institu-
tions to engage in cooperations. Evaluators es-
pecially stressed the regional importance of the
centres as innovation drivers and regional plat-
forms for R&D. As the first Austrian initiative
to provide structural funding for cooperation be-
tween science and industry, the K-programmes
have been recognised internationally for their
contributions to ‘best practice’.

It has been found that the firms that made
use of the K-programmes were those that al-
ready demonstrated a high level of R&D inten-
sity and propensity for cooperation. Even before
taking part in the programme, 88 % of the K-plus
firms and 75% of the K-ind/K-net firms had al-
ready engaged in cooperative R&D work with
other firms. They also had already undertaken
and completed similar R&D projects. The K-pro-
grammes stimulated more intense cooperation,
which was reflected in innovation performance.
Around 62% of the K-plus firms (72% of the
K-ind/K-net firms) that were asked confirmed
that their participation in the programme con-
tributed to their abilities to produce significant
product or process innovations.

Of the 144 higher education institutions that
took part in the K programmes, the majority
were technical universities. The long-term bud-
gets for cooperative research activity and the
high concentration of experts in the teams were
both named as primary reasons for taking part
in the programme. Concerns were raised regard-
ing excessive influence on the part of manufac-
turing partners, which were party overcome, an
achievement that is seen as one of the K-pro-
grammes’ key effects. The K-programmes also
enabled the addition of new projects, to existing
cooperative endeavours as well as impetus for
new lines of inquiry. The internal intensity of
cooperation between institutes and departments
was also improved. The K-programmes have
been praised for the valuable contributions they
have made to the strategy and priority-setting of

258 See Bieglebauer, Palfinger (2013).
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technical universities

The majority of the staff at the centres partic-
ipated with an eye to attaining new qualifica-
tions and/or with specific career advancement
in mind. Cooperation between science and in-
dustry was perceived as an asset in the K-plus
centres, especially as the majority of the re-
searchers already had experience in science-in-
dustry cooperation. Similarly to the business
enterprise sector, the K programmes’ contribu-
tion was to augment and expand existing coop-
erative efforts. Complex cooperative relation-
ships, which demanded a greater amount of ef-
fort to coordinate, came in for criticism. In addi-
tion, there appears to be a need for greater clari-
fication regarding the high turnover amongst
those working in R&D.

In sum, the existence of the K-programmes
has not only contributed over the past several
years to making the national framework for in-
novation more dynamic, they have also played a
major role in setting up modern structures for
programme management. This is especially true
with respect to the clear division of responsibil-
ities amongst various stakeholders. Consider-
ation should be given in future to the develop-
ment of a comprehensive monitoring system,
especially with respect to an impact-oriented
research policy. Finally, care must be taken that
the quasi-permanent nature of the COMET pro-
gramme does not cause a “crowding out of new
challenges”.

5.3 Aninternational comparison of the selection
procedures of research funders (FOR-AUS)

Objective of the evaluation

This evaluation sought to analyse the procedures
used by international research funders for select-
ing the projects they support.?®® The roles of var-
ious stakeholders in these selection procedures
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and their relationships with one another were
key focuses. Funding agencies considered by the
analysis were the Danish Agency for Science,
Technology and Innovation (DASTI), the Re-
search Council for Technology and Innovation
and the Council for Strategic Research in Den-
mark, the Research Council of Norway (RCN) in
Norway, the Verket for innovationssystem (Vin-
nova) in Sweden, Teknologian Kehittaimiskeskus
(Tekes) in Finland, and the German Project
funders TJilich (PTJ), Technischer Uberwa-
chungsverein Rheinland (PT TUV Rheinland),
Verein Deutscher Ingenieure-Technologiezen-
trum (PT VDI-TZ) and the Verein Deutscher
Ingenieure/Verein  Deutscher  Elektrotechni-
ker-Innovation und Technik (PT VDI/VDE-IT).

Results of the evaluation

There is a noticeable trend towards a standardisa-
tion of selection procedures amongst research
funding agencies, especially those in the Scandi-
navian countries. For example, Tekes and RCN
have already standardised their internal processes
to a significant degree, and Vinnova and DASTI
are planning to align their existing selection pro-
cedures. In Germany, processes can sometimes
vary to significant degrees within individual or-
ganisations, whilst some units have already de-
fined standards. The development experienced by
German project funders differs from their Scandi-
navian counterparts because of their longer histo-
ries, diverse budget structures and selection pro-
cedures as well as their supposedly greater depen-
dence on government ministries.

The use of external evaluators in the project
selection process is increasing. Evaluations
undertaken for the Swedish Vinnova will be
completed in future primarily by external eval-
uators. The Danish Council for Technology and
Innovation and the German PT Jalich are both
planning to move in this direction. These
organisations are making increasing attempts
to create more objective selection processes.
Measures that have been implemented include
the use of multi-stage, criteria-driven selection
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procedures that are spread across the entire or-

ganisation (RCN), new combinations of evalua-

tors and the use of programme committees

(Vinnova, PT Jilich).

This includes ongoing process development
on the basis of experiential knowledge, process
monitoring and standardised evaluation proce-
dures that can be activated and utilised at any
point during the measure’s life-span (Vinnova,
RCN, DASTI). Debriefing meetings, human re-
sources development activities in the form of
workshops and drawing on reflective knowledge
produced by (system) evaluations and ongoing
studies are amongst the concrete instruments
that can be used.

The following observations were made with
regard to organisational practices:

e The criteria connected to the selection pro-
cess must be clear, transparent and appropri-
ately communicated to the various stake-
holders, including applicants, evaluators and
employees of the funding body. Quantitative
schemata should be supplemented with more
qualitative descriptions of the assessments.

e When processes involve internal and external
evaluators, due consideration should be given
to the specific functions of each group, which
may vary depending on the particular circum-
stances and organisation. External evaluators
are incorporated especially in proposals in
which the science involved is highly special-
ised. Internal evaluators contribute to the
process through formal assessments.

e Because the first stage of the two-stage evalu-
ation process sorts the applications into those
that are outstanding and those that are less
promising, more time is available in the sec-
ond stage to analyse and discuss those appli-
cations that have passed through the first
stage but are unclear in terms of promise (“in-
termediate”).

e Comparative evaluations of project applica-
tions are increasingly being used to provide a
better calibration of the evaluation process.
This takes the form of on-site discussions by
panels or programme committees.
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5.4 Evaluation of research cooperation under
the framework of the hilateral Science and
Technology Cooperation agreements (WTZ)

Objective of the evaluation

The evaluation sought to assess the existing bi-
lateral agreements reached between Austria and
various partner countries both in and outside of
Europe under the framework of the Science and
Technology Cooperation programme (WTZ).2
The examination focused on the development
and presentation of the WTZ'’s current circum-
stances and was primarily concerned with mea-
sures of efficiency and effectiveness. Conclud-
ing summaries and recommendations for future
development were produced based on the evalu-
ation’s findings.

Programme objectives and key information

The WTZ aims to support researcher mobility
by means of bilateral and multilateral research
projects organised on the basis of agreements at
the state level to support scientific-technical co-
operation. Austria negotiates these agreements
with partner countries on an individual basis.
The WTZ programme can also act as a starting
point for multilateral cooperative efforts that
can be carried out under the aegis of European
funding and support programmes (e.g. interna-
tional ERA-NETs).

The agreements seek to intensify coopera-
tion between Austrian researchers and re-
searchers in partner countries. Agreements
concluded as part of the WTZ also aim to
strengthen diplomatic relations and improve
international understanding. The so-called

259 See Schuch et al. (2013).

‘Mixed Commissions’ are meant to allow for
exchange about current RTI policy in the re-
spective participating countries. WTZ is funded
by the Federal Ministry of Science and Research
(BMWF) and the programme is implemented
partly in cooperation with the Federal Ministry
for European and International Affairs (BMeiA).
Currently there are active agreements with 23
countries.?®® The project is managed by the
ICM-Centre for International Cooperation &
Mobility at the Austrian Agency for Interna-
tional Cooperation in Education and Research
(OeAD).

Researchers at universities and universities of
applied sciences as well as other publicly funded
scientific and research institutions that fall un-
der the Federal Ministry of Science and Re-
search’s area of responsibility are eligible for
funding. Applications must feature concrete, co-
operative scientific projects. The funding covers
travel and expenses for research stays up to ten
days or for longer stays up to a maximum of three
months within the duration of the granted proj-
ect, which is usually two years.

Results of the evaluation

The evaluators confirmed that the WTZ had a
considerable mobility effect, according to them,
2,529 Austrian project leaders?! between 2003
and 2013 and 3,729 Austrian project employ-
ees?? between 1997 und 2013 received funding.
An average of 150 new WTZ projects are imple-
mented each year and funding for project mobil-
ity averaged around € 3,000 per WTZ project and
year. A total of around €5.2 million was provid-
ed between 2002 and 2012.

Because of the resulting gains in mobility, the
WTZ agreements may be considered cost-effec-

260 15 active agreements between countries: Albania, Bulgaria, China, France, India, Croatia, Macedonia, Montenegro, Rumania, Russian
Federation, Serbia, Slovakia, Slovenia, Ukraine and Hungary. 2 non-active agreements between countries: Israel and Spain; 2 active
agreements in connection with cultural agreements: Poland and the Czech Republic; 1 non-active agreement in connection with a
cultural agreement: Italy; 3 other agreements such as MoUs: Argentina, South Korea, Vietnam.

261 In this context, “Austrian” means that the project coordinators and project staff are working at Austrian institutions in Austria, but it

does not necessarly mean that they are Austrian citizens.
262 Ibid.
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tive, although they seem a bit piecemeal, in par-
ticular concerning the financing, the size of the
participating teams, institutional effects and
the separation of the funded projects without
any umbrella framework to connect them. The
WTZ'’s relevance was judged to be high, whilst
awareness of the programme in individuals’ pro-
fessional circles was rated as fair. Projects over-
whelmingly contributed to fostering interna-
tional partnerships that already existed as well
as initiating new cooperative relationships. The
focus was set on preparing and finalising publi-
cations. Contact amongst participants tended to
remain intact after the funding period was over,
and in more than half of the cases, follow-up
projects and additional publications resulted.

The majority of WTIZ coordinators are men,
working at a university, especially in the natu-
ral sciences, and are, from the perspectives of
their age and careers, well established. There
was little evidence of increased mobility for fe-
male scientists connected to WTZ projects. Re-
searchers, when asked, generally rated the
OeAD’s administrative work and supervision
positively. Starting points for recommendations
include the structure of feedback as part of proj-
ect evaluations, the general use of budgets and
the networking of thematically related WTZ
projects. For WTZ projects to serve specifically
as a form of support for young researchers and
female scientists, newly developed, additional
measures in line with WTZ'’s global objectives
would need to be developed.

Additional recommendations focused on the
composition of the participant pool and the
choice of countries. The creation of a “pro-
gramme leader” role was suggested as a means
of supporting further internationalisation, given
the general lack of international project funding
in Austria. WTZ agreements provide a starting
point, but European or international pro-
grammes (e.g. HORIZON 2020, EUREKA)

263 See Warta et al. (2014).
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should be the targeted end result. According to
the evaluators, this approach is consistent with
the objectives outlined in the AG 7a policy
paper entitled “Internationalisation and RTI-re-
lated foreign policy” produced by the inter-min-
isterial RTI Task Force charged with imple-
menting the federal government’s RTI strategy.
Future development will, however, depend on
budgetary circumstances and will require the
agreement of the countries with whom bilateral
programmes have been established.

5.5 Ex-post evaluation of the Austrian genome
research programme (GEN-AU)

Objective of the evaluation

The Austrian genome research programme (GE-
Nome Research in Austria — GEN-AU) under-
went a comprehensive ex-post evaluation after a
total programme length of 10 years.?®® The eval-
uation aims to assess in a detailed, systematic
manner the programme’s effects on the national
research landscape in the life sciences, to out-
line this field’s development in Austria and in-
ternationally as well as to evaluate the activi-
ties of the GEN-AU programme office, which is
housed in the Austrian Research Promotion
Agency (FFG). The results are intended to pro-
vide a basis for assessing the state of life scienc-
es research in Austria and internationally.

Programme objectives and key information

GEN-AU not necessarly mean in September
2001 with the intention of supporting and
strengthening the fields of genome research and
systems biology, both of which were underrep-
resented in Austria in spite of their importance
as future-oriented areas of research. The pro-
gramme aimed to connect research capacities,
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open up new research fields and translate re-
search results into usable knowledge through
technology transfer measures. The programme
was organised in three distinct phases. Funding
was distributed according to different project
types that were distinguished from one another
in terms of their objectives, the number of proj-
ect partners, their duration and funding volume.
GEN-AU comprised of comprehensive, interdis-
ciplinary cooperative projects (joint and net-
work projects) flanked by smaller project for-
mats (associated projects, pilot projects, trans-
national projects) and a series of projects focused
on the social sciences and the arts and human-
ities (ELSA). Measures accompanying these
projects included funding for specific individu-
als (mobility fellowships, funding specifically
targeted at women), publicity materials targeted
at particular groups and support for patents,
amongst others.

Originally provided by the Federal Ministry
of Science and Research (BMWF), the GEN-AU
office, which manages the programme, was
moved during the second phase of the pro-
gramme to the Austrian Research Promotion
Agency (FFG). A scientific advisory board assist-
ed the ministry in its preparation of funding rec-
ommendations throughout the duration of the
programme. With a total funding volume of
around €85 million, GEN-AU was the Federal
Ministry of Science and Research’s largest the-
matically organised research programme.

Results of the evaluation

According to the evaluators, GEN-AU was suc-
cessful in offering sustainable support to ge-
nome research in Austria, putting the country
on the map internationally as a prime location
for research in the life sciences thanks to a se-
ries of simultaneous measures, especially the
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establishment of the Austrian Academy of Sci-
ences’ Excellence Institutes and the IST Austria.
The high number of ERC grants in this area of
research is one indicator, amongst others, that
underlines this positive development. GEN-AU
projects provided room to experiment with de-
sign, allowing researchers to choose riskier re-
search paths. A large number of researchers took
concrete steps in terms of career advancement
and secured new qualifications as a result of
working on these projects.

Cooperation networks were established in a
broad manner as part of GEN-AU, with only a
few central clusters in Vienna, Graz and Inns-
bruck. Sharing the same location was especially
important in establishing cooperative relation-
ships. Spatial proximity, which sometimes in-
cluded the shared use of infrastructure, helped
to firmly establish cooperative efforts in a sus-
tainable fashion.

With the aim of increasing and expanding
public discussions about and public engagement
with the relevance of genome research to soci-
ety in general, publicity efforts were conceived
broadly, designed to be subject-specific and dis-
tributed through various channels (website,
newsletter, press releases, etc.). Certain activi-
ties won as great a deal of attention as these
public relations efforts, such as the ELSA pro-
gramme, which benefited from its expertise in
interdisciplinary research between life sciences
and social sciences, as well as the GEN-AU
Summer School for school pupils.

GEN-AU'’s programme results were negligi-
ble from an economic as well as health policy
perspective. It was noted that the programme’s
goals were very ambitious from the start, too
broadly defined given the programme’s frame-
work and, especially with respect to health pol-
icy, defined with insufficient attention to actu-
ally existing circumstances. Firms were hardly
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represented at all in the programme, and a
planned platform for manufacturing partners
was not realised given the lack of interest. Eval-
uators identified insufficient coordination with
other existing measures and (political) stake-
holders, which was due in part to the high level
of complexity involved in GEN-AU and the gen-
eral dynamic of growth and recover during the
2000s, during which coordination was deemed
to be less urgent.

The evaluation of GEN-AU provided evi-
dence for the evaluators’ finding that the consis-
tent application of the “excellence” concept
during the 2000s resulted on the one hand in the
creation of top research institutions, which
have had a very positive effect for Austria as a
location for top-level research, but that — in the
shadow of this success — the university entities
might fall behind. The “new institutions”,
which operated from a clear system of objec-
tives and benefited from efficient management
and decision-making structures, were able to
make much better use, in relation to their size,
of the opportunities provided through GEN-AU
than were the majority of university-based re-
search units. The latter were less able to act and
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react in an efficient manner given their tradi-
tion-bound structures and pre-existing arrange-
ments. In times of shrinking budgets and in-
creased competition, universities may find it
more difficult to secure sufficient third-party
funding. To the extent that as these types of
structural factors are not given consideration in
future funding decisions, an “institutional di-
vide” may well arise between non-university
research institutions and classic universities.

Future considerations regarding research
funding should pay particular attention to con-
tinuing to provide space for high-risk research
projects. It is undoubtedly reasonable to contin-
ue to use selected accompanying measures in
future. An ongoing engagement with the prob-
lem of an “institutional divide” between uni-
versities and non-university research institu-
tions is recommended. Finally, research funding
should always be considered within a context of
other instruments and measures. This means,
particularly with respect to “policy ownership”,
that coordinating and securing agreements with
other (political) stakeholders are of especial im-
portance.
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7.1 Country codes

DNK  Denmark A ltaly ROM_ Romania
AUS Australia ESP Spain JPN Japan ROW Rest of the world
AUT Austria EST Estonia KOR South Korea RUS Russia
BEL Belgium FIN Finland LTu Lithuania SVK Slovakia
BGR Bulgaria FRA France LUX Luxembourg SVN Slovenia
BRA Brazil GBR United Kingdom LVA Latvia SWE Sweden
CAN Canada GRC Greece MEX Mexico USA USA
CHN China HUN Hungary MLT Malta TUR Turkey
CYP Cyprus IDN Indonesia NLD Netherlands TWN Taiwan
CZE Czech Republic IND India POL Poland
DEU Germany IRL Ireland PRT Portugal
BRIC BRA, RUS, IND, CHN
NAM CAN, MEX, USA
NEW EST, FIN, LTU, LVA, SWE
OCEA AUS, IDN
RoASIA JPN, KOR, TWN, TUR
RoEU-12 BEL, DNK, ESP, FRA, GBR, GRC, IRL, ITA, LUX, NLD, PRT
SEE BGR, CYP, CZE, HUN, MLT, POL, ROM, SVK, SVN

7.2  List of the European Commission’s H2020 fact sheets

Horizon 2020 official standard presentation. The New EU Framework Programme for Research and Innovation 2014-2020.
[http://ec.europa.eu/research/horizon2020/pdf/press/horizon2020-presentation.pdf]

Fact sheet on industrial participation
[http://ec.europa.eu/programmes/horizon2020/sites/horizon2020/files/Factsheet_Industrial%20participation.pdf]
Fact sheet: Gender Equality in Horizon 2020
[https://ec.europa.eu/programmes/horizon2020/sites/horizon2020/files/FactSheet_Gender_091213_final_2.pdf]
Fact sheet: Horizon 2020 budget
[https://ec.europa.eu/programmes/horizon2020/sites/horizon2020/files/Factsheet_budget H2020_0.pdf]

Fact sheet: International Participation in Horizon 2020
[http://ec.europa.eu/programmes/horizon2020/sites/horizon2020/files/Factsheet_international_participation.pdf]
Fact sheet: Rules under Horizon 2020

[http://ec.europa.eu/programmes/horizon2020/sites/horizon2020/files/Fact %20sheet_Rules_of_participation.pdf]
Fact sheet: Science with and for Society in Horizon 2020
[https://ec.europa.eu/programmes/horizon2020/sites/horizon2020/files/FactSheet_Science_with_and_for_Society.pdf]
Fact sheet: SMEs in Horizon 2020
[http://ec.europa.eu/programmes/horizon2020/sites/horizon2020/files/Facsheet_SME_H2020.pdf]

Fact sheet: Spreading Excellence and Widening Participation
[http://ec.europa.eu/programmes/horizon2020/sites/horizon2020/files/Factsheet_widening_participation.pdf]
History of Horizon 2020

[http://ec.europa.eu/programmes/horizon2020/en/history-horizon-2020]

Horizon 2020 — The EU Framework Programme for Research and Innovation Experts
[http://ec.europa.eu/programmes/horizon2020/en/experts]
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7.3  Austria’s position in the global trade network
Fig. 60: Value added in exports: global trade network, 2011

Source: WIOD (2013). Graphic: JOANNEUM RESEARCH.
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Fig. 61: The spread of Austrian gross value added, 2011

AUS

ROM

SWE

Source: WIOD (2013). Graphic: JOANNEUM RESEARCH.
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7.4 Overview of Austria’s ESFRI participations
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Research funding and research contracts of the
federal government according to the federal
research database

Figures 62 to 65 provide an overview of R&D
funding and contracts recorded in the federal re-
search data base B_f.dat by the ministries in
2013. The database for recording research fund-
ing and contracts (B_f.dat) for the federal govern-
ment has been in place since 1975, and was set
up as a “ documentation of facts by the federal
government” in the then Federal Ministry of Sci-
ence and Research. The mandatory reporting of
the ministries to the relevant Science Minister is
recorded in the Research Organisation Act (FOG),
Federal Law Gazette No. 341/1981, last amended
to Federal Law Gazette I No. 74/2002. The last
adaptation took place in 2008 with the migration
to a database to which all ministries have access
and in which they all enter their research-related
funding and contracts independently. The B_f.dat
database is not used for recording payments
made. Instead, it is a documentation database
which also records contextual information on
the R&D projects.

With regard to the relevant reporting year the
database makes a distinction between ongoing
and completed R&D projects, their overall fund-
ing volume and actual funds paid in the reporting
year, thereby providing a current picture of the
number of projects and of project financing. In
addition, the new approved projects can also be
assessed in their various forms. The major global
financing for the Austrian Science Fund, the Aus-
trian Research Promotion Agency (FFG), LBG,
OAW, AIT and IST-Austria is excluded from all
these assessments.

For 2013 a total of 759 ongoing or completed
R&D projects can be found in the B_f.dat with an
overall funding volume of around €344 million.

178

Thereof, €75 million were paid out by all minis-
tries in 2013. 51% of projects and approximately
64% of the R&D funding came from the Federal
Ministry of Science and Research (BMWE). At
the federal state level it can be seen that around
2/3 of projects feature a contractor with Vienna
as their headquarters. A different picture emerg-
es if a distinction is made according to the overall
amount of R&D funds paid: 41% goes abroad,
primarily in the form of membership contribu-
tions in international organisations. No project
was allocated to the federal state of Burgenland
in 2013.

With an overall funding volume of more than
€17 million, universities funding a total of 240 of
the projects ongoing or completed in 2013. There-
of, around €3 million were paid out for 148 proj-
ects, i.e. approximately 25% of the overall proj-
ects or around 4% of total R&D funds.

Differentiation by fields of science shows that
socio-economic projects are dominant in terms
of the numbers: Around 46% of the ongoing and
completed projects can be ascribed to this area of
knowledge. In contrast, projects from the natural
science segment feature higher funding totals:
more than 50% of the R&D funds paid in 2013
are attributable to the natural sciences.

A total of 224 R&D-related projects were fund-
ed by the federal ministries in the reporting year
of 2013 with a funding volume of around €37.7
million newly approved, with three quarters of
the funds already paid out. The Federal Ministry
for Science and Research approved around 45%
of the projects, followed by BMASK at 15%. Bro-
ken down into the total sum of projects approved
the following picture emerges as can be seen
from Fig. 65: almost 86% of the funding totals
approved are attributable to the Federal Ministry
of Science and Research and the Federal Ministry

Austrian Research and Technology Report 2014
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Fig. 62: Share of R&D projects and partial amounts in 2013 by contractor’s main location (in %)

Partial amounts 2013 Share of R&D projects 2013
by applicant’s main location by contractor’'s main location
0%
1% B Carinthia
I Lower Austria
I Upper Austria
1% 22% Salzburg
M Styria

\ B Tyrol
\ M \Vorarlberg
0% [0 Vienna
0%
Abroad

Source: Federal Ministry of Science, Research and Economy (BMWFW), Federal research database B_f.dat. As at 8 April 2014

Fig. 63: Total financing volume and partial amounts in 2013 by selected universities (in € 1,000)

Bf_dat: Total financing and partial amounts 2013 by selected universities

2 Total financing amount
Partial amount 2013

in €1,000
~N
(oA
S
|

Source: Federal Ministry of Science, Research and Economy (BMWFW), Federal research database B_f.dat. As at 8 April 2014
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of Education, Arts and Culture. The Federal Min-
istry for Transport, Innovation and Technology
(BMVIT) features a low percentage due to the fact
that the processing for the majority of R&D
funds for the BMVIT is outsourced (e.g. to the
Austrian Research Promotion Agency [FFG]).

An overview of the data from B_f.dat on the
research funding and research contracts by the
federal government showing the projects in the
reporting year which have been newly awarded

or are ongoing or completed, with the titles, con-
tractors, funding contributions, scientific classi-
fications, contract and completion dates classi-
fied according to the awarding part can be found
on the Federal Ministry of Science, Research and
Economy’s website at: http://wissenschaft.bm-
wiw.gv.at/bmwfw/ministerium/veranstaltun-
genpublikationen/publikationen/forschung/
berichte/forschungsfoerd-und-forschungsauf-
traege-des-bundes/

Fig. 64: Number of R&D projects and their shares in 2013 by fields of science (in %)

projects
=funds

1=
2

0% 10% 20% 30% 40%

B Natural sciences
B Agriculture sciences, veterinary medicine

50%

M Technical sciences
Social sciences

60% 70% 80% 90% 100%

' Human medicine, health sciences
Humanities

Source: Federal Ministry of Science, Research and Economy (BMWFW), Federal research database B_f.dat. As at 8 April 2014

Fig. 65: New approvals in 2013 by number and total financing amounts by ministry (in %)

Newly approved R&D projects 2013 by ministry
4%

44.6%

/ o
- 7.6%

A\

3.2%

8%

4.5%
5.8%

I BKA I BMASK I BMG | BMI [J BMLFUW

M BvLvS M BVMUKK B BMVIT ~ BMWF) ~ BMWF

Total financing value for newly approved
R&D projects 2013 by ministry

3.2%

1.6% 16%

4.6%

43.6%

2.0%
1.2%

BMI I BMLFUW
BMWF

I BKA, BMG, BMLVS I BMASK

|9 BMUKK I BMVIT ~ BMWFJ

Source: Federal Ministry of Science, Research and Economy (BMWFW), Federal research database B_f.dat. As at 8 April 2014
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1. Financing of gross domestic expenditure on R&D
and research intensity in Austria®* 2014

According to an estimate by Statistics Austria,
more than €9.32 billion in gross domestic expen-
diture are expected to be spent in Austria in 2014
on research and experimental development
(R&D). This corresponds to a research intensity
of 2.88% as a ratio of gross domestic product
(GDP). Compared with 2013, the total amount of
Austrian R&D expenditure will increase by an
estimated 2.7%. This increase is somewhat high-
er than the one between 2012 and 2013 when
1.8% more was spent on R&D. The estimated
increase in total Austrian R&D expenditure was
7.7% from 2011 to 2012.

The public sector will finance 38.7% of the to-
tal forecast for research expenditure in 2014
(around €3.61 billion). The federal government is
the most significant source of R&D funding for
this with around €3.06 billion (32.8% of total
R&D expenditure). The regional governments
contribute around €440 million, with other pub-
lic institutions (local government authorities,
chambers, social security institutions) providing
€110 million of research financing. An estimated
€4.15 billion (44.5% of total gross domestic ex-
penditure on R&D) is financed by domestic

firms. As such the business enterprise sector
continues to be the most significant national
economic sector for financing research and devel-
opment in Austria in terms of quantities. 16.4%
of R&D funding (around €1.53 billion) comes
from abroad, with foreign firms representing the
most significant sources of funding. Multination-
al corporations whose Austrian subsidiaries con-
duct R&D represent a large proportion in partic-
ular. The returns from the EU Framework Pro-
grammes are also included in the foreign funding.
The private non-profit sector features the lowest
funding volume with around €42.5 million (0.5%
of total R&D expenditure).

Based on information available to Statistics
Austria concerning the development of R&D-rel-
evant budget components and additional R&D
subsidies, the financing of research by the federal
government will continue to climb but only to a
minor extent (from 2012 to 2013: 0.3%; from
2013 to 2014: 2.0%).

The research intensity as a central measure-
ment for the funds allocated for R&D has in-
creased significantly over the last two decades in
Austria, including during the latest financial cri-
sis. Gross domestic expenditure on R&D in-
creased to 2.90% of GDP by 2012. The research
intensity remained the same in the following

264 On the basis of the results of the R&D statistical surveys and other currently available documents and information, in particular the
R&D related budget appropriations and final outlays of the federal and regional governments, Statistics Austria annually creates the
"Total estimate of the gross domestic expenditures for R&D." Under this annual compilation of the total estimate, any retroactive
revisions or updates appear as based on the latest data. In accord with the definitions of the Frascati Manual, which is globally valid
(OECD, EU) and thus guarantees international comparability, the financing of the expenditures for research and experimental develop-
ment is presented as carried out in Austria. According to these definitions and guidelines, foreign financing of R&D done in Austria is
included, although Austrian payments for R&D performed abroad are excluded (domestic concept).

Austrian Research and Technology Report 2014

181



9 Statistics

year, and is expected to drop slightly to 2.88% in
2014 according to the information currently
available. The level of research intensity depends
in particular on developments with gross domes-
tic product. For instance there was an increase in
research intensity of 0.04 percentage points from
2008 to 2009, despite a decline in overall Austri-
an R&D expenditure, since nominal GDP also
dropped in the same period.

In an EU comparison for 2012 (the last year for
which international comparative figures are
available for national research intensity) Austria
is behind Finland, Sweden, Denmark and Germa-
ny, but is ahead of all other EU countries and is
well above the average for the EU-28 of 2.06%.

The budget appropriations and outlays of the
federal government and the regional govern-
ments, current economic data and the results of
the last R&D survey for the reporting year 2011
were taken into account in estimating the Austri-
an gross domestic expenditure on R&D in 2014.

2. Federal R&D expenditure in 2014

2.1. The federal expenditure shown in Table 1 for
R&D carried out in Austria in 2014 is composed
as described below. According to the methodolo-
gy used for the R&D global estimate, the core is
the total amount of Part b of the preliminary ver-
sion of Annex T according to the budget drafted
for 2014. The estimate also includes the funds
from the National Foundation for Research,
Technology, and Development available for 2014,
based on the currently available information, as
well as the estimates of the 2014 payout for re-
search premiums.?%

2.2. In addition to its expenditures for R&D in
Austria, in 2014 the federal government will pay

265 Source: BMF.

contributions to international organisations
aimed at research and the promotion of research
amounting to €98.9 million. They are shown in
Annex T/Part a, but according to the domestic
concept these are not included in the Austrian
gross domestic expenditure on R&D.

2.3. The federal government expenditures sum-
marised in Annex T (Part a and Part b) that im-
pact research and which includes its research-ef-
fective share in contributions to international
organisations (cf. above pt. 2.2), are traditionally
included under the title “Federal expenditure on
research and research promotion.” These corre-
spond to what is called the “GBAORD” con-
cept?®® that is used by the OECD and the EU on
the basis of the Frascati Manual, referring pri-
marily to the budgets of the central government
and/or federal state. It includes (in contrast to the
domestic concept) research-related contributions
to international organisations and provides the
basis for classification of R&D budget data by
socio-economic objectives as required for report-
ing to the EU and OECD.

In 2014 the following socio-economic objectives

will receive the largest portions of federal expen-

diture on research and research promotion:

e Promotion of general advancement of know-
ledge: 32.4%

e Promotion of industrial production and
industry: 24.8%

e Promotion of health:20.3%

e Promotion of social and socio-economic
development: 4.7%

e Promotion of exploration and exploration of
earth and space: 4.1%

e Promotion of environmental protection: 3.2%

266 GBAORD: Government Budget Appropriations or Outlays for R&D = (official EU translation).
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3. R&D expenditure by the Austrian regional
governments

The research financing by the Austrian govern-
ment as collated in Table 1 is listed from the
state budget-based estimates of R&D expendi-
ture reported by the offices of the regional gov-
ernments. The R&D expenditure of the regional
hospitals is estimated annually by Statistics
Austria by a methodology agreed on with the re-
gional governments.

4. 2011 Comprehensive R&D survey

In addition to the observations in Chap. 1.2, Ta-
bles 13 to 19 provide an overview of the amount
of funding and personnel devoted to research and
experimental development (R&D) that was re-
corded by Statistics Austria among all institu-
tions in all economic sectors that conduct R&D,
in the course of the comprehensive 2011 survey.

5. An international comparison of 2011 R&D
expenditure

Table 20 shows Austria's position compared to
the other European Union member states and the
OECD in terms of the most important R&D-re-
lated indices.?¢’

6. Austria’s participation in the European
Framework Programmes

Tables 21 through 23 provide an overview of
Austria’s participation in the European Frame-
work Programmes for research and development
based on PROVISO, an ongoing monitoring and
reporting system.

267 Source: OECD, MSTI 2013-2.
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7. Research funding by the Austrian Science Fund
(FWF)

Tables 24 through 26 provide detailed informa-
tion about funding and the number of projects in
Austrian Science Fund (FWF) projects.

8. Funding by the Austrian Research Promotion
Agency (FFG)

Tables 27 and 28 provide detailed information on
2012 funding approvals by the Austrian Research
Promotion Agency (FFG).

9. The aws technology programmes

Table 29 shows an overview of disbursed funding
under the auspices of the aws technology pro-
gramme.

10. Christian Doppler Society

Tables 30 to 32 depict the status and historical
development of the CD laboratories and the “Jo-
sef Ressel Centres (JR-Centres)” support pro-
gramme for universities of applied sciences that
was set up in 2013.
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Table 3: Federal expenditure on research and research prometion, 2011 to 2014
Breakdown of Annex T of the Auxiliary Document for the Federal Finances Act 2013 and preliminary draft of Annex T
according to the draft budget for 2014 (Financing proposal, Part a and Part b, respectively)

Budget appropriation

it %
0.1

oo | e | |
_€millon| % | €milion| % |_€millon | %
0.1 0.1 12

Federal Chancellery (BKA)" 1.898 2.125 2.856 33.518

Federal Ministry of the Interior (BMI) 0.801 0.0 0790 00 0911 00 1.067 0.0
Federal Ministry for Education, Arts and Culture (BMUKK) 70.046 29 713446 3.0 71409 27 . .
Federal Ministry for Education and Women’s Affairs . . . . . 48.372 18
Federal Ministry of Science and Research (BMWF) 1,752.624 722 1780922 726 1886.096 722 . .
Federal Ministry of Science, Research and Economy . . . . . . 2080394 759
Federal Ministry for Labour, Social Affairs and Consumer Protection (BMASK) 2735 01 6.450 0.3 6.031 02 5.649 02
Federal Ministry for Health (BMG) 5083 02 7.068 0.3 7617 03 1.577 0.3
Federal Ministry for European and International Affairs (BMEIA) 2260 0.1 2536 0.1 2386 0.1 . .
Federal Ministry for Europe, Integration and Foreign Affairs . . . . . 2.234 0.1
Federal Ministry of Justice (BMJ) 0.098 00 0.125 0.0 0.130 0.0 0.130 0.0
Federal Ministry of Defence and Sports (BMLVS) 1.030 00 1.185 0.0 1.169 0.0 1.174 0.0
Federal Ministry of Finance (BMF) 33971 14 31720 1.3 34621 13 31.799 12
Federal Ministry for Agriculture, Forestry, Environment and Water Management (BMLFUW) 80.205 3.3 78410 32 78.785 3.0 87.677 32
Federal Ministry of Economy, Family and Youth 110.488 4.6 114230 4.7 100725 38 . .
Federal Ministry for Family and Youth . . . . . 1.654 0.1
Federal Ministry for Transport, Innovation and Technology (BMVIT) 366.904 151 353948 144 428513 163 439.521  16.0
Total 2,428.143 100.0 2,452.855 100.0 2,621.249 100.0 2,740.766 100.0

Status: April 2014 )
Source: Statistics Austria (Bundesanstalt Statistik Osterreich)

1) In accordance with the applicable version of the Act Governing Federal Ministries of 1986 (2011, 2012, 2013: Federal Law Gazette | No. 3/2009); 2014: Federal Law Gazette |
No. 11/2014). - ?) Auxiliary Document for the Federal Finances Act of 2013. Revised data - ) Preliminary version of Annex T based on the budget drafted for 2014 (financing proposal).
- %) Including the highest executive bodies.
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Table 4: Preliminary version of Annex T based on the budget drafted for 2014 (financing proposal)

Federal expenditure on research from 2012 - 2014

Annex T of the Auxiliary Document for the Federal Finances Act is broken down in each case according

to

e Contributions from federal funds paid to international organisations which (i.a.) aim at research and

research promotion (Part a) and

e Other federal expenditure on research and research promotion (Part b, federal research budget)

This list of expenditures is made primarily with a view to the research impact, which is based on the
research concept as used by the OECD’s Frascati Manual and is also applied by Statistics Austria in its

research and experimental development (R&D) surveys.

Budget appropriation 2014 Budget appropriation 2013 Outlays 2012
A;giy Total Research Total ‘ Research Total Research
€ millions
Parta!) 113.604 98.888 110.971 95.775 108.847 94.035
Part b 2) 6,165.857 2,641.878 6,615.327 2,525.474 6,240.082 2,358.920
Total 6,279.461 2,740.766 6,726.298 2,621.249 6,348.929 2,452.955

As of: April 2014

1) Contributions to international organisations which aim at (i.a.) research and research promotion.

?) Federal expenditures on research and research promotion (federal research budget).
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9 Statistics

Table 9: General research-related university expenditure by the federal government! (General University Funds), 1999 — 2014

General university expenditure

1999 1,960.216 834.529
2000 1,956.167 842.494
2001 2,008.803 866.361
2002 2,104.550 918.817
2003 2,063.685 899.326
2004 2,091.159 980.984
2005 2,136.412 1,014.543
2006 2,157.147 1,027.270
2007 2,314.955 1,083.555
2008 2,396.291 1,133.472
2009 2,626.038 1,236.757
2010 2,777.698 1,310.745
2011 2,791.094 1,388.546
2012 2,871.833 1,395.130
2013 3,162.488 1,544.772
2014 3,093.322 1,499.782

Status: April 2014 .
Source: Statistics Austria (Bundesanstalt Statistik Osterreich)

1) 1999-2011: Assessments of Annex T of the Auxiliary Document for the Federal Finances Act. 2012-2014: Assessment of the preliminary version of Annex T based on the budget
drafted for 2014.
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Table 12: Research funding and research contracts of the federal offices in 2012 hy fields of sciences and awarding ministries.
Analysis of the federal research database! without “major” global financing?

: 10 20 30 &0 50 )
Partial amounts
2012 Natural Engineering | Human medicine Agrifc;t:::tr;and Social Humanities
sciences veterinar'y sciences
medicine
BKA in€ 288,797 22,296 - - - 266,501 -
in % 100.0 7.7 - - - 92.3 -
BMEIA in€ - - - - - - -
in % - - - - - - =
BMASK in€ 3,811,475 - 2,000 101,930 - 3,707,545 -
in % 100.0 - 0.1 2.7 - 97.2 -
BMF in€ - - - - - - -
in % - - - - - - -
BMG in€ - - - - - - -
in % = = = = = = =
BMI in€ 833,844 - - - - 733,296 100,548
in % 100.0 = = - - 87.9 2.1
BMJ in€ 191,325 - - - - 191,325 -
in % 100.0 - - - - 100.0 -
BMLVS in€ 203,018 78,340 15,468 33,000 - 76,210 -
in % 100.0 38.6 7.6 16.3 - S/] -
BMLFUW in€ 2,589,466 607,290 100,000 40,000 1,731,117 111,059 -
in % 100.0 255 49 L5 66.8 4.3 =
BMUKK in€ 15,032,717 - - 100,000 - 14,932,717 -
in % 100.0 - - 0.7 = 99.3 =
BMVIT in€ 3,586,244 383,083 2,629,238 - - 559,423 14,500
in % 100.0 10.7 73.3 - = 15.6 04
BMWEFJ in€ 1,625,913 222,946 57,449 35,670 - 1,278,348 31,500
in % 100.0 13.7 3.5 22 = 78.7 19
BMWEF in€ 62,000,723 52,350,564 1,314,275 3,077,754 22,278 4,618,506 617,346
in % 100.0 84.5 2.1 5.0 0.0 74 10
Total in€ 90,163,522 53,664,519 4,118,430 3,388,354 1,753,395 26,474,930 163,894
in % 100.0 59.5 4.6 3.8 1.9 294 0.8

Status: April 2014 i
Source: STATISTICS AUSTRIA (Bundesanstalt Statistik Osterreich)

1) Formerly facts documentation of the federal offices; as of November 2013.

?) i.e. excluding global financing for Austrian Science Fund (FWF), Austrian Research Promotion Agency (FFG), Ludwig Boltzmann Gesellschaft, Austrian Academy of Sciences,
AIT Austrian Institute of Technology GmbH.
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Table 13: Expenditure on research and experimental development (R&D), broken down by sectors of performance and sources of funds,

2002 to 2011
| we | aww ] s | aw [ wes | an |
_eton| x| etom| %] erom| %] eroo| | ero] | et %]

Sectors of performance

Total 4,684,313 100.0 5,249,546 100.0 6,318,587 100.0 6,867,815 100.0 7,479,745 100.0 8,276,335 100.0
Higher education sector ! 1,266,104 27.0 1,401,649 267 1523160 241 1,637,277 238 1,951,845 26.1 2,117,553 25.6
Government sector? 266,428 57 269832 51 330232 52 367,300 53 399,093 53 425222 51
Private non-profit sector® 20,897 0.4 21,586 0.4 16,519 03 17,377 03 35905 0.5 40,719 05
Business enterprise sector 3,130,884  66.9 3,556,479 67.8 4,448,676 704 4845861 70.6 5,092,902 681 5692841 68.8
of which:

Institutes' sub-sector

(“kooperativer Bereich")® 261,682 56 347,703 6.6 428492 68 468219 6.8 482719 65 625650 7.6

Company R&D sub-sector
(“firmeneigener Bereich”) 2,869,202 61.3 3,208,776 61.2 4,020,184 636 4,377,642 63.7 4,610,183 61.6 5,067,191 61.2

Sources of funds
Total 4,684,313 100.0 5,249,546 100.0 6,318,587 100.0 6,867,815 100.0 7,479,745 100.0 8,276,335 100.0
Public sector 1,574,231 336 1,732,185 33.0 2,071,310 328 27260857 329 2,661,623 356 3,014,526 36.4
Business enterprise sector 2,090,626 446 2475549 47.1 3,056,999 484 3344400 487 3,520,016 47.0 3,820,904 46.2
Private non-profit sector 17491 04 25201 0.5 26928 04 32316 0.5 42,179 06 39,236 0.5
Abroad 1,001,965 21.4 1016611 194 1163350 184 1,230,242 17.9 1255927 168 1,401,669 16.9
of which EU 78281 1.7 86,974 1.7 103862 1.6 101,094 15 111470 15 150,259 18

Source: Statistics Austria, Surveys by Statistics Austria. Compiled on: 14 Aug. 2013.

1) Universities including hospitals, art universities, the Austrian Academy of Sciences, testing institutes at technical federal colleges, universities of applied sciences, private universities

and the University for Continuing Education Krems. Including pedagogical universities (since 2007). As of 2009 also includes other institutions attributable to the higher education sector.
- 2) Federal institutions (not including those combined in the higher education sector), state, local government and chamber institutions, R&D institutions of the social insurance carriers,

public sector-financed and/or controlled private non-profit institutions as well as R&D institutions of the Ludwig Boltzmann-Gesellschaft; including regional hospitals.

The regional hospitals were not surveyed by questionnaire, but instead Statistics Austria prepared an estimate of their R&D expenditures based on the reports of the offices of the
regional governments. - ) Private non-profit institutions whose status is predominantly private or under civil law, sectarian or other non-public. - *) Including The Austrian Institute of
Technology GmbH and centres of excellence. - Rounding differences.
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Table 14: Employees in research and experimental development (R&D), broken down by sectors of performance as well as survey
areas, occupation category and gender, 2011

S— | ofwhien
Sectors, areas performing Researchers Technicians and Other
. R&D equivalent supporting staff

Headcounts
Total 4,984 74,935 33,014 46,589 19,020 22,607 8,239 5,139 5,755
1. Higher education sector 1,304 22,884 19,407 19,544 12,464 2,050 4,049 1,290 2,894
of which:
1.1 Universities (without hospitals)" 1,043 17,105 13,519 14,434 8,583 1,551 2,862 1,120 2,074
1.2 University hospitals 88 2,549 3,194 2,289 1,886 159 670 101 638
1.3 Art universities 64 723 692 675 562 25 81 23 49
1.4 Academy of Sciences 59 891 686 734 501 155 175 2 10
1.5 Universities of applied sciences 22 1,133 840 979 564 123 203 31 73
1.6 Private universities 10 294 272 259 184 28 45 7 43
1.7 Pedagogical universities 14 85 147 82 138 8 7 - 2
1.8 Other higher education sector 2 4 104 57 92 46 6 6 6 5
2. Government sector® 252 3,165 3,020 1,870 1,467 525 574 770 979
of which:
2.1 Without the regional hospitals 252 3,165 3,020 1,870 1,467 525 574 770 979
2.2 regional hospitals . . . . . . . . .
3. Private non-profit sector” 44 385 445 300 230 42 140 43 15
4. Business enterprise sector 3,384 48,501 10,142 24,875 4,859 19,990 3,476 3,636 1,807
of which:
4.1 Institutes' sub-sector (“kooperativer Bereich")? 57 4,904 1,944 3,086 827 1,344 591 474 526
4.2 Company R&D sub-sector (“firmeneigener Bereich”) 3,327 43,597 8,198 21,789 4,032 18,646 2,885 3,162 1,281
Full-time equivalents
Total 4984  46,078.0 150924  28,651.3 8,462.5 14,272.3 4,063.2 3,154.4 2,566.7
1. Higher education sector 1,304 9,249.3 6,846.9 8,010.4 4,188.8 156.5 1,590.4 482.4 1,067.7
of which:
1.1 Universities (without hospitals)? 1,043 7,279.8 5,017.2 6,255.9 3,011.2 586.0 1,150.2 438.0 855.7
1.2 University hospitals 88 640.4 870.6 556.8 454.5 60.2 259.7 233 156.5
1.3 Art universities 64 133.0 131.5 122.6 100.6 41 19.5 6.3 114
1.4 Academy of Sciences 59 571.8 373.2 508.1 293.4 62.2 729 1.6 6.9
1.5 Universities of applied sciences 22 466.7 320.3 421.9 224.8 36.3 73.1 8.5 22.5
1.6 Private universities 10 75.2 75.5 67.9 53.2 5.7 12.3 1.6 10.1
1.7 Pedagogical universities 14 18.4 26.6 18.1 25.9 0.3 0.4 - 0.3
1.8 Other higher education sector ? 4 64.0 32.0 59.2 25.1 1.7 24 3.1 45
2. Government sector?) 252 1,402.2 1,165.0 889.3 621.8 176.6 181.8 336.3 355.5
of which:
2.1 Without the regional hospitals 252 1,402.2 1,165.0 889.3 621.8 176.6 187.8 336.3 355.5
2.2 regional hospitals . . . . . . . . .
3. Private non-profit sector® 44 195.0 214.6 155.1 110.8 20.1 14.0 19.7 29.8
4. Business enterprise sector 3,384 35,231.5 6,865.9 19,596.4 3,541.2  13,319.2 2,211.1 2,316.0 1,113.7
of which:
4.1 Institutes' sub-sector (“kooperativer Bereich")? 57 3,232.6 1,021.4 2,263.7 499.1 664.9 242.8 304.1 279.6
4.2 Company R&D sub-sector (“firmeneigener Bereich”) 3,327 31,998.9 58445 17,3327 3,042.1 12,6543 1,968.3 2,011.9 834.1

Source: Statistics Austria, Survey of research and experimental development in 2011. Compiled on: 30 July 2013.

1) Including the University for Continuing Education Krems. - 2) Testing institutes at technical federal colleges as well as other programmes that can be attributed to the higher edu-
cation sector (reported together to keep data confidential). - °) Federal institutions (not including those combined in the higher education sector), state, local government and cham-
ber institutions, R&D institutions of the social insurance carriers, public sector-financed and/or controlled private non-profit institutions as well as R&D institutions of the Ludwig
Boltzmann-Gesellschaft; without regional hospitals. The regional hospitals were not surveyed by questionnaire, but instead Statistics Austria prepared an estimate of the R&D expen-
ditures based on the reports of the offices of the regional governments. For this reason there is no data about employees in R&D. -*) Private non-profit institutions whose status is
predominantly private or under civil law, sectarian, or other non-public. ®) Including The Austrian Institute of Technology GmbH and competence centres. - Rounding differences
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Table 15: Employees in research and experimental development (R&D) (in full-time equivalents) in all of the areas surveyed ') 2011
broken down by state?) and occupation categories

Full-time equivalents in R&D

Survey units

performing =
equivalent supporting staff
Austria 4,984 61,1704 37,1138 18,335.5 5,121.1
Burgenland 84 573.6 295.7 189.3 88.6
Carinthia 237 3,048.5 2,006.8 915.8 125.9
Lower Austria 521 5,324.2 2,881.3 1,961.6 481.3
Upper Austria 886 10,027.8 5,053.8 3,920.0 1,054.0
Salzburg 284 2,560.9 1,572.3 843.8 1448
Styria 913 12,128.5 7,193.0 3,621.2 1,3143
Tyrol 406 5,019.4 3,136.8 1,393.1 489.5
Vorarlberg 160 1,770.6 844.5 854.0 72.1
Vienna 1,487 20,716.9 14,129.6 4,636.9 1,950.5

Source: Statistics Austria, Survey of research and experimental development in 2011. Compiled on: 30 July 2013.

1) The regional hospitals were not surveyed by questionnaire, but instead Statistics Austria prepared an estimate of the R&D expenditures based on the reports of the offices of the
regional governments. For this reason there is no data about employees in R&D. - 2) R&D sub-sector (“firmeneigener Bereich”): Regional allocation by location of company head-
quarters. - Rounding differences.

Table 16: Expenditure for research and experimental development (R&D) 2011 by sectors of performance/ survey areas and types of

research
No. of Total expenditure Employees in R&D
onRE&D | Total [ make [ female |

Sectors, areas survey units

performing R&D m in full-time equivalents

Total 4,984° 8,276,335 61,170.4 46,078.0 15,092.4
1. Higher education sector 1,304 2,111,553 16,096.2 9,249.3 6,846.9
of which:
1.1 Universities (without hospitals)” 1,043 1,644,055 12,297.0 7,279.8 5,017.2
1.2 University hospitals 88 207,890 1,511.0 640.4 870.6
1.3 Art universities 64 31,660 264.5 133.0 1315
1.4 Academy of Sciences 59 117,142 945.0 571.8 373.2
1.5 Universities of applied sciences 22 77,412 787.1 466.7 320.3
1.6 Private universities 10 16,914 150.7 75.2 75.5
1.7 Pedagogical universities 14 4,848 45.0 184 26.6
1.8 Other higher education sector ? 4 17,632 96.0 64.1 32.0
2. Government sector3) 252° 425,222 2,567.2 1,402.2 1,165.0
of which:
2.1 Without the regional hospitals 252 274,567 2.567.2 1,402.2 1,165.0
2.2 regional hospitals . 150,655 . . .
3. Private non-profit sector® 44 40,719 409.6 195.0 214.6
4. Business enterprise sector 3,384 5,692,841 42,097.4 35,231.5 6,865.9
of which:
4.1 Institutes' sub-sector (“kooperativer Bereich")” 57 625,650 4,254.1 3,232.6 1,021.4
4.2 Company R&D sub-sector (“firmeneigener Bereich”) 3,327 5,067,191 37,8434 31,998.9 58445

Source: Statistics Austria, Survey of research and experimental development in 2011. Compiled on: 14 Aug. 2013.

1) Including the University for Continuing Education Krems. - 2) Testing institutes at technical federal colleges as well as other programmes that can be attributed to the higher
education sector (reported together to keep data confidential). - ) Federal institutions (not including those combined in the higher education sector), regional government, local
government and chamber institutions, R&D institutions of the social insurance carriers, public sector-financed and/or controlled private non-profit institutions as well as R&D
institutions of the Ludwig Boltzmann-Gesellschaft.

The regional hospitals were not surveyed by questionnaire, but instead Statistics Austria prepared an estimate of the R&D expenditures based on the reports of the offices of the
regional governments. For this reason there is no data about employees in R&D. - ¥) Private non-profit institutions whose status is predominantly private or under civil law, sectarian,
or other non-public. - ®) Including The Austrian Institute of Technology GmbH and competence centres. - 6) Number of survey units not including regional hospitals. - Rounding
differences.
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Table 18: Financing of expenditure on research and experimental development (R&D) in all survey areas ",
in 2011, by regional governments? and financing sectors

Funding areas

Survey Public sector Pri Abroad
" . rivate .
units Business incl.
X . non-profit | . )
carrying enterprise Federal Regional Local sector | IMernational
out sector government® |governments®| governments®) organisations
R&DY (without EU)
Austria 4,984 8,276,335 3,820,904 3,014,526 2,215,045 298,112 1,000 493,769 39,236 1,251,410 150,259
Burgenland 84 56,846 41,792 9,745 4,743 3,031 88 1,883 - 4818 491
Carinthia 237 480,133 195,202 99,206 63,814 17,535 1,136 16,721 702 179,671 5,352
Lower Austria 527 706,439 461,552 172,885 114,254 33,124 635 24,872 3,694 51,910 16,398
Upper Austria 886 1,295,914 952,101 269,919 176,340 28,184 1,420 63,975 3,053 59,247 11,594
Salzburg 284 287,664 151,820 123,285 82,971 10,940 1,009 28,365 1,586 5,564 5,409
Styria 913 1,646,956 584,981 595,863 410,458 75,979 1,567 107,859 1,898 436,403 27811
Tyrol 406 728,795 302,510 324,131 251,871 32,022 300 39,932 4,757 84,186 13,211
Vorarlberg 160 202,836 159,461 37,232 17,832 10,375 53 8,972 59 5123 961
Vienna 1,487 2,870,752 971,485 1,382,260 1,092,756 87,522 792 201,190 23,487 424,488 69,032

Source: Statistics Austria, Survey of research and experimental development in 2011. Compiled on: 22 July 2013.

1) Including R&D expenditure estimate for regional hospitals. - ?) In the company R&D sector (“firmeneigener Bereich”), the standard evaluation was performed by location of company
headquarters. - °) Number of survey units not including regional hospitals. - *) The funds from the Austrian Research Promotion Fund and the R&D financing by the higher education
sector are included under "Other”. - %) Regional governments including Vienna. Local governments without Vienna.

Table 19: Gross regional product (GRP), gross domestic expenditure on R&D and regional research intensity for 2011

Gross regional product

Gross domestic expenditure on R&D 2

Regions (“regional GDP”)"
(NUTS 1, NUTS 2)
T Y S I T T

Austria 299,240 8,276.34 211
Eastern Austria 132,098 3,455.50 2.62
Burgenland 6,829 51.68 0.76
Lower Austria 47,327 131.37 1.56
Vienna 77,942 2,666.45 3.42
Southern Austria 54,349 2,201.90 4.05
Carinthia 16,936 464.94 2.75
Styria 37,413 1,736.96 4.64
Western Austria 112,679 2,618.96 2.32
Upper Austria 50,677 1,372.89 2.71
Salzburg 21,857 316.28 1.45
Tyrol 26,095 722.18 2.77
Vorarlberg 14,050 207.61 1.48
Extra-Regio °) 114

Source: Statistics Austria, Survey of research and experimental development in 2011. Compiled on: 17 January 2014.

1) Status: 20 Dec. 2013. Concept ESA 95, VGR revision date: July 2013. - ?) Regional allocation by R&D location / the R&D locations of the survey units.
- %) The “Extra-Regio” includes parts of the economic area which cannot be allocated directly to a region (embassies abroad). - Rounding differences.
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Table 20: International comparison of research and experimental development (R&D) in 2011

Gross Financing of SS expel on R&D by the
domestic gross domestic expenditure En_1p|oyees B ss ] Private
Country expenditure of R&D hy in IfI:JI'I!%Ene enterprise non-profit

. oon R&D m equivalents sector sector

in % of GDP as a % of gross domestic expenditure on
Belgium 2.21 234 60.2 62,895 68.7 223 8.1 0.9
Denmark 2.98 28.9 60.3 56,126 65.9 3L.6 22 0.4
Germany 2.89 29.8 65.6 574,701 67.7 17.8 14,52 i
Finland 3.80 25.09 67.0 54,526° 70.5 20.0 8.8 0.7
France 2.25 35.4 55.0 402,318 63.9 21.0 13.9 1.2
Greece ? 0.6792 49.2! 32.7 36,9139 34.992 40.29% 23.892 1.092
Ireland @ 1.66 30.3 48.4 21,560 69.0 26.1 49 .
Italy 1.25 41.9 45.1 228,094 54.6 28.6 13.4 33
Luxembourg ¥ 1.51 34.8 44.3 4,988 67.6 12.7 19.7 .
Netherlands 2 2.03 B 49.9% 116,326 56.2 329 10.9” i
Austria ¥ 2.71 36.4 46.2 61,170 68.8 25.6 5.1 0.5
Portugal 1.52 418 44.0 55,612 46.7 37.1 14 8.1
Sweden 3.39 21.7 57.3 77,9502 68.8 26.5 43 0.32
Spain 1.36 44.5 443 215,079 52.1 28.2 19.5 0.2
United Kingdom © 1.78 30.5 45.9 356,258 63.6 26.0 8.6 18
EU15? 211 33.1 55.4 2,324,623 63.5 233 12.1 1.1
Estonia 237 328 55.0 5,724 63.2 21.8 8.1 0.9
Poland 0.76 55.8 28.1 85,219 30.1 35.1 345 0.2
Slovak Republic 0.68 49.8 339 18,112 37.2 349 21.79 0.2
Slovenia @ 2.47 3L5 61.2 15,269 73.9 11.8 14.3 0.1
Czech Republic 1.64 41.7 37.1 55,697 653 244 19.8 0.6
Hungary 1.22 38.1 475 33,960 62.4" 20.2/ 15.8 .
Romania ? 0.50 49.1 37.4 29,749 36.0 229 40.7 0.4
EU-28 " 1.95 339 54.3 2,615,234 62.4 23.6 12.9 1.1
Australia 2.20029 34.67 61.97 137,489Y 58.4%) 26.67% 12.4% 3.0
Chile ® 0.42 73 35.4 11,491 38.7 30.6 8.4 223
Iceland @ 2.4079 42.399 47.599 3,158 52.6P% 26.50% 17.87% 3.009
Israel 421 12.28 36.6° 68,175 84.0 13.0¢ 1.9 1.1
Japan 3.39 16.49 76.5 869,825 71.0 13.2 8.4 15
Canada 1.79 34.89 48.0 228,9707 52.0 37.9 9.7 0.4
Korea 4.04 24.9 13.1 361,374 76.5 10.1 11.7 1.6
Mexico 0.43 59.6 36.8 70,293" 39.0 28.9 30.5 16
New Zealand 1.27 414 40.0 23,600 454 31.8 22.7
Norway 1.65 46.5* 4424 36,950 52.2 314 16.4 .
Switzerland ? 2.87 228 68.2 62,066 735 24.2 0.7" 16
Turkey 0.86 29.2 458 92,801 43.2 455 113 .
United States ? 2.76 31.2 58.6 . 68.5 14.6 12.70 4.39
OECD total 237 29.8 59.9 . 67.3 18.4 1.8 2.5

Source: OECD (MSTI 2013-2), Statistics Austria (Bundesanstalt Statistik Osterreich).

2) Break in the time series. - *) Estimate by the OECD Secretariat (based on national sources). - ¢) National estimate, where necessary the OECD Secretariat has adjusted them to meet
the OECD standards. - ¢) R&D expenditure on national defence not included. - ¢) Results of national surveys. Figures have been adjusted by the OECD Secretariat to fit the OECD stan-
dards. - ¢) Only natural science and technical research. - ") Only federal or central government funds. - /) Excluding investment expenditure. - ") Included elsewhere. - °) Includes other
categories as well. - ) Preliminary values. - ¥) Sum of components does not equal total. - z) GDP according to System of National Accounts 2008.

1) 2007. - %) 2008. - °) 2010. - *) Statistics Austria; Results of the 2011 survey on research and experimental development.
Full time equivalent = person year.
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Table 21: Austria’s path from the 4th to the 7th EU Framework Programme for research, technological development and demonstration

activities
e | s | e | 1R |
Data as per

1994-1998 1998-2002 2002-2006 11/2013
Number of approved projects in which Austrian are participating 1,444 1,384 1,324 2,291
Number of approved Austrian participations 1,923 1,987 1,972 3,180
Number of approved projects coordinated by Austrian organisations 270 267 213 352
Funding for approved Austrian partner organisations
and researchers for which a contract has been signed, in € millions e = &= L
Percentage of approved Austrian participations among all approved participations 2.3% 2.4% 2.6% 2.5%
Percentage of approved Austrian coordinators among all approved coordinators 1.7% 2.8% 3.3% 3.3%
Austrian share of retrievable funds (returns indicator, RI) 1.99% 2.38% 2.56% 2.65%
Austrian share of retrievable funds (returns indicator, RI) measured against 70% 104% 117% 125%

the contribution Austria makes to the EU budget (return ratio)

Data: European Commission, processed and calculated by: PROVISO, a project of the BMWF, BMVIT, BMWF) and BMLFUW

Source: M. Ehardt-Schmiederer, J. Briicker, D. Milovanovi¢, C. Kobel, F. Hackl, L. Schleicher, V. Postl, A. Antinez, M. Zacharias: 7. EU Framework Programme for research, technologi-
cal development and demonstration activities (2007-2013) PROVISO overview report autumn 2013, Vienna 2013

Table 22: Austrian results in the 7th EU Framework Programme for research, technological development and demonstration activities

1. EU Framework Programme L
AT Total “"'“" ST a2
LUNGERRTNGE]

Projects 22,341 2,291 198 178 441 185 1,336 187

Participations 127,107 3,180 9 95 209 205 97 518 206 28 1626 187
Universities, Higher education NA 1,141 0 29 16 83 51 228 132 5 597 0
Non-university research institutions NA 680 0 3 53 22 20 116 3 0 463 0
Large firms (over 250 employees) NA 213 1 27 17 28 4 60 10 7 59 0
Small and medium-sized enterprises (up to 249 employees) NA 566 8 34 66 57 13 97 56 11 224 0
Other categories NA 580 0 2 57 /] 9 17 5 5 283 187

Coordinators 10,624 352 0 22 12 19 1369 22 0 195 0
Universities, Higher education NA 136 0 0 3 11 6 25 18 0 73 0
Non-university research institutions NA 111 0 0 4 4 6 28 0 0 69 0
Large firms (over 250 employees) NA 16 0 B 0 1 0 11 0 0 1 0
Small and medium-sized enterprises (up to 249 employees) NA 56 0 18 4 0 1 4 4 0 25 0
Other categories NA 33 0 1 1 3 0 1 0 0 27 0

Data: European Commission, processed and calculated by: PROVISO, a project of the BMWF, BMVIT, BMWF) and BMLFUW

1) as at 11/2013 PROVISO only has partial information on the project negotiation results; because experience shows that there can be changes during the course of the contract nego-
tiations (i.e. a contract for an approved project is not signed, consortiums change within a projects, the "requested" subsidy amounts are reduced), this information must be seen as
a reference only.

?) espec. Individual researchers in the people pillar (researchers, scholarship recipients/award winners in the people pillar) and the ideas pillar (principal investigators)
%) does not include projects of the idea pillar or individual scholarships and awards of the people pillar

Source: M. Ehardt-Schmiederer, J. Briicker, D. Milovanovi¢, C. Kobel, F. Hackl, L. Schleicher, A. Antdnez, M. Zacharias: 7. EU Framework Programme for research, technological devel-
opment and demonstration activities (2007—2013) PROVISO overview report autumn 2013, Vienna 2013
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Table 23: Overview of projects and participations in the 7th EU Framework Programme for research, technological development and
demonstration activities

. approved projects with Percentage of approved projects (AT)
_ A R T AT participants of approved projects (as total)

Cooperation 6,625 1,416 21.4%
Ideas 4,187 147 3.5%
People 9,566 426 4.5%
Experts 1,963 302 15.4%
Total 22,341 2,291 10.3%

Data: European Commission, processed and calculated by: PROVISO, a project of the BMWF, BMVIT, BMWF) and BMLFUW; Data as per: 11/2013

_ approved participants (total) approved participants (AT) Pa;;:)e:ft igtearfa:E?r:::;(:):ratz:r;g::sts

Cooperation 74,152 2,056 2.8%
Ideas 9,024 184 2.0%
People 25,234 524 2.1%
Experts 18,697 416 2.2%
Total 127,107 3,180 2.5%

Data: European Commission, processed and calculated by: PROVISO, a project of the BMWF, BMVIT, BMWFJ and BMLFUW; Data as per: 11/2013

Source: M. Ehardt-Schmiederer, J. Briicker, D. Milovanovié, C. Kobel, F. Hackl, L. Schleicher, V. Postl, A. Antiinez, M. Zacharias: 7. EU Framework Programme for research, technologi-
cal development and demonstration activities (2007-2013) PROVISO overview report autumn 2013, Vienna 2013

Note: According to the data of 11/2013, PROVISO only had a part of the information about the results of the project negotiations. Since experience shows us that there can be changes
in the course of the contract negotiations, this information should be seen as a guideline only

Table 24: FWF: Trend of funding of life sciences, 2011-2013

Total Share Total Share Total Share
(in € millions) in% | (in €millions) in% | (in €millions) in %

Biology, botany, zoology 43.1 22.1 39.3 20.0 46.9 23.2
Med. chemistry, med. physics, physiology 14.1 1.2 8.3 4.2 11.6 5.7
Hygiene, med. Microbiology 9.9 5.1 9.5 48 1.3 3.6
Clinical medicine 5.1 2.6 49 2.5 41 2.0
Other areas of human medicine 0.7 0.4 0.7 0.3 2.8 14
Anatomy, pathology 2.3 1.2 4.9 2.5 2.8 14
Psychiatry and neurology 3.1 1.6 2.0 1.0 2.3 1.1
Pharmacy, pharmacology, toxicology 3.7 1.9 3.1 1.6 1.5 0.7
Veterinary medicine 1.4 0.7 0.8 0.4 0.7 0.3
Surgery and anaesthesiology 0.3 0.2 0.3 0.1 0.2 0.1
Court medicine <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Total life sciences 83.7 42.9 13.8 31.6 80.2 39.6
Total grants awarded 195.2 100.0 196.4 100.0 202.6 100.0
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Table 25: FWF: Trend of funding in the natural sciences and engineering, 2011-2013

Total Share Total Share Total Share
(in € millions) in % (in € millions) in % (in € millions) in %

Mathematics, informatics 27.3 14.0 315 16.0 329 16.2
Physics, mechanics, astronomy 25.9 13.3 26.1 133 24.5 12.1
Chemistry 10.3 53 12.0 6.1 9.0 4.4
Geology, mineralogy 2.2 1.1 1.5 0.8 33 1.6
Hydrology, hydrography 0.7 0.4 0.7 0.4 3.3 1.6
Other natural sciences 2.1 1.1 1.7 0.9 22 1.1
Meteorology, climatology 1.0 0.5 2.2 1.1 1.9 1.0
Forestry 0.5 0.2 0.5 0.3 1.1 0.5
Electrical engineering/electronics 3.9 2.0 2.0 1.0 1.1 0.6
Geodetics, surveying 0.4 0.2 0.5 0.3 0.9 0.4
Other engineering sciences 0.9 0.5 1.8 0.9 0.5 0.3
Farming, plant cultivation and protection 0.2 0.1 0.5 0.2 0.4 0.2
Mechanical engineering, machinery, instruments 0.5 0.3 0.5 0.3 0.3 0.1
Mining, metallurgy 0.6 0.3 0.5 0.2 0.2 0.1
Technical chemistry, fuel and petroleum technology 0.4 0.2 0.4 0.2 0.3 0.1
Livestock breeding, animal production 0.3 0.1 0.3 0.2 0.2 0.1
Geography 0.7 0.3 1.2 0.6 0.2 0.1
Architecture 0.2 0.1 1.0 0.5 0.2 0.1
Traffic engineering, traffic planning <0.1 <0.1 <0.1 <0.1 0.2 0.1
Construction engineering 0.1 0.1 0.9 0.4 0.2 0.1
Other areas of agriculture and forestry 0.1 0.1 0.9 0.5 <0.1 <0.1
Horticulture, orcharding <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Total natural sciences and engineering 18.2 40.1 86.9 44.2 82.8 40.8
Total grants awarded 195.2 100.0 196.4 100.0 202.6 100.0

Table 26: FWF: Trend of funding of humanities and social sciences, 2011-2013

Total Share Total Share Tutal Share
(in €m||||uns) ] % (in €m|II|ons) 1] % (in€ mrlhons) in %

Historical sciences

Economics 3.5 1.8 1.9 1.0 4.9 2.4
Linguistics and literary studies 3.2 1.6 4.0 2.0 45 2.2
Art sciences 3.7 1.9 4.2 2.1 4.3 2.1
Other philological and culture sciences 4.1 2.1 2.7 1.4 3.5 1.7
Philosophy 1.3 0.7 2.1 1.1 35 1.7
Other social sciences 1.6 0.8 2.1 1.1 2.0 1.0
Theology 0.8 0.4 1.1 0.5 1.6 0.8
Psychology 2.0 1.0 1.6 0.8 1.5 0.7
Sociology 1.3 0.7 1.6 0.8 1.3 0.7
Political science 0.6 0.3 3.6 1.8 1.3 0.6
Jurisprudence 1.1 0.6 1.0 0.5 0.8 0.4
Other humanities 0.9 0.4 0.5 0.3 0.5 0.2
Applied statistics 0.2 0.1 0.1 0.1 0.3 0.1
Pedagogy, educational sciences 0.2 0.1 0.6 0.3 0.2 0.1
Physical planning 0.2 0.1 0.2 0.1 <0.1 <0.1
Total humanities and social sciences 33.2 11.0 35.7 18.2 39.7 19.6
Total grants awarded 195.2 100.0 196.4 100.0 202.6 100.0
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Table 27: Austrian Research Promotion Agency (FFG): Funding by regional government, 2013

R — Particinations Total funding Cash value Percentage of cash
. - P [in €1,000] [in €1,000] value [in %]
62 1.4

Burgenland 6,643 4,987

Carinthia 219 27,447 20,817 5.8
Lower Austria 589 39,150 31,961 8.8
Upper Austria 712 97,032 55,982 15.5
Salzburg 173 21,903 13,999 39
Styria 1132 114,848 90,605 25.0
Tyrol 277 28,548 22,375 6.2
Vorarlberg 119 13,242 8,900 2.5
Vienna 1544 133,994 108,832 30.1
Abroad 150 3,282 3,282 0.9
Total result 4971 486,088 361,742 100
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Table 28: Austrian Research Promotion Agency (FFG): Project costs and funding by Subject Index Code, 2013

Total costs Total funding Cash value
Subject Index Code [in €1,000] [in €1,000] [in €1,000]

Advanced materials

Electronics, microelectronics
Industrial production

Surface transport and technologies
Information processing, information systems
ICT applications

Energy storage, conversion and transport
Energy savings

Unclassified

Medicine, health

Renewable energy sources
Biosciences

Sustainable development

Aviation and technologies
Construction engineering

Medical biotechnology

Measuring techniques

Waste management

Foodstuffs

Automation

Other technologies

Innovation, technology transfer
Space

Nanotechnologies and nanosciences
Economic aspects

Mathematics, statistics

Other energy topics

Business aspects
Telecommunications

Industrial biotechnology
Geosciences

Robotics

Information, media

Environment

Safety

Agricultural biotechnology

Network technologies

Research ethics

Agriculture

Research on climate change and the carbon cycle
Meteorology

Social aspects

Coordination, cooperation

Water resources and water management
Total result
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95,140
143,017
110,520

69,342

72,862

66,464

27,080

39,771

24,873

30,988

20,150

33,538

17,914

21,081

23,393

19,398

21,116

12,801

14,103

20,292

12,254

11,968

4,645
6,167
3,782
4,387
3,326
4,734
7,650
3,500
3,750
4,140
2,349
3,353
1,826
1,397
2,227
10,271
867
559
350
280
139
68
977,835

47,601
50,681
48,624
35,832
32,224
33,811
17,563
21,172
15,264
17,772
13,955
18,918
10,539
10,774
11,628
11,259
11,153
7,393
5,642
12,060
7,142
4,379
3,903
3,180
2,666
2,728
2,335
2,567
2,624
2,089
1,604
2,861
1,535
2,252
1,176
1,001
1,473
5134
520
440
210
206
139

60
486,088

35,878
32,647
30,278
21,157
27,009
26,661
17,288
16,922
15,264
12,050
11,383
11,206
10,250
10,026
9,583
6,733
6,004
5,876
4,798
4,756
4,471
4,379
3,903
3,180
2,550
2,471
2,335
2,144
2,016
1,721
1,604
1,593
1,304
1,230
1,176
975
719
614
520
393
210
206
139

60
361,742
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Table 29: aws: Grants for technology funding, 2013

Secured funding Total project values [€ millions] Funding [€ millions]
o] % | o [ w3l % |

PreSeed

LISA PreSeed 10 1.2 2.2 1.9 54
PreSeed ICT & Physical Sciences 13 1.6 2.6 1.8 5.2
Seed financing

LISA Seed 5 0.6 31.2 33 9.4
Seed financing ICT & Physical Sciences 21 2.6 78.3 12.1 34.6
Creative industries

Creative industries (impulse XL, XS) 54 6.6 1.3 1.2 34
Creative industries (impulse LEAD) 4 0.5 1.6 3.0 8.6
Creative industry cheque 613 75.1 6.5 3.0 8.6
Start-up technology voucher 9 1.1 0.0 0.0 0.1
ProTRANS 86 10.5 26.1 85 24.3
Time management 1 0.1 0.1 0.1 0.3
Total 816 100.0 155.9 34.9 100.0
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Table 30: CDG: CD lahoratories hy university/research institution and JR Centres by university of applied sciences, 2013

University/research institution Number of CD laboratories Budget' in €

University for Continuing Education Krems 219,333

1
Medical University of Graz 1 173,680
Medical University of Innshruck 1 128,273
Medical University of Vienna 9 3,593,954
University of Leoben 6 2,322,375
Graz University of Technology 7 2,473,959
Vienna University of Technology 13 4,065,882
University of Natural Resources and Life Sciences, Vienna 8 3,002,224
University of Graz 2 422,381
University of Innshruck 1 267,820
University of Linz 10 2,838,033
University of Salzburg 4 914,459
University of Vienna 1 221,050
University of Veterinary Medicine Vienna 3 421,952
Vienna University of Economics and Business 1 63,538
Austrian Academy of Sciences 1 347,197
Research Center for Non Destructive Testing GmbH 1 204,000
Max-Planck-Institut fiir Eisenforschung GmbH 1 458,000
Munich University of Technology 1 62,000
University of Bochum 1 459,517
University of Gottingen 1 347,000
University of Cambridge 1 348,579
Total 75 23,355,209

University of applied sciences Number of JR Centres Budget' in €

Fachhochschule Salzburg GmbH 1 135,000
University of Applied Sciences Technikum Wien 1 190,329
Fachhochschule Vorarlberg GmbH 1 26,479
FH 00 Forschungs und Entwicklungs GmbH 1 261,749

Total 4 613,557

Note: The total amount of CD laboratories is 73; there are two CD laboratories with dual management at different universities.
!) Plan data as at 06.12.2013
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Table 31: CDG: Development of the CDG from 1989 to 2013 and the JR Centres, 2012 to 2013

Year Expenditures of the Active CD laboratories Active JR Centres Active member companies

CD laboratories and
JR Centres in €

1989 247,088 5

1990 1,274,682 7

1991 2,150,389 11

1992 3,362,572 16

1993 2,789,910 17

1994 3,101,677 18

1995 2,991,214 14

1996 2,503,325 15 6
1997 2,982,793 16 9
1998 3,108,913 17 13
1999 3,869,993 20 15
2000 3,624,963 18 14
2001 4,707,302 20 18
2002 7,295,957 31 40
2003 9,900,590 35 47
2004 10,711,822 37 63
2005 11,878,543 37 66
2006 12,840,466 41 79
2007 14,729,108 48 82
2008 17,911,784 58 99
2009 17,844,202 65 106
2010 19,768,684 61 110
2011 20,580,208 61 108
2012 22,167,259 64 1 114
2013Y 23,968,766 73 4 131

1) Plan data as at 06.12.2013
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Table 32: CDG: CD lahoratories according to thematic clusters, 2013

Thematic clusters Number of CD laboratories and JR Centres Budget' in €

Chemistry 12
Life Sciences and environment 13
Manufacture of machinery and equipment, instruments 4
Mathematics, informatics, electronics 192
Medicine 12
Metals and alloys 11
Non-metal materials 59
Industry-, Social- und Jurisprudence 1
Total 77

!) Plan data as at 06.12.2013
?) incl. three JR Centres
%) incl. one JR Centre
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4,034,746
4,164,026
1,578,021
5,830,762
3,355,047
3,933,909
1,008,717
63,538
23,968,766

211



W09'B110304P|0S1IBW @ :UOI}RIISN]||-13A0)



