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Preface

Preface

Digitalisation is penetrating all of our social, eco-
nomic and scientific fields of activity and perma-
nently changing the way we live and work. The
digital transformation is not only effecting the
day-to-day work done by researchers at universi-
ties, research institutes and firms, it is even itself
becoming the subject of their research. These de-
velopments therefore call for RTI policy measures
that can promote them and at the same time fo-
cus on specific lines of approach. Targeted invest-
ments in information technology, the expansion
of RTI infrastructures, questions about the pro-
tection of intellectual property, data protection
and data security which arise in connection with
Open Data, Open Science and Open Innovation,
all play an essential role. One important first step
in this regard was the Digital Roadmap put for-
ward in January of this year. This joint strategy
paper of the federal government bundles together
the current tasks for the first time — around 150
measures across all ministerial departments —
creating the framework to ensure that our society
as a whole can benefit best from digitalisation.

New innovation paradigms that will be pro-
moted in the course of digitalisation, such as
Open Innovation, which uses the approaches of
collaborative, user-driven innovation and crowd-
sourcing, are another area focussed on in this
year’s Austrian Research and Technology Report.
Firms that pursue open innovation strategies in-
vest more on average in research and develop-
ment.

Overall, the latest forecast of Statistics Austria
points towards a very positive trend. We are ex-

Dr Reinhold Mitterlehner
Vice Chancellor and Federal Minister of
Science, Research and Economy
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pecting expenditure on research and development
(R&D) in the amount of €11.3 billion for 2017.
That corresponds to an R&D intensity of 3.14%
of GDP. This new record shows that we are put-
ting the right initiatives in place and taking the
necessary action. The forecast growth rate of
3.8% from 2016 to 2017 is also above the expect-
ed increase in gross domestic product of 3.3%.
The most important contribution to this growth
is made by the federal government with an ex-
pected increase of €178 million, or 5.5%. Around
€100 million are accounted for by the additional
expenditure of the federal government to increase
the research tax premium from 10% to 12%, as
decided in 2016. Overall, the federal government
is expected to invest €3.4 billion in R&D in 2017,
of which a total of €627.7 million in the context
of research tax premiums for firms. The business
enterprise sector, with an expected €5.5 billion in
R&D expenditures, remains the most important
source of funds, with an estimated share in the
corresponding expenditure of 48.2%. The finan-
cial contribution from abroad is estimated to be
€1.7 billion, which is a share of 15.4%.

In an EU-wide comparison, Austria’s R&D in-
tensity is in an outstanding second place behind
Sweden (3.26%) and well above the average re-
search intensity (R&D expenditures as a percent-
age of GDP) of the EU-28 of 2.03%. We must con-
tinue to drive this trend forwards. Our next step
should be to magnify the results of this innova-
tion, creating added value in research and knowl-
edge-intensive sectors and improving the market
positions of Austrian businesses.

BM Mag. Jorg Leichtfried
Federal Minister for Transport,
Innovation and Technology
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The Austrian Research and Technology Report
2017 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, analyses and findings to describe
significant development trends and key themes
in Austria’s system of innovation and examine
them in an international context.

It includes the latest global estimate of trends
in R&D expenditure in Austria for 2017, and a
picture of Austria’s position in international
rankings The report also describes recent devel-
opments in the implementation of the federal
government’s RTI strategy and other strategic
initiatives in RTI policy. Other key themes in-
clude: an outline of emerging innovation para-
digms and their significance for Austria; descrip-
tion and discussion of developments in the areas
of research, business enterprise and the labour
market resulting from current trends in digital-
isation and the increasing significance of R&D
and knowledge-intensive activities. The status of
Austria’s position in the European Research Area
(ERA) is also examined from various perspectives
and analysed with reference to the national ERA
Roadmap.

Global estimate of R&D expenditure in 2017

The current global estimate published in April
2017 by Statistics Austria predicts a total expen-
diture on research and development (R&D) of
€11.33 billion in 2017. This would mean an in-
crease of €419.3 million or 3.8% on 2016 and
would result in a slight increase in the estimated
R&D intensity (gross domestic expenditure on

Austrian Research and Technology Report 2017

R&D relative to gross domestic product) by 0.02
percentage points to 3.14%. Similar to the previ-
ous two years’ level of 3.12% (2015 and 2016, re-
vised values as compared with the global esti-
mate for 2016), this would thus be again above
the European target level of 3%. The expected
increase of 3.8% from 2016 to 2017 is also above
the expected growth rate for gross domestic prod-
uct of 3.3%.

The public sector funding is expected to ac-
count for 36.0% of Austrian R&D expenditure in
2017, with the greatest contribution (30.4 %) pro-
vided by the federal government. This also con-
stitutes the largest projected increase compared
to the previous year, at 5.5% (+€178.3 million)
and is essentially attributable to the increase in
the research tax premium, i.e. the tax-deductible
R&D expenditure by firms, from a ratio of 10%
to 12% in 2016. The additional cost to the federal
government for reimbursing expenditure in-
curred in 2017 is expected to be around €100 mil-
lion. Federal government funding for R&D is
therefore expected to total €3.44 billion in 2017.
Funding from the regional governments is esti-
mated at €514.5 million, which would be an in-
crease on 2016 of approximately 4.3% or €21.4
million. Other public institutions (municipal au-
thorities, chambers of commerce, social insur-
ance institutions) account for €121.9 million,
representing an expected increase of 2.7%
(+€3.2 million). Overall, the proportion of public
funding relative to gross domestic product is thus
forecast at 1.1%.

However, the business enterprise sector re-
mains the largest source of funding, with an esti-
mated share in total R&D expenditure of 48.2%.
This corresponds to a projected funding volume
of €5.5 billion, an increase of around 3.1% or
€163.1 million. As such, the business enterprise
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sector will fund R&D at an estimated rate of
1.5% of gross domestic product in 2017.

A 3.1% increase (+€52 million) is also expect-
ed in the funding contribution from abroad,
bringing it up to €1.74 billion in 2017 (equating
to 0.5% of gross domestic product). The majority
of this is R&D financing from foreign firms for
their own Austrian subsidiaries, but it also in-
cludes returns from EU research programmes.
The proportion attributable to the private
non-profit sector remains low with a projection
of 0.5%, which would mean a slight increase of
2.9% or €1.4 million.

With a research intensity of 3.12% in 2015
(the last year for which international compara-
tive figures are available), Austria was second be-
hind Sweden (3.26%), and ahead of Denmark
(3.03%), Finland (2.90%) and Germany (2.87 %)
in EU comparisons. The average research intensi-
ty for the EU-28 in 2015 was 2.03%.

Austria’s position in international innovation
rankings

In recent years Austria has improved its perfor-
mance in research and technology and made
progress towards its ambition to become one of
the innovation leaders. In terms of the key indi-
cator of total R&D intensity, Austria reached a
value of 3.12% in 2015, which was the fifth high-
est in the world, and the second highest value in
the EU-28. There have also been significant im-
provements in the last few years in other key in-
dicators such as patent applications, with clear
evidence of a catching-up process. Although sub-
stantial increases have similarly been recorded in
scientific publications, Austria still lags behind
the leading countries in this area. Taking a broad-
er view of innovation capability, based on a selec-
tion of indicators from the European Innovation
Scoreboard (EIS), which also includes factors
such as education and the market results for in-
novation, since 2008 Austria has almost halved
the gap with the leading countries. Since 2014
however there has been no further significant
catch-up. In international rankings for innova-

tion, which take account of many different indi-
cators — not all of which are in fact closely con-
nected with innovation performance — Austria is
still positioned in the mid-range of the highly
developed industrial countries. A closing of the
gap to the innovation leaders is evidently still
some way off.

Austria's advance towards the most re-
search-intensive countries shows that with a
long-term strategy and substantial efforts on the
part of industry and the government, quantifi-
able successes can be achieved. However, once
various other indicators are taken into account,
there does not appear to have been any signifi-
cant progress in recent years towards closing the
gap. In an international environment where all
highly-developed countries are focused on boost-
ing their innovative potential, improvements
within this group of countries cannot be achieved
rapidly or necessarily on a permanent basis; in-
stead this requires sustained effort and ongoing
investment. At the same time, the successes
achieved in R&D intensity provide a good basis
for increasing the innovation results in future,
either in the form of additional value creation in
research and knowledge-intensive industries, or
through improved market positions for the Aus-
trian economy.

Implementation of the Austrian government’s RTI
strategy

In 2011 the Austrian federal government adopted
the Strategy Plan for Research, Technology and
Innovation as the central reference framework
for defining domestic RTI policy. The aim of the
strategy was — and still is — to bring Austria into
the group of European innovation leaders by
2020. The RTI strategy is implemented at multi-
ple levels with a broad-based and systemic ap-
proach to organising and supporting the innova-
tion system. The RTI Task Force was created to
define and coordinate implementation of the
strategy at a high administrative level, under the
leadership of the Federal Chancellery (BKA) in
collaboration with representatives of the rele-

Austrian Research and Technology Report 2017
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vant federal ministries (Federal Ministry of Fi-
nance (BMF), Federal Ministry for Transport, In-
novation and Technology (BMVIT), Federal Min-
istry of Science, Research and Economy (BM-
WEFW) and Federal Ministry of Education (BMB)).
Intensive and regular contact and exchange of
information in key focus areas helps to increase
cooperation between the RTI ministries and to
shape the relevant governance structures more
efficiently.

To achieve the objectives of the RTI strategy,
the ministries have also designed and developed
a series of specific initiatives at different levels
and in differing contexts of political responsibili-
ty and self-commitment. As already established
in the 2016 Mid-term Report on the RTI Strategy
! further substantial efforts are needed to build
on the progress already made with implementing
the RTI strategy, and to achieve the agreed tar-
gets by 2020.

New innovation paradigms

The ways in which innovation activities are initi-
ated, organised and carried out, and to what ex-
tent they may influence the outcomes of innova-
tion activities, are constantly changing. Science
and industry today are increasingly involved in
collaborative, user-driven innovations, co-cre-
ations and crowdsourcing. These approaches are
frequently grouped together under the concept of
“Open Innovation”. The idea behind this is the
trend amongst firms to open up actively to cus-
tomers, research institutes, suppliers, competi-
tors, and other stakeholders to develop and imple-
ment innovations together, and to take advantage
of the innovative ideas and market potential of
third parties. Before innovations are commercial-
ised it is vitally important to be able to protect
knowledge and innovative resources. Intellectual
Property Rights play an important role in this.
Empirical findings in Austria underline the cen-
tral importance of cooperative projects with cus-
tomers, universities and research institutes.

These kinds of cooperative activities help firms
to recognise new trends and developments in the
market, or even to create them. Internet-based
forms of cooperation and interaction are (current-
ly) only used to a small extent. Firms that pursue
open innovation strategies invest more, on aver-
age, in research and development (R&D). By Euro-
pean standards, Austrian firms seem to be partic-
ularly advanced when it comes to using open in-
novation in the form of opening up the acquisi-
tion and exploitation of intellectual property.

Another important area, and one which is
widely discussed in RTI policy-making in many
countries, not only in Austria, is the support of
“radical innovation”. Due to its multi-layered
meaning this concept has been presented consis-
tently in this report to refer to the quality of sci-
entific understanding, technological inventions
and innovations as different parts of the innova-
tion process. The term radical innovation refers
to the degree of novelty of the functions or the
usefulness of an innovation. Radical innovations
are not necessarily resulting in any greater eco-
nomic effects than for instance those produced
by incremental innovations. Nor do scientific ex-
cellence and/or breakthrough discoveries neces-
sarily result in radical innovations — i.e. new
findings from basic research and discoveries can-
not always be realised as new products or pro-
cesses. Based on an international comparative
study of performance in terms of the quality of
science, discoveries and innovations, Austria is
positioned by much-quoted publications in the
upper mid-range for the EU, and based on an
analysis of patent data, on the level of leading in-
novation countries. Due to data measurement
problems, which are partly reflected in results
that are not very plausible, case studies play a
special role in the analysis of radical innovations.
Intervention programmes stemming from RTI
policy, for example as conceived for the support
of so-called “Major Innovations”, can provide
some insight into the possible influence of RTI
policy in this respect.

1  See Austrian Research and Technology Report 2016, 42 et seq., BMWFW, BMVIT (2016); http://www.bmwfw.gv.at/ftb
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In Austria, as elsewhere, the concept of “Re-
sponsible research and innovation (RRI)” is in-
creasingly attracting attention as a new para-
digm for innovation. As an interdisciplinary is-
sue in Horizon 2020, RRI aims to integrate vari-
ous different aspects (e.g. participation, open-
ness, ethics and gender) of responsible research
and innovation in line with society’s expecta-
tions into specific research activities. The prac-
tical implementation of RRI in Austria includes
building up and establishing alliances such as
the “Alliance for Responsible Science”, as well
as a range of further specific measures designed
to advance discussions about RRI in Austria, and
to deepen the interaction between science and
society. Citizen Science programmes are one
way of strengthening the dialogue between these
two areas.

Digitalisation: research, innovation and the work
environment

Today digitalisation permeates all areas of life,
society and the economy. The scientific research
process has also been influenced in recent years
by digitalisation and technological change. New
information technologies (IT), social networks,
the collection and availability of large amounts
of data, and artificial intelligence are increasing-
ly changing research processes and the way re-
searchers work — in universities, research insti-
tutes and in firms. Concepts like Open Access
and Open Data, i.e. making publications and re-
search data freely available, are by now estab-
lished as trends and are being specifically encour-
aged in Austria. Information technologies also
facilitate the involvement of citizens in the sci-
entific process in many different ways, advancing
developments in Citizen Science. The enormous
amount of data which is now available also de-
mands novel methods of processing (for instance
using artificial intelligence), which are also be-
coming increasingly significant as research
methods. Lastly there are new options for com-
municating results via the Internet more quick-
ly, to a broader public and through a greater

10

variety of channels, thus increasing the influence
of research achievements. At the same time, dig-
italisation itself is becoming a topic for research
as its effects on society are examined and tech-
nologies are designed in collaboration with citi-
zens and users. The umbrella term of Open Sci-
ence is often used as a term for the possibilities
opened up by digitalisation for the scientific
community, and this term is also a key concept
for the European Commission’s RTI policy. These
trends present many challenges for RTI policy,
which require investments in specific infrastruc-
tures, but also include legal framework require-
ments such as data protection and data security.

As far as digitalisation in the business enter-
prise sector is concerned, the focus is particularly
on the diffusion of Industry 4.0 technologies, in-
cluding information and communication tech-
nologies (ICT), and on the role of innovative,
knowledge-intensive services. Analyses of the
use of Industry 4.0 technologies show that they
have begun to spread throughout Austrian indus-
try, although their distribution still seems to be
limited to large, internationally active firms and
serial manufacturers. Specialised ICT service
providers, which are developing dynamically in
Austria, could play a key role in the diffusion of
these technologies. Knowledge-intensive ser-
vices are generally highly productive themselves
and in addition help increase productivity in in-
dustries which use these services. The dynamic
development in specialised, innovative, knowl-
edge-intensive services is particularly beneficial
for small and medium-sized enterprises (SMEs),
where for reasons of size it is not economically
viable for them to develop this kind of expertise
for themselves.

Political discussion and society's attention are
increasingly focused on the impact of technolog-
ical change and automation on the future of
work. In order to assess the associated changes
more effectively and in an attempt to contribute
to objective debate, this report links various per-
spectives, taking account of the working condi-
tions in innovative firms, the potential for auto-
mation in different occupations and work activi-

Austrian Research and Technology Report 2017
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ties, and the future demand for workers and
changing qualification requirements. These re-
sulting findings show that while in many areas,
particularly in industry, the automation process
is already far advanced, these developments vary
widely from one sector to another. Additional
employment opportunities are seen in particular
for jobs featuring predominantly analytical and
interactive non-routine activities as well as rou-
tine cognitive activities. In contrast, jobs in the
manufacturing sector featuring largely manual
routine activities are expected to become less sig-
nificant. The penetration level for new technolo-
gies in firms providing services is still very low
and only expected to rise at a moderate rate over
the next few vyears. Increasing digitalisation
clearly brings new requirements for qualifica-
tions and further education and training. Em-
ployees will be required in future to have abili-
ties that machines are not (yet) able to develop,
such as skilled manual proficiency and creative
ability, combined with digital competencies.

Austria in the European Research Area

The Treaty of Lisbon included a resolution to
create a shared European Research Area (ERA),
with the aim of creating better networking and
improved conditions for research, contributing
to overall competitive strength of Europe. The
key instrument for developing the ERA is the EU
Framework Programme for Research and Innova-
tion. In the current framework programme, Hori-
zon 2020, Austrian stakeholders are particularly
successful in the area of industry-oriented and
applied research, due to the country’s strength in
these fields at the national level. In the “Excellent
Science” pillar, on the other hand, Austria has a
below-average share of funding, primarily as a re-
sult of the low level of funding in the context of
research infrastructure programmes. Despite
very high success ratios for Austrian applicants
to the European Research Council (ERC), the
overall share of funding is no more than average.
The number of applications relative to the size of
population, and relative to the number of re-
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searchers, is significantly lower than the average
for the leading innovation countries. Success at
EU level requires a strong national basis, as can
be seen from the example of Switzerland, where
a well-endowed science fund is coupled with
marked success in the ERC. This illustrates the
point that deficits at the national level cannot be
compensated for at EU level. Austrian research
in the area of “societal challenges” obtains slight-
ly above-average funding allocations, with some
areas, such as energy and transport, performing
particularly well, while others such as food and
water still have the potential for improvement.
Overall success ratios in the areas of “societal
challenges” and “industrial research” reflect
Austria’s technological strengths. At the same
time, success ratios under Horizon 2020, com-
pared to the 7th Framework Programme are gen-
erally lower due to a sharp increase in the num-
ber of applications in some areas, although
Austria’s success ratio has in fact not fallen by as
much as the EU average.

Parallel to this, transnational R&D coopera-
tion in the form of bilateral and multilateral part-
nership initiatives between EU member states,
funding institutions, business associations and
individual stakeholders such as universities and
research institutes, is growing in significance
(e.g. joint programming initiatives, ERA-nets and
joint technology initiatives). Over and above
bundling national resources to achieve “critical
mass” in particular topic areas, they are an im-
portant instrument in anchoring bottom-up top-
ics and priorities at the EU-wide level. Austria
and Austrian stakeholders have been involved in
this bilateral and multilateral networking right
from the start and are amongst the leaders in the
EU Member States, both in relation to the num-
ber of participations in this kind of initiatives
and in relation to the share of expenditure in the
national public R&D budget.

In May 2015 the EU Competitiveness Council
adopted the so-called ERA Roadmap 2015-2020,
which defines the central milestones for further
development of the European Research Area.
Building on this, the “Austrian ERA Roadmap”

1
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was adopted by the Council of Ministers in May
2016, and formulates core ambitions at the na-
tional level in line with six ERA priorities. Key
milestones include the assessment of establish-
ing an “Austrian Research, Technology and Inno-
vation Hub” (ARTIH) in Brussels as an informa-
tion and communication hub for Austrian RTI
stakeholders at EU level, and the initiation of an
OECD review of the Austrian innovation sys-
tem, the results of which will be available by the
end of 2018. To support the implementation of
the Austrian Roadmap, a specific set of indica-
tors has been developed to monitor progress to-
wards the objectives (ERA Dashboard). The find-
ings of the first ERA Dashboard show a mixed
picture, with individual areas where Austria is

12

the leader in Europe (quality of project proposals
under Horizon 2020, innovation collaboration
between science and industry), but other areas
where Austria lags behind even in comparison to
the EU average (e.g. in gender equality, with the
exception of the “Glass Ceiling Index”). In most
areas however, Austria’s performance is above
average and in the upper mid-field, but not yet
among the leaders. This is consistent with the
performance in research, technology and innova-
tion in other areas, such as Austria’s position on
the European Innovation Scoreboard (EIS). For
successful implementation of the ERA Roadmap,
it is clear that additional efforts are needed to
specifically address the existing weaknesses.

Austrian Research and Technology Report 2017



1 Current Trends

1.1 Trend of R&D expenditures based on new
global estimate

The current global estimate published in April
2017 by Statistics Austria predicts a total expen-
diture on research and development (R&D) of
€11.33 billion in 2017. This would mean an in-
crease of €419.3 million or 3.8% on 2016 and
would result in a slight increase in the estimated
R&D intensity (gross domestic expenditure on
R&D relative to gross domestic product) by 0.02
percentage points to 3.14%. Similar to the previ-
ous two years’ level of 3.12% (2015 and 2016, re-
vised values as compared with the global esti-
mate for 2016), this would thus still be above the
European target level of 3%. Fig. 1-1 illustrates
that the longer-term trend of a rise in overall
R&D expenditure in Austria persists following

slight falls or stagnation between 2009 and 2011,
and with an increase of 3.8% projected from 2016
to 2017 is also above the expected growth in
gross domestic product of 3.3%.

With a research intensity of 3.12% in 2015
(the last year for which international compara-
tive figures are available), Austria was second be-
hind Sweden (3.26%), and ahead of Denmark
(3.03%), Finland (2.90%) and Germany (2.87 %)
in EU comparisons. The average research intensi-
ty for the EU-28 in 2015 was 2.03%.

Growth in R&D expenditure is expected from
all sources of funds (see Fig. 1-2). The most dis-
tinct feature is the projected rise in expenditure
as compared with the previous year of
around 5.5% (+€178.3 million) in R&D expendi-
ture by the federal government. This is essential-
ly attributable to the increase in the research tax

Fig. 1-1: Expenditure on research and development in Austria by sources of funds

- 35
120 -
30
100 -
2 L 25
z w0 - =
£ - L20 =
e - z
£ 60 | T £
g o 2 B
g :
g W
= 40 - - 10
N I I I I I I I I I I I B
00 LV—V—V—V—V—V—V—V—V—V—Vi 00
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
=== Federal government — mmmm Regional governments Business enterprise sector Abroad  wemsm Other —e— R&D intensity

Source: Statistics Austria, Global Estimate from April 20th 2017, nominal values.

Austrian Research and Technology Report 2017

13



1 Current Trends

premium, i.e. the deductibility of R&D expendi-
tures by firms recognised for tax purposes, from a
funding ratio of 10% to 12% for R&D expendi-
ture from 2016. As a result, the additional cost of
the federal government in 2017 for reimbursing
expenditure is calculated at around €100 million.
Federal government funding for R&D is therefore
expected to reach €3.44 billion in 2017. The
funding contributed by the regional governments
is estimated at €514.5 million, equating to an in-
crease on 2016 of approx. 4.3% or €21.4 million.
Other public institutions (municipal authorities,
chambers of commerce, social insurance institu-
tions) account for €121.9 million, meaning an ex-
pected increase of 2.7% (+€3.2 million). As such
the public sector is expected to fund 36.0% of
Austrian R&D expenditure in 2017, with the
greatest contribution (30.4%) provided by the
federal government (see Fig. 1-3). The proportion
of public funding relative to gross domestic pro-
duct is thereby 1.1%.

The largest proportion of R&D expenditure is
attributable to the business enterprise sector
with an estimated share in total R&D expendi-

tures of 48.2%. This corresponds with a project-
ed funding volume of €5.46 billion, meaning an
increase of around 3.1% or €163.1 million. As
such, the business enterprise sector will fund
R&D at a rate of around 1.5% of GDP in 2017.

A 3.1% increase (+€52 million) is also expect-
ed in the funding contribution from abroad to
€1.74 billion in 2017 (equating to 0.5% of GDP),
which would mean a share of 15.4% of total ex-
penditure. Most of this amount stems from for-
eign firms financing R&D in their domestic sub-
sidiaries. However, this also includes funds re-
ceived from EU research programmes. Given that
most of the funding from abroad originates from
firms, this results in a private funding share of
around 63% of total R&D expenditure when
counted together with domestic corporate fi-
nancing, which comes very close to the EU target
of a 1/3 to 2/3 split between public and private
R&D funding.

The proportion attributable to the private
non-profit sector (non-profit institutions whose
status is predominantly private or under civil
law, sectarian, or other non-public) remains low

Fig. 1-2: Development of R&D expenditure in Austria by sources of funds (Index, 2007=100)
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Fig. 1-3: R&D funding shares in Austria by sources of funds (in %)
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with a projection of 0.5%, which would mean a
slight increase of 2.9% or €1.4 million.

1.2 Austria’s position in international comparisons

RTI policy needs comparisons that are as mean-
ingful as possible in order to assess its effective-
ness and strategic and operational further devel-
opment. The different approaches pursued and
different measurement parameters currently
used in order to be able to compare the research
and innovation performance of national econo-
mies and determine the position of individual
countries are described briefly below:
¢ Key Performance Indicators: Innovation per-
formance is evaluated in this approach using a
few indicators that are classified as key. The
R&D intensity (R&D expenditure as a % of
GDP) is the one most frequently used, e.g. by
the European Commission as the key indica-
tor for achieving the Lisbon target from 2000.
It is also used by many governments including

1  See BKA et al. (2011).
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the Austrian federal government as a target in-
dicator for certain efforts aimed at boosting
research and innovation (see the RTI strategy
of the Austrian federal government!). Some of
the benefits of this approach are that progress
can be monitored directly and unambiguously
and the international position is also easy to
determine. However, certain individual indi-
cators are unable to portray all aspects of a
multifaceted phenomenon such as “innova-
tion”. For instance in the R&D intensity indi-
cator, the transfer of R&D results into tech-
nologies and innovations that are successfully
introduced on the market is not taken into
account. Other indicators frequently used in-
clude e.g. patents, which are assumed to repre-
sent technological performance and publica-
tions, which depict scientific output.

Multi-dimensional scoreboards: Innovation
performance is evaluated here using many in-
dividual indicators that are aimed at capturing
the different aspects of innovation capacity,
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activity and successes in industry and society.
One prominent example for this approach is
the Science, Technology and Industry (STI)
Scoreboard from the OECD (2015), which in-
cludes more than 200 individual indicators.
The individual indicators are neither weighted
nor are they merged into an overall picture.
The Scoreboard provides a differentiated pic-
ture of innovation performance, but it does
not allow a clear statement to be made either
on a country's position in international com-
parisons or on the progress achieved, since a
country generally features both indicators
with good or improved performance and indi-
cators with poor or worsened performance.

Innovation rankings: The individual indica-
tors can be merged into an overall index in or-
der to counter the disadvantages with the
multi-dimensional scoreboards in not provid-
ing an overall picture of innovation perfor-
mance that can be captured easily. This ap-
proach is followed for instance in the Europe-
an Innovation Scoreboard (EIS) from the Euro-
pean Commission (2016) which aggregates 25
individual indicators into a Summary Innova-
tion Index (SII) in the 2016 edition. Other ex-
amples of innovation rankings include the
Global Innovation Index? and the Innovation
Indicator®. The overall index allows countries
to be ranked and trends to be tracked over
time. However, different assumptions do need
to be made, for instance related to harmonisa-
tion of the measurement level for indicators
and their weighting. The overall index is also
essentially determined through selection of
the individual indicators and their relevance
and reliability. Individual indicators which on-
ly depict very specific aspects that are often of
little significance are capable time and time
again of having a major influence on the re-
sults of the overall index here. This is why the
European Commission also regularly reviews

2
3
4
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See Cornell University et al. (2016).
See acatech and BDI (2017).
See WEF (2016).

the indicators used in the EIS and makes ad-
justments, as was done in 2017.
¢ Expert assessments: Measuring innovation us-
ing indicators is generally difficult since inno-
vation by definition relates to something new
and therefore something that is frequently
unique and special and that cannot largely be
subject to comparative measurement. Expert
assessments are therefore frequently used in
addition to the (quantitative) indicators in or-
der to account for the qualitative aspects of
innovation more effectively. One example of
this approach which covers both the topic of
innovation as well as further aspects related to
the competitiveness of national economies is
the Global Competitiveness Report by the
World Economic Forum (WEF)*. An executive
opinion survey was used to ask around 14,000
firm managers from 135 countries for their as-
sessments on different topic areas. This also
captures areas that cannot be captured ade-
quately or at all through quantitative indica-
tors, such as the institutional framework con-
ditions or the quality of the education and re-
search system. Expert assessments are, how-
ever, subjective and may be influenced by fac-
tors that are not related to innovation, such as
political attitudes towards the government or
corporate strategic considerations. Managers
also often only have a good knowledge of their
own country or own firm, and international
comparisons of performance based on surveys
must therefore always be interpreted with
caution.
Different approaches are combined in this chap-
ter in order to portray a picture of Austria's posi-
tion in research, technology and innovation in
international comparisons that is as comprehen-
sive as possible. First, the trends for the three key
RTI indicators of R&D intensity, patent intensi-
ty and publication activity are considered. These
reveal the extent to which funds have been made

Austrian Research and Technology Report 2017
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available for R&D and the extent to which this
R&D expenditure has led to results in the form
of patentable new technology and published sci-
entific findings. Secondly, key aspects related to
innovation capability and performance and that
also include education and market results of in-
novations are examined using a set of indicators
taken from the EIS. Thirdly, Austria’s position is
examined in international innovation rankings.
The report looks at the Global Innovation Index
(GII), Global Competitiveness Index (GCI) from
the WEF, which includes several innovation-re-
lated elements, and the Innovation Indicator (II),
which is published by the German National
Academy of Science and Engineering (acatech)
and the Federation of German Industries (BDI).
All three innovation rankings also take expert as-
sessments into account in addition to quantita-
tive indicators. Austria's latest position in the
European Commission's European Innovation
Scoreboard (EIS) cannot be shown in this year's
Austrian Research and Technology Report as the
EIS 2017 will not be published until after the Re-
port is printed. The EIS has also undergone a fun-
damental revision in 2017, meaning that compar-
isons with Austria's position in the EIS in previ-
ous years are of little significance.

The analysis of Austria's position in research,
technology and innovation in international com-
parisons is essentially motivated by the objective
set by the federal government of making Austria
a member of the group of innovation leaders.
Countries with an industrial and technological
level of development similar to Austria are used
as the reference group here in order to assess
progress in achieving this objective, since Austria
is primarily engaged in innovation competition
with these countries. This reference group in-
cludes all countries that feature at least half of
Austria’s per capita GDP (calculated at exchange
rates) and have a population of at least half of
Austria’s population. Oil-exporting countries are
excluded due to their very specific conditions.
The reference group includes a total of 22 coun-
tries, including 13 from Europe, eleven of which
are EU Member States. The criteria for advancing

Austrian Research and Technology Report 2017

into the group of innovation leaders for the indi-
vidual indicators and rankings is the gap between
Austria and the five leading countries on the one
hand, and the difference between Austria's posi-
tion and the average value for the reference group
on the other. The assumption is that a position
among the best five countries or a clear gap be-
tween the mean value for the reference countries
indicate that a leading position has been attained.

1.2.1 Development of Austria's position in terms of
the key performance indicators

The key performance indicators for research,
technology and innovation include the overall
economic R&D intensity as a key input indicator
along with patent applications and scientific
publications, which depict the direct results of
R&D.

Total R&D intensity

Austria advanced into the group of the five best-
ranked countries in 2015 measured in terms of
total R&D intensity. With a value of 3.12% it
features the fifth highest value within the refer-
ence group (and among all countries in the world).
It is ranked 2nd among the EU 28. South Korea,
Israel, Japan and Sweden are ranked above Austria
(see Fig. 1-4). In 2013, Austria was only ranked
no. 9 with an R&D intensity of 2.96%. In addi-
tion to the increase in the Austrian R&D intensi-
ty the improvement in the rankings was also at-
tributable to the heavy decline in Finland's R&D
intensity and the stagnation of the R&D intensi-
ty in Switzerland, Denmark and Taiwan, which
were all still ahead of Austria in 2013.

Austria's R&D intensity has seen a signifi-
cantly greater increase compared with the aver-
age for the reference group based on the trends
over the last 20 years (see Fig. 1-5). Austria's
R&D intensity reached this average value in
2005, since 2008 it has been above average. The
gap between the average value for the five top-
placed countries on the other hand was barely
reduced. This is because individual larger coun-
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Fig. 1-4:  Austria’s total economic R&D intensity and that of the reference countries, 1995 and 2013
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Fig. 1-5: Development of total R&D intensity in Austria and in the reference group, 1995-2015
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tries among the top 5 increased their R&D inten-
sity even more than Austria (mid 2000s: Japan,
most recently South Korea).

Patent applications

Patent applications are an indication that new
technical knowledge is being generated. Only lat-
est technical knowledge that is or may (at least in
principle) be relevant for industrial applications
can generally be patented. Since there are costs
associated with patent applications there is an
assumption that patent applications are made if
there is a prospect that the patent will subse-
quently be granted, i.e. that the case actually in-
volves a technical invention with application
potential. This also generally applies to patent
applications made on strategic grounds (e.g. in or-
der to block the innovation activity of other
firms), since the benefit depends on the fact that
the patent actually represents a technical inven-
tion. In terms of comparing patent applications
at the international level it should be noted that
an invention can be registered with different pat-
ent offices. At the same time it has been shown
that inventions that are only registered at one
single national patent office often feature a low
level of invention (i.e. a low technical degree of
innovation). Only patent applications that are
registered internationally, i.e. in different coun-
tries, are therefore examined for international
comparisons. The OECD has established the
concept of “triadic patents” for this. These are
patent families that have been registered with
the US, European and Japanese Patent Offices.®
Austria's patent intensity, i.e. the number of
triadic patent applications per 1,000 people in
gainful employment, was 101 in 2014. This is the
tenth highest value among the reference coun-
tries (see Fig. 1-6). Japan and Switzerland feature
the highest patent intensity. This is followed at a
significant distance by Sweden, Germany, South

5  See OECD (2009).

6  Cf. http://www.scimagojr.com
7 See OECD and SCImago (2016).
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Korea and Denmark. Austria was able to increase
its patent intensity by 38 compared with the fig-
ure in 1995 and thereby improve on its no. 12
ranking. Only Japan and South Korea feature a
considerably higher difference between patent
intensities in 1995 and 2014. Switzerland, Israel
and New Zealand were able to increase their pat-
ent intensity more effectively than Austria,
while this was less pronounced for all other
countries. Patent intensity even fell considerably
in this period in Finland, Sweden and Germany.
As a result of the strong growth in triadic pat-
ent applications, in 2014 Austria was able to
come close to the average value for the reference
group and also came very close to the value of the
country ranked in fifth position (Israel) (see Fig.
1-7). The gap between the average value for the
five top-placed countries was also reduced con-
siderably. While this average value has experi-
enced a downward trend since 2004, Austria was
able to maintain a consistent patent intensity
before increasing it significantly once again in
2013 and 2014. Nevertheless the gap between the
average for the top 5 remains a significant one.

Scientific publications

The number of scientific publications is a further
indication of the scope of scientific research.
There is also a certain control of the relevance
since many publications in scientific periodicals
and numerous conference papers undergo prior
quality control (in the form of a peer review).
Publication indicators from SCImago® are re-
ferred to below as based on the Scopus database
and as also used by the OECD for international
comparisons on scientific output’. This includes
all publications of magazine articles, reviews and
conference papers recorded in Scopus. Allocation
to countries takes place via the authors' institu-
tion (main affiliation), with publications by au-
thors from multiple countries counted multiple
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Fig. 1-6:  Patent intensity in Austria and the reference countries, 1995 and 2014
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Fig. 1-7: Development of patent intensity (triadic patents) in Austria and in the reference group, 1995-2014
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times (i.e. full counting is applied and not frac-
tional counting in order not to devalue publica-
tions arising from international cooperation).
The number of publications increases simply as a
result of the increase over time in the number of
technical periodicals recorded in Scopus.

In 2014% scientists operating in Austria pub-
lished around 21,000 scientific publications re-
corded in Scopus. This is around 2.46 per 1,000
inhabitants. As such, Austria is ranked in 12th
place among the reference countries (see Fig. 1-8).
At 4.67 the publication intensity in Switzerland
in 2014 was almost double the amount in Austria.
The Scandinavian countries, Australia, Singa-
pore, the Netherlands, New Zealand, Belgium
and Canada are also ahead of Austria. If the num-
ber of publications is scaled in terms of the num-
ber of researchers (calculated as full-time equiva-
lents)’ instead of in terms of the number of in-
habitants then Austria comes closer to the group
of leaders. It was ranked 8th in 2014 with a value
of 1.32. Ireland, Switzerland, Israel, the Nether-
lands, Sweden, the USA and Italy are ahead of
Austria with this indicator.

The increase in Austria's publication intensity
per inhabitant has been disproportionately high
over the last 20 years. Austria's publication in-
tensity was still slightly below the average for
the reference countries in 1996. It has increased
each year since 2000 and was 35% above the av-
erage value in 2014 (see Fig. 1-9, left chart). The
gap between the five leading countries did not

decrease, however, as the group of leaders also
expanded their publication activities intensely.

In terms of the number of scientific publica-
tions per researcher, the increase in the value for
Austria was considerably weaker and lower than
the average for the reference countries (see Fig.
1-9, right chart). Compared with the relevant
best-ranked countries the gap has increased no-
ticeably since 2005. Austria was one of the five
best-ranked countries in most years by 2004 with
this indicator. The decline using this indicator
can be interpreted as a sign that the strong expan-
sion in research capacities in the Austrian scien-
tific sector — the number of researchers as full-
time equivalents (FTEs) increased by more than
80% between 1995 and 2014 — was essentially
responsible for the increase in the absolute num-
ber of publications, while the average number of
publications per researcher did not increase as a
result of the low number of publications per re-
searcher among the new (generally younger) re-
searchers.

In addition to the number of scientific publica-
tions, their reception by the science community
also plays a major role, as this reveals the extent
to which the research results achieved are seized
upon and pursued further by other scientists and
academics. The number of times that a publica-
tion is cited in other scientific publications
serves as an indicator of this. Austria's citation
intensity'® performed more favourably than the
reference group average. Austria achieved the av-

10

The SCImago database also contained information for 2015 at the time of evaluation. However, the values appear to have been under-
reported as they are well below those for the previous years, which is why 2015 is not taken into account.

All researchers at universities and state research institutes and a certain proportion of researchers in the business enterprise sector are
taken into account, as authors from the business enterprise sector also publish items in scientific periodicals and at technical confer-
ences. This proportion is determined as follows: the number of publications by authors from the business enterprise sector as a propor-
tion of all publications is taken from an OECD analysis (OECD and SCImago 2016, 53) for each country (average for the years 2003 to
2012). This number has been between 0.2 and 6.4%. This number is divided by the number of researchers in the business enterprise
sector as a proportion of all researchers in a country (average between 2003 and 2012), i.e. the proportion for the business enterprise
sector that would be expected if business enterprise researchers published items at the same rate as researchers from universities and
state research institutes. The number of business researchers taken into account in determining the publication intensity for each
researcher is between 0.7% (Germany) and 14.1% (Switzerland). This is 6.0% for Austria, attributable in particular to the publication
activity by researchers in the institutes' sub-sector ("Kooperativer Bereich").

The citation intensity states the total number of citations that have been made on scientific publications in a country from a particular
year relative to the population. Both citations from the same country as well as those from all other countries are taken into account
with this. The number of citations received for a publication year generally increases over time since many publications are also cited
years after they were published. The number of citations from current publication years is therefore not very significant. This is why
here only citations up until publication year 2010 are examined.
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Fig. 1-8:

Publication intensity in Austria and the reference countries, 2014
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Source: SCImagoJournal & Country Rank; OECD: MSTI, edition 02/2016. Calculations: ZEW.

erage value in 2002, since then the gap has in-
creased on average year-on-year (see Fig. 1-10). At
the same time Austria has been gradually getting
close to the value of the fifth-ranked country.
However, the shortfall remains a large one. In
2010 Austria achieved 14th place among the ref-
erence countries in terms of citation intensity.
Switzerland, Denmark, the Netherlands, Sweden
and Singapore occupied the top spots.

1.2.2 Austria's innovation performance from a
multi-indicator perspective based on the EIS

The examination of individual key performance
indicators of research, technology and innova-
tion presented above masks the fact that it is ac-
tually the interaction between many different
factors that ensures the long-term success of a
national economy in the competition for innova-
tion. High levels of R&D expenditure, numerous
patent applications and large numbers of scientif-
ic publications are not necessarily an indication

22

of strong innovation performance. It could be
that the R&D funds and research results are not
used efficiently due to a lack of cooperation, lack
of options for funding implementation of new
technologies, or because of institutional obsta-
cles. As part of the innovation system approach,
the various factors that influence successful in-
novation activities were arranged conceptually,
thereby providing a basis for more comprehen-
sive measurement approaches. The European In-
novation Scoreboard (EIS) by the European Com-
mission is one example of this type of compre-
hensive approach towards measuring countries'
innovation performance. The EIS was therefore
usually used by the federal government in previ-
ous Austrian Research and Technology Reports
to gauge Austria's international ranking in re-
search, technology and innovation.

However, this year the EIS cannot be used for
the Austrian Research and Technology Report
because the deadline for publishing the EIS was
set for a date after the Austrian Research and

Austrian Research and Technology Report 2017
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Fig. 1-9:
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Fig. 1-10: Development of citation intensity in Austria and in the reference group, 1996-2010
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Technology Report goes to press. The EIS is also
undergoing a fundamental conceptual revision in
2017 and the result of this revision is not yet
known at the time of reporting. It is therefore not
possible to provide a preliminary calculation of
Austria's position in the EIS as was done in last
year's report.

Instead, an alternative approach has been se-
lected for this Austrian Research and Technology
Report that is based on the EIS but only focuses
on a subset of indicators. The selection was made
in such a way that the indicators map the differ-
ent aspects of an innovation system's perfor-
mance and are identified at the same time in in-
ternational comparisons with high reliability.
The following indicators were used:

e New doctorate graduates per 1,000 population
aged 25-34
® Percentage population aged 30-34 having com-
pleted tertiary education
e International scientific co-publications per
million inhabitants

e Scientific publications among the top-10%
most cited publications worldwide as a % of
total scientific publications of the country

¢ R&D expenditure in the public sector as a %
of GDP

e R&D expenditures in the business enterprise
sector as % of GDP

e PCT! patent applications per billion GDP (in
purchasing power parity — €PPP)

¢ Employment in knowledge-intensive sectors

(manufacturing and services) as a % of overall

employment
e Exports of medium and high technology inten-

sity as a % of overall exports
Indicators of scientific publications, patents and
on R&D intensity were presented in Chapter
1.2.1. The nine selected EIS indicators also di-

vide the R&D intensity into public and private
portions and highlight the level of international
integration in science. Two indicators also de-
pict the education system as an important
framework condition for successful innovation
performance (doctoral graduates and percentage
of the population with a tertiary education), two
others are (also) impact indicators in that they
measure the economic effects of innovation ef-
forts using the proportion of employment in sci-
ence-intensive industries and the proportion of
exports of goods with medium-high to high
knowledge intensity. As such, the set of indica-
tors covers many important aspects of an inno-
vation system.

Fig. 1-11 shows the trend for Austria'? if all
nine indicators are scaled identically to the EIS
method between 0 and 1 and an arithmetical av-
erage of the standardised values is formed for all
indicators which can be described as a “Core
Summary Innovation Index” (SII). If this indica-
tor is used then a clear catching-up process can
be observed since 2008 to the five leading inno-
vation countries and/or to the country ranked in
fifth place. The gap between Austria and the top
5 has almost halved significantly from 0.24 index
points to 0.13, and has fallen from 0.14 to0 0.10 in
relation to the country ranked in fifth place.
Austria caught up with and just overtook the ref-
erence group' in 2013. If the process for catching
up to the Top 5 progresses at a similar dynamic
rate over the next few years then Austria would
close in on the group of leading countries in the
next five years, based on this reduced EIS set of
indicators. However, the gap with the leading
countries could not be reduced over the last three
years between 2014 and 2016. Austria is current-
ly ranked 8th among all EIS countries in relation
to the nine key indicators, which is an improve-

11 PCT stands for “Patent Cooperation Treaty” and designates the procedure whereby a patent application may be submitted for an in-
vention in many countries at the same time in the form of one single “international” patent application instead of multiple separate
national patent applications, as is the case for instance with the triadic patents.

12 The EIS publication year is used for this, in accordance with the EIS methodology, i.e. the index value in 2010 corresponds with the
values in the 2010 report; however, the underlying indicators stem from previous years.

13 The EIS data is limited in its availability for non-EU countries, meaning that the present reference group only includes 15 countries —
the EU countries in the group along with Switzerland, Norway and Israel.
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Fig. 1-11: Development in Austria and in the reference group for core Sll indicators, 2008-2016
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Source: EIS. Calculations: Austrian Institute of Economic Research (WIFO).

ment of two places since 2008, although Austria
was ranked in 7th position between 2011 and
2014.

Fig. 1-12 illustrates the change in the individ-
ual indicators using the values standardised
across all EIS countries, meaning that the change
always needs to be interpreted in relation to all
countries. Austria always comes off better rela-
tive to the other countries. The strongest catch-
ing up with the other countries was in tertiary
education, with the change from approx. 22% in
2008 to 38.7% in the last available year attribut-
able at a rate of two-thirds to the statistical re-
classification of occupational college courses
(e.g. higher technical colleges and commercial
academies) as tertiary short courses (formerly
ISCED 4a, now ISCED 5). There is also a strong
improvement resulting from the increase in in-
ternational co-authorship with Austrian publica-
tion authors. The R&D expenditure in the public
and business enterprise sectors saw equally
strong improvements relative to the other coun-
tries followed by the scientific quality of the pub-
lications. Smaller improvements can be seen pri-
marily in those indicators that more greatly re-
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flect the result of innovation efforts, such as em-
ployment in and exports from knowledge-inten-
sive sectors and patent applications under the
PCT procedure. Doctorates are seeing less of an
improvement in Austria, not least because doc-
toral degrees are increasingly designed for scien-
tific careers. In addition, the proportion of doc-
toral students who are hoping for an additional
bonus on the non-scientific labour market
through their doctorate is falling.

1.2.3 Austria’s position in other international
innovation rankings

The Global Innovation Index (GII), the Innova-
tion Indicator (II) and the innovation-related
parts of the Global Competitiveness Index (GCI)
are three innovation rankings that are created
regularly and respected internationally. The GII
uses 82 individual indicators and the II 38 indi-
vidual indicators. The innovation-related parts of
the GCI include 31 individual indicators.
Austria is ranked between position 9 (II) and
position 17 (GII) in the latest editions of the three
rankings (published in 2016/17), which essential-
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Fig. 1-12: Development in Austria for core Sl indicators, 2008-2016
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Source: EIS. Calculations: Austrian Institute of Economic Research (WIFO).

ly reflect the data as at the reference year (see
Table 1-1). Austria's position within the EU-28 is
between 7th and 10th place. Austria has been
able to improve by one position in the innova-
tion-related sub-indicators of the GCI compared
with the previous year's editions of the rankings.
It remained at position no. 9 in the II but did
move down one position in the EU-28 compari-
son. Austria fell two positions in the GII after
moving up two positions in the previous year.
The changes in the rankings correspond with
similar changes in the Austrian overall index.
Austria's result was 1.5 points worse in the GII
(from 54.1 to 52.6), while the overall index value
remained virtually unchanged at 51.4 as com-
pared with the previous year (51.2). Austria im-
proved on the other hand in the GCI's innova-
tion-related sub-indicators from 5.38 to 5.50
points.

Switzerland is in first place by a clear margin
in all three innovation rankings (see Table 1-2)
and Finland is also among the top 5 in each rank-
ing. The USA and Sweden are each among the
top 5 in two of the three rankings. The gap be-
tween Austria and the five countries in the top
positions is not very large. In the GCI (innova-
tion-related sub-indicators only), Austria's index
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value is 4% below the figure for the country in
fifth place (following 6% in the previous year),
while the gap in the Il is 5% (following 9% in the
previous year) and 12% in the GII (11% in the
previous year)

A comparison of Austria's rankings in the
three innovation rankings examined here in the
period between 2008-2016 does not provide any
clear indication of an improvement in position
(see Table 1-3). The current position in the GII
(ranked 17) equates to an average ranking. Austria
was ranked 14th in 2009, the lowest ranking was
20 in 2013. The gap between the value for the
country ranked in fifth place has not changed
much over the last few years. The current rank-
ing in the Innovation Indicator represents a rela-
tively good position, and so far Austria has only
topped this in 2011 (ranked 8th). The gap be-
tween the value for the country ranked in fifth
place has never been as small as in 2016. The
overall index value is, however, below the values
of 2011 and 2013. In the innovation-related parts
of the GCI Austria's ranking fluctuates between
position 12 (2012 and 2013) and position 15 (2009
and 2010). The gap with the value for the country
ranked in fifth place is currently small but does
not reveal any clear trend. However, the Austrian
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index value reached its highest level so far in the
latest rankings for 2016.

Global Innovation Index

The GII distinguishes between seven areas with
three sub-areas each which, in addition to actual
innovation performance, are also aimed at map-
ping the different framework conditions for inno-
vation activity, including the institutional envi-
ronment, the infrastructure facilities and the de-
velopment status for factor and goods markets.

The two areas of markets and knowledge/techno-
logical output are the main reason for Austria's
relatively poor results in the GII compared with
the two other rankings; in the markets area this
is primarily the unfavourable classification of the
credit availability and the evaluation of the stock
and venture capital markets summarised under
“Investment”. The ease of access to credit, the
scope of credit granted to industry, protection of
minority shareholders, market capitalisation of
the domestic firms listed on the national Stock
Exchange, the extent of trading of the Stock Ex-

Table 1-1: Austria's position in international innovation rankings, 2016

Austria’s rank

Global Innovation Index — GlI
Innovation Indicator — Il 9 7
Global Competitiveness Index — HTBIV 13 8

Change compared with 2015
('+' = improvement in position)

|_allstates | __EU-28 | Referencegroup | allstates | _EU-28 | Referencegroup |
20 10 17 A

-1 -2
9 0 -1 0
13 +1 +1 +1

1) Means of the sub-indicators “Human capital and training”, “Technological readiness”, “Business sophistication” and “Innovation”.
Sources: acatech and BDI (2017); Cornell University et al. (2016); WEF (2016). Processing and calculations: ZEW.

Table 1-2: Positions and index values for the countries in the reference group in three innovation rankings, 2016

Global Innovation Index — Gll Innovation Indicator — I Global Competitiveness Index" GCI
L. CH CH CH

66.3 75.1 6.01

2. SE 63.6 SG 70.1 NL 5.80

3 UK 61.9 BE 57.8 Us 5.80

4. N 61.4 DE 55.0 FI 5.77

5. FI 59.9 Fl 53.9 SE 5.75

6. SG 59.2 UK 52.0 DE 5.74

1. IE 59.0 DK 51.9 SG 5.73

8. DK 58.5 SE 51.8 DK 5.65

9. NL 58.3 AT 514 NO 5.63

10. DE 57.9 NL 51.4 UK 5.62

11. KO 57.1 us 51.0 JP 5.58

12. CA 54.7 IE 50.7 BE 5.58

13. JP 54.5 KO 50.0 AT 5.50

14. NZ 54.2 NO 49.1 IL 5.49

15. FR 54.0 FR 47.7 IE 5.44

16. AU 53.1 AU 46.9 FR 538

17. AT 52.6 IL 46.0 NZ 534

18. IL 52.3 CA 148 ™w 531

19. BE 52.0 ™w 432 AU 5.22

20. NO 52.0 JP 11.8 CA 5.20

21. ES 49.2 ES 22.8 KO 5.12

22. IT 47.2 IT 183 ES 4.76

23. IT 467

Gap between AT and position 5 12% 5% 4%
1) Means of the sub-indicators “Human capital and training”, “Technological readiness”, “Business sophistication” and “Innovation”.
Sources: acatech and BDI (2017); Cornell University et al. (2016); WEF (2016). Processing and calculations: ZEW.
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Table 1-3: Austria’s rank and index value in international innovation rankings within the reference group, 2008-2016

A N T T T T T BT T T

Global Innovation Index Ranking

(GIN" Index 3.64 4.46
Gap to position 5 16% 1%

Innovation Indicator Ranking 12 14

(2 Index 50.3 50.1
Gap to position 5 11% 9%

Global Competitiveness Ranking 14 15

Index (GCI)® Index 5.24 5.15
Gap to position 5 1% 8%

1) Change in methodology between 2010 and 2011.
2) Change in methodology between 2013 and 2014.
3) Sub-indicators “Human capital and training”, “Technological readiness”,

4.21 50.8 53.1 51.9 53.4 54.1 52.6
9% 11% 13% 14% 12% 10% 12%

13 8 11 11 14 9 9
49.0 52.6 52.9 53.5 51.4 51.2 51.4
13% 1% 8% 11% 9% 9% 5%

15 14 12 12 13 14 13
5.10 5.26 5.44 5.21 5.38 5.38 5.50

6% 6% 4% 6% 4% 6% 4%

“Business sophistication” and “Innovation”.

Sources: Cornell University et al. (2016); acatech and BDI (2017); WEF (2016). Processing and calculations: ZEW.

change and the number of venture capital invest-
ments are some of the factors examined. Austria
is well below the average value for the reference
countries for all these individual indicators. In
the area of science/technological output it is in-
dicators on scientific publications (which are to
some extent measured in accordance with the
size of the country!'#), the growth rates in overall
economic labour productivity, the start-up inten-
sity and the licensing income from abroad as a
proportion of total international trade that drag
Austria's ranking down most.

Austria demonstrates a disproportionately
good performance in the GII in the area of tertia-
ry education in particular as compared with the
average value for the reference group (see Fig.
1-13). The high proportion of foreign students
and of university graduates in the natural sci-
ences and engineering are responsible for this.
The somewhat poor result in research and devel-
opment is down to just one indicator which is
heavily dependent on the size of the country, i.e.
the amount of R&D expenditure of the three
firms in a country with the highest R&D expen-
diture. After New Zealand Austria achieves the

second-lowest score here within the reference
group; the US and Germany are in the lead. Addi-
tional areas of the GII in which Austria is either
at or above the average for the reference group are
the institutional framework conditions and cre-
ative output. The latter is reflected inter alia in a
high number of trademark and design registra-
tions, a high number of creative goods and ser-
vices as a proportion of overall exports, and a
high number of top-level domains.

Compared with the previous year Austria was
able to improve on its results in the GII 2016 in
the areas of tertiary education (student quotas),
general infrastructure facilities (investment quo-
ta), knowledge acquisition (patent applications),
female knowledge workers (employment of high-
ly-qualified women) and creative services (size of
the market for entertainment and media services)
in particular. The results were clearly worse in
knowledge diffusion (direct investments abroad)
and online creativity (number of videos uploaded
to YouTube). The worst individual result was in
the area of trade, competition and market size,
since the GII introduced country size (GDP in
$ billion in purchasing power parity) as an inno-

14 The H-Index for instance, which states the maximum value of the number H of scientific publications that have been cited at least
H-times. It is easier for large countries with lots of scientific publications to achieve a high H-value than it is for small countries with

fewer publications.
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Fig. 1-13: Austria's position in the Global Innovation Index as compared with the reference group, 2016
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Source: Cornell University et al. (2016). Calculations: ZEW.

vation indicator in 2016. There is some doubt as
to whether this is a useful indicator since the
country size is a given and an increase in GDP
through productivity growth is already account-
ed for in a separate indicator.

Innovation Indicator

The Innovation Indicator assesses a country's in-
novation performance in accordance with five
sub-systems: industry, science, education, gov-
ernment and society. As shown in Fig. 1-14,
Austria comes off better than the average of the

reference countries in four sub-systems, and the
Austrian index value is only below average in the
area of society. The poor result in the sub-system
society is principally attributable to a low pro-
portion of post-materialist individuals'® and the
low amount of news about research and technol-
ogy in the media. The sub-system society does,
however, only have a low weighting in the over-
all index, as it only embraces four individual in-
dicators.

Austria's relatively good results in the sub-sys-
tem industry is attributable in particular to ex-
pert assessments on innovation among Austrian

15 Post-materialist individuals are captured in accordance with the Inglehart concept as part of the Global Value Survey. They are charac-
terised by the fact that non-material values are more important to them than material values. This is put into operation in the Survey
inter alia using the items “right to freedom of expression” (post-material) versus “fight against rising prices” (material). Higher inno-
vation affinity is imputed to post-materialists, as they have a higher preference for premium quality goods and services.
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firms from the survey by the World Economic
Forum (WEF), the high R&D expenditure by the
firms and a high proportion of public funding of
R&D expenditure at firms. Venture capital in-
vestments, employment in knowledge-intensive
services and the funding of R&D in the science
system by firms are negative for Austria. Austria
does well in the sub-system science in the indica-
tors international co-publications, number of re-
searchers and amount of R&D expenditure, while
the expert assessment of the quality of the re-
search institutes, patent applications from sci-
ence and publication intensity drag Austria's
score down.

The high proportion of employees with a pro-
fessional education, the high proportion of for-
eign students and the high number of doctoral
graduates in the STEM disciplines!® contribute to
Austria's positive score in the education system.
Austria's performance is below average inter alia
in terms of the proportion of employees with a
university degree, the expert assessment of the
quality of education in the STEM area and the
results of the “Programme for International Stu-
dent Assessment (PISA)”. The relatively large
gap between Austria and the five best-ranked
countries in the sub-system government is the
result of a relatively low expert assessment of the
quality of the education system, relatively low
education expenditure per pupil and an unfa-
vourable expert assessment of the government's
demand for innovation.

Compared with the previous year's edition of
the Innovation Indicator, Austria was able to im-
prove in particular in 2016 on the indicators on
foreign students, the number of university gradu-
ates, venture capital investments, tax-related
R&D funding, patent applications and the
amount of news on research and technology. Re-
sults were worse in terms of the number of doc-
toral students in the STEM disciplines, expert
assessments of the quality of the education sys-

tem, public demand for innovation, and the pro-
portion of value creation in the high-technology
sectors. It should be noted here that just as with
the three other rankings, results may improve or
worsen through the fact that other countries in-
crease or decrease their indicators in relation to
Austria. The one thing that all rankings have in
common is that they determine a country's posi-
tion for each indicator in relation to the other
countries.

Global Competitiveness Index

The innovation-related areas of the GCI include
human capital and education, technological de-
velopment, business sophistication and innova-
tion. Austria performs particularly well in the
area of business sophistication and particularly
poorly in technological development (see Fig.
1-15). The three indicators on the IT facilities
and usage are responsible for the latter result
(broadband connections, internet speeds, mobile
internet usage).!” Austria is in the top 5 of the
reference group for four indicators related to
business sophistication (expert assessments
about the quality of local suppliers, unique sell-
ing points, the breadth of value creation chains,
and the progressive nature of production meth-
ods) and is above average for the reference coun-
tries in a further two indicators. Managers of
Austrian firms obviously consider the capabili-
ties of Austrian industry to be very high. Austria's
performance is also above average in the area of
student quotas and in the expert assessment of
the availability of further specialised training,
the extent of advanced occupational training and
the innovation capacities in firms. The gap be-
tween Austria and the country ranked fifth in the
reference group is particularly large in relation to
international patent applications. This is because
the applications via the PCT procedure are used
in the GCI and not the triadic patent applica-

16 STEM stands for science, technology, engineering and mathematics.

17 Austria's performance is better in other IT-related indicators, see Fig. 1-15.
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Fig. 1-14: Austria's position in the Innovation Indicator as compared with the reference group, 2016
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Source: acatech and BDI (2017) Calculations: ZEW.

tions, with the former used more frequently by
large multinational firms.

Austria was able to improve significantly in
the following innovation-related indicators as
compared with the previous year's GCI: student
quotas, internet speed and in the expert assess-
ments on various aspects on value creation
chains, firms' innovative capacities, the quality
of scientific research institutes, the availability
of scientists and engineers and on various quali-
ty-related aspects in the education system. Re-
sults were noticeably worse in the expert assess-
ments on the application of technology in firms
and on the scope of firms' marketing activities.

1.2.4 Summary

Austria has improved considerably over recent
years in international comparisons with respect
to some key performance indicators concerning
research, technology and innovations. With a
value of 3.12% in 2015 for instance, total R&D
intensity reached the second highest value in the
EU 28 and fifth highest value among all countries
in the world. As such Austria was able to advance
into the group of innovation leaders measured
against this indicator. There have also been obvi-
ous improvements in the last few years for all
other key performance indicators such as patent
applications, with a clear catching-up process al-
so occurring here, even though a greater gap still
remains between it and the leading international
countries. Although significant increases have
been recorded in scientific publications, these are
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not enough to reduce the gap with the leading
countries, and a fall was even recorded in recent
years per researcher in full-time equivalents
(FTEs) from a leading position previously. The
fact that Austria can first of all progress towards
the group of global leaders with R&D expendi-
ture on its way towards becoming an innovation
leader is logical to the extent that is needs invest-
ment in the research and innovation system be-
fore it can then also make progress with the out-
put indicators for research and innovation.

Looking at the broader picture on innovation
capability based on a selection of indicators from
the EIS which also includes circumstances such
as education and the market results for innova-
tion, Austria has almost halved the gap with the
leading countries since 2008. However, this is at-
tributable to some extent to reclassification of
graduates from occupational colleges, and no
clear trend towards closing the gap has been as-
certained for the last three years.

In international innovation rankings Austria
remains in the middle area of the highly devel-
oped industrialised countries and has been un-
able to move closer to the group of innovation
leaders on a sustainable basis over the last few
years. This is partly because the catching-up pro-
cess cannot be observed in all of key performance
indicators of innovation. While the dynamic is
noticeable with R&D expenditure and patents,
scientific publications are currently declining. In
addition to this there are also many further indi-
cators used which are often only indirectly relat-
ed to innovation capability and performance.
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Fig. 1-15: Austria's position in the Global Competitiveness Index' as compared with the reference group, 2016

I To the country in 5th place
To the average of the reference countries
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Indicators with the suffix "(experts)" are based on expert assessments from the WEF survey of corporate managers.

Source: WEF (2016): Calculations: ZEW.

Relatively good results in the Innovation Indica-
tor and in the innovation-related parts of the
Global Competitiveness Index are accompanied
by rather poor results in the Global Innovation
Index. This is to a large extent due to the fact
that the Global Innovation Index includes sever-
al indicators that are dependent on the size of the
country, for which a small national economy
such as Austria will never be able to perform
well.

Austria's advance towards the group of inno-
vation leaders in the key indicator at least of
R&D intensity shows that quantifiable successes
can be achieved with a long-term strategy and
continuous substantial efforts on the part of in-
dustry and the government. On the other hand
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there has been no distinct momentum deter-
mined in terms of closing the gap in recent years
in various more comprehensive indicator sys-
tems. In an international environment where all
highly-developed countries are focused on boost-
ing their innovative potential, improvements
within this group of countries cannot be achieved
rapidly, or necessarily on a permanent basis; in-
stead this requires sustained effort and ongoing
investment. At the same time, the successes
achieved in R&D intensity provide a good basis
for increasing the innovation results in future,
either in the form of additional value creation in
research and knowledge-intensive industries, or
through improved market positions for the Aus-
trian economy.
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1.3 Strategic measures, initiatives and further
developments

The RTI strategy adopted in March 2011'® con-
stitutes the framework for the targets and lon-
ger-term perspectives for the research location
Austria. In this vein, the Mid-term Report on
the RTI strategy presented in the Austrian
Research and Technology Report 2016% is another
important basis for further work in the context
of the RTI strategy. The RTI task force set up
with the task of specifying the terms and coordi-
nating the implementation of the strategy and
made up of representatives from all relevant
ministries (Federal Ministry of Finance (BMF),
Federal Ministry of Education (BMB), Federal
Ministry for Transport, Innovation and Tech-
nology (BMVIT), Federal Ministry of Science,
Research and Economy (BMWFW), chaired by
the Federal Chancellery (BKA)) also continued
its activities in the past year. This boosted the
cooperation and reciprocal exchanges with the
RTI departments. The past year was character-
ised by the following priority work areas:
¢ Discussion and follow-up on the Mid-term Re-
port on the RTI strategy, on the monitoring
report by the Austrian Council for Research
and Technology Development (RFTE)*°, on
Austria's scientific and technological perfor-
mance, and on the audit report of the Austrian
Court of Auditors on research funding in
Austria¥
¢ Process for dealing with and using patents and
the role of the Patent Office
e Implementation of the package of measures
aimed at boosting the entrepreneurial culture
and start-ups in Austria
¢ Implementation of the evaluation of indirect
research funding

18 See BKA et al. (2011).

e Exchange of information on strategic initia-
tives between the ministries (see overview be-
low)

¢ Conclusion of an inter-ministerial agreement
to ensure the organisational anchoring of the
Austrian representatives for international sci-
ence and RTT attachés

¢ Amendment of the statistics law with the aim
of improving the availability of micro data for
R&D

¢ Adjusting the mandates for the working groups
deployed by the RTI task force

e Smart Specialisation: implementation of the
“Partnership Agreement” between Austria
and the European Commission on the Europe-
an Structural and Investment Funds 2014-
2020

¢ Initial thoughts on a post-2020 RTI strategy
and discussion in this regard of an OECD re-
view of the Austrian RTI system

The RTI task force will now meet once a year at

the political level in order to discuss the results

of operational activities and define a work pro-
gramme for the next year. The aim is to work on

the following topics in particular during 2017:

¢ Coordination of the preparatory work for the
post-2020 RTI strategy, including the Innova-
tion Policy Review by the OECD

e Cost-benefit analysis of a research funding da-
tabase (in accordance with the Court of Audi-
tors report on research funding in Austria)

In addition to the overall strategy, various minis-

tries have also designed and developed specific

initiatives aiming at achieving the targets for the

RTI strategy. The following section provides an

overview of the latest trends in strategy process-

es, RTI-related activities, and the implementa-
tion of new projects and programmes.

19 See Austrian Research and Technology Report 2016, 42 et seq. Federal Ministry of Science, Research and Economy (BMWFW|, Federal
Ministry for Transport, Innovation and Technology (BMVIT) (2016); http://www.bmwfw.gv.at/ftb

20 Cf. http://www.rat-fte.at/leistungsberichte/articles/leistungsberichte.html

21 Cf. http://www.rechnungshof.gv.at/fileadmin/downloads/ jahre/2016/berichte/teilberichte/bund/Bund 2016 _08/Bund 2016 08 3.pdf
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Broadband initiative

On the one hand super-fast broadband is a key
driver for growth in digitalisation and on the oth-
er it also improves the population's quality of
life. With its broadband strategy 2020 and mas-
terplan for promoting broadband based upon this
strategy, the Federal Ministry for Transport, In-
novation and Technology has set itself the target
of making super-fast broadband (= more than 100
mbps) available across the board by 2020. Expan-
sion of the digital infrastructure is being support-
ed by funds earmarked as “Broadband billion”.
The masterplan is based on a flexible funding
system in three separate phases. Different fund-
ing programmes are aligned with and comple-
ment each other in their impact. These tools can
be used with differing priorities in the various
project phases in order to respond to changes in
circumstances.

Around €300 million have been made avail-
able in total since 2015 as part of the first phase
of the broadband initiative. The monies have
been used in individual funding programmes for
the Broadband Austria 2020 (BBA2020) funding
strategy with various topical foci: BBA2020_Ac-
cess is dedicated to expanding the broadband net-
works across the board, BBA2020_Backhaul is
being implemented to accelerate upgrades to the
existing networks (by connecting with the core
networks) and BBA2020_Leerrohrférderung is
aimed at prospective planning and establishment
of a broadband infrastructure by laying empty
pipes as part of digging work. The funds here cov-
er up to 50% of the investment costs for the proj-
ects and are awarded based on a technology neu-
tral policy. An external evaluation is planned for
each phase in order to record and evaluate the
latest broadband cover in terms of surface area
and quality as well as strengths and weaknesses
of the measures and technologies which can be
observed by them.

These three funding programmes support
broadband expansion particularly in those areas

22 Cf. http://www.digitalroadmap.gv.at
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where there is no existing quality broadband sup-
ply and where no plans for expansion over the
next few years did exist. This ensures that the
public funds are used efficiently and in a targeted
manner and represent an investment incentive
both for municipalities and telecommunications
firms to expand broadband services in less dense-
ly populated regions of Austria. Supplementary
promotional measures such as AT:net promote
the use of innovative services and applications

based on broadband.

Digital Roadmap for Austria

While there is considered to be enormous and
varied potential for digitalisation, the digital
transformation also involves major changes and
associated challenges for politicians and society.
Appropriate political targets and priorities are re-
quired along with a commitment from each indi-
vidual stakeholder in order to make the most of
the positive effects of digitalisation and to avoid
the critical effects of this transformation process.

The State Secretaries in the Federal Chancel-
lery and in the Federal Ministry of Science, Re-
search and Economy have developed the bases
for a digitalisation strategy on behalf of the feder-
al government, supported by a team of coordina-
tors and with the involvement of the federal min-
istries, municipal authorities, social partners,
special interest groups, industry, research and
the teaching professions as well as civil society
as part of an online consultation. The Digital
Roadmap for Austria that resulted from this pro-
cess?? was adopted in the Council of Ministers on
24 January 2017.

The activities of all of the ministries are com-
bined and presented in the roadmap in a joint
strategic paper from the federal government for
the first time. Every ministry is now implement-
ing the necessary measures in its own scope of
action subject to the financial coverage by the
relevant applicable federal funding framework.
Around 150 existing and planned measures and

Austrian Research and Technology Report 2017



1 Current Trends

activities implemented with the aim of moving
towards the digital future are listed in twelve ac-
tion areas.

The Digital Roadmap will also be continually
updated since digitalisation is an ongoing pro-
cess. Aside from an accompanying evaluation of
the progress with the measures implemented, a
Digital Summit will be held at least once a year
by the federal government together with stake-
holders from the municipal authorities, the so-
cial partners, special interest groups, industry,
research, and the teaching profession along with
representatives from civil society. The federal
government uses the “Digital Summit” for the
purposes of assessing the challenges and action
areas and for drawing the necessary conclusions,
and as such it forms the basis for further develop-
ment of the content of the Digital Roadmap.

“Future of Universities” project

The Federal Ministry of Science, Research and
Economy (BMWFW) launched a process in the
spring of 2016 with the “Future of Universities”
project aimed at ensuring the further strategic
development of the Austrian university system,
particularly in relation to improving the coordi-
nation of study programmes. The corresponding
objectives set out in the overall Austrian univer-
sity development plan 2016-2021 provide the
strategic and statutory framework for this proj-
ect?, as does the Federal Ministry of Science, Re-
search and Economy's results-based objective of
“creating an internationally competitive univer-
sity and research area with national coordination
of teaching and research” in the Federal Finance
Act. This is based on the observation that, in an
international comparison, there continues to be
a high proportion of students in Austria concen-
trated at the public universities. In addition to
expanding capacity in the university of applied
sciences sector, the other main objectives for the
“Future of Universities” project are setting

priorities and improving coordination between

the two central areas of the university system.

Needs for optimisation have specifically been

defined by the Federal Ministry of Science,

Research and Economy in the following areas:**

e Development of the educational profile for
universities  (scientific/artistic/professional
training — section 3 of the Universities Act
(UGJ) and universities of applied sciences
(practical training at university level — section
3 of the Universities of Applied Sciences Stud-
ies Act (FHStG))

e Specialised structuring of the courses offered
(coordination of the courses offered)

¢ Freedom of permeability within the tertiary
sector

Corresponding adjustments should be imple-
mented within the framework of the existing le-
gal framework, i.e. with no essential changes to
the Universities Act or the Universities of Ap-
plied Sciences Studies Act. At the same time, the
process represents an important milestone in the
move towards the planned introduction of uni-
versity funding based on capacity.

The process is broken down into multiple
stages: Five action areas (AAs) are defined at the
first stage in which measures aimed at improving
quality and efficiency are due to be developed
and implemented in cooperation with represen-
tatives from the universities and from the Austri-
an Science Board:

e AA 1: Alignment between the universities of
the courses offered and further development of
the universities of applied sciences sector

e AA 2:Life Sciences (particularly in the Greater
Vienna area)

e AA 3: Computer science

¢ AA 4: Humanities, social sciences and cultural
studies

¢ AA 5: Freedom of permeability within and be-
tween the higher education sectors

Operational measures and implementation pro-

posals are being developed as part of this coordi-

23 Cf. http://wissenschaft.bmwfw.gv.at/fileadmin/user upload/wissenschaft/publikationen/2015 goe UEP-Lang.pdf

24 Cf. https://wissenschaft.bmwfw.gv.at/fileadmin/user upload/wissenschaft/Zukunft Hochschulen/Projekt ZH INFO.pdf
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nation process, which is due to be completed by
the summer of 2017. The proposals will then be
integrated by the Federal Ministry of Science, Re-
search and Economy in an appropriate form into
the various control elements for the universities
sector, such as the university development plan,
performance agreements, universities of applied
sciences, funding plans and the higher education
sector structural funds.

Public procurement promoting innovation (PPPI)

The demand-side stimulation of innovation is
steadily gaining significance as a complement to
the supply-side approaches, such as direct and in-
direct funding for research, technology and inno-
vation (RTI). The “Guiding concept for public
procurement promoting innovation (PPPI] in
Austria”? adopted by the Council of Ministers in
September 2012 forms an important cornerstone
for demand-side innovation policy in Austria.
The objective is to increase the share of public
procurement funding that is used for innovations.

Crucial milestones in the implementation of
the PPPI guiding concept under the joint respon-
sibility of the Federal Ministry for Transport, In-
novation and Technology (BMVIT) and Federal
Ministry of Science, Research and Economy (BM-
WEFW) up to now include the establishment of a
PPPI service centre? as a central focal point for
PPPI queries, the creation of a network for PPPI
expertise and contact points, the inclusion of in-
novation as an additional procurement criterion
in the laws on awarding public contracts, the ini-
tiation and support of numerous PPPI pilot pro-
jects, and the creation of a Europe-wide one-time
online platform?’ for providers and consumers of
innovative solutions. Initial steps have also been

25

26 Cf. www.ioeb.at

27 Cf. www.innovationspartnerschaft.at

28 See Council for Research and Technology Development (2016).

implemented aimed at developing a comprehen-
sive concept for monitoring PPPI, with valuable
practical experience already gained as part of a
PPPI pilot survey by Statistics Austria. The
award, received in the form of a certificate of rec-
ognition at the Austrian Administration Prize
2016, highlights the role of PPPI as a tool in mod-
ernising public administration.

The Austrian Council for Research and Tech-
nology Development (RFTE) delivers a positive
testimonial for PPPI in Austria in its recommen-
dation from September 2016, but does also name
some topic areas where there is a need for action:
political backing (at the level of tangible, fre-
quently more risky innovation projects) and tan-
gible implementation across-the-board, improve-
ment in the data available on (innovation-pro-
moting) public procurement, raising of awareness
and qualification of all those involved in the pro-
curement process along with incentives and dis-
tribution of risk.?®

In November 2016 the Austrian federal gov-
ernment decided to implement further measures
in order to exploit the potential of public pro-
curement as a lever for innovation.”” Adopting
the recommendations from the Austrian Council
for Research and Technology Development
(RFTE), these measures include the introduction
of the new procedure for awarding public con-
tracts known as the “Innovation partnership”,
along with the implementation of pilot projects,
expansion of the PPPI project competition as an
element that creates incentive, development of a
training course for public procurement, and im-
provement of the data available on procurement
and/or PPPI. A total of €10 million is being made
available as new funds within the federal funding
framework in the period between 2018-2021.

.gv.at/Wirtschaftspolitik/Wirtschaftspolitik/Documents/I1%C3 %96B-Leitkonzept 2012.pdf

29 See Federal Ministry of Science, Research and Economy and Federal Ministry for Transport, Innovation and Technology (2016)
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Since individual PPPI measures (PPPI events,
PPPI service centre) have already been reviewed
and judged in a positive light as part of individual
assessments, a comprehensive evaluation will be
carried out in 2017 of the implementation status
for the PPPI guiding concept and the impact al-
ready achieved.

IP strategy

Although intellectual property has already be-
come the “key currency” for industry and re-
search today, the awareness of intellectual prop-
erty, its usage and process for dealing with it pro-
fessionally are still inadequate in Austria and in
most developed countries as well as in interna-
tional cooperation. Medium-sized Austrian busi-
nesses and innovative researchers in Austria in
particular can and must be better supported in
their efforts to safeguard their intellectual prop-
erty and in exploiting the commercial property
rights arising from this more effectively for fu-
ture innovations. Only knowledge about the best
way to handle and use intellectual property rights
strategically will safeguard national and interna-
tional success and therefore the competitive ad-
vantage for Austrian industrial drivers and re-
searchers.

Although Austria performs well in European
comparisons concerning intellectual property, a
detailed examination does reveal some clear
shortcomings. These are in the areas of the legal
and institutional framework conditions (govern-
ment facilities for funding and support), a lack of
awareness among the stakeholders of the innova-
tion system for intellectual property, as well as
an inadequate understanding and strategic use of
the functionalities of the IP system. An under-
standing should also be created in other top-
ic-based strategy areas of the federal government
that IP can also be used as a tool for better achiev-
ing the objectives of these strategies.

The IP strategy addresses the following action
areas: legal framework, institutional framework,
skill sets, raising awareness and conveying
knowledge, specific support for innovators and
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creative types with tangible exploitation of their
rights to intellectual property along with inter-
faces with the federal government's other strate-
gic topics. A total of 36 detailed measures have
been developed for these action areas which help
improve both the process for dealing with intel-
lectual property rights and the knowledge about
these rights, and should make support more ef-
fective and efficient.

As a priority, these include the establishment
of an overall Austrian portal for the Patent Office
(IP-Hub) as a central starting point for all infor-
mation and services related to intellectual prop-
erty, redefining and coordinating the service
portfolio of the Austria Wirtschaftsservice (aws)
(IP coaching at the aws), the Austrian Research
Promotion Agency (FFG) and national contact
point for knowledge transfer and intellectual
property (NCP-IP) as well as inclusion of IP crite-
ria in the funding system, further tightening and
sharpening of property right and exploitation
strategies at universities and research institutes,
establishment of an IP exploitation platform, in-
troduction of a patent cheque to support patent-
ing for research and development, free research
for theses and dissertations as well as prelimi-
nary patent applications and fast track trademark
registration.

A monitoring group is being set up comprising
representatives from the relevant ministries, the
Patent Office, social partners and selected ex-
perts in order to support implementation of the
IP strategy.

Creative Industries strategy

As a national economy with a small structure
and that is heavily focused on exports, Austria is
more reliant than ever on a high level of innova-
tion dynamics as a result of current economic
and social upheaval (e.g. globalisation, digitalisa-
tion). The creative industries can play a key role
in this through their strong innovative and trans-
formative force and can drive changes in industry
as a whole.
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The first creative industries strategy for
Austria presented in June 2016%° was elaborated
in a collective process over several months with
the involvement of various stakeholders, and
pursues the following objectives:

e Reinforce the Austrian Innovation System

* Boost the competitiveness of the creative in-
dustries

¢ Reinforce the transformational impact of the
creative industries on other industries

e Strengthen Austria's image internationally as
a country of creative culture and innovation

The eight action areas and 22 measures listed in

the creative industries strategy are based on three

interdependent pillars aimed at achieving these
targets:

e Empowerment: measures aimed at boosting
entrepreneurial competences in order to make
Austria's creative industries even more com-
petitive

¢ Transformation: measures aimed at increasing
knowledge and awareness of the transforma-
tion potential of the creative industries in or-
der to exploit their transformative impact on
other economic sub-sectors, public adminis-
tration and society

e Innovation: measures aimed at improving ac-
cess to funding and capital in order to broaden
innovation skills and expertise in the creative
industries and also increase the propensity to-
wards experiments and innovation beyond tra-
ditional R&D work

In addition to specific funding programmes for

innovation based on the creative industries (such

as aws impulse XS and aws impulse XL), the cre-

ative industries strategy also provides for im-

provements in general access to funding. This is

why efforts are being made for Austria to partici-
pate in the European Cultural and Creative Sec-
tor Guarantee Facility which is being adminis-

tered within the Creative Europe programme,
and is aimed at facilitating access to bank loans
through collateralisation of the risk.

Strategy for the future for life sciences and
pharmaceuticals in Austria

The life sciences and pharmaceuticals sectors are
of major importance both from an economic as
well as a scientific perspective for Austria as a
location for research, innovation and industry.
More than 800 firms were operating in the life
sciences sector in Austria in 2014 with
around 52,000 employees and total revenues of
€19.1 billion. A total of 31 universities and uni-
versities of applied sciences also have
around 59,000 students enrolled in correspond-
ing courses, with around 8,000 of these success-
fully graduating from their course each year.?!

A process for developing a “Strategy for the
future for life sciences and pharmaceuticals in
Austria” was launched in the autumn of 2015
with the aim of further developing the efficien-
¢y, excellence, and international visibility of
the Austrian life sciences sector and providing
the best possible support for this. One key ele-
ment included in particular anchoring the topic
as a key priority for innovation-policy processes
and strategies in Austria, in addition to increas-
ing economic and scientific competitiveness.

In order to develop the strategy, 250 stakehold-
ers from science and industry initially analysed
the actual status and the ideas for required im-
provements in a broad-based discussion process.
An online consultation on stakeholder involve-
ment was also carried out in addition to round
tables and expert discussions. A total of 27 spe-
cific measures in nine action areas were formu-
lated on this basis which were put forward in
November 2016.3? The measures include:

30 Cf. https://www.kreativwirtschaft.at/kreativwirtschaftspolitik/kreativwirtschaftsstrategie

31 See aws (2015).

32 Cf. https://www.bmwfw.gv.at/Innovation/Publikationen/Documents/Life Science Strategie barrierefrei.pdf
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e Basic research: boosting competitive basic re-
search, increasing efficiency and better use of
synergies in teaching and research

® Research infrastructure: guaranteeing access
to a state-of-the-art research infrastructure at
national and international levels

e Big Data: developing a forward-looking and
sustainable concept for e-infrastructures and
data management; reviewing involvement in
relevant European and international initia-
tives

¢ Personalised medicine: better coordination of
national research activities in the area of per-
sonalised medicine, linking in with interna-
tional initiatives

e (linical research: safeguarding Austria's ap-
peal as a location for clinical research; forma-
tion of a working group on clinical research for
exchanging information and process optimisa-
tion

e Cooperation between science and industry
and translation: continuing successful pro-
grammes for cooperation between science and
industry and ensuring effective and efficient
processes for the transfer of research findings
to industry through formation of a Transla-
tional Research Centre (TRC)

e Firms: creating excellent conditions for loca-
tion of firms; leveraging the potential of the
funds available for reinforcing the capital mar-
ket, identifying simplified administrative ef-
forts through a mixed working group (stake-
holders, social partners and ministries) and
expanding marketing for the location

e Production and market: boosting domestic
production through improved framework con-
ditions; preparing improvements to market ac-
cess by employing a mixed working group and
pushing forward with innovative public pro-
curement

e Dialogue between science and society: broad
public acceptance for the significance of sci-
ence and research as a priority in achieving
quality of life, well-being and competitive-

33 Open Innovation Strategy for Austria, http:
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openinnovation.gv.at/wp-content/uploads/2016

ness; intensifying the level of knowledge on
life sciences in society through continuation
of successful initiatives and implementation
of open innovation approaches
The time frame varies for implementing the
planned measures but the projects generally in-
volve processes for the short to medium term.

Open Innovation strategy for Austria — monitoring
implementation

In July 2016, Austria became the first EU mem-
ber state to put forward a comprehensive open
innovation strategy (OI strategy).’® With the in-
tensive participation of the population and rele-
vant stakeholders, an open-end strategy was cre-
ated in a development process that demonstrated
a vision for 2025. It consolidated the existing
challenges into three central action areas, with
14 specific measures derived from them related
to how open innovation (OI) can be enshrined in
the innovation system as a guiding principle for
action.

The national OI strategy pursues three tangi-
ble targets: Firstly the Austrian research and in-
novation system should be developed further
through the inclusion of new sources of innova-
tion and by interlinking the various stakehold-
ers. Secondly, innovations should increasingly be
generated by incorporating citizens and users in-
to the process, thereby also improving the aware-
ness with respect to innovation among the popu-
lation. Thirdly this strategy ought to boost the
efficiency and focus on results within the Austri-
an innovation system.

The measures set out in the Austrian OI strat-
egy are implemented by the individual ministries
and the relevant stakeholders within their sphere
of action. Stakeholders at the federal, state and
municipal levels are also encouraged to ensure a
vigorous strategy as best they can. At the same
time the federal government explicitly invites
interested parties from various sectors to initiate
their own OI activities.

08/Open-Innovation-barrierefrei.pdf
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A monitoring group has been set up with the
task of monitoring implementation and further
development of the OI strategy. The group sur-
veys the current implementation status for the
OI strategy in an annual stakeholder roundtable
and then reports on it as part of the Austrian Re-
search and Technology Report. The website®
represents an important communication tool in
this context where examples of best practices
and other items can be updated on an ongoing
basis. The first status survey for existing exam-
ples of implementation in December 2016 re-
vealed a large number of initiatives and projects,
of which only a few are stated here as examples.®

As the ministries in charge of the process, the
Federal Ministry for Transport, Innovation and
Technology (BMVIT) and Federal Ministry of Sci-
ence, Research and Economy (BMWFW) intend
to implement the measures set out in the OI
strategy for Austria promptly. Administration for
the application of OI methods is supported in
this context using a matchmaking platform,
crowdsourcing challenges and community man-
agement within the scope of the Public Procure-
ment Promoting Innovation initiative (PPPI) sup-
ported by both ministries. The Federal Ministry
for Transport, Innovation and Technology also
set up the online platform opendinnovation ¢ in
September 2016 which makes project results
from funded research and technological develop-
ment available to the public®’. Ministries such as
the Federal Chancellery (though GovLab Austria)
and the Federal Ministry of Agriculture, Forestry,
Environment and Water Management (BML-
FUW) and the Federal Ministry of Education
(BMB) are also making crucial contributions to
the OI strategy in their relevant spheres of ac-
tion. At the regional government level, Salzburg
stands out with its offer to SMEs of strong sup-
port and networking for OI. In Upper Austria the

34 Cf. www.openinnovation.gv.at

city of Steyr has established itself as an import-
ant OI player with the project Steyr2030 and the
follow-up Nature of Innovation initiative.

In terms of Austrian funding agencies the Aus-
trian Research Promotion Agency (FFG) has a
new pilot programme aimed at supporting great-
er use of open innovation methods and incorpo-
ration of different stakeholders in project devel-
opment processes associated with this. The Aus-
trian Research Promotion Agency (FFG) is also
making a crucial contribution to the OI strategy
with innovation laboratories and innovation
workshops, incentives for early user involve-
ment and setting of OI priorities for SME-specific
tenders. The same can be said of Austria
Wirtschaftsservice GmbH (aws). Here measure
no. 9 in particular is being dealt with, through
the establishment of a working group on com-
pensation mechanisms for OI. The planned de-
velopment of an OI toolkit designed for SMEs
could also make it much easier to implement
measure no. 10. For the purposes of implement-
ing measure no. 12, “Embed principles of open
data and open access in research”, the Austrian
Science Fund (FWF) is continuing to develop its
open access policy consistently in such a way
that almost 100% of quality-reviewed publica-
tions from FWF projects will be open access by
2020. The Austrian Patent Office is also playing
its part in enshrining OI in the R&D community,
offering services such as Patent Scan and a
planned open data initiative.

In relation to measure no. 6 “Build up research
competence for application of open innovation in
science”, efforts to establish OI in the Science
Research and Competence Center (OIS Center)
were initiated in the autumn of 2016 by the Lud-
wig Boltzmann Society (LBG), and funded by the
National Foundation for Research, Technology
and Development. The universities of applied

35 An overview of the measures and associated initiatives aimed at implementation can be found in Table 8-4 in Appendix I.

36 Cf. http://www.opendinnovation.at

37 The opendinnovation platform is based on the success of the professional platform www.nachhaltigwirtschaften.at from the Federal
Ministry for Transport, Innovation and Technology (BMVIT) which has been providing research results for more than 15 years as one

of the pioneer initiatives in the open access area.
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sciences contribute to various measures in the
strategy with projects inter alia in the areas of
eHealth, IT, awareness & gender, and also pro-
vide a large number of examples of best practices
on the OI website. The Austrian Institute of
Technology and AustriaTech are increasingly re-
lying on OI in the mobility area at times, partic-
ularly in the form of innovation and experimen-
tation environments, as stated in measure no. 1.
The first of a total of twelve funded projects was
launched in summer 2016 as part of the Top Cit-
izen Science funding initiative supported by the
Federal Ministry of Science, Research and Econo-
my, Austrian Science Fund (FWF) and OeAD, and
to which OI projects can now be submitted. Two
further rounds of tenders are due to take place by
the end of 2017.

Companies belonging to the federal govern-
ment such as ASFINAG AG and OBB Holding
AG are also getting firmly to grips with the issue
of OI. OBB Holding AG is already implementing
specific initiatives that have a broad impact with
an OI platform including innovation challenges.
At the same time, industry is also heavily incor-
porated into monitoring of implementation, rep-
resented by the Federation of Austrian Industry
and the Austrian Federal Economic Chambers.

The examples listed here are merely a selec-
tion of ongoing OI initiatives, but they do pro-
vide a very good illustration of the existing inter-
est and considerable implementation readiness
for OI on the part of industry, science, research
and administration. Implementation of the OI
strategy is aimed at achieving the vision set out
there of positioning Austria as an international
role model for the design and control of open in-
novation systems in the digital age by 2025,
based on an active OI policy. Further information
on Ol is provided in Chapter 3.1.

Austria and FP9

The latest European Research Framework Pro-
gramme Horizon 2020 is now halfway through
its term. Preparations are currently underway for
a follow-up programme with the working title
FP9. The European Commission is planning to
submit the Commission proposal earlier than
previous framework programmes because of the
elections for the European Parliament in May
2019 and the delay in negotiations they will bring
about. The Commission currently plans for a
proposal for the Fiscal Framework to be submit-
ted before the end of 2017 for the EU's next bud-
get from 2021. The proposal for the 9th Research
Framework Programme (FP9) will be then pro-
vided in the spring of 2018. For this reason delib-
erations on structuring the next framework pro-
gramme have also started earlier at the national
level. Due to the mediating role Austria will play
during the presidency of the EU, which is expect-
ed to be during a decisive stage of the FP9 negoti-
ations, a deliberate decision has been taken for
the federal government not to formulate an offi-
cial position on the FP9. The Federal Ministry of
Science, Research and Economy and Federal
Ministry for Transport, Innovation and Technol-
ogy have instead launched strategic positioning
processes.

A group of renowned Austrian experts in the
area of RTI policy was appointed as the “FP9
Think Tank”3® by the Federal Ministry of Sci-
ence, Research and Economy as the ministry re-
sponsible for the EU RTI Framework Programme
under the Federal Ministries Act, and had the
task of deliberating on future European RTI poli-
¢y and in particular the next framework pro-
gramme and developing recommendations. The
“Thesis Paper for the next EU-RTD Framework

38 The Think Tank comprised the following people: Martin Baumgartner (Austrian Research Promotion Agency (FFG)), Josef Glofil
(University of Natural Resources and Life Sciences, Vienna), Sabine Herlitschka (Infineon), Manfred Horvat (Vienna University of
Technology), Andrea Hoglinger (FFG), Katja Lamprecht (FFG), André Martinuzzi (Vienna University of Economics and Business), Helga
Nowotny (ERA Council Forum), Georg Panholzer (Federal Ministry of Science, Research and Economy (BMWFW])), Wolfgang Polt (JO-
ANNEUM RESEARCH), Martin Schmid (BMWFW, rapporteur), Klaus Schuch (Centre for Social Innovation (ZSI)), Michael Stampfer
(Vienna Science and Technology Fund (WWTTF)), Brigitte Weiss (Federal Ministry for Transport, Innovation and Technology (BMVIT))

and Matthias Weber (Austrian Institute of Technology (AIT)).
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Programme” was published in October 2016 as a
first result of the discussions in the Think Tank.*
A second more detailed paper was presented by
the FP9 Think Tank at the end of March 2017.

All stakeholders were invited to discuss the
FP9 against the background of the thesis paper as
part of the discussion event organised by the Fed-
eral Ministry of Science, Research and Economy
together with the Austrian Research Promotion
Agency (FFG) and the FP9 Think Tank on 10 Oc-
tober 2016. This discussion process was contin-
ued in an online consultation on the ERA Portal
Austria. The results of the online consultation
were consolidated in the “Summary report on
the stakeholder consultation for the next (9th)
EU Research Framework Programme” and pub-
lished on ERA.Portal. Austria.*

With its technology programmes in the RTI
priority areas of energy and environment, mobil-
ity/transport, air transport, space, ICT, produc-
tion and security as well as its structural pro-
grammes aimed e.g. at accelerating the pace of
cooperation between science and industry and at
starting up firms from the academic sector, the
Federal Ministry for Transport, Innovation and
Technology is ensuring that some important pre-
requisites are met which enable national stake-
holders to participate in the Framework Pro-
gramme and in European RTI cooperation initia-
tives (this refers to public-public and public-pri-
vate partnerships, initiatives under Article 185
and joint programming initiatives). This interna-
tional linkage is also essential for the high quali-
ty of national RTI.

A process was launched by the Federal Minis-
try for Transport, Innovation and Technology
aimed at formulating some key requirements for
the EU's future framework programme for RTI
from the point of view of applied and/or corpo-
rate research. Crucial stakeholders from indus-
try, applied research, the Austrian Research Pro-
motion Agency (FFG) and the Federation of Aus-
trian Industry and the Austrian Federal Econom-

39 See Austrian FP9 Think Tank (2016).

ic Chambers were included in this process, which
ran between June and October 2016. Positions
were worked out with involvement from em-
ployees in the Innovation division and the tech-
nology transfer and security research team at the
Federal Ministry for Transport, Innovation and
Technology, working together with the stake-
holders involved in the process, based on their
extensive experience with the EU's research
framework programmes. A position on FP9 was
prepared for the Federal Ministry for Transport,
Innovation and Technology as a result which sets
out the key structural and political, organisation-
al and contextual requirements for FP9.

Silicon Austria

There is a large consensus internationally that
the “electronic-based systems” industry (EBS) is
increasingly playing a special role for highly de-
veloped national economies. This hybrid indus-
trial sector includes firms operating in the areas
of electronics and electrical engineering, new
high-tech materials, software, frequency technol-
ogy, measurement technology, automation, pro-
cess and control technology, micro and nanoelec-
tronics, as well as photonics and system integra-
tion. The relevant products include micro and
nanoelectronic components, assemblies and
measurement, production and control devices
along with the associated embedded software,
which represent the basis for the value creation
chains for complex physical/digital systems, and
as a result make countless applications possible
in production, energy, transport, health, security,
logistics and services. The challenges that will
result over the next 20 to 30 years can be seen in
the deep structural transformation processes cur-
rently taking place: robotisation, digitalisation,
automation, “digital smartification” of process-
es, systems and products. None of this could be
achieved without the functionalities of electron-
ic-based systems (EBS). Without EBS automated

40 Cf. https://era.gv.at/object/document/3036/attach/FP9_Synthesebericht endg .pdf
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driving, the internet of things, smart homes and
smart cities as well as applications for Industry
4.0 (to name just a few examples) would all be
unthinkable. The Federal Ministry for Transport,
Innovation and Technology announced a tech-
nology-driven funding and investment pro-
gramme called SILICON AUSTRIA at the Euro-
pean Forum Alpbach 2016, which is aligned to-
wards industrial policy and has high systemic
aspirations. The aim is to bring the innovation
ecosystem in the Austrian EBS industry to world
class levels. The concepts for this were developed
over the last three years in close coordination
with the relevant leading Austrian businesses,
universities and research institutes.

Silicon Austria is based on the innovation-spe-
cific environment that EBS industries require in
order to create growth, solve and industrialise
complex technological problems, and thereby
conquer new markets. The aim is for several
tools for intervention to be consolidated in a co-
ordinated and coherent manner in an implemen-
tation plan that covers several years.

e The plan is that 3-4 endowed professorships
will be established to play a crucial role in
eliminating the critical shortages in highly
qualified staff over the next few years.

e Between 1-2 pilot factories to address critical
issues related to EBS development should be
put out for tender in coming years in order to
aid faster industrialisation processes (rapid
prototyping) and the best possible develop-
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ment environments at the interface between
universities and research institutes.

e Two Fab Labs as well as between 4-6 connect-
ed regional Makerspaces will be tendered at
Austrian universities in order to increase
transfer capacities at the universities and raise
the number of start-ups in the EBS sector.

¢ The key element in the programme, however,
is the creation of a new world class research
centre for EBS, SILICON AUSTRIA LABS
(SAL), in order to combine the hitherto frag-
mented and dislocated capacities in non-uni-
versity research into a central unit. The SALs
are designed to be a clearly identifiable physi-
cal centre with long-term prospects and a cor-
responding infrastructure that represents a
permanent landmark in EBS research in
Austria and has a differentiated international
research portfolio in order to become a leading
non-university research centre in Europe.

The Federal Ministry for Transport, Innovation
and Technology is stepping up its activities in
the areas of electronics and microelectronics
through cooperation with the firms involved
through the “Silicon Austria” funding initiative.
A key element of the initiative is the establish-
ment of a research centre which will begin work
during the course of 2017. The centre is comple-
mented by a pilot factory and at least three en-
dowed professorships that will carry out research
in the areas of electronics and microelectronics.
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Research, technology and innovation (RTI) make
a significant contribution to actively addressing
economic, ecological and demographic challeng-
es and strengthening Austria’s competitiveness
and innovative potential. Austria’s funding sys-
tem for RTT is well developed, by international
standards. Funding levels in the business enter-
prise sector in particular are amongst the highest
in the EU and in OECD countries.

Various aspects of the innovation chain, from
basic research and applied research to developing
marketable products and services, are supported
by a series of public funding agencies through the
programmes and initiatives they administer.
This chapter describes the major agencies, their
statutory basis, current figures and priorities, as
well as new strategic initiatives and funding pro-
grammes.

e The Austrian Science Fund (FWF) is the cen-
tral funding agency not only for basic research,
but also for the advancement and appreciation
of the arts. Its responsibilities include the en-
hancement and development of the country’s
scientific research systems and increasing the
attractiveness of Austria as a location for re-
search: the most important element of this is
support for researchers through stand-alone
projects. Through targeted projects the Austri-
an Science Fund (FWF) provides financial sup-
port for Austrian research centres, to help
them compete in the international market-
place for leading researchers and the best ideas.
In 2016, 624 projects received support from
the Austrian Science Fund (FWF), amounting
to a total of €183.8 million. The approval rate
of 23.7% confirms the competitive nature of
the Austrian Science Fund (FWF) funding pro-
grammes.
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e The Austrian Research Promotion Agency
(FFG) is the national agency for funding ap-
plied research and experimental development.
Using a targeted combination of funding in-
struments, which includes both direct support
for stand-alone projects in experimental re-
search (through Austrian Research Promotion
Agency (FFG) general funding programmes)
and industrially oriented structural pro-
grammes, cooperation between science and
industry is to be strengthened and developed
further. In order to achieve a "critical mass" of
research in strategically-important fields for
the future, also internationally, special em-
phasis has been placed on specific, thematical-
ly-oriented programmes. In 2016 the Austrian
Research Promotion Agency (FFG) approved
3,186 projects with a total funding volume of
€398.3 million (cash value). The approval rate
for project proposals was 65.4%.

¢ The Austria Wirtschaftsservice GmbH (aws) is
the federal development bank. Its support is
focused particularly on the transition of tech-
nological and social innovations into econom-
ic growth and enterprise creation. Activities
and instruments are purposely designed to pri-
oritise small and medium-sized enterprises
(SMEs) and start-ups. In 2016 the Austria
Wirtschaftsservice (aws) approved 3,874 fund-
ing applications (mainly credits and guaran-
tees), with an overall financing volume of
€810.9 million. The approval rate (including
competitions and calls for proposals) was
48.3% (70.5% for guarantees and 79.6% for
credits).

Austrian Research and Technology Report 2017
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2.1 The Austrian Science Fund (FWF)

Legal framework and funding aims

The Austrian Science Fund (FWF) is the Austrian central funding body for basic research and the advancement and appreciation of
the arts. It was founded in 1968 and in its present form is a legal entity established by federal law (Research and Technology Pro-
motion Act, FTF-G). The Federal Ministry of Science, Research and Economy (BMWFW) is responsible for administration of the Aus-
trian Science Fund (FWF), as defined by section 2 of the Research and Technology Promotion Act (FTF-G). This includes ensuring that
its commercial activities are conducted in accordance with the law, and that its management and administration are maintained
and supervised in accordance with the regulatory provisions. In certain matters, decisions by executive bodies of the Austrian Sci-
ence Fund (FWF) must be approved by the supervising authority (e.g. on the annual accounts and budget planning, as well as me-
dium-term planning and programmes of work).

In accordance with section 2 of the Research and Technology Promotion Act (FTF-G), the Austrian Science Fund (FWF) was estab-
lished to promote research that serves to increase knowledge and to both broaden and deepen scientific understanding, rather than
focusing on profit. The Fund is intended to support developments in science and culture, in the interests of a knowledge-based so-

ciety, and so to contribute to increased value creation and prosperity in Austria.

Instruments, key performance indicators and
priorities

The core instrument of the Austrian Science
Fund (FWF) consists of project-specific funding
for researchers in all subject areas. This includes
“Exploring New Frontiers — Funding of top-qual-
ity Research” (single project funding, interna-
tional programmes, priority research pro-
grammes, awards and prizes), “Cultivating Tal-
ents — Development of Human Resources”
(structured doctoral programmes, international
mobility, career development for researchers)
and “Realizing Ideas - Interactive Effects Science
— Society” (supporting practical basic research,
funding artistic research, publication and com-
munication and expanding Austrian Science
Fund (FWF) grant funding).

Funding approvals fell by approximately 7.8 %,
from €199.3 million (2015) to €183.8 million
(2016)" (see Table 2-3). The number of applica-
tions considered (2,569) was also smaller, with a
total volume of €790 million, which was almost
2% less than the previous year. (Table 2-1) These

trends can be attributed to a fall of approximate-
ly €22 million in the Austrian Science Fund
(FWF) budget available. Austrian Science Fund
(FWF) decisions on approval or rejection of fund-
ing applications within the available budget are
made by their experts on the basis of internation-
al evaluations. The only criterion used for award-
ing these competitively allocated funds is scien-
tific quality. For this purpose 4,723 expert opin-
ions were gathered from 66 different countries.
The largest proportion by far of the Austrian
Science Fund (FWF) grants is accounted for by
staff costs, amounting to approximately 80%
spent on employing researchers. On 31.12.2016
almost 4,000 people employed in scientific re-
search were financed by the Austrian Science
Fund (FWEF). In terms of full time equivalent
(FTE) postspositions, most of these were em-
ployed as pre-doctoral (1,341.9 FTE) and post-doc-
toral researchers (1,101.1 FTE). The proportion of
female research employees financed by the Aus-
trian Science Fund (FWF) fell by 2.8 percentage
points, or equivalently by 6.5%, amongst post-
docs in the last year and by 0.6 percentage points

1 The total volume of approvals including supplementary grants fell by around 8%, from €204.7 million (2015) to €188.1 million (2016).
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Table 2-1: Number of grants in 2015-2016

Project proposals Projects !edehy Project St(;l:;l:;lrdcehrs New Appr_ovzl rate
Programme women (in %) employees ' institutes) approvals in %
| oois | 206 [ oo6 | ome | 206 [ 2015 [ 006 | 2006 |

Stand-alone projects 1,152 1,090 25 512 43 306 285 26.1
International programmes 599 552 23 110 21 93 98 17.8
:’SriL:)t:i_tgrlr)?:ceteaIrg\tlle?)rogrammes (SRA, NRN) — new applications m 59 17 27 7 9 2% 1362
E’Sriuobri_tgr(r)?ssfIr:\tlle?)rogrammes (SRA, NRN) — extensions 61 29 1 27 8 53 17 8.6
START Programme 82 70 19 11 3 8 6 8.6
Wittgenstein Prize 21 22 9 na. 1 1 1 45
Doctoral Programmes— new applications 4 - - - - 4 - -
Doctoral Programmes — extensions 6 6 33 883 9 6 6 100
Schrodinger Programme 147 182 35 64 17 59 64 352
Meitner Programme 185 202 38 50 13 49 50 24.8
Firnberg Programme 78 71 100 16 10 22 16 225
T w & womos
Clinical research programme (KLIF) 59 81 31 17 6 5 14 17.3
Programme for Arts-Based Research (PEEK) 40 49 37 31 9 8 8 16.3
Science Communication Programme 27 22 41 9 5 7 6 27.3
Tyrol-Trentino International Project Network 35 - - - - 6 - -
Top Citizen Science Funding Initiative - 27 33 14 5 - 5 18.5
Partnership in Research - 43 21 7 6 - 6 14.0
Total 2,617 2,569 31 1,012 554 655 624 23.1

1. Figures are based on proposed project staffing. These figures may not correspond exactly with the number of employees ultimately financed for the projects.

2 The approval rate is calculated from the number of applications approved, from complete applications to conceptual plans. Concept applications are not included in this
table.

3 This figure includes proposed project staffing and proposed PhD places “fully funded by the Austrian Science Fund (FWF)" (PhD places: 81). Additional PhD places with
partial funding (“associated”, total: 134) are not included.

4 The “Total” figure is not the sum of the figures under “Stakeholders”, as any stakeholder involved in more than one programme is only counted once in the overall view.

Source: Austrian Science Fund (FWF).

Table 2-2: R&D staff financed by the agency, 2015-2016

FTE (full time equiva- Including FTE (full time equiva- Including . Change
o
Researchers
Post-docs 1,207.23 43.0 1,101.07 40.2 -6.5
Pre-docs 1,377.66 43.7 1,341.92 43.1 -14
Technical staff* 363.44 56.5 328.75 57.0 0.9
Total staff 2,948.33 45.0 2,1711.14 43.6 -3.1

* Technical and other staff.

Source: Austrian Science Fund (FWF).
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Table 2-3: Total funding in € millions, 2015-2016

Value of funding

Approval rate (approv-

ST Appl?(':l:tl;:::;;:f)ject New approvals als/a??l:i;a)tions) Total costs '
proposals °
o5 | 06 | o5 [ om6 [ 2016 [ W06 |
Stand-alone projects 356 347.5 91.7 88.1 25.4 89.2
International programmes 148.4 142.6 214 22.1 15.5 22.3
Priority research programmes (SRA, NRN) — new applications 16.3 19.8 3 11.7 13.42 11.7
Priority research programmes (SRA, NRN) — extensions 25.7 11.7 21.7 6.9 58.4 7.1
START Programme 95.6 81 9 7 8.6 7
Wittgenstein Prize 315 33 1.5 1.5 45 1.5
Doctoral Programmes— new applications 9.8 - 8.5 - - -
Doctoral Programmes — extensions 16.6 17 139 13.7 80.9 14.6
Schrodinger Programme 16.6 22 6.3 8.5 38.5 9.2
Meitner Programme 21.4 31.1 1.2 1.7 24.8 8.2
Firnberg Programme 17.7 16.2 5) 3.7 22.5 4.1
Richter Programme (including Richter Programme for the Development
and Inclusiin of the(Arts / PEgEK) ¢ ’ ) Al 2 59 2el -l
Clinical research programme (KLIF) 14.9 20.4 1.2 4 19.4 4
Programme for Arts-Based Research (PEEK) 13.7 15.9 2.6 2.8 17.7 2.8
Science Communication Programme 1.2 1 0.3 0.2 23.4 0.2
Tyrol-Trentino International Project Network 45 - 0.5 - - -
Top Citizen Science Funding Initiative - 1.3 - 0.2 18.8 0.2
Partnership in Research - 9.4 - 13 13.6 1.3
Total 818.2 790 199.3 183.8 214 188.1

1 Total costs include supplementary amounts approved for ongoing projects in addition to new approvals. These supplementary amounts cover items such as inflation allow-

ances, accounting allowances and pension insurance payments.

2 The approval rate is calculated from the number of applications approved, from complete applications to conceptual plans. Concept applications are not included in this

table.

Source: Austrian Science Fund (FWF).

(1.4%) among the pre-doctoral researchers, but
was expanded slightly amongst technical staff by
0.5 percentage points (0.9%).

In 2016 the majority of new approvals were in
the field of Biology (approximately 20%) (see Ta-
ble 17 in the statistics appendix), followed by
Mathematics (approximately 14%) and Medical
Sciences / Pharmacology (approximately 12%).
At a higher, aggregated level, these structures re-
main comparatively stable from year to year.
This is reflected in the three subject categories of
the Austrian Science Fund (FWF) (“Biology and
Medicine”, “Natural sciences and Engineering”,
and “Humanities and Social Sciences”), with a
rough distribution of 40-40-20.

Consistent with the goal of increased support
for basic research, universities were the largest
group of funding recipients (see Table 18 in the
statistics appendix). They received about 83% of

Austrian Research and Technology Report 2017

new funding approvals in 2016, followed by the
Austrian Academy of Sciences (about 8%) and
non-university research institutes (about 7%].

Differentiating between provinces shows that
those provinces where there are several universi-
ty research institutes understandably had/have a
competitive advantage in grant approvals So in
2016 Vienna was the region with the highest lev-
el of Austrian Science Fund (FWF) funding, with
around €109 million, ie. 59% of the total
amount. The remaining federal provinces re-
ceived a combined total of approximately €75
million (41%) from the Austrian Science Fund
(FWF): the largest of these were Tyrol with ap-
proximately €26 million (14.3%) and Styria with
approximately €23 million (12.6%). Research
centres abroad received €0.1 million (0.1%).

The National Foundation for Research, Tech-
nology and Development (NFTE) provided
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matching funds, based on cooperation agree-
ments between the Austrian Science Fund (FWF)
and most provinces. This allows projects which
—despite extremely positive evaluations — cannot
be financed by the Austrian Science Fund (FWF)
itself, due to budget constraints, to be recom-
mended to the regional governments for funding.
If a project is accepted for financing by a state
government, this covers 50% of the costs, and
the other half is covered by funds from the NFTE.
In 2016 there were 17 such projects across five
states which received a total of €4.2 million in
financing.

Strategic developments

The new executive committee of the Austrian
Science Fund (FWF) took office on 1 September
2016 under the chair of Klement Tockner. This
completed the implementation of the amended
Research and Technology Promotion Act (FTF-G):
the post of President of the Austrian Science
Fund (FWF) is now a full time professional role
rather than voluntary.

For several years the Austrian Science Fund
(FWF) has supported an effective open access pol-
icy. In 2016, 92% of all quality-checked publica-
tions listed in Austrian Science Fund (FWEF) final
reports were available on an open access basis.
Working closely with Austrian research insti-
tutes and international partners, through initia-
tives such as the Max Planck Society’s “OA2020”,

the aim is to make almost all quality-checked
publications freely accessible by 2020.

Trends in the portfolio of instruments

The Austrian Science Fund (FWF) also seeks pri-
vate funding for basic research. Existing support
from the “Dr. Gottfried und Dr. Vera Weiss-Wis-
senschaftsstiftung” and the “ASMET-For-
schungspreis” was enhanced in 2016 by two fur-
ther foundations - the “Herzfelder’sche Familien-
stiftung” and the “Internet Privatstiftung
Austria” (IPA). Together these four foundations
provide financing for Austrian Science Fund
(FWEF) research projects totalling €1.6 million per
year.

In 2017 the funding portfolio is to be expanded
by two new initiatives which will strengthen the
competitive elements in research funding. The
1,000 Ideas Programme” focuses on support for
new, innovative fields of research, which have
great potential, but are also a high-risk category.
The strategic plan of the Austrian Science Fund
(FWF) also includes financing 100 additional Fu-
tures professorships between 2018 and 2021, to
help establish the international appeal of Austria
as a science location.

The federal government has promised the
Austrian Science Fund (FWF) a total of €281 mil-
lion for 2018-2021, as announced in the presen-
tation to the Austrian Council of Ministers on 8
November 2016. The current allocation of €184

Table 2-4: Austrian Science Fund (FWF): New initiatives and funding instruments

Funding programme/initiative Target group Objective

Financial funding instruments

1000 Ideas Programme Researchers

“Futures professorships”

Networks

Source: Austrian Science Fund (FWF).
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Universities and research institutes

Universities and research institutes

Funding for research in new, high-risk areas with
potential

Creation of competitive career options for top young
research talent and promotion of Austria as a re-
search location

Pooling, processing, analysis and publication of large
volumes of digital data in international and interdis-
ciplinary working groups

Austrian Research and Technology Report 2017
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million p.a. for the Austrian Science Fund (FWF)
is being increased year on year with new govern-
ment funding from the Federal Ministry of Fi-
nance (BMF) up to €290 million by 2021. This
budgetary increase is intended to facilitate in-
creased scope for innovative projects, to open up
research and to establish new forms of coopera-
tion. It could also alleviate emergency measures
introduced due to budgetary limitations, such as

2.2 The Austrian Research Promotion Agency (FFG)

Legal framework and funding aims

the “Two-project limit” and the upper limit of
€400,000 for funding applications. In addition
the Austrian Science Fund (FWF) also plans to
take an even more prominent leading role in fu-
ture in developing the quality of expert evalua-
tion and selection processes. The FWF is also
working with research institutes to expedite the
further development of an Open Science strategy,
as a basis for Open Innovation (see chapter 4.1).

The Austrian Research Promotion Agency (FFG) is the national agency for funding applied research and experimental development. It
was founded on 1 September 2004 by the “Act on the Establishment of the Austrian Research Promotion Agency” (FFG-Gesetz: Feder-
al Law Gazette | no. 73/2004). The Austrian Research Promotion Agency (FFG) is fully owned by the Republic of Austria. The agency is
sponsored by the Federal Ministry for Transport, Innovation and Technology (BMVIT) and the Federal Ministry of Science, Research and
Economy (BMWFW). As a provider of funding services the Austrian Research Promotion Agency (FFG) also works for other national and
international institutions (e.g. the Federal Ministry of Finance (BMF), Austrian Economic Chambers (WKO) and Austrian Federal Rail-
ways (OBB)). The Austrian Research Promotion Agency (FFG) also supports the implementation of the programme of the Climate and
Energy Fund (KLIEN), taking responsibility for funding offered through federal-state partnerships and evaluating applications for re-
search tax premiums. In addition the Austrian Research Promotion Agency (FFG) provides strategic inputs for the development of
Austrian RTI policy, based on continued monitoring of national, transnational and European programmes.

The Austrian Research Promotion Agency (FFG) supports RTI policy in 1) broadening the basis for innovation, 2) structural change
(e.g. start-ups and funding for particularly risky but strategically important R&D proposals) and 3) strengthening the basis for
Austrian research and innovation in strategic areas (e.g. energy, manufacturing, mobility, ICT). Improving the interaction between
science and industry, promoting young talent, supporting career development in applied research for science and industry, and
improved equality of opportunities are further goals for the Austrian Research Promotion Agency (FFG), which are being implement-
ed through a wide-ranging portfolio of funding instruments.

Instruments, key performance indicators and
priorities

The range of funding instruments provided by

the Austrian Research Promotion Agency (FFG)

is varied and includes:?

¢ Projects which involve exploring possible re-
search and development themes and options
for innovation, and devising initial preparato-
ry steps for projects (entry)

e Specific R&D projects, from targeted basic re-
search through to market-oriented develop-

ment projects (RDI projects), in the form of
both stand-alone projects and R&D projects in
cooperation with other firms and institutions

e Structural projects to facilitate the develop-
ment and improvement of structures and in-
frastructure for research and innovation

e Person-specific projects to promote young tal-
ents, develop the qualifications of R&D per-
sonnel and improve equality of opportunities

e R&D services required to implement commis-
sioned R&D for research investigations on
specific issues

2 For an overview of the current portfolio of the Austrian Research Promotion Agency’s funding instruments see https://www.ffg.at/

instrumente-ueberblick
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Table 2-5: Number of grants in 2015-2016

Applications

Programme structure

FFG (Total) 4,392 5,270
General Programmes Area 1,821 2,191
Structural programmes area 1,412 1,734
Thematic programmes area 1,094 1,264
Aeronautics and Space Agency (ALR) 65 81
European and International Programmes 4

New projects Participations Stakeholders

419

Approval rate
in %

3,186 5,497 3,113 65.4
1,328 1771 1,322 66.1
1,360 2,151 1,352 46.5
470 1,520 922 4338
28 55 38 71.8
75.0

1 Small-scale programmes (“cheque” formats and internships) are not included when calculating the approval rate.

Source: Austrian Research Promotion Agency (FFG).

In the 2016 reporting period the Austrian Re-
search Promotion Agency (FFG) received 5,270
applications for funding, of which 3,186 were ap-
proved. This represents an increase of approxi-
mately 20% in applications, while the number of
approvals grew by around 14% compared to the
previous year. In the 2016, 65% of all funding ap-
plications were approved. The general funding
area (“General Programme”), which particularly
covers stand-alone projects, saw an increase in
project approvals of almost 11%. The structural
programmes area, which particularly covers the
COMET programme for competence centres,
saw an increase of almost 15%, while in the area
of topic-based programmes it was 12%.

With regard to the volume of approved funding,
in the 2016 reporting year new funding (including
loans and liabilities) amounted to €521.5 million.
This corresponds to a cash value of €398.3 mil-
lion. Around 42% of the total cash value of new
funding approvals was allocated to the general

funding area, 41 % to the topic-based programmes
area, 15% to structural programmes and 2% to
support for the Aeronautics and Space Agency
(ALR). There were no funding programmes during
the reporting year in the area of European and In-
ternational Programmes. Within the general
funding area the emphasis is on the “general pro-
gramme”, which covers R&D projects in individ-
ual firms. Amongst the structural programmes,
the majority of newly approved funding is ac-
counted for by the COMET programme for com-
petence centres, and by the COIN programme
which is focused on improving the transposition
of knowledge into innovation. In the topic-based
area the research emphasis is on energy, mobility,
manufacturing and ICT.

As far as the range of topics is concerned, ap-
proximately 23% of newly approved funding
awards are for the manufacturing sector, 20% for
the ICT sector and 17% for energy/environment
(see Table 19 in the statistics appendix). Mobility

Table 2-6: Total funding in € millions, in FFG categories, 2015-2016

FFG (Total)

General Programmes Area

Structural programmes area

Thematic programmes area

Aeronautics and Space Agency (ALR)
European and International Programmes

Source: Austrian Research Promotion Agency (FFG).
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467.1
283.5
26.3
157.1
0

0.2

521.5 398.3 1,001.9
291.7 168.5 563.8
57.9 57.9 131.2
164.3 164.3 297.5
1.6 1.6 9.4

0 0 0
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and Life sciences topics accounted for a further
12% and 11% respectively of the total approved
funding in 2016.

An analysis of how Austrian Research Promo-
tion Agency (FFG) funds are distributed among
the provinces shows that in 2016, Vienna was the
frontrunner with a 28 % share (see Table 20 in the
statistics appendix). The more industry-oriented
federal provinces of Upper Austria and Styria re-
ceived 23% and 20% of funds respectively. The
relative share of funding allocated to Vienna has
increased significantly since 2014, and in Styria
it dropped significantly in 2016 compared to two
years earlier, while Upper Austria maintained its
relative share. For the remaining federal provinc-
es the funding statistics show no significant
changes.

Strategic developments

In 2016 the Austrian Research Promotion Agen-
cy (FFG) placed special emphasis on optimising
internal processes. The web-based funding appli-
cation system eCall was significantly improved
and linked to the federal government’s business
service portal, creating an additional access point
to eCall and so to the Austrian Research Promo-
tion Agency (FFG). Further improvements to
eCall have made it more convenient for both cli-
ents and employees of the Austrian Research
Promotion Agency (FFG). To simplify access and
orientation for the funding options, particularly
for new clients, the Austrian Research Promo-
tion Agency (FFG) and the Austria Wirtschafts-
service (aws) jointly established (in 2016) the in-
ternet portal www.foerderpilot.at in 2016. This

Table 2-7: Austrian Research Promotion Agency (FFG): New initiatives and funding instruments

Funding programme/initiative Target group Objective

Financial funding instruments
Patent.Scheck

https://www.ffg.at/programme/
patentscheck

SMEs and start-ups

R&D infrastructure Research institutes and
https://www.ffg.at/FuE-Infrastruktur firms
foerderung_Details

Innovation laboratories in thematic
proposals:

https://www.ffg.at/programme/
mobilitaet-der-zukunft

https://www.ffg.at/programme/produktion

mercial institutions

Open-topic innovation laboratories
https://www.ffg.at/innovationswerkstatt
Services and consultancy

FFG Quick Check
https://www.ffg.at/QuickCheck

all potential funding recipients
especially SMEs and start-ups

Source: Austrian Research Promotion Agency (FFG).

Austrian Research and Technology Report 2017

® |mproved security for IP
o Easier access to professional IP protection

o (Timely) Early clarification of the “freedom to operate”, providing
a sounder basis for decision-making when devising a business
model

o Update and develop R&D infrastructure as required
o Shared use of top quality R&D infrastructure

o Support for priority-setting and development strategies for Austri-
an research institutes

e Development and expansion of R&D infrastructure in commercial
use by Austrian firms

Firms, research institutes, other non-com- e Create open innovation and experimental spaces

(see chapter 1.3 “Open innovation strategy for Austria —
monitoring progress”)

e Easier access to innovation infrastructure and innovation partners

o |mproved practical performance through provision and develop-
ment of test environments under real-life conditions

e |mproved innovation skills

o Reduce cost of searching for suitable funding opportunities

e Develop needs-oriented consulting options for potential funding
recipients

o |mprove targeting of available funding formats

51



2 Major Federal Funding Agencies in Austria

platform is increasingly becoming the central
access point for various federal and state funding
programmes, not only for research, innovation
and financing.

Trends in the portfolio of instruments

One focus area in 2016 was the further develop-
ment of cooperation between science and indus-
try, which was reflected partly in thematic calls
for proposals in manufacturing, energy research
and mobility research, and also in the continua-
tion of structural development projects such as
COMET. In 2016 eight new COMET projects re-
ceived funding amounting to a total of approxi-
mately €12 million. These include for example
the digitalisation of the waste management in-
dustry, or safety aspects of e-vehicle batteries. A
new design was also devised for the COMET pro-
gramme, in collaboration with all stakeholders.
Centres are no longer being categorised into two
types (K1; K2); this is being replaced by a more
flexible modular approach.

There are two new programmes in the portfo-
lio of instruments which aim to expand the tradi-
tional scope of R&D project support: research
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infrastructure funding and funding for patent
checking (see Tables 2-7). Research infrastruc-
ture funding is designed to help firms and re-
search institutes to install or upgrade R&D infra-
structure such as laboratories or measuring
equipment, while the “Patent.Scheck-Funding”,
which is run jointly with the Austrian Patent Of-
fice, aims to help start-ups and SMEs with free
advice on questions about patents. Demand for
both these new instruments has been very high
right from the start. The Austrian Research Pro-
motion Agency (FFG) is increasing its efforts to
address innovation in all its many forms. Fur-
thermore the approach to innovation, which has
previously centred on R&D, is becoming notice-
ably more open. This will be reflected in the
range of programmes available, amongst other
things through the “Impact Innovation” pro-
gramme, which was launched in February 2017.
To do justice to the ambition of supporting firms
to make more radical innovative leaps and to
promote early entry into new areas, a new fund-
ing option (“Early Stage”), open to all topic areas,
is being offered for enterprise projects at a very
early stage of development.

Austrian Research and Technology Report 2017
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2.3 Austria Wirtschaftsservice (aws)

Legal framework and funding aims

The Austria Wirtschaftsservice GmbH (aws) is the Republic of Austria’s wholly owned funding bank for Austrian industry. It was
founded by the Act to establish the Austria Wirtschaftsservice (Federal Law Gazette 130/2002), effective from 31 December 2001,
and opened on 1 October 2002 under special legislative provision. Owners’ interests are represented by the Federal Ministry for
Transport, Innovation and Technology (BMVIT) and the Federal Ministry of Science, Research and Economy (BMWFW), which appoint
the management team and supervisory board of the Austria Wirtschaftsservice (aws). The principals are the owners (the Federal
Ministry of Science, Research and Economy (BMWFW) and the Federal Ministry for Transport, Innovation and Technology, (BMVIT))
and other federal ministries, states and public bodies. The Austria Wirtschaftsservice (aws) also supports the implementation of
Climate and Energy Fund (KLIEN) programmes.

In accordance with its legal remit, the Austria Wirtschaftsservice (aws) is the central point of contact for promoting growth and
innovation (section 2 of the aws Act). The essential functions of the Austria Wirtschaftsservice as defined in the Act include: pro-
tecting and creating jobs, strengthening competitiveness with consideration for the special significance of funding for technology
and innovation, supporting research locations by awarding and implementing firm-related federal funding for industry, with consid-
eration of the special significance of funding for technology and industry for business development and value creation, and the

provision of finance and advisory services in support of industry.

Instruments, key performance indicators and
priorities

The Austria Wirtschaftsservice (aws) focuses
principally on five phases of enterprise develop-
ment through which it supports firms. The en-
terprise phases, which can be summarised into
two core priorities, “new venture” and “growth
and industry”, are: Entrepreneurial spirit, tech-
nology evaluation, new venture, introduction of
new products and services, and growth leaps:
e Austria Wirtschaftsservice (aws) guarantees
allow the absence or insufficiency of bank col-
lateral to be balanced out, making it possible

Table 2-8: Number of grants in 2015-2016

Programme

/Instrument
Total 9,199 8,025
Guarantee 1,503 1,458 n.a.
Loan 1,451 1,416 n. a.
Subsidy 5,579 4,467 n. a.
Participation 666 684 n. a.

Source: Austria Wirtschaftsservice (aws).
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to obtain third-party financing (credits, mezza-
nine financing and leasing) and easing this pro-
cess. In this way they can counteract a capital
market failure which inhibits particularly in-
novative ventures, innovation projects and
leaps in business growth, as insufficient secu-
rities are particularly common for these proj-
ects, giving rise to the concept of a “securities
squeeze”.

The Austria Wirtschaftsservice (aws) instru-
ment erp-credit addresses a firm’s finance situ-
ation, aiming to facilitate access to financing,
improve the financing structure and reduce
costs of financing. Aws erp-credits offer partic-

Applications Participations | Stakeholders New approvals Approval rate in %

n.a. 5,126 3,874 483
n.a. 975 1,028 70.5
n.a. 1,148 1,127 79.6
n.a. 2,975 1,676 37.5
n.a. 28 43 6.3
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Table 2-9: Total funding in € millions, 2015-2016

New approvals

Applications (including liabilities
Programme and loans)

2015 2016 2015 2016
Total 9,199 8,025 5,126 3,874
Guarantee 1,503 1,458 975 1,028
Loan 1,451 1,416 1,148 1,127
Subsidy 5,579 4,467 2,975 1,676

Participation 666 684 28 43

Source: Austria Wirtschaftsservice (aws).

ularly high planning security for firms, be-
cause of their maturity options and low fixed
interest rates.

e Aws grants strengthen the equity basis of a
firm and so reduce both existing financing
hurdles and the costs of financing. Grants are
often awarded for new ventures, technologi-
cally oriented developments, projects in cre-
ative industries and investment initiatives as
well as for development and advisory initia-
tives or for the implementation of intellectual
property (IP) measures.

e Equity capital instruments provided by the
aws serve to reduce the financing gap for start-
up firms and growth-oriented, innovative
firms which results from the failure of tradi-
tional finance markets in Austria, particularly
in the area of equity capital and venture capi-
tal financing. Equity capital allows the realisa-
tion of innovative, promising but high-risk
projects.

¢ In addition to the four finance instruments the
aws also offers non-monetary support in the
form of coaching services for businesses and
potential investors, through which the users
have access to comprehensive know-how of
the aws and to existing networks.

Due to the phasing out of broad-impact pro-

grammes (e.g. aws Start-up Premium, aws Start-

up Cheque) the 2016 trend for the portfolio of
instruments shows a reduction in finance ap-
provals. This is reflected primarily in a reduced
number of grants awarded. In the area of guaran-
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Cash value of new ap-
provals (including liabili-
ties and loans)

Approval rate
(cash value of
approvals/applications)

Total project costs

106.6 n.a. 1,691.9

14.6 n.a. 408.5
18 n.a. 722.6

73.9 n.a. 527.1
0 n.a. 33.7

tees (especially with start-up guarantees and dou-
ble equity) there was a 5.4% increase in approv-
als in 2016. The high level of applications for aws
guarantees illustrates the challenging finance
situation for Austrian firms, which are facing a
“security squeeze”, due to the reluctance of Aus-
trian banks to finance new ventures, or innova-
tion and growth projects.

Financing of €810.9 million was approximate-
ly equivalent to the value of the previous year.
The value of guarantees was 6.2% or €13.2 mil-
lion higher than the previous year. The cash val-
ue rose by 3.1% to €106.6 million.

With regard to the distribution of grant recipi-
ents across different sectors, it can be seen that in
2016 manufacturing accounted for the largest
proportion of newly approved funding, with 37%
of the total, although this has fallen significantly
since 2014 (see Table 22 in the statistics annex).
In contrast, the proportion of newly approved
funding rose for the services sector, trade and the
food and beverages industry.

Around 30% of newly approved funds went to
small businesses, followed by 28% to medi-
um-sized enterprises (see Table 23 in the statis-
tics annex). A total of 23% of newly approved
funding from the Austria Wirtschaftsservice
(aws) was accounted for by sole proprietorships
(EPUs) and micro businesses with fewer than ten
employees.

The federal provinces of Upper Austria and
Lower Austria, with 39% and 17% respectively,
received more than half of the total Austria

Austrian Research and Technology Report 2017



2 Major Federal Funding Agencies in Austria

Wirtschaftsservice (aws) financing in 2016 (see
Table 24 in the statistics annex). A further 10%
went to Styria and 9% each to Carinthia and Vi-
enna, 7% to Salzburg, 6% to Tyrol, 2% to Vorarl-
berg and 1% to Burgenland. Compared to 2015,
financing was increased in Upper Austria, while
the proportion of financing for Styria fell signifi-
cantly.

Strategic developments

The Austrian Council of Ministers approved the
Start-up Package and Investment Initiative, in-
structing the Austria Wirtschaftsservice (aws) to
develop major new financing programmes. In
2017 the aws, as funding bank for Austrian in-
dustry, will for the first time offer support total-
ling over €1 billion —in credits, guarantees, grants
and participation as well as services and consult-
ing. New grant instruments will be particularly
important here, such as funding for non-wage la-
bour costs, the aws investment premium for
growth, the aws venture capital premium, the
expansion of aws guarantees and a more flexible
approach to aws erp-credits. An additional €100
million per year is planned even for just three
Austria Wirtschaftsservice (aws) programmes:
Non-wage labour costs for innovative start-ups,
Venture capital premiums and Investment pre-
miums for growth. These programmes have been
available to funding applicants from January
2017 onwards.

The introduction of the employment bonus to
reduce non-wage costs for all firms from 1 July
2017 will not only increase the value of Austria
Wirtschaftsservice (aws) financing dramatically,
but also make a significant contribution to aws
objectives of creating growth and employment.
Additional financing of €2 billion will support
30,000 firms in creating 150,000 jobs.

Trends in the portfolio of instruments
Lastly the Austria Wirtschaftsservice (aws) port-

folio of instruments has been substantially ex-
panded. At a summit on labour and the economy
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on 30 October 2015 the federal government had
already agreed to strengthen aws guarantees.
Measures such as increased upper limits, a great-
er appetite for risk, reductions in handling fees
and guarantee costs, availability of guarantees for
non-investment measures for innovation and
growth, and a broader geographical base for proj-
ect guarantees should ensure that from 2017 on-
wards more guarantees are provided by the
Austria Wirtschaftsservice (aws).

The 2017 erp programme and guidelines put
forward by the federal government include fur-
ther improvements and enhancements of the aws
erp-credits for firms in Austria: Small aws
erp-credits are being expanded to include financ-
ing up to €500,000 (with no upper limit for proj-
ect costs). This allows even more firms very sim-
ple access to low-interest financing.

On 5 July 2016 the Austrian Council of Minis-
ters approved two new grant programmes for in-
novative start-ups: Austria Wirtschaftsservice
(aws) funding for non-wage labour costs and the
aws venture capital premium. The requirement
for both programmes is that the firm applying (to
aws for non-wage labour costs), or the firm seek-
ing investors (in the case of aws venture capital
premiums) must be an innovation start-up. A
subsequent decision by the Austrian Council of
Ministers on 25 October 2016 approved the
Austria Wirtschaftsservice (aws) investment pre-
mium for growth, as an additional financing
measure intended to create an incentive for busi-
ness investments, with the aim of making Aus-
trian firms more inclined to invest, and boosting
growth and employment.

The new IP.Coaching and IP.Market schemes
continue aws’s successful support programme for
firms and research institutes seeking commer-
cial realisation of intellectual property rights.
The focus of IP.Coaching is on development and
implementation of firms’ product-specific IP
strategies, through coaching and financing. IP.
Market is a programme for SMEs in technology
development and for research institutes which
supports commercial realisation and transition
to market for innovations or new technologies,
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taking them beyond the firm or research insti-
tute.

New funding initiatives still at the planning
stage involve a programme for funding non-wage
labour costs for additional employees, the
“Translational Research Center for Life Scienc-
es”, and equity capital initiatives. A key factor
here is the so-called “Employment bonus”, a pro-
gramme for funding non-wage labour costs for
additional employees, approved by the Council
of Ministers on 21 February 2017. In line with
the strategy for the future “Austria as a research
location for life sciences and pharmacology” (see
Chapter 1.3), the Austria Wirtschaftsservice
(aws) is planning to establish a “Translational

Research Center”, focusing on medical biotech-
nology, with co-financing from the industry; this
will strengthen the potential for developing drugs
and the commercial exploitation of existing re-
search strengths in Life Sciences. Two more equi-
ty capital initiatives are also in preparation: The
“Uni Spin-off Fund” is intended to mobilise ven-
ture capital for entrepreneurial spin-offs seeking
commercial exploitation of research results from
Austrian universities, and the “Private Equity
Growth Fund” provides venture capital to fi-
nance Austrian firms in the expansion phase. For
both these initiatives a substantial share of the
investment capital comes from public funding
(via aws).

Table 2-10: Austria Wirtschaftsservice (aws) New initiatives and funding instruments

Financial funding instruments

aws funding for non-wage staff costs innovative and high-growth

small and micro enterprises

aws venture capital premium innovative and high-growth

small and micro enterprises

aws premium for growth investment SME

Premium for growth investment Large firms (not SMEs)
for large firms

aws employment bonus All firms

AplusB scale-up Incubators, consortia

Translational Research Center
Uni-Spin-off Fund Innovative Spin-offs

Austrian
private equity growth fund

innovative and high-growth
small and micro enterprises

Services and consultancy
aws IP.Coaching
aws IP.Market

technology-based SMEs

technology development SMEs and
research institutes

Forderpilot.at/24 h Quick Check All firms

Source: Austria Wirtschaftsservice (aws).
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Universities, Biotech, Pharmaceuticals

Grant for innovative start-ups providing jobs for the first time

This funding programme is designed to facilitate access to venture
capital for innovative start-ups. Funding is provided for investors’
participation in innovative start-ups.

New investments in a place of business in Austria
New investments in a place of business in Austria

Funding for non-wage staff costs for additional employees

RTl-based new enterprises with high growth potential in an academic
environment

Commercial implementation of university-based drug development

Venture capital for entrepreneurial spin-offs seeking commercial ex-
ploitation of research results from Austrian universities

Follow-on financing for (capital-intensive) further development steps
for start-ups

Development and implementation of the IP strategy

commercial exploitation and transition to market for innovations or
new technologies, taking them beyond the firm/research institute

Overview of Austrian research and industry funding

Austrian Research and Technology Report 2017
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3 New Innovation Paradigms

This chapter presents some current trends that
are fundamentally changing the ways or the out-
come of innovation activities (also referred to as
“new innovation paradigms”).

Chapter 3.1 describes such a change using the
example of “opening” up innovation processes:
science and industry have been confronted with
a paradigm changed for some time now - from
traditional, somewhat closed innovation con-
cepts in which the innovation activity is primar-
ily focused on a single stakeholder (firm, research
institute), to newer approaches that are currently
summarised under the term “open innovation”
and in which a number of stakeholders collabo-
rate on the innovation process. Examples of such
newer and more open innovation processes in-
clude collaborative, user-driven innovation,
co-creation and crowdsourcing, in which a num-
ber of research institutes, firms or users are in-
volved in the innovation process. This chapter
will present and discuss the driving forces behind
the development of open innovation and which
empirical findings have been found for Austria.

A further paradigm shift is being pursed in RTI
policy in many countries: attempts are increas-
ingly being made to promote so-called “radical”
innovations — against the backdrop of the obser-
vation that it is these kinds of innovation in par-
ticular that tap into new areas of business, often
establish new economic sub-sectors and form the
basis for the rapid growth of successful firms.
However, there are many characteristics that de-
termine the radical nature of change and thus
there are also different concepts underlying the
corresponding political approaches. Chapter 3.2
therefore distinguishes between the term “radi-
cal innovation” and related terms such as “scien-
tific breakthrough” and “ground-breaking devel-
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opments” and attempts to establish clear defini-
tions. This is followed by an international com-
parison of Austria’s performance in terms of the
quality of research, inventions and innovations
as well as a discussion of RTI intervention op-
tions to support “Major Innovations” that com-
bine both new technological developments and
economic effects. The chapter will conclude
with an examination of current discussion pro-
cesses on a national level regarding support for
innovative and risky research.

Finally, a further new innovation paradigm
known as “responsible research and innovation”
(RRI) has gained traction in Europe in recent
years. Established as an interdisciplinary issue in
the European Research Framework Programme,
Horizon 2020, RRI's goal is to integrate different
aspects of responsibly managed research and in-
novation that meets societal requirements (e.g.
participation, openness, ethics, gender) into spe-
cific research activities, while also addressing as-
pects of open innovation. The companies’ de-
mands for the quality of the research and innova-
tion process must therefore be specifically de-
fined. Chapter 3.3 presents the practical imple-
mentation of RRI in Austria and, among other
things, showcases “citizen science” approaches,
with the goal being to strengthen the dialogue be-
tween science and the general public.

3.1 Open innovation, copyrights and trademarks

The topic of open innovation (OI) has been at-
tracting increasing attention in innovation poli-
cy and practice over the past ten years. When
looking for new possible solutions for changing
technological and market developments (in-
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cluding digitalisation), firms are opening up
their networks and innovation processes to se-
lect external stakeholders, such as research in-
stitutes, suppliers and sometimes even compet-
itors. There have also been signs of increased
awareness among firms and researchers for the
involvement of citizens and end users in the in-
novation process (“co-creation”) to find new in-
novative paths together. Exploiting the poten-
tial for innovative forms of networking, ex-
changing knowledge and cooperating in a global
digital world present a particular challenge for
small, open and highly developed economies
such as Austria. Information technology, the in-
ternet, new social media and the creation of
knowledge markets are the particular drivers
and characteristics of OL

While creating innovation requires a degree
of openness, the commercialisation of innova-
tions also needs certain mechanisms (depending
on the business strategy) to protect knowledge
and resources, with rights to intellectual proper-
ty playing a major role here. Open innovation
processes and deeper cooperation therefore also
raise questions about how to handle intellectual
property as well as about options to protect it
via intellectual property rights (IPR). Although
these can represent an incentive for innovation
activities, in many cases they also pose a barrier
to the exchange of knowledge or the further de-
velopment and diffusion of innovation. In addi-
tion to protecting intellectual property, the
commercial options and possibilities for the di-
rect marketing of rights and intellectual proper-
ty, i.e. licensing, are also relevant here. It is of-
ten unclear to many firms and research insti-
tutes where they can sensibly implement IPR
and which effects are directly associated with
this. This poses new challenges both for firms as
well as for RTI policy.

1 See Chesbrough (2003).
2 See Dahlander und Gann (2010).
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Against the background of the open innova-
tion strategy processes (OI strategy) ongoing or
already completed in Austria as well as the differ-
ent options to utilise IPR in innovation processes
(see Chapter 1.3 “IP strategy”), the following
chapter provides an overview of the goals and
motives of OI activities and a glimpse of the em-
pirical findings for Austrian firms. This is fol-
lowed by an overview of trends on European lev-
el as well as a presentation of initiatives and
measures on national level.

3.1.1 Goals and motives

The idea of open and interconnected innovation
is based on the premise that firms’ innovation
activities increasingly comprise information
and knowledge that were originally developed
beyond their traditional frontiers.! Interaction
and cooperation with customers play a particu-
larly important role in the use of external sourc-
es of ideas and innovation. This type of OI is
referred to as an “outside-in strategy”. Howev-
er, OI also means the commercialisation of as
many ideas and technologies developed within
the scope of R&D activities as possible, with
different external sources, stakeholders and
channels being used in this process (also known
as “inside-out strategy”). Examples of this in-
clude the founding and funding of spin-off firms,
the licensing of patents and the formation of
joint ventures and alliances.

Innovation processes are characterised by
phases that have different levels of openness.? In
practice, this leads to a combination of somewhat
closed and somewhat more open innovation ac-
tivities, with the latter involving primarily com-
plementary partners. The acquisition of external
knowledge (outside-in) is interwoven with the
marketing of ideas (inside-out) to be able to devel-

Austrian Research and Technology Report 2017



3 New Innovation Paradigms

Fig. 3-1:

Changes in the way partners collaborate
in the value chain

Obtain innovative ideas from partners
for new products/services

Reduce or spread technological risks

Using IPR in a better and more efficient way

Reduce the risk of market
introduction and access

Reduced “time-to-market”

Increasing market power of competitors

Responding to the economic crisis

Change in the company's internal
strategy (top management driven)

Opportunity to obtain public funding

O Microenterprises

Note: n = 465-606.

Drivers and motives for cooperation with partners (by size of firm)

O Small enterprises

Median value
(0 = Do not agree, 100 = Agree completely)

O Medium-sized enterprises @ Large firms

Source: European Commission (2016). Calculations: JOANNEUM RESEARCH.

op innovations together.® A series of such forms
and strategies, all of which can be seen as forms of
O], has taken hold in recent years. Examples in-
clude the concepts of “user-driven innovation”
and “crowdsourcing”, in which users are actively
involved in the innovation process.

According to a recent study* on a European
level, firms associate the term OI above all with
access to and the use of cooperation platforms,
conducting cooperation projects with trust-
worthy partners, the use of IPR developed exter-
nally as well as sharing intellectual assets devel-
oped internally with other firms. An interesting
finding was that OI is rarely associated with top-
ics such as venture capital and entrepreneurship,
crowdsourcing or the in-kind provision of infra-
structure for external parties. The main reasons
to get involved in OI include:

3  See Enkel et al. (2009).

e Obtaining innovative ideas from partners re-
garding new products and services (70 % of all
firms)

¢ Reducing the time to market (66% of all firms)

¢ Decreasing or spreading technological risks
(59% of all firms)

¢ The option to benefit from public funds (56%
of all firms)

As Fig. 3-1 shows, the involvement of external

partners in the firm is closely connected with the

corporate strategy and upper management stipu-

lations. Smaller firms, which typically have a

flexible and often more informal structure, are

also able to be flexible in their cooperation with
external partners. The opportunity to obtain pub-
lic funding for cooperation projects is also con-
sidered to be a major motivation for very small
companies. Similarly to large firms, SMEs also

4 See European Commission (2016). The purpose of the study was to create and consolidate an EU-wide basis of information regarding
the concepts of open innovation and knowledge transfer (KT) as well as their perception and diffusion in firms, universities and re-
search organisations. An online questionnaire of firms in the EU-28 formed part of this study.

Austrian Research and Technology Report 2017

59



3 New Innovation Paradigms

view cooperation with external partners as an op-
portunity to minimise technology-related risks
and to actually launch products on the market.
Medium-sized firms are also motivated by the
fact that their competitors would potentially be
able to expand their market power.

The most important mechanisms of inside-out
strategies include (1) confidentiality agreements,
(2) contract research and (3) publicly funded co-
operation research. Inside-out activities with ed-
ucation and research institutes are preferred over
those with other competitors. In addition, it was
ascertained that the spin-off activities of larger
firms are more likely to take place or be devel-
oped with partners of education and research in-
stitutes than with other companies. Central out-
side-in mechanisms include (1) IPR approvals, (2)
the use of science parks and (3) recruiting or hir-

Fig. 3-2:

ing experts from other firms. Co-creation is
therefore taking place more and more through-
out the entire innovation process, from R&D to
the market-preparation phase.

As presented in Fig. 3-2, the most important
effects of cooperation with external partners in-
clude (1) the acquisition of knowledge, skills and
ideas, (2) the improvement of existing products
and services and (3) the development of new
products and services. 78% of firms were able to
increase their competitiveness by implementing
such activities, with 71% improving their inno-
vative performance.

3.1.2 Empirical findings for Austria

The results of an empirical study on the distribu-
tion of open innovation models at Austrian firms

Effects of cooperation with external partners on the innovation process

Through the involvement of external partners, our company ...

... obtained new ideas/knowledge/skills etc.

... improved new products/services

... developed new products/services

... improved the overall company competitiveness
... increased innovative capability and prediction capacity
... improved existing processes

... accessed new markets

... improved the overall company competitiveness
... applied for public funds

... reduced “time-to-market”

... shared the technological and development risk

... saved costs

Note: n = 505-576.

87.3 %

84.7 %

83.8%

783 %

7113 %

70.9 %

69.2 %

67.6 %

64.5 %

58.6 %

54.8 %

54.7%

0.0%

\
200% 400% 600%  800%  100.0%

Source: European Commission (2016). Calculations: JOANNEUM RESEARCH.

60

Austrian Research and Technology Report 2017



3 New Innovation Paradigms

Fig. 3-3:

Cooperate on projects with universities/research institutes
Cooperate on projects with customers

Adjust the business model

Use scientific publications

Cooperation with lead users

Analyse patents/patent databases
Commercialise in cooperation with other firms
Cross-industry innovation

Creativity workshops with external parties
Acquire intellectual property rights (in-licensing)
Use web-based idea and solution platforms
Exploit intellectual property through out-licensing
Participate in open source projects

Promotion of spin-offs

Use customer communities on the Internet

Crowdsourcing

Use of external sources of information and alternative methods of commercialisation

69.5 %
65.3 %
62.1 %
53.7%
48.4 %
35.8 %
316 %
316 %
18.9 %
14.7 %
13.7 %
12.6 %
10.5 %
8.4 %
8.4 %
53%
0.0 % 20.0 % 40.0 % 60.0 % 80.0 %

Note: The question was as follows: Which of the following activities do you do use in order to develop external sources of information or commercialise your own ideas? (The
chart shows the proportion of firms that consider their own activities to be relevant or very relevant in the areas).

Source: Leitner et al. (2015).

conducted in 2014 are presented below.® The
study was conducted at 95 innovative firms with
more than ten employees in the production sec-
tor and at selected service providers.® It provided
the first broad, empirical evidence of the signifi-
cance and prevalence of OI on firm level in
Austria.

The study first queried the motives for the in-
creasing opening up of innovation and participa-
tion with external parties. It showed that the
identification of new technology trends was the
most important aspect (87% of firms state that
this is relevant or very relevant), directly fol-
lowed by better information about customer re-
quirements (80%), risk minimisation (65%),

5
6
the results.
7  See Enkel (2011).
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time saved (62%) and market access (60%). The
results were consistent with the literature, show-
ing that innovation-based motives outweighed
efficiency-based expectations.”

In terms of motivation, this pattern is there-
fore largely similar to that in the European-level
study mentioned above. The most significant
sources from which Austrian firms absorb exter-
nal knowledge are cooperation projects with cus-
tomers as well as universities and research insti-
tutes, which are used to a large or very large ex-
tent by 65% and 69% of firms respectively (see
Fig. 3-3). Such cooperation projects enable firms
to foresee or even set new trends and develop-
ments on the market. More recent online-based

The empirical data collection was conducted as part of a study for the Austria Wirtschaftsservice (aws) (see Leitner et al. 2015).

Larger firms are somewhat overrepresented, comparatively speaking, which must be taken into account accordingly when interpreting
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Fig. 3-4:  Barriers to the introduction of Open Innovation
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Note: The question was: How relevant are the following barriers in terms of implementing Ol strategies in your firm? (The chart shows the proportion of

firms that categorise the barrier as relevant or very relevant).

Source: Leitner et al. (2015).

forms of cooperation and interaction, such as
crowdsourcing, open-source developments and
communities of customers are utilised to a lower
extent (only around 10-15% of firms use these to
a high or very high extent). These methods are
primarily applied in larger firms.

The survey identified further barriers as well
as potential strategies and methods for overcom-
ing them. Sixty-seven percent of firms stated
that, if they were to open up innovation process-
es, they would have major concerns about pro-
tecting their critical, internal expertise against
being leaked (see Fig. 3-4). In business practice,
expertise is often kept secret, especially when
there are no suitable legal safeguards. Further ob-
stacles to the introduction of business OI strate-
gies come in the form of the organisational
changes required, the development of corre-
sponding business models and the lack of finan-
cial resources. If the barriers for the introduction

of new innovation models are additionally anal-
ysed based on firm size, significant differences
are found: for instance, large firms have problems
forming a suitably open corporate culture and are
more likely to complain about drawn-out inter-
nal procedures.

A typology for adaptation can be created to
analyse the penetration of OI. Based on the appli-
cation of different approaches and methods of in-
novation management, three classes can be
formed: 24% of firms were categorised as pursu-
ing an OI strategy. This group includes firms that
exploit at least four out of twelve new open inno-
vation methods® to a large or very large extent.
The group of firms that pursue select coopera-
tions with external parties (“selective OI strate-
gy”) represents the largest category at 53%.
These firms apply select OI methods and have
some cooperation with selected customers. The
remaining 23 % of firms practically have no coop-

8  They were asked about the following: lead users, cross industry, idea and solution platforms, creativity workshops with external
parties, crowdsourcing, customer communities, open-source projects, commercialisation in cooperation, spin-offs, firm acquisitions,

licensing as well as adapting the business model.
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eration with other market stakeholders, and only
occasionally with certain customers or other ex-
ternal parties. These can therefore be allocated to
the category of “closed innovation strategy”. The
study also shows that firms that pursue OI strat-
egies invest more in research and development
(R&D) on average.

The increasing relevance of OI raises the ques-
tions of what is the best way to help firms to in-
troduce new, open innovation models and how
the barriers identified can be overcome. For 73 %
of firms surveyed, financial support for projects
with a focus on OI in the form of public funding
would be suitable or very suitable to overcoming
barriers. This is important for small and medi-
um-sized firms in particular. Public funding
would help these firms introduce new innova-
tion strategies and encourage them to find new
ways to organise and manage innovation. Ex-
changing information and experience with other
platforms was considered to be beneficial by 69%
of firms.

3.1.3 An international comparison of empirical
findings

To compare the propagation of OI and the use of
protective rights for intellectual property in Aus-
trian firms on a national basis, results of Eu-
rope-wide innovation surveys and those conduct-
ed by Eurostat (Community Innovation Surveys
— CIS) are available. In the most recent survey,
which was conducted in 2015 and referred to the
2014 reporting year (CIS 2014), information on,
for instance, partnerships as part of innovation
activities, the use of IPR as well as the licensing
of IPR was recorded. It was found that Austria
had a high proportion of cooperating firms. In the
2012-2014 period, 51% of firms had at least one
form of cooperation on product or process inno-
vation activities, which is significantly higher
than the EU average (33%). A comparison of the
results of the four most recent innovation sur-
veys suggested that the focus on cooperation for
innovation processes was not part of a long-term
strategy in many Austrian firms, as the propor-
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tion of innovative firms in cooperations varies
greatly: in the 2010-2012 period, this was 43%,
and the level in 2008-2010 was the same as in
2012-2014 (51%), but was only 30% in 2006-
2008. Thus a clear trend towards an increased fo-
cus on cooperation cannot be detected. The situ-
ation across the EU as a whole is somewhat dif-
ferent, with the proportion of firms involved in
cooperation rising consistently from 24% (2006—
2008) to 33% in 2012-2014.

The proportion of innovative firms with inno-
vation cooperation was only higher than Austria
in three European countries in 2012-2014 (see
Fig. 3-5). The United Kingdom records the high-
est proportion (61%), with Estonia and Belgium
also reporting over 50%. Interestingly, the pro-
portion of cooperating innovative firms in some
countries that are generally particularly innova-
tive is very low. This applies to Switzerland
(18%) and Germany (22%) in particular. The
Scandinavian EU member states were also sig-
nificantly behind Austria, at rates of between
38% (Denmark) and 33% (Sweden). In any case,
the results for Switzerland and Germany indicate
that firms that have close and indirect coopera-
tion can also successfully implement innovation
strategies.

As Fig. 3-6 shows, Austrian firms cooperate
with a variety of different partners. The most fre-
quent cooperation partners in 2012-2014 were
suppliers (56% of all cooperating firms), followed
by universities (45%), other firms within the
same group (43 %), customers from the economic
sector including private households (37%), con-
sultants, engineering companies and technical
laboratories (35%), competitors including other
firms from the same industry (29%), research in-
stitutes (24%), as well as customers from the
public sector (14%). When the firms were asked
about their most important cooperation partners,
other firms in the same group were on the same
level as suppliers (both 24%), followed at some
distance by universities (16%) and customers
from the industrial sector (13%). In comparison
to the EU overall, firms’ own corporate group,
competitors and customers play a somewhat
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Fig. 3-5: Prevalence of innovation cooperation in firms by European countries, 2012-2014
EU

Number of firms with innovation cooperation as a proportion of all firms with product or process-innovation activities in the previous three-year period.
All information refers to firms with ten or more employees.

Source: Eurostat: CIS. Calculations: ZEW.

Fig. 3-6: Most important partners in innovation cooperation of firms in Austria and the EU, 2012-2014
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EU not including BE, DK, IE, LU, FI, SE, UK.

Source: Eurostat: CIS. Calculations: ZEW.
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Table 3-1: Prevalence of innovation cooperation in firms from Austria and the EU, 2006-2014

Proportion of all innovating? firms as a %
Austria Industry?

Services®

Total

Industry?

Services®

Total

EU°

All information refers to firms with ten or more employees.
a: Sections B to E of the NACE vers. 2

28
30
24
24
24

avs-o0s| ———aweoio| o2 -]
31 51 44 50

51 42 51
51 43 51
29 29 32
29 33 35
29 31 33

b: Sections H, J, K and departments 46, 71, 72, 73 of the NACE vers. 2 (departments 59, 60, 72 and 73 from 2012 only)
c: 2008 and 2010 EU 27, EU 28 from 2012; 2012 not including SI, 2008 and 2010 not including EL
d: Innovating relates to product or process-innovation activities in the previous three-year period (i.e. for 2014: 2012 to 2014)

Source: Eurostat: CIS. Calculations: ZEW.

larger role as the most important cooperation
partners, with research institutes, universities,
suppliers and consultants lagging behind. Over-
all, the cooperation behaviour of Austrian firms
is tailored more strongly towards the market
(customers, competitors) than the acquisition of
knowledge and technology (suppliers, research,
consultants).

The regional orientation of cooperation differs
from the European average in this respect, since a
higher proportion of firms in Austria (60%) col-
laborate with partners from elsewhere in Europe
as part of innovation cooperation programmes
(EU: 40%). This is probably due largely to the
size of the country since the proportion of firms
that only cooperate with domestic partners is
significantly higher in the larger countries in the
EU, primarily reflecting the various cooperation
options in a large country with numerous stake-
holders. In terms of cooperation partners outside
of Europe, the situation in Austrian firms is in
line with the EU average.

In addition to cooperation, the in-licensing
and out-licensing of knowledge and technology is
a further indicator of the openness of innovation
processes. This form of exchange of innovation
results was compared on a Europe-wide scale for
the first time in the 2014 innovation surveys.
Out-licensing refers to the licensing or sale of

patents, community designs, copyrights or trade-
marks to other firms or institutions. In-licensing
comprises the licensing or purchase of patents,
community designs, copyrights or trademarks
from other firms or institutions; this does not in-
clude the acquisition of licenses for standard
software. On the basis of this definition, Austri-
an firms rank among the most active in the area
of in-licensing and out-licensing in Europe (see
Fig. 3-7). In the 2012-2014 period, 10.2% of inno-
vative’ firms in Austria were involved in either
in-licensing or out-licensing of the intellectual
property rights cited. Slovakia is the only coun-
try to beat Austria, with its proportion of innova-
tive firms involved in licensing being slightly
higher at 10.6%. If we look at firms that are in-
volved in both in-licensing and out-licensing,
Austria ranks first place among all countries in
Europe at a proportion of 2.4%. If we only look at
the firms that grant licenses for their own intel-
lectual property rights to third parties or sell
such rights, Austria is also in first place in a Eu-
ropean comparison with 5.4%. Austrian firms
are also already very advanced when it comes to
the use of Ol in the form of opening up the acqui-
sition and exploitation of intellectual property.
The possession of such rights is required before
a license can be issued or intellectual property
rights sold. Information about the prevalence of

9  “Innovative” here includes firms with product or process innovation activities as well as companies with marketing or organisational

innovations.
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Fig. 3-7:
EU
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Source: Eurostat: CIS. Calculations: ZEW.

the use of patents, trademarks and community de-
signs among innovative firms was also collected
in the CIS 2014. When it comes to utilising patent
protection (i.e. when registering a patent with a
national or international patent office), innovative
firms from Austria also took first place in the Eu-
ropean comparison, with a proportion of 13.6%
(see Fig. 3-8). They were followed closely by inno-
vative firms from Germany and, at more of a dis-
tance, from Sweden and France. When it came to
community design registrations, Austria was sec-
ond after Sweden. This type of intellectual proper-
ty right was utilised by 4.7% of innovative firms
in Austria in 2012-2014. The registration of trade-
marks is significantly more widespread. EU-wide,
14.7% of innovative firms utilised intellectual
property rights to protect their trademarks in
2012-2014 (in comparison to 9.1% for patents and
3.6% for community designs). The proportion of
innovative firms in Austria that registered trade-

10 See European Commission (2016b).
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marks amounted to 13.9%. When it comes to this
type of intellectual property, the relative differ-
ences between companies are lower than in the
case of patents and community designs.

3.1.4 Open innovation strategies in Europe and
Austria

New forms of innovation have received increas-
ing attention in the European Commission’s in-
novation policy over the past few years, such as
the recent “Open Innovation, Open Science,
Open to the World — a Vision for Europe”!?, the
Europe 2020 strategy or the flagship initiative,
Innovation Union. To create and increase incen-
tives and awareness for new innovation models,
OI strategic objectives were launched in Europe
and priorities were set as part of other measures
and initiatives to open up innovation processes.
In July 2016, Austria became the first EU mem-
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Fig. 3-8: Firms that use patents, registered designs or trademarks, by European countries, 2012-2014
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Source: Eurostat: CIS. Calculations: ZEW.

ber state to set out a comprehensive OI strategy.
Such a general national approach towards OI re-
mains practically unique on both European and
international level.

In other countries in Europe, OI approaches
are finding their way into national innovation
strategies in particular, primarily driven by EU
cohesion policy. While the Spanish and Polish re-
search, technology and science strategies took up
the issue of OI to create increasing awareness of
new innovation models, for example, Hungary,
in addition to incorporating OI aspects in nation-
al R&D and innovation strategies, has had an of-
fice for research, development and innovation,
which also deals with OI, since 2015. The Czech
Republic has regional OI initiatives. In Lithua-
nia, Belgium and Estonia, OI has been a key topic
in the context of the strategic promotion of firms
and scientific innovation for years.

In Scandinavian countries, but also in Luxem-

11 See http://www.openinnovation.gv.at
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bourg, France and the United Kingdom, OI has
been subject to national debate in recent years
and implemented in particular by established
large companies, economic clusters of academic
institutions and think tanks. However, no na-
tional OI strategies currently exist in these coun-
tries. SMEs have not yet gained a foothold when
it comes to the implementation of OI.

The “OI strategy” pursued by the Austrian gov-
ernment!! picks up on the international trend of
increasingly opening up and interconnecting in-
novation processes. In the context of changing in-
novation patterns, it formulates ambitious targets
and creates a joint policy framework for ongoing
and future initiatives and measures from different
fields. Against the backdrop of current findings in
innovation research and in particular the concept
of the “quadruple helix” and the “knowledge tri-
angle”, the OI strategy includes measures in the
areas of culture and competences, networks and
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cooperation as well as resources and framework
conditions. It aims for a broad opening, promoting
interconnectivity between the areas of industry,
research and education, civil society as well as
politics and administration.

Building upon a broad stakeholder process, a
vision for 2025 has been formulated as part of the
OI strategy. By then, Austria should be known
internationally for its openness towards innova-
tion and the keen participation of relevant insti-
tutions and the country’s population in open in-
novation activities. The core of this vision is
openness to new knowledge, a spirit of coopera-
tion and an acceptance of learning from mis-
takes. Corresponding organisational cultures
need to be established in firms, scientific institu-
tions, non-profit organisations and public admin-
istration. An active OI policy will allow Austria
to become an international role model for the
design and control of open innovation systems in
the digital age by 2025.

Four significant groups of stakeholders that
develop innovations together are industry, soci-
ety, research and politics/public administration.
The OI strategy defines three concrete targets
with a total of 14 measures and describes activi-
ties that have already been started or are planned,
which address these groups of stakeholders and
their interaction (see Chapter 1.3 “Open innova-
tion strategy for Austria — monitoring implemen-
tation” for details).

The trend towards OI is also based on a broad-
er understanding of innovation. The RTI strategy
of the Austrian federal government indicates
that modern RTI policy requires a broader under-
standing of innovation, with”... technological,
research-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 also
explicitly mentions the importance of users and

12 See BKA et al. (2011, 24).

consumers in developing innovative products
and services. The OI strategy of the Austrian fed-
eral government could be viewed as the most re-
cent political initiative to implement this ap-
proach.

3.2 Radical innovations

The term “radical innovation” and the suspected
lack of such innovations are discussed again and
again in Austria.’® The following chapter will
first define the term “radical innovation” to
make it more meaningful for measurement and
RTI policy. This will be followed by an interna-
tional comparison of Austria’s performance in
terms of the quality of research, inventions and
innovations as well as a discussion of RTI inter-
vention options to support “Major Innovations”,
a collective term that refers to both technologi-
cally radical and economically effective innova-
tion families. The chapter will conclude with an
examination of current discussion processes on a
national level regarding support for innovative
and risky research.

3.2.1 Making sense of radical innovation and
related terms

To differentiate between terms, a conceptual in-
put/output framework'* is used to illustrate the
connection between innovation input, activities,
outputs and effects and to pin down the different
terms (Fig. 3-9). “Inputs”, i.e. resources for inno-
vation activities, not only comprise expenditure
for R&D and qualified employees, but also scien-
tific knowledge, the quality or significance of
which is determined based on the intensity of
their use by research communities.

Research results that are used particularly in-
tensively, that partly lead to the emergence of

13 See e.g. Warta and Dudenbostel (2016); Friesenbichler and Leo (2007).

14 See Godin (2007); McLaughlin et al. 1999 The figure must not be confused with a linear innovation model. It merely specifies the
resources, activities and results required for innovation, with the goal of making them transparent so they can be measured.
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Fig. 3-9:  An input-output framework for defining the concept of radical innovation
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new scientific fields or resolve central problems,
can be identified by how often the underlying
publication is cited. These are also known as sci-
entific “breakthroughs”. Prizes for research
achievement by individual researchers, such as
the Nobel Prize, the Fields Medal in Mathemat-
ics or Austria’s Wittgenstein Prize, are also indi-
cators of excellence in science. Measurements
based on use imply that excellent scientific
achievement is only identified several years after
the research results themselves were published,
with the extent of scientific breakthroughs being
determined relatively quickly only in exception-
al cases (e.g. the discovery of the CRISPR-Cas9
gene scissors).!® The average time frame in which
the number of citations reaches its peak is be-
tween two and five years, depending on the field,
but can also be even longer for new approaches
that initially have difficulty getting accepted.
This applies in particular to approaches that for
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the first time combine fields of science or jour-
nals that have never been connected before.!
There is no precise metric scale that states how
many citations a scientific publication needs to
have in order to be regarded as a breakthrough or
excellent.

Scientific discoveries and knowledge along
with many other resources influence firms’ spe-
cific innovation activities. As a first step, they
can lead to knowledge growth within the firms,
which either remains “tacit” within the firm (in-
fluencing production in an undocumented man-
ner, yet nevertheless creating competitive advan-
tages) or, in the case of codifiability and the in-
ventive character of the knowledge created, may
be registered as a patent. The quality of discover-
ies can be assessed based on various dimensions
if they are registered as patents. For one thing,
just like with publications, the number of subse-
quent patents that cite the patent as a reference

15 See Doudna and Charpentier (2014). The original paper on this method was published in 2012. The prestigious journal Science declared

this method the “Breakthrough of the Year” in 2015.
16 See Wang et al. (2016).
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can be counted. Frequently-cited patents serve as
a source for numerous inventions, and therefore
the invention has to be significant, at least from
a technological perspective.

With the help of citations we can also analyse
other dimensions of quality.!” The distance be-
tween the fields of technology of the cited and
citing patents can be calculated, and thus con-
clusions can be drawn about the level of gener-
ality of the technology or the technological sig-
nificance of an invention — the greater the dis-
tance, the more an invention radiates beyond its
own field of technology and into others. One
variant of this measure of distance consists of
the spread of the technology fields of the patents
cited, regardless of the distance to the field of
technology of the patent cited. The technologi-
cal spectrum of a patent works like a mirror of
its technological significance by analysing the
patents cited in the patent under examination.
On the one hand, the lag in citation can be ana-
lysed, i.e. the age of patents cited, and therefore
the degree of novelty of the knowledge that the
patent is based on. On the other hand, the
breadth of the knowledge base that the patent
builds on can be determined by looking at the
spread of the technology fields of the cited pat-
ents. This means that patent data can also be
used to calculate the recombination of knowl-
edge, which is an important feature of signifi-
cant innovations. The literature also refers to
particularly significant, paradigm-shaping pat-
ents that — if successfully transformed into in-
novations — could lead to the development of
new industries, as “superstar patents”.!8

Patents and inventions can be, but are not nec-
essarily, the basis for innovations. Many innova-

17 See Unterlass et al. for an overview. (2013).

tions are not based on patents, and in turn many
patents do not lead to innovations because they
cannot be turned into marketable products at a
reasonable cost, because there is no market for
the invention, or because a firm has only regis-
tered it for strategic reasons in order to block
competitors from entering the market.!” The Os-
lo Manual,* which is used as a basis for the col-
lection of innovation data, defines “innovation”
as the implementation of a new or significantly
improved product by the firm concerned.?! Every
innovation must reach a minimum threshold for
novelty — new to the firm that launches the inno-
vation on the market. The Oslo Manual distin-
guishes additionally between different degrees of
innovation novelty based on the following levels:
the next level is “new to the firm’s market”, and
the highest level is “new to the world”. The nov-
elty can refer to a product’s features or the use
that buyers can derive from the product; product
innovations can be based on new technologies or
the unique combination of existing technologies.
The Oslo Manual does not make a clear distinc-
tion between the use that a product offers pur-
chasers (or the services that are possible with the
product) and the technological functionality.
Other contributions make a sharp distinction be-
tween an improvement to the qualities of a prod-
uct on an unchanging market and a new market
development made possible by innovations.?? For
example, the digital camera or jet plane represent
a major functional improvement using new tech-
nologies over the existing film camera and pro-
peller plane. Both still provide the same service, ,
namely taking photographs or flying passengers
from A to B. The smartphone, however, com-
bined primarily existing technologies, but creat-

18 Reinstaller et al. (2017) propose a PageRank algorithm, essentially what the Google search engine uses, in order to identify these “super

patents”.

19 For a discussion of the restrictions on the use of patents as indicators of innovation see Janger et al. (2017).

20 See OECD and Eurostat (2005).

21 The definitions for process, marketing and organisational innovations are similar but are not explained in detail here for reasons of

space.

22 See Saviotti and Metcalfe (1984).
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ed a new global product category and even a new
market.

The Oslo Manual only uses the term “radical
innovation” in one paragraph, as a term related
to “new to the market” or “new to the world”.
Yet this really refers to disruptive innovation in
terms of the economic effect of innovations (see
next paragraph). In the terminology of the Oslo
Manual, “radical” would consistently be a major
improvement i) to functional product character-
istics, e.g. the speed of passenger planes, and ii) to
the use or the services enabled by the product,
such as the option to use your phone additionally
as a navigation tool, newspaper, email client or
word processor.

None of these definitions are synonymous
with the economic effect or commercial success
of an innovation. The Oslo Manual clearly talks
about the initial market launch of a product, i.e.
that it is principally available on the market, but
it doesn’t mention market shares or revenue
growth achieved through innovations. The term
“innovation” therefore clearly refers to the “out-
put” or “performance level” of the input/output
framework, and not to the “outcome” or “effect
level”, that also includes the commercial success
of an innovation. This means that radical innova-
tion does not necessarily lead to a greater com-
mercial success than incremental innovation:
there are many examples of radical technological
innovations that did not achieve any commercial
success or only achieved high levels of revenue
after complementary, incremental innovations
(see e.g. Betamax vs. VHS video cassettes or Tef-
lon), and in turn there are many incremental in-
novations that achieved great commercial suc-
cess, such as successful models of cars or new
versions of the Windows operating system.>

There are two approaches to measuring the de-
gree of novelty of an innovation. The objective

23 See Kline and Rosenberg (1986); Lundvall (2010).
24 See Grupp (1994).

25 See Srholec (2007).

26 See Leitner (2003).
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approach focuses on technological product or
process characteristics, such as measuring the
improvement of product characteristics from old
to new, e.g. the difference in speed between a pro-
peller and a passenger plane of comparable size.
This information can be compiled e.g. on the ba-
sis of information in technical journals.?*

In the subjective approach, firms are asked
about the degree of novelty of their innovations,
i.e. for a subjective estimation of novelty (new to
the firm, the market or the world), which is often
skewed by specific national particularities such
as language or differences in development.?® Nev-
ertheless, the subjective approach is currently
the only one that provides numbers, such as in
the context of the indicators based on the Com-
munity Innovation Survey (CIS). Due to these
deficiencies in measuring the degree of novelty,
case studies play an important role in the area of
innovations?®, not least due to the fact that the
“radical nature” of innovations, both in terms of
their technological and usage characteristics, can
generally only be assessed several years after
market launch and therefore share the same
problem as that seen in the measurement of sci-
entific excellence or the significance of inven-
tions.

The economic effect of an innovation can gen-
erally only be assessed based on the revenue,
market shares or profits achieved on firm level.
This information (the revenue share from inno-
vations that are new for the firm and new for the
market) is also available as CIS indicators. There
are two problems here: the first is the subjective
assessment of novelty mentioned above, and the
second is the inherent problem of company sur-
veys being able to obtain accurate information
about the revenue share of individual products,
in large firms in particular. The idea of “disrup-
tive” innovation was conceived by Christensen

1A
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in 1997.% This term essentially refers to firms
that have recently entered the market (recently
founded or expanded from other areas) and have
seriously rocked existing market structures
thanks to the success of their innovation, which
specifically translates into a sharp rise in market
share for the innovator and sharp falls in market
shares for the existing firms on the market. Re-
cent examples of this include Amazon in the
book and general retail sector, Uber for taxis and
Airbnb for the tourism sector. Disruptive innova-
tions therefore have to trigger major economic
effects, in contrast to the term “radical innova-
tion”, which are based on the degree of novelty of
the function or use. There are currently no indi-
cators to measure disruptive innovations at the
national level on an aggregated basis. For this
purpose, information must be collected on the
level of the relevant product markets, which in
reality are often different to the official classifica-
tion of the industries in the sector, as well as data
on market shares, innovations etc.

The difficulty involved in measuring innova-
tive effects on the basis of the radical nature of
the underlying innovation has also led to a sug-
gestion for a new concept at the sectoral level,
with the innovative effect being conceptualised
either as structural change towards more knowl-
edge-intensive industries or upgrading in existing
industries towards more knowledge-intensive
segments.”® This suggestion does not relate to the
level of innovation novelty, but rather merely
makes clear that radical and incremental innova-
tions can contribute to both structural change
and upgrading. For example, the development of
breathable clothing was certainly radical from a
technological point of view, but primarily led to
upgrading in the clothing industry, specifically
the option for developed countries to remain
competitive despite high wage costs, such as due
to more efficient production or the high quality

27 See Christensen (1997).
28 See Janger et al. (2017).

29 See European Commission (2016a).
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of new products that cannot simply be copied.
New versions of the iPhone, on the other hand,
are incremental technological developments, but
contribute to the growth of the high-tech sector
(computers). Radical innovations therefore do
not necessarily lead to the growth of the so-called
high-tech sectors.

Another term that is used at the European lev-
el is “Major Innovations”?’. These create mainly
benefits and improvements in the environmental
conditions of socio-economic systems as well as
for the individual users themselves. An import-
ant aspect of Major Innovations is their funda-
mental effect on technological (e.g. technological
paradigm changes), economic and societal devel-
opments. The term therefore covers the quality
of the invention, level of the novelty of an inno-
vation and its commercial success. Major Inno-
vations are generally not developed by a single
firm. They are made up of a family of individual
innovations, that overall have made a measur-
able contribution to a structural change in the
industry or societal trends. The term “innova-
tion family” refers to the close connection and
interdependency between sometimes radical in-
dividual innovations of different types (product,
process and organisation innovations), which are
co-evolutionary, i.e. their development is mutu-
ally influenced.

When technologies lead to successful innova-
tions and high revenue, not only in the firm or
the sector that introduced them, but also diffused
throughout the industry as a whole, they are re-
ferred to as cross-cutting technologies, which of-
ten can trigger a major macroeconomic impact
on productivity and the industry, e.g. in the form
of long-term economic upswings (also called
Kondratiev waves). Examples of current innova-
tions that are eligible for this definition include
digitalisation or industry 4.0, and increasingly
the switch to zero-CO2 or low-CO2 technologies
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in energy production and consumption, such as
through renewable energies, the costs of which
are consistently falling and will soon have
reached the point where they themselves could
be cheaper than coal.

Challenges in measuring radical and disrup-
tive innovations in particular make it difficult
for RTI policy to formulate relevant goals and to
systematically evaluate to what extent they have
been achieved. What is common to all industries
is the fact that it is often only possible to assess
the quality of science, inventions and innovation
after a longer period.

It is also necessary to emphasise the variety of
the factors involved in determining scientific ex-
cellence, groundbreaking inventions, and radical
and disruptive innovations. First of all, scientific
breakthroughs do not necessarily lead to ground-
breaking inventions, which for their part often
do not directly transform into radical innova-
tions. Many factors are necessary in order to turn
inventions into innovations, such as competitive
mass production and in general the ability to
overcome difficulties in the commercialisation
of scientific and technological knowledge.

In addition, academic research and corporate
R&D follow different lines of reasoning in their
production.® In research, the logic of production
is geared towards publishing findings as quickly
as possible. In contrast, technological knowledge
is developed with the goal of achieving competi-
tive advantages for as long as possible. Invention
protection or secrecy surrounding the research
results are therefore important determinants of
competitiveness and the diffusion of technology.
Scientific research is moreover generally driven
by curiosity and the quest for understanding,
while corporate R&D is applied search for mar-
ketable solutions to problems. This also gives
rise to very different organisational models for
scientific/academic research compared with the

management of innovation processes in firms.?!
Science, technology and innovation policy areas
are different and need to develop separate strate-
gies if they are to support cutting-edge perfor-
mance in the respective areas.3?

3.2.2 Empirical illustration

This section illustrates Austria's performance in
an international comparison using selected indi-
cators in the areas of science, inventions and in-
novations. As described above, citation-based
publication indicators are standard for the pur-
poses of measuring excellence in science. The
citation intensity of Austrian publications is de-
scribed based on Scimago data in Chapter 1.2 on
the development of Austria's position in terms of
the key performance indicators. Fig. 3-10 shows
that the number of publications with a high cita-
tion rate as a proportion of all publications as a
measurement of excellence in Austria is towards
the front of the middle range for the EU (includ-
ing Switzerland).

Fig. 3-11 shows several indicators that com-
pare invention quality in Austria with that of the
leading innovation countries. This does not sim-
ply use citation frequency, but rather the techno-
logical reach and “distance” of the citing or cited
patents as a measurement of the technological
degree of generality of the Austrian invention
(technological importance — reach and distance
of the citing patents) and for the technological
spectrum or the breadth of the invention (reach
and distance of the cited patents). A catching-up
process can be observed here overall from the
1990s, which has resulted in even higher values
than for the innovation leaders on average for
both indicators on the breadth of the invention.
This means that Austrian inventions, on average,
are based on a knowledge foundation that is more
broadly defined than that of the comparison

30 See Janger and Nowotny (2016) for the determining factors of a scientific production function; the innovation production function is

discussed e.g. in Pakes and Griliches (1984) and Roper et al. (2008).

31 See Aghion et al. (2008).
32 See Janger et al. (2017).
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Fig. 3-10: Indicator for evaluating scientific excellence: Number of publications in a country with a high citation rate as a

percentage (%) of all publications, 2008 and 2015
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countries. Both indicators on the technological
importance still feature below average values for
the latest years available. That is, they indicate
that the inventions of the leading innovation
countries are cited on average more frequently by
patents that are more distant technologically and
point, therefore, to a greater degree of generality
of the inventions of the innovation leaders.
Finally, Fig. 3-12 attempts to demonstrate the
effect of innovations assessed as particularly
new (in accordance with the CIS definition, new
for the market) based on the share of revenues
for these product innovations as a proportion of
total revenues for the firms surveyed. The
picture revealed is highly heterogeneous as de-
scribed above: Three of the leading innovation
countries are below the average for the EU, and
Germany is notably in last place. Eastern Euro-
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pean catching-up countries, on the other hand,
occupy the first two positions. This shows that
corporate surveys are only partially successful
at identifying the economic impact of the inno-
vation novelty. Austria is also below the average
for the EU with a stable value below 8% of rev-
enue share. Alternatives are required, therefore,
for evaluating Austria's innovation perfor-
mance, e.g. through the concept described on
measurement of the effectiveness through
structural change vs. upgrading or through in-
creased case studies, as carried out on behalf of
the European Commission on the effects of the
framework programmes and covered in the next
chapter.

Innovation research analyses the innovation
events and, in general, also the importance of in-
novations from the perspective of the individual
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Fig. 3-11: Indicators for evaluating the technological significance and the technological spectrum of Austrian inventions
relative to the average for the leading innovation countries, 1990-2012
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Fig. 3-12: Indicator for evaluating the impact of innovations new to the market (share of revenues as a %),
2008 and 2014
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firm. Ground-breaking innovations that affect
the development of an individual firm or the im-
plementation of an individual product innova-
tion on the market are actually rare. The next
section therefore provides an examination of
groundbreaking innovations at the meta level.

3.2.3 Determining factors for Major Innovations

An examination of important innovation fami-
lies is particularly relevant from the perspective
of a holistic examination of the impact of politi-
cal action. This examination takes place, there-
fore, from the perspective of the innovation ob-
ject, its development and success, rather than
from the perspective of the innovation subject
(firm or research facility) as is often the case in
the innovation economy.

The European Commission recently commis-
sioned an analysis of selected Major Innovations
and their potential contribution to the EU Frame-
work Programme for Research (EU-FP 4, 5, 6 and
7).33 Ten Major Innovations (including car naviga-
tion systems, LED lighting, mobile telephones
and personalised medicine) were selected from a
pre-selection of 30 and these were subjected to a
detailed examination. The innovations examined
were at very different stages of maturity (e.g. mo-
bile telephony and personalised medicine). Aside
from identifying the essential drivers and factors
for success, a further important goal was to ascer-
tain any potential contribution to European re-
search funding and promotion.

The development of the selected Major Inno-
vations from the perspective of relevant R&D,
policy, market and society-related drivers was
examined initially as shown in Tables 3-2 to 3-5
based on four examples.

Research and innovation promotion, demand
development, as well as changes in industrial
structures, may be seen as important drivers
across all of the Major Innovations examined.
However, there are important differences be-

33 See European Commission (2016a).
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tween the various drivers: Regulation, for in-
stance, played an important role in a series of
examples. One noticeable example of this is mo-
bile telephony, with the dynamic for this largely
triggered through the opening of the telecommu-
nications market in Europe. Opening up the
GPS-NAVSTAR satellite system to civil use sim-
ilarly played a key role. Important societal chal-
lenges are accompanied by corresponding policy
awareness in other areas, such as LED lighting
and personalised medicine.

Car navigation systems are Major Innovations
that have largely been driven by private initiative
and entrepreneurship.

Navigation systems, LED and mobile telepho-
ny are now largely established on the market and
have experienced an impressive expansion over
the last few years. The area of personalised med-
icine and the paradigm shift that has accompa-
nied this in the detection of patterns of illnesses,
and the associated identification of diagnostics
and treatment on the other hand, remains at the
initial stage of application on the market.

Fig. 3-13 presents the correlation between the
availability of relevant key and/or crosscutting
technologies and the level of maturity of the in-
novations using selected innovation families as
examples.

The individual case studies of the European
Commission have shown that national and Euro-
pean research and technology promotion have
contributed to differing extents to the success of
the Major Innovations examined over the course
of their development. The examinations do also
show, however, that important trends are already
set for Major Innovations at the early stages of
long-term development. This momentum has
been found well before the start of the relevant
European research promotion in the case of the
Major Innovations examined. National research
promotion efforts have obviously played a cru-
cial role here.

In the case of mobile telephony and the leap in
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Table 3-2: R&D-related drivers

v'v distinct driver; " contingent driver Car navigation LED Mobile phones Personalised
% no significant driver systems lighting (MP) medicine (PM)
x v x Vv

Outstanding scientific knowledge

Technological breakthrough x Vv x vV
Technological novelty/newness based on (re-) combination 4% x 4% vV
Existing standards (e.g. procedures, protocols, etc.) vV x vV x

Creation of interfaces between different disciplines 4% x Vv Vv
Co-creation x x x Vv
Data availability / management (data collection, data preparation) vV x vV vV
Single hotspots and players driving technology development significantly vV vV 4% v

Fragmented international community driving technology development x v v vV

Source: European Commission (2016a). Graphic: JOANNEUM RESEARCH.
Table 3-3: Policy-related drivers

v'v"distinct driver; v* contingent driver Car navigation LED Mobile phones Personalised
x  no significant driver systems lighting (MP) medicine (PM)
X Vv x Vv

Political commitment (governmental intervention)

Existing regulatory and legal framework x vV x v
R&D incentives and funding v v vV Vv
Private funding (e.g. venture capital, seed capital, etc.) vV v vV vV
Subsidies for end consumer x vV x x

Source: European Commission (2016a). Graphic: JOANNEUM RESEARCH.

Table 3-4: Market-related drivers

v'v__distinct driver; v* contingent driver Car navigation LED Mobile phones Personalised
x o significant driver systems lighting (MP) medicine (PM)
x Vv x

Opening up of a market niche x
Market readiness vV vV vV x
Responses to market trends 2% x Vv x
Strong public demand v vV Vv v
Strong private demand 2% v Vv v
Change of industrial behaviour 2% 2% Vv v
Changes in end user behaviour vV x vV x
Demand in emerging countries v v vV v
Becoming an industry standard vV v A v
Ease of use & functionality vV vV Vv x
Creation of common eco-system x x Vv v
Provision of necessary infrastructure 2% x Vv v
Affordability (price cuts) vV vV Vv vV

Source: European Commission (2016a). Graphic: JOANNEUM RESEARCH.
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Table 3-5: Society-related drivers

v'v" distinct driver; v contingent driver

% no significant driver
Social commitment/public perception
Changes in the social fabric (due to new needs, socio-economic challenges (ageing society) etc.)

Demographics (e.g. rise in migration; tourism; but also human characteristics influenced
by their geographical location, etc.)

Facilitation (Usability) for the end user
Growing presence of ICT in every-day life
Reduction of the environmental burden (e.g. energy efficiency)

Source: European Commission (2016a). Graphic: JOANNEUM RESEARCH.

development for this towards the smartphone,
European research promotion has been able to
make a crucial contribution here with the devel-
opment of key 3G technology.

Table 3-6: Dedication of European research funding of the
EU Framework Programmes 5-7 in the area of selected
Major Innovations (in € millions), 2000-2017

R&D Knowledge | Innovation and Policy

activity transfer and application support
interlinkage

996 107 159 1

Personalised medicine

Mobile telephony 886 106 24 37
LED 2719 31 36 1
Navigation systems 132 2 4 2

Source: ECORDA. Calculations: JOANNEUM RESEARCH.

Table 3-6 shows the dedication of the funds used
by the EU Framework Programmes between
2000 and 2017. Policy support has only received
minor funding, except in the case of mobile tele-
phony.

3.2.4 Political options for action

Research and technology funding can cover a
range of functions in connection with developing
and establishing Major Innovations, with these
functions going well beyond the development of
knowledge (and including cooperation between
science and industry and the mobilisation of
R&D resources).®*

34  See European Commission (2016a).

35 ETP, ERA-Net JTI, JPI, KICs, PPPs.
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Car navigation LED Mobile phones Personalised
systems lighting (MP) medicine (PM)
x vV x vV

Vv vV Vv vV
vV x Vv vV
vV x Vv x
Vv v Vv x
Vv Vv x x

Public funds can support search and coordina-
tion processes that have major significance in
the area of systemic development of complex
innovation families in particular. In terms of
coordination between national governments
at the European level, much importance is al-
so attached to proactive policy alignment and
the use of multilateral tools* in the research
funding environment.

Public funding can also make an essential con-
tribution to disseminating and providing lee-
way for the development and testing of appli-
cations. This was the crucial contribution
made, for instance, in the area of navigation
systems. Research funding can thereby con-
tribute towards the development of markets
and new business models.

An important contribution can be made in de-
veloping legitimacy and public awareness that
can be accompanied by R&D in advance of
regulation and standardisation measures.
Aside from technological development, major
importance is also attached to accompanying
research on radical innovations in dynamic in-
novation families in order to avoid unintended
negative externalities (unwanted side effects
for society and the environment) or rebound
effects (systemic or behaviour-related obsta-
cles to the development of positive effects).
With reference to the foreseeable develop-
ments, a major need can be seen here, for in-
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Fig. 3-13: Status of selected Major Innovations with respect to the relevant technologies and market establishment
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stance, related to developments associated
with digitalisation.
¢ The potential for stimulating the development
of business ideas, entrepreneurship and, there-
fore, direct market implementation of radical
innovations based directly (in the short run)
on funded research projects, is also increasing-
ly being recognised. A comprehensive survey
of experts that examined Major Innovations
did, however, also find that this is a blind spot
in current research funding in Europe. The rea-
soning is based less on the form of the funding
or the topics covered, and more on the evalua-
tion criteria and thereby also the target results
for the projects funded.
As discussed in the previous sections, creativity
requires space and diversity for radical innova-
tion to take place, along with a permission to
make mistakes and to recognise failure. Success
should not be the exclusive measure of creativi-
ty, as this also includes the ability to learn from
failure and to allow further creative processes to

Austrian Research and Technology Report 2017

Stage of innovation process

Establishment on the market'

flow from this. The challenges that arise from
this for RTI policy are varied in terms of assess-
ing performance and success and establishing
open (innovation) cultures and new types of in-
novation processes. In the search for experience
with initiatives that are aimed at providing room
for innovative and risky research, stakeholder
workshops were held between September 2015
and August 2016 with stakeholders from the
Austrian research and innovation landscape to-
gether with other Austrian and international ex-
perts. Current trends were presented and discus-
sions took place on concepts to guide actions and
on specific initiatives. Providing momentum for
the creation and development of radical innova-
tions in Austria was, and remains, the goal. Po-
tential starting points for safeguarding and sup-
porting risky projects in RTI funding and promo-
tion at the national level include:
¢ improving the design and developing new ap-
proaches related to the selection of research
and innovation projects,
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® opening up experimental spaces and

e promotion of new actor constellations.?®

The latter aspect is aimed at an improved under-
standing of the environment for radical innova-
tion as a diversely interlinked ecosystem in
which the drivers related to policy, market and
society discussed above and/or the stakeholders
and decision makers behind these are of major
relevance and strategic importance.

3.2.5 Summary

This chapter has presented the concept of radical
innovation in a consistent context that rep-
resents the quality of scientific findings, techno-
logical inventions and innovations as different
sections of the innovation process. Scientific ex-
cellence does not necessarily result in radical in-
novations, and radical innovations do not neces-
sarily result in greater economic effects than in-
cremental innovations.

The one thing that all areas have in common is
that their quality can only be identified after-
wards, e.g. in relation to the radical nature or sig-
nificance of the innovations. While scientific ex-
cellence and groundbreaking inventions may be
measured, with some limitations using publica-
tion and patent data, there is no empirical basis
for a reliable international comparison of the rad-
ical nature of innovations. This is why case stud-
ies play a major role in this area. The last section
examined the options for influencing RTT policy
using these types of case studies from the Euro-
pean Commission on Major Innovations. The po-
tential role of RTI policy in search and coordina-
tion processes, in the development of application
leeway and market potential and in the legitima-
cy of innovations was brought out in this pro-
cess. Relevant starting points for accelerating
and supporting radical innovations and unfore-
seeable developments are currently being dis-
cussed at the national level.

36 See Warta and Dudenbostel (2016).
37 See Schomberg (2013).
38 See Wickson and Carew (2014).

80

3.3 Responsible Research and Innovation (RRI)
and Citizen Science

Responsible Research and Innovation (RRI) has
become a new guiding principle in European
and national research agendas over the last few
years. RRI can be described as follows: “[A]
transparent, interactive process by which socie-
tal actors and innovators become mutually re-
sponsive to each other with a view on the (ethi-
cal) acceptability, sustainability and societal
desirability of the innovation process and its
marketable products.”?” This addresses the ex-
pectations and challenges around the concept
that arise during implementation in the every-
day research3® activities: Research should be
planned and implemented in such a way that
relevant social challenges are addressed and po-
tential societal trends are anticipated, with op-
tional solutions developed and underlying val-
ues reflected in the process. Different stake-
holders should be actively incorporated into the
research process, thereby making research and
innovation more relevant in working with and
for society. This requires a shift in the under-
standing of research, not only among the re-
searchers themselves, but also among all socie-
tal stakeholders who form part of research and
innovation processes, such as the education sys-
tem, civil society organisations, industry and
politics. As such, responsibility and sustainabil-
ity become more and more important as aspira-
tions for researchers and research funders.

At the European level, these objectives were
initiated through long-term activities aimed at
improving the exchange between science and so-
ciety, such as the “Science and Society” action
plan (2001) and the “Science in Society” pro-
gramme (SiS) as part of the 7th EU Framework
Programme for Research and Technological
Development. Since 2010, attempts have been
made to boost interaction between the societal
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stakeholders throughout the entire research and
innovation process based on the concept of “Re-
sponsible Research and Innovation” (RRI). This
was continued and developed in Horizon 2020 as
part of the “Science with and for Society” pro-
gramme (SwafS), in which RRI became a central
focus for solving the Grand Challenges and for
the strategic orientation of the European Research
Area. The European Commission has also made
corresponding proposals for the monitoring and
evaluation of the efforts to implement RRL* In
the EU definition, the concept of RRI is based on
six dimensions that should be taken into account
in designing and reflecting on research practice:
governance, open access, ethics, gender equality,
public engagement and science education.®® The
Rome Declaration, a position paper developed by
the scientific community, sets out the added val-
ue of RRI in the following terms: “It ensures that
research and innovation deliver on the promise
of smart, inclusive and sustainable solutions to
our societal challenges; it engages new perspec-
tives, new innovators and new talent from across
our diverse European society, allowing to identi-
fy solutions which would otherwise go unno-
ticed; it builds trust between citizens and public
and private institutions in supporting research
and innovation; it reassures society about em-
bracing innovative products and services and it
assesses the risks and the way these risks should
be managed.”*!

3.3.1 RRI in Austria

RRI has also made its way into Austrian research
and innovation policy: The federal government's
RTI strategy** emphasises that society demands
“dialogue, (...) participation, transparency and re-

39 See European Commission (2015).

40 See European Commission (2013).

sponsibility” from science and that actively
shaping the relationship between society and sci-
ence has become a “task for political manage-
ment”. The federal government's open-innova-
tion strategy is also aimed at including citizens
in science and innovation (see Chapter 1.3 “Open
Innovation strategy for Austria — monitoring im-
plementation” or Chapter 3.1).

Greater incorporation of the various stake-
holders in society in the research and innovation
process requires changes in skills and approach-
es, such as a change in communication between
the researchers and societal stakeholders, which
includes targeted imparting of research by re-
searchers (social literacy), as well as an increased
interest in and the understanding of research by
the stakeholders (scientific literacy). The focus
here is on young people in particular: The exist-
ing services on offer aimed at increasing interest
in research and innovation have been monitored
and assessed in various studies.*

Against this background the “Action plan for a
competitive research area”** provides an import-
ant framework for implementing RRI in practice.
Implementing responsible science at Austrian
scientific institutions is positioned as a priority
action area in this along with efforts aimed at en-
suring a cultural shift. The Federal Ministry of
Science, Research and Economy (BMWFW) im-
plements these objectives within the framework
of the performance agreements with universities
and non-university research institutes, in accor-
dance with the differing institutional logicat the
various institutions. This should encourage ac-
tivities at the individual research institutes. Spe-
cific measures have been stimulated and imple-
mented by the Federal Ministry of Science, Re-
search and Economy aimed at driving forward

41 See https://ec.europa.eu/research/swafs/pdf/rome declaration RRI final 21 November.pdf

42 See BKA et al. (2011, 42).
43 See Engelhart (2016); Reidl et al. (2015).

44 See Action plan for a competitive research area. (2015); http:
tionen/forschung/Forschungsaktionsplan web.pdf
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the discussions surrounding RRI in Austria and
intensifying the interaction between science and
society.

Some of the approaches aimed at implement-
ing the political objectives related to RRI in
Austria in practice are set out below.

Alliance for Responsible Science

The Federal Ministry of Science, Research and
Economy formed an “Alliance for Responsible
Science”* in 2015 as an important initiative in
the efforts to implement RRI. This is aimed at
initiating closer dialogue between the research
institutes and stakeholders in society and incor-
porating this understanding in everyday re-
search. A memorandum between the Federal
Ministry of Science, Research and Economy and
partner institutions from science, research and
education as well as stakeholders in civil soci-
ety was signed at the kick-off event in June
2015, with common targets related to strength-
ening and developing responsible science and
ensuring critical reflection for this in research,
teaching and social commitment*. 37 partner
organisations*’ have now signed this memoran-
dum. A cultural shift is being sought by institu-
tions with respect to greater inclusion of stake-
holders in society with feedback to these on the
results. Pilot projects aimed at implementing
this cultural shift are grouped in the “Responsi-
ble Science — Science Cultures” expertise net-
work, where specific areas of topic-based re-
search are used in an attempt to discover how
science and society can best support and com-
plement each other in the research process, and
how researchers' individual responsibility to-
wards society should be regulated.

45 See http://www.responsiblescience.at

46  See https:

47 An overview can be found in Table 8-3 in Appendix I.

Further plans aimed at implementing respon-
sible science and scientific communication more
effectively relate to awards being granted to re-
search institutes that implement particularly in-
novative measures aimed at improving coopera-
tion between science and society, and the inte-
gration of responsible science principles in re-
search funding and promotion (existing or new
promotional measures).

Austrian platform for RRI

The Austrian Platform for RRI (RRI platform) was
founded in 2014% as a bottom-up initiative from
the scientific community with the idea of accel-
erating implementation of the RRI concept in
practice and contributing towards responsible op-
eration of research and innovation in Austria —
both in relation to the targets and content of sci-
ence and research as well as to the needs and con-
cerns of society. Further objectives include ex-
changing knowledge and discussing recent re-
quirements, providing knowledge in a practical
format and raising awareness in the scientific
community. Members of the RRI platform in-
clude Austrian non-university and university re-
search institutes and universities of applied sci-
ences that support, apply or wish to develop the
RRI concept. Building up a network so that rele-
vant knowledge at both the Austrian and interna-
tional levels along with experience from national
and international RRI projects can be collated,
exchanged and made available to interested par-
ties was a key first step. This experience is made
available online on the platform website®. A
newsletter updates interested parties on new proj-
ects and events, and includes comprehensive dis-
cussions on the content-related dimensions of the

www.fwf.ac.at/fileadmin/files/Dokumente/News Presse/News/MoU Responsible-Science.pdf

48 Since early 2016, the RRI Platform has been run via an office at JOANNEUM RESEARCH, which coordinates the platform's activities

and acts as a contact point for third parties.

49  See http://www.rri-plattform.at
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RRI concept. At the same time, the RRI concept
is publicised among stakeholders and a broader
public. Networking among the platform mem-
bers also stimulates scientific exchange and fur-
ther development of the concept, with joint plat-
form publications also developed. Relevant issues
are subjected to scientific discussion and are dis-
cussed at public events. These events are seen as
steps that support the transfer of the RRI concept
into practice, which is one of the platform's key
objectives.

An initial event was held by the RRI Platform
in February 2016 at the “Haus der Forschung” in
Vienna under the title of “Responsible Research
and Innovation (RRI) — Quality Criteria and Indi-
cators”. Discussions were held on which con-
cepts are already available and suitable for imple-
menting RRI into everyday practice. Attendees
also discussed measurability and a potential set
of indicators for the RRI concept. An additional
event entitled “Ethics in research practice” in
December 2016 in cooperation with the Ethics
Platform of the University of Natural Resources
and Life Sciences in Vienna covered the issue of
“ethics” as a key dimension in RRI, with a strong
focus on operationalising and institutionalising
the concept in research practice. The platform
showed itself to be a sponsor of more effective
operationalisation of the RRI concept, here also
based on the example of ethics.

Further RRI initiatives

The “Responsible Research and Innovation in
Academic Practice” platform® was also set up at
the University of Vienna as an additional stake-
holder in the scientific community, and with the

50 See http://www.platform-rri.at

aim of creating the corresponding framework
conditions for establishing responsible research
and science as part of everyday research. The ac-
tivities of this interdisciplinary platform from
the social and life sciences are designed to ad-
dress the needs and concerns of stakeholders in
society more effectively and to provide a space
for topic-based discussions through workshops
and events. The platform was presented to the
public at a kick-off workshop in October 2016.

Further development of the RRI concept also
takes place in practice not least as part of proj-
ects: European projects, such as those funded un-
der Horizon 2020 (e.g. MoRRI’!, RRI Tools%), in-
volve inter alia the development of tools aimed
at implementing responsible governance, for in-
stance the “Responsibility Navigator”*® and the
“Self-Reflection Tool”>,

3.3.2 Excursus: Ethics as a dimension of RRI

Although there has been no consensus so far on a
generally binding definition of ethics as a dimen-
sion of RRI, the work of ethics committees and
similar bodies is still relevant in this context in
supporting scientific integrity at research insti-
tutes, along with ethics in research funding and
promotion. The Austrian Agency for Scientific
Integrity®® (OAWI) was formed as a key stake-
holder in 2008. In addition to twelve Austrian
universities, members of this association also in-
clude the Academy of Sciences, the Vienna Sci-
ence and Technology Fund (WWTE), the IST
Austria and the Austrian Science Fund (FWE).
The association is funded via members' contribu-
tions. The OAWI's aim is to create awareness for
good scientific practice. This was expressed for

51 MoRRI identifies and analyses manifestations of RRI across Europe, and develops and uses indicators and instruments for empirical

surveys of the effects of RRI measures and activities.

52 A range of digital resources aimed at supporting implementation of RRI is collated and developed within the scope of RRI Tools.

53 See http://responsibility-navigator.eu

54  See http://www.rri-tools.eu/self-reflection-tool

55 See http://www.oeawi.at
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instance in the “Guidelines on good scientific
practice”*®. The agency's principal task is to in-
vestigate allegations of scientific misconduct in
Austria, assess these objectively and inde-
pendently and, if applicable, to propose measures
and offer advice or mediation. The OAWI also
provides talks and workshops on “good scientific
practice” for member institutions and is in con-
stant discussions with international bodies of a
similar character.

Ethics as a dimension of RRI is of increasing
relevance for researchers in applications for re-
search funding both at national and European
levels: “Ethics should not be perceived as a con-
straint to research and innovation, but rather as
a way of ensuring high quality results.”®” Ap-
proval of a project by an ethics committee is in-
creasingly forming part of the contractual
obligations for research funding. This is result-
ing in more and more universities and non-uni-
versity research institutes setting up inter-
disciplinary ethics committees, in line with the
long-established practice at the medical univer-
sities based on statutory regulations, with these
committees evaluating the objectives and im-
plementation of research projects with regard to
the ethical aspects.

Ethical issues are frequently raised in connec-
tion with the application of new technologies,
such as autonomous driving and new techniques
in molecular biology or biomedicine (e.g. Clus-
tered Regularly Interspaced Short Palindromic
Repeats — CRISPR-Cas9), which are currently
being discussed at the international level. Law-
makers are also called upon here to review
whether there is a need for regulation and the
extent of this.

3.3.3 Citizen science

The topic of citizen science has experienced a
boom in recent years. The concept has been dis-
cussed in scientific research since the early
1990s, with the focus by the end of the 2000s
placed primarily on the issue of democratisation
of the sciences.”® This was debated inter alia in
association with the justification for the public
funding for research, along with public controls
on research activity (principally in relation to
contentious issues such as gene technology).

Issues related to the technical feasibility and
validity of the results of citizen science have in-
creasingly arisen over the last ten years in scien-
tific research. Incorporating committed layper-
sons (the “citizens”) into research work has be-
come much easier through the use of new forms
of electronic communication (smartphones, In-
ternet 2.0, social media), yet there is still a cer-
tain amount of scepticism with respect to the
validity of the results of these types of research
projects on the part of many scientists trained
methodically within the scope of comprehensive
academic studies.”

Funding and promotion of citizen science

At the European level, citizen science has been
funded for several years in the Research Frame-
work Programmes, most recently in the “Science
with and for Society” programme, which has been
reflected in a series of research projects.® The top-
ic has been covered as part of the “Open Innova-
tion, Open Science, Open to the World” strategy
championed by EU Commissioner Carlos Moedas
since 2015 under the area of Open Science.®!

56 See http://www.oeawi.at/downloads/Broschure GWP-Richtlinien %20WEB %202017.pdf

57 See European Commission (2015)
58 See Funtowicz and Ravetz (1993).
59 See Del Savio et al. (2016); Palfinger (2017).
60 See https:

61 See European Commission (2016b).
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There have also been government initiatives
for several years in Austria dealing with the issue
of citizen science. One example of this is the Fed-
eral Ministry of Science, Research and Econo-
my’s “Sparkling Science” programme, which in-
cludes elements of the citizen science discourse
and has promoted and funded cooperation for
scientists with pupils since 2007. Citizen science
elements have increasingly been supported in
this programme since 2015, such as through the
new “Citizen Science Award” presented annual-
ly since then for people who show outstanding
commitment in their participation in Austrian
citizen science projects. People can take part in
the award announced in the spring of 2017 via
app, e-mail, special online platforms or via post,
submitting their observations, measurements,
photos, tests, etc. to the teams of eight defined
research projects currently ongoing. In the “Top
Citizen Science” initiative (also supported by the
Federal Ministry of Science, Research and Econo-
my (BMWFW), the Austrian Science Fund (FWF)
and Austrian Exchange Service (OeAD) since
2015), participants in the Austrian Science Fund
(FWF) and Sparkling Science projects have also
been invited to submit proposals for project ex-
tensions with respect to citizen science objec-
tives. The amount available in each case for this
funding approach is €250,000 for the Austrian
Science Fund (FWF) and Sparkling Science proj-
ects. The Centre for Citizen Science was also set
up by the Federal Ministry of Science, Research
and Economy (BMWFW) at the Austrian Ex-
change Service in 2015. This is designed as an
information and service office for researchers,
citizens and experts, and is meant to link the
community with contacts beyond Austria.

Long Night of Research

One key measure related to the dialogue between
research & technology and the public is the
“Long Night of Research”, which is arranged
within the direct context of citizen science. This
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was held for the first time in 2005. It is an event
that takes place all over Austria and presents the
research output of universities, non-university
institutions, universities of applied sciences,
manufacturing, infrastructure operators as well
as schools. The Long Night of Research is funded
by the Federal Ministry of Science, Research and
Economy (BMWFW) and the Federal Ministry for
Transport, Innovation and Technology (BMVIT),
supported by the Federal Ministry of Education
(BMB) and run by the Austrian Research Promo-
tion Agency (FFG). The Council for Research and
Technology Development cooperates with the
coordination point for the Long Night of Re-
search in efforts to coordinate between the feder-
al ministries and regional governments in organ-
ising the content of the event. The individual re-
gional governments are themselves responsible
for actual implementation, with the actual com-
munication related to research and technology
provided by the scientists. The event has taken
place every two years since 2005 (with the excep-
tion of 2007) and continues to grow in size. Infor-
mation on the event is disseminated via social
media, the event homepage, press releases and
conferences, brochures and a programme book-
let, reports in newspapers and via media partner-
ships. In all, 2,183 stations were provided by
more than 500 exhibitors in 2016, attracting the
interest of more than 180,000 visitors. The next
Long Night of Research will take place on 13
April 2018.

Further citizen science initiatives

Citizen Science conferences have been held an-
nually since 2015; this is being organised by the
“Osterreich forscht” (Austria researches) plat-
form, the Austrian Science Fund (FWF) and the
Austrian Agency for Health and Food Safety (AG-
ES) in 2017. The Citizen Science working group
in place since 2012 at the University of Natural
Resources and Applied Life Sciences operates
this platform and also has a website on the issue
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that continues to grow®?. The platform also con-
tains a database of all citizen science projects
that are currently ongoing in Austria, and there-
by provides a basis for further development,
teaching activities and the public.

There are now also specific educational pro-
grammes for Citizen Science and Open Innova-
tion in Science. The Lab for Open Innovation in
Science (LOIS) at the Ludwig Boltzmann Soci-
ety (LBG) has provided a specific educational
programme with an international focus since
2016, with the inclusion of citizens in the re-
search process also one of the topics covered
with this. With the Open Innovation in Science
project “Reden Sie mit!” (Have your say!), the
LBG has targeted the broader public with the
aim of including them in working out new re-
search issues for the first time. A total of 400
affected parties, members, doctors, therapists
and other experts used the online platform to
answer the question of which research issues
should be taken up by science in the area of
mental illness. Research topics associated with
the mental health of children and young people
of mentally ill parents are being translated into
specific research activities as a result of this.
The aim is to form new research groups that
stand out because of their high innovative po-
tential and that have the potential to generate
new solutions to the problems posed by societal
challenges.

The University College for Agrarian and Envi-
ronmental Pedagogy in Vienna launched the first
extra-occupational three-semester citizen sci-
ence course in August 2016. The Smart Lab
Carinthia at the Carinthia University of Applied
Sciences in Villach may also be mentioned as a
spatial infrastructure (equipped inter alia with
3D printers, design software and a CNC milling
machine) provided to students, researchers and
citizens.

The Natural History Museum (NHM) also

62 Cf. http://www.citizen-science.at

63 See European Commission (2013).

sees itself as a platform for citizen science. In ad-
dition to the various activities in the individual
departments, the Citizen Science Day held for
the first time in 2016 with presentation of a se-
ries of projects along with a programme of talks
at the Museum must be highlighted here in par-
ticular. The NHM, the International Institute for
Applied Systems Analysis (ITASA) and the Centre
for Citizen Science all collaborated on this.

There are some consistently sceptical atti-
tudes towards research and technology in Austria,
as can also be seen from the results of the Euro-
barometer Study 2013%. The fact that efforts to
present research and technological output sys-
temically to the public began comparatively late
in Austria must be remembered here; this finding
also applies to the area of academic research, pol-
itics and administration, as well as to industry to
a lesser extent. Decision-making processes in the
area of RTI policy are also frequently distin-
guished by collaboration only between a small
group of experts from the worlds of politics, ad-
ministration, research and industry.®* However,
more importance has at the same time been at-
tached to the presentation of RTI-policy initia-
tives by politicians and administration in recent
years.

A change in attitudes among the public with
respect to research and technology will require
further concentrated efforts in the policy areas of
teaching and education, research and technology,
as well as infrastructure and industry. Opening
up and improving the presentation of the basic
principles and decision-making processes in the
area of RTI policy itself could also play a role
here.

64 See Biegelbauer and Hansen (2011); Degelsegger and Torgersen (2011); Biegelbauer (2013).
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4 Digitalisation: Research, Innovation

and the Work Environment

For some decades now, digital technologies have
been penetrating many aspects of our lives, soci-
ety and the economy. Recent technological
breakthroughs in various areas are now forming
the basis for a new wave of “digitalisation” and
are expected to have a significant impact in the
near future on productivity and economic
growth, business models and firm organisation
structures, as well as employment and labour
markets. These effects will also be felt — probably
more strongly than in the last few decades — in
the service sector and even in areas such as re-
search work.

The term “digitalisation”, however, is not it-
self clearly defined and can be understood not
only in its narrower technical sense but also with
various other meanings. In recent attempts to de-
fine the term,! the rapidly growing availability of
digital data (for example as “Big Data”), the use
of these data in various contexts (e.g. e-business,
e-government), the hardware and software re-
quired for these applications (information and
communication technologies), including appro-
priate infrastructure (e.g. broadband networks) as
well as the spread of these technologies in vari-
ous application contexts (research and develop-
ment, the education sector, business, public ad-
ministration and many more) are all jointly sub-
sumed under the term “digitalisation”.

As a cross-cutting technology, digital transfor-
mation is producing change on a broad front both
in industry and in society and poses new devel-
opmental challenges for politicians. Against this
background, the Federal government of Austria

1 See OECD (2015).
2 See https://www.digitalroadmap.gv.at/
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defined twelve guiding principles for the future
development of digitalisation in Austria by agree-
ing on a “Digital Roadmap” for the country? (see
Chapter 1.3). These guiding principles also un-
derpin the key topics of this chapter, in particular
the objectives of making Austria a leading inter-
national location for the digital industry, provid-
ing support for firms undergoing digital transfor-
mation, creating more and better jobs through
digitalisation, training and qualifying people ap-
propriately for these jobs, and enhancing scientif-
ic knowledge and research to make the most of
the new digital opportunities.

This chapter deals in detail particularly with
the following important aspects of digitalisation
in Austria: Chapter 4.1 provides an overview of
the current status of, and perspectives on digital
transformation in Austria in the area of Science
and Research and cites important supporting
measures.

Chapter 4.2 describes changes in the domestic
business enterprise sector, partly in connection
with the scope and impact of digitalisation and
partly as a result of the increasing concentration
of high-level R&D and knowledge. Particular at-
tention is paid not only to analysing the imple-
mentation of technologies for a new industrial
revolution (“Industry 4.0”), but also to the ser-
vice sector.

In conclusion Chapter 4.3 discusses the con-
nection between innovation activities and work-
ing conditions, and outlines the observable ef-
fects on employment resulting from innovations
and technical transformation in the recent past.
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The chapter closes with a description of the ef-
fects on future employment and qualification re-
quirements.

4.1 Digitalisation in the area of Science and
Research

Digitalisation has an impact on all areas of soci-
ety and also influences the ways in which re-
search is conducted. Sometimes this is seen as a
turning point or new paradigm for the sciences,
as the effects of digitalisation are so far-reaching.?
New information technologies (IT), social net-
works, the collection and availability of large
amounts of data, and artificial intelligence are
changing research processes and the way re-
searchers work — in universities, research insti-
tutes and firms. Trends such as Open Access,
that is to say free availability of publications,
Citizen Science, the involvement of citizens in
the scientific process, or Big Data, accessing and
analysing large and complex bodies of data, are
features of this development. New types of web-
and software-based forms of communication and
cooperation between scientists go hand in hand
with strategies aimed at shared use and integra-
tion of data which are already a central compo-
nent of any research work in chemistry or medi-
cine today.

Digital technologies and applications are not
only used within specific research communities,
but have also promoted interaction and coopera-
tion between different institutions and scientific
fields and have thereby also encouraged interdis-
ciplinary and transdisciplinary research. This in
turn has consequences for scientific quality as-
surance, work distribution and the status of re-
searchers in scientific activities which are in-
creasingly dominated by social media and their
conventions. At the same time, digitalisation it-
self is becoming a topic for research as its effects
on society are examined or technologies are de-

3 See Grasberger (2014); Ulrich (2015).
4 See Merton (1973).

signed in collaboration with citizens and users.

Digitalisation lends support to the paradigm of
science as it was proposed by the science theore-
tician Robert K. Merton, in the 1970s, namely
that the aim of scientists is to establish their own
priority for a scientific discovery, by being the
first to publish an advance in knowledge.* Digi-
talisation allows for all information and data
generated within the context of research activi-
ties to be made available to the public - some-
times even in real time. In addition to the term
Open Science, which the Furopean Commission
has also postulated as a guiding strategy, terms
such as Science 2.0, Open Digital Science, Cyber
science or E-Science are also entering into use
within the Community.®

In this section, some selected developments,
important activities and projects in Austria are
examined, beginning with an overview of the
scope and variety of forms of digitalisation in sci-
ence and research. The key issue here is the ef-
fect of digitalisation on academic research. Al-
though the commercialisation of research results
is similarly characterised by digitalisation and is
of importance for universities and research insti-
tutes, this will not be explicitly examined here.
See Chapter 3.1. (Open Innovation, Protection
and Property Rights) and Chapter 4.2 (Digitalisa-
tion and Innovation in the Business Enterprise
Sector) for further details.

4.1.1 Digitalisation of the scientific research
process

Digitalisation affects all activities of scientific
research. Fig. 4-1 shows the typical scientific pro-
cess and illustrates how various applications
made possible by digitalisation are used in the
different phases. It is possible, for example, to use
digital networks to involve members of the pub-
lic in defining research questions and narrowing
the topic; this is one form of Citizen Science, cat-

5  See Nentwich und Konig (2012); Schroeder (2008); Breivik et al. (2009); Schaper-Rinkel et al. (2012).
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Fig. 4-1: Digitalisation of the scientific process
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Source: Based on Kramer and Bosma (2016) and Leitner (2017).

egorised here as part of the Definition phase. Dig-
ital technologies likewise play a role in the con-
ception of investigation design and in devising
the operational approach to research questions,
partly as there are new options to consider when
designing research projects, and also to collect
prompt feedback in the community or to attract
project partners.

Digital technologies create a variety of new
opportunities for generating data. Open Data rep-
resents an important developmental pathway in
this regard and means that researchers can them-
selves make data freely available, but at the same
time they can also access data from third parties.
Citizens can also be involved in the generation of
data by, for example, sending measured data on
their state of health to research teams. Another
trend described in the literature is that of Open
Notebook Science, which means making the da-
ta generated within the scope of research projects
directly accessible through the internet. In this
context, scientific data is made freely available
within a few hours, before the actual publication
of scientific papers by the researchers involved —
something which can take a few years in the case
of peer-reviewed publications. Citizens are also
increasingly becoming involved in data genera-
tion, a trend, also known as sensor-based partici-
pative data collection (Participatory Sensing),
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which means that individuals and communities
collect and store events, patterns and infrastruc-
tures in a wide variety of fields using their per-
sonal mobile phones and web services.

The large amount of data available also fre-
quently calls for new analytical methods such as
artificial intelligence or machine learning and
thereby has an influence on the phase of Analysis
and Interpretation of results. Data-driven science
becomes more successful, the more data are
made available on an open basis and without any
restrictions in terms of use. Of course the digital-
isation of research is not new, as is shown for ex-
ample by the development of Open Source soft-
ware, which originated in the sciences and is
used widely in many fields, such as Open Source
statistics programmes.

Further on in the process, a key activity of sci-
entists is also strongly influenced, namely the
way in which their findings are published: here
we can take Open Access as a prime example. At
the same time, digitalisation opens up new forms
of evaluating research: trends such as Open Re-
view and the development of Alternative Metrics
can be cited, which have an impact on the Evalu-
ation phase. In the age of Open Science, new
measurement concepts are emerging which go
beyond the traditional “impact factor”, measur-
ing the number of citations of scientific publica-
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tions: it is increasingly common to attempt to
record social dimensions as well. There are after
all numerous possibilities for communicating re-
sults more quickly, more widely and in a greater
variety of ways and so increasing the impact, for
example in the form of Science Blogs, as is shown
below.

The umbrella term of Open Science is often
used as a term for the possibilities opened up by
digitalisation and this concept is also being pro-
moted by the European Commission.

In recent years a series of social networks and
IT tools have begun to be used in day-to-day sci-
entific work. Platforms and application tools
such as Research Gate, Mendeley or Academia.
edu play a large role in this within the scientific
community, but are also changing the ways in
which research results are distributed and repre-
sented to a broader public. IT tools and social
networks provide support, among other things,
in searching for collaborative partners, enabling
access to publications and data, offering alerts
and the possibility of presenting research pro-
files, supporting the exchange of videos, enabling
comments to be made and offering ways to mea-
sure the impact made. Yet social networks such
as LinkedIn and XING also provide a place for
scientists for networking, discussion and presen-
tation of their research work.

A key distribution channel is offered by the
messaging service Twitter, which is not only
suitable for the distribution of research results,
but above all also provides a “filter function”. A
large number of journals, research organisations
and individuals tweet news about their scientific
work. Users receive contributions which are of
interest to them via their Twitter account. In-
struments and platforms for joint use of data and
options for setting up blogs and Wiki articles on
the net are relatively easy for scientists and insti-
tutions to use and also speed up the application
and distribution process. New forms of rapid
(pre-) publication and of fast feedback from the
community are also growing correspondingly.

The following section examines some selected
developmental trends and applications and por-
trays selected activities and projects in Austria.

4.1.2 Open Access and Open Data

Open Access means having free access to scien-
tific information on the internet and encompass-
es publications as well as research data. The lat-
ter are designated as Open Data. A formal dis-
tinction is made between three possible ways of
creating Open Access: Green Open Access, Gold
Open Access and Hybrid Open Access. Green
Open Access means the second publication of
scientific articles on institutional or specialist
repositories (document servers), Golden Open
Access the first publication of scientific articles
in Open Access periodicals or books. With the
Hybrid Open Access pathway, authors can effec-
tively be paid a fee for Open Access publication
of their article.

Austria has a number of organisations contrib-
uting to the implementation and further devel-
opment of Open Access and Open Data. The
main stakeholders are the Austrian Science Fund
(FWF), Universities Austria (uniko), the Univer-
sity Libraries Forum (the network of all Austrian
academic libraries, including the National Li-
brary), the Osterreichische Bibliothekenverbund
und Service Ges.m.b.H. (Austrian Library Asso-
ciation, OBVSG), E-Media Austria Cooperation
(an association of some universities for consor-
tium purchase of electronic journals) and also the
Open Access Network Austria (OANA).

The Austrian Science Fund (FWF) has been in-
tensively involved with Open Access since 2012.
As a signatory to the “Berlin Declaration on
Open Access to Knowledge in the Sciences and
Humanities”, the FWF has since 2015 been oblig-
ing and encouraging all project directors to make
their research results freely accessible in the in-
ternet.® More than 80% of all peer-reviewed arti-
cles resulting from projects funded by the Austri-
an Science Fund (FWF) are currently assumed to

6 See https://www.fwf.ac.at/de/forschungsfoerderung/open-access-policy/monitoring-open-access
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be published in the Open Access form. The Open
Access Policy of the FWF was expanded at the
end of 2014 to include the recommendation that
research data which are generated within the
framework of FWF-funded projects are made
available via Open Access, to the extent that this
is legally and ethically possible.” The target is for
almost 100% of the quality-assured publications
generated by FWF projects to be on an Open Ac-
cess basis by 2020 (including free re-use licenses)
and that the costs of these are made clear. Fur-
thermore, the FWF plans to have a binding Open
Research Data Policy in place by 2018 for all of
its funding programmes (with data management
plans included in project proposals).

OANA was set up in 2012 as a joint initiative
under the organisational umbrella of the FWF
and uniko. The key topics it deals with are adopt-
ing a joint position towards information provid-
ers (usually publishers), coordination between
Austrian research institutes, funding donors and
research agendas (including consideration of in-
ternational trends), and acting as a contact point
and source of information for scientists, research
institutes and political representatives. In 2016,
an OANA working group developed 16 recom-
mendations for Open Access implementation in
Austria®, with a view to converting all scientific
publication activity in Austria to Open Access by
2025. These implementation steps were also pre-
sented to the Austrian Council of Ministers in
July 2016 and were noted with approval.

Open Access also has far-reaching consequenc-
es for the costs of maintaining full access to sci-
entific journals while simultaneously reducing
the cost of creating Open Access publications.
The Austrian Academic Consortium (KEMO)
conducts negotiations to this end with the major
international scientific publishing houses on be-
half of the Austrian Consortium of Libraries. A
new licensing model, “Springer Compact”, was

8 See OANA (2016).
9  See RFTE (2009, 31).
10 See ERA Portal Austria (2015).
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agreed in 2015 with the Springer publishing
house for a period covering three years from Jan-
uary 2016 onwards. Springer Compact combines
the use of content on SpringerLink with the pos-
sibility of Open Access publishing. The new
model offers scientists the possibility of Open
Access publishing their research results in a high
quality and wide-ranging portfolio of journals.
This represents a first important step in changing
the scientific publications system and transform-
ing the nature of subscriptions, with the aim of
creating an efficient and largely budget-neutral
transition.

In addition to the institutions listed, the na-
tional advisory committees have also considered
the question of Open Access and Open Data. The
Council for Research and Technology Develop-
ment (RFTE) strategy for 2020 proclaims the goal
of all public research results in Austria being
freely accessible on the internet by 2020.° The
European Research Area (ERA) - Portal Austria
published a Policy Brief on Open Science in 2015
which also drew up recommendations for pro-
moting Open Access.!°

Initiatives have also recently been launched to
promote the use of Open Data in the field of ap-
plied research. The Federal Ministry for Trans-
port, Innovation and Technology (BMVIT) has
compiled Open Access guidelines referring to the
recommendations of the European Commission
(2012/417/EU), according to which results from
publicly-financed projects from mission-focused
programmes should largely be made available to
interested members of the public. It is envisaged
in the further development planned that in fu-
ture Open Data formats should be taken even
more strongly into account in the collaborative
and open processing of research data. The promo-
tion of Open Data in applied research is more-
over also addressed in the Open Innovation strat-
egy of the Austrian Federal government.
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4.1.3 Infrastructures for Open Access and
Open Data

In order to facilitate Open Access and Open Data,
appropriate infrastructures are required which to
date have primarily been financed from public re-
sources and frequently operated by universities
and research institutes.

E-Infrastructures Austria is a project for the
coordinated establishment and further develop-
ment of repository infrastructures in Austria.!' It
was launched in January 2014 and is financed by
the Federal Ministry of Science, Research and
Economy (BMWFW) within the framework of
Higher Education Sector Structural Funding
(HRSM). The primary task of the three-year
HRSM project was the coordinated establish-
ment and further development of repository in-
frastructures for research and teaching as well as
efficient and sustainable research data manage-
ment. The participants in the project were 20
universities and five non-university institutions.
Its activities are being continued by the succes-
sor project of “e-Infrastructures Austria plus”
with the objective of constructing a model in the
long term for document servers and repositories
which are networked with each other.!?

Beyond this, there are some projects which are
creating infrastructures in specific research
fields. The Austrian Social Science Data Archive
(AuSSDA) is creating an Austria-wide data ar-
chive for social science data and services in coor-
dination with CESSDA European Infrastructure
(ESFRI Project). PUMA, likewise funded within
the framework of an HRSM project, is a platform
for surveys, methods and analyses which also
deals with Open Data and data-driven research
methods in the social sciences.!® Led by the Uni-

11 ://e-infrastructures.at/startseite

12 See http://e-infrastructures.at

13 See http://www.puma-plattform.at

14 See http://www.digital-humanities.at/de

15 See http://www.clarin-dariah.at

16 See www.sentinel.zamg.ac.at
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versity of Vienna, cooperation is taking place be-
tween the Universities of Linz, Innsbruck, Graz,
Salzburg and Klagenfurt, the Academy of Scienc-
es, the MODUL University and Statistics Austria
with the aim of establishing an Austrian centre
of excellence for quantitative methods of empiri-
cal social research and for premium-quality data
collections.

The Austrian Centre for Digital Humanities
(ACDH) is a joint centre shared between the Uni-
versities of Vienna and Graz and the Austrian
Academy of Sciences.!'* The CLARIN and DARI-
AH research infrastructure is jointly operated in
order to develop specific basic services, reposito-
ries and digital research methods in the Human-
ities.'® The HRMS-funded project “Portfolio/
Showroom - Making Art Research Accessible”
will in future be considering digitalisation in the
Fine Arts and establishing a research information
system.

“Sentinel National Mirror Austria” is a proj-
ect run by the Federal Ministry for Transport, In-
novation and Technology (BMVIT), Federal Min-
istry of Science, Research and Economy (BM-
WEFW) and the Central Institute for Meteorology
and Geodynamics (ZAMG), which makes cur-
rent earth observation data from the Sentinel sat-
ellites accessible to the public for free.'

AT20A (Austrian Transition to Open Access)
is a further project, financed by HRSM funds,
which will develop further infrastructures be-
tween 2017 and 2019. The 21 Austrian public
universities, IST Austria and KEMO are partici-
pating in the project. Licensing contracts are be-
ing re-negotiated with providers and financing
and transition models defined in order to bring
about an increase in Austrian Open Access pub-
lication output. It is also intended to set up
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Open Access Monitoring covering the whole of
Austria.

Within the context of the current chapter,
which is focused on scientific research, it should
be mentioned that digital technologies and on-
line availability are also changing the teaching
and learning activities throughout the Austrian
educational landscape. The higher education in-
stitutions are pioneering in this. A key role is
played by open or free educational resources!’
(“Open Educational Resources”, OER] - teaching
and learning materials which are made freely ac-
cessible, to allow them to be used by others. The
University of Graz and Graz University of Tech-
nology, for example, launched the first Austrian
Massive Open Online Course (MOQOC) Platform,
iMooX!'®, which only provides OER content. An-
other project which is also establishing an im-
portant infrastructure and which is being funded
by the Federal Ministry of Science, Research and
Economy (BMWFW| from HRSM resources, is
the Open Education Austria Project’: Under the
overall responsibility of the University of Vien-
na, a national OER infrastructure is being devel-
oped which for the first time brings together the
services of (e-)learning centres, libraries and cen-
tral information services, provides support for
teaching staff creating OER materials and en-
sures accessibility to these materials for univer-
sity teaching in Austria.

A final example is the Data Market Austria
(DMA) project, funded by the Austrian Research
Promotion Agency (FFG) and launched in 2016,
which addresses issues including inter-operabili-
ty and data security. This is intended to lead to
circumstances being created which will enable

business-relevant stakeholders and firms to pro-
vide and make use of data.

In addition to projects at the national level,
the European Commission is also helping to pro-
mote the establishment of infrastructures for
Open Access and Open Data. The European e-in-
frastructure, OpenAIRE, in which the University
of Vienna is involved, can also be mentioned here
as an example.?’ The aim of this research infra-
structure is to create free-of-charge public access
throughout Furope to quality-checked scientific
articles via a central electronic portal. Particular-
ly noteworthy is the new Zenodo research data
repository which has been created within the
framework of OpenAire and in cooperation with
CERN.2!

Some further important directories of reposi-
tories are available at an international level.
The “Directory of Open Access Repositories”
(OpenDOAR)?? lists over 2,600 Open Access re-
positories for academic research. It also pro-
vides various statistics related to repositories,
for example by country, field, institution or in
general terms relating to the growth and in-
crease in repositories. Likewise recommended
in the EU Guidelines is the “Registry of Open
Access Repositories” (ROAR)?*, with 4,173 re-
positories listed. Re3data.org is a data reposito-
ry which has been funded by the German Re-
search Community (DFG) since 2012. With
1,600 data repositories listed at present, it cur-
rently represents the most comprehensive reg-
ister of this kind. Also of importance is the Di-
rectory of OA Journals (DOAJ) which is not just
a directory, but also awards a quality standard
mark for OA journals and is also recommended

17 See Recommendations for the integration of Open Educational Resources in universities in Austria, http://www.fnm-austria.at/filead-
min/user_upload/documents/Buecher/2016_fnma-OER-Empfehlungen final.pdf

18 See http://imoox.at
19 See http://openeducation.at/home/

20 See http://openaire.univie.ac.at

21 See https://zenodo.org/

22 See The Directory of Open Access Repositories, http://www.opendoar.org,

23 See The Registry of Open Access Repositories: http://roar.eprints.org
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in this regard by uniko and the Austrian Sci-
ence Fund (FWF).

The objective of the European Commission in
the medium term is to create a European Open
Science Cloud. This aims to integrate infrastruc-
tures which have previously operated for the
most part separately. The Open Science Cloud is
an open, collaborative platform for the manage-
ment, sharing, accessing and archiving of re-
search data and other objects and should there-
fore also serve as a source of ideas and knowledge
for firms and other stakeholders aiming to com-
mercialise research results.

The projects listed have helped to build up the
Open Access and Open Data infrastructures in
Austria and to set up networks at national and
international levels. According to the currently
available figures, there are now 25 repositories
operated by Austrian institutions (as of February
2017).2¢

4.1.4 Big Data

The quantity of data produced in science, society
and industry is increasing exponentially. Data
collected by sensors in mobile telephones and
cars are an example here as well as data saved in
social networks or financial transactions. Figures
from studies show that, according to the most
up-to-date available data (current to 2014),
about 4.4 zettabytes of electronic data are in ex-
istence and with annual growth rates continuing
to rise, 40 zettabytes of data will be generated by
2020.%° This trend, which is also known as Big
Data, is considered to have huge potential in sci-
ence for addressing new types of research enqui-
ries. Up until now research has been primarily
concerned with the issue of how these huge het-
erogeneous quantities of data can not only be an-

24  See https://www.openaire.eu/oa-austria; Re3data.org

25 See Kahn et al. (2014).
26 See Howe et al. (2008).
27 See Frankel und Reid (2008).

28 See http://www.egi.eu/
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alysed, but also how they can be archived, trans-
ferred and used by innovative technologies and
applications over the long term.

A series of projects and initiatives can be cited
in biosciences and medicine, for example, which
attempt to combine data, to administer the re-
sults and then to make these available for various
applications world-wide.?® This is linked to inno-
vative shared computer architectures and sys-
tems, such as Grid Computing, a form of shared
computing in which use is made of several com-
puters at the same time. The use and treatment
of these data, e.g. through identification of unex-
pected correlations in data structures, the inter-
pretation of empirical findings and the formula-
tion of new types of research questions, is consid-
ered to be a central challenge for public and pri-
vate research.?

The European Commission is promoting Big
Data projects with its Horizon 2020 initiative
and has published its own priorities for Big Data
in the information and communication technol-
ogies programme line. The European Grid Infra-
structure Initiative is another example of this.?®
The European Commission is supporting the de-
velopment of this e-infrastructure, which links
European researchers through a shared data and
computer structure. While current discussion of
Big Data is primarily centred around the analysis
of unstructured data, large quantities of struc-
tured data are also of importance for research.
The Large Hadron Collider (LHC) at CERN is an
example of this 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 dis-
tributed computer and storage network infra-
structure for the experiments on the Large Had-
ron Collider.
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Bioinformatics is among the early users of Big
and Open Data. One Austrian example is the es-
tablishment of the European bio-database at the
Medical University of Graz. Due to the increas-
ing importance of Open Data and Big Data, the
Medical University of Vienna has recently adopt-
ed a policy on the use of Big Data.

Big Data projects have been funded in Austria
since 2013 by the Federal Ministry for Transport,
Innovation and Technology (BMVIT) under the
“ICT of the future” umbrella programme. Big
Data is relevant, for example, for mobility appli-
cations. At the Austrian Institute of Technology,
large quantities of data are processed for the de-
velopment of mobility applications within the
framework of a Real Time Data Analytics proj-
ect. JOANNEUM RESEARCH has developed an
open platform for interoperable services within
the framework of a project which enables smart,
incident-focused management of very large quan-
tities of data and provides various information
streams in crisis situations. Research groups also
use it to evaluate satellite images for remote
sensing. Data are further processed using modern
algorithms and validated selectively (“ICT of the
future”, key project Data Market Austria®). The
Prepare4EODC project, coordinated by the Uni-
versity of Vienna in collaboration with further
partners from science, the public sector and also
private industry, is another project to note, in
which earth observation data are made available
for the analysis of global water resources. Many
different kinds of data are also combined for town
planning and development within the framework
of ongoing Smart Cities projects, where these are
used for innovative applications, funded by the
Austrian Research Promotion Agency (FFG)
among other organisations.

In response to the increasing importance of
the analysis of large quantities of data, the fields
of Data Science and Data Analytics are also grow-
ing in importance. Some universities in Austria

29 See https://datamarket.at/
30 See Schaper-Rinkel et al. (2012, 14f).

31 See Burgelman et al. (2010).
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have committed themselves to this topic and of-
fer degree programmes. Examples include a
course of studies at the University of Salzburg
and specific training programmes at the Techni-
cal University of Vienna, the Vienna University
of Economics and Business and the Wiener
Neustadt University of Applied Sciences. Fur-
thermore, an endowed professorship for Data Sci-
ence was awarded in 2016 at the Graz University
of Technology.

The KNOW Centre at the Graz University of
Technology, which is also financed by funds from
the COMET programme, has been dealing for
many years with the question of how large and
complex volumes of data can be analysed and
processed for a wide range of applications. An im-
portant research priority is the question as to
how Big Data can be used for new business mod-
els and commercial applications.

4.1.5 Data-driven research methods

Making use of large and complex quantities of
data, generated in a dislocated fashion, for scien-
tific research implies a development which is
designated in the literature as a “data-driven” re-
search method.’® Researchers postulate that in
future in some areas, classic hypothesis- and the-
ory-driven research will be replaced by data-driv-
en research methods.®! Against this background
the information technology infrastructure, in-
cluding databases, acquires an increasingly large
role, in terms of identifying correlations and pat-
terns in the data, as well as in driving forward
experimental research.

Digital technologies are already successfully
employed in various branches of medicine. Oph-
thalmology is a particularly attractive area for the
use of new methods of automated data analysis, as
standard diagnostic investigations are almost en-
tirely based on digital imaging. The Eye Clinic at
the Medical University of Vienna is leading the
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world in this area because, as a pioneer in ophthal-
mological image analysis, it has been developing
machine learning methods for optimising diagno-
ses, establishing prognoses and individualising
treatment methods?®? for four years now. This de-
velopment is based on two key components: on
the one hand, the foundation of a Christian Dop-
pler Laboratory for Ophthalmological Image Anal-
ysis (OPTIMA) and, on the other hand, the estab-
lishment of a central platform for digital image
analysis, the Vienna Reading Center (VCR). Ocu-
lar coherence tomography provides non-invasive,
high resolution and three-dimensional images of
the retina which allow any change in the develop-
ment of an illness and in the course of treatment
to be precisely recognised. Methods of computer-
ised image analysis have recently been introduced,
in order to provide a comprehensive, targeted and
reproducible diagnostic evaluation for any patient
at any point in time. In this approach, recourse is
made to methods of artificial intelligence where,
in particular, machine learning allows biomarkers
and patterns of illness activity to be gathered from
large data pools without any limitation arising
from preliminary hypotheses.

Against the background of the ever larger
quantities of data and computing performances
required, investments are needed in computers,
databases and networks. The Federal Ministry of
Science, Research and Economy (BMWEFW) has
accordingly been investing for some years in the
development of High-Performance-Computing
facilities, such as the VSC (Vienna Scientific
Cluster) or the Austrian Centre for Scientific
Computing (ACSC) in Linz. Scientific Comput-
ing is also a research priority at the universities
of Vienna and Innsbruck.

4.1.6 Digitalisation as an object of research

The digitalisation of society and industry also
entails changes for research in virtually all fields
and topic areas. Trends in digitalisation are in-
creasingly becoming the object of research at uni-

versities and research institutes. In this regard,
issues stemming from the areas of information
and communication technologies (ICT), optical
technologies, sensor technology or electrical en-
gineering are also of great relevance for other spe-
cialist areas, such as communication and educa-
tion sciences, medical and health research or the
so-called “Digital Humanities”. The European

Research Framework Programme Horizon 2020

also regards ICT - including digitalisation — as an

interdisciplinary issue which affects many differ-

ent industries (see Fig. 4-2).

Research about and for digitalisation serves to
enhance our understanding of digital transforma-
tion, examining the effects of digitalisation for
individuals and society, and the opportunities it
creates; areas such as the Digital Humanities, for
instance, also promote self-reflection with regard
to the development and application of digital
technologies. A wide range of research and devel-
opment projects are being conducted within this
context, stretching from research into formal
methods for analysing large quantities of data, to
the development of technologies for various ap-
plication areas (frequently in cooperation with
users and citizens), and investigation of the so-
cial impacts of digitalisation. Some examples are
described here by way of illustration.

e The Institute for Computer Aided Automa-
tion at the Vienna University of Technology is
involved in some EU-funded projects where
digital technologies for ageing (Ambient As-
sisted Living - AAL) are being developed to
promote good health in the work place and to
support mobility in people’s own homes. JO-
ANNEUM RESEARCH has also developed a
bundle of activities focused on the topic of
AAL. These include enhancing imaging proce-
dures for recognising falls by additional meth-
ods using acoustic sensors. There are also proj-
ects exploring new digital technologies for
people suffering from dementia, and support-
ing people with disabilities in finding their
way around public buildings.

32 Known under the definition: “The right treatment for the right patient at the right time”.
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Fig. 4-2: Overview of ICT in Horizon 2020
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e The University of Salzburg, the Vienna Uni-
versity of Applied Sciences, Technikum Wien,
the Joanneum University of Applied Sciences
and the Austrian Institute of Technology have
their own “user labs” where researchers are in-
vestigating how the use of digital technologies
affects the users themselves, with the help of
eye-tracking instruments and screen record-
ing.

¢ The Institute of Technology Assessment at the
Austrian Academy of Sciences, the Institute of
Design and Assessment of Technology at the
Vienna University of Technology, the research
group for Techno-Science and Societal Trans-
formation at the Institute for Advanced Stud-
ies (IHS), the Centre for Social Innovation
(ZSI), the Working Life Research Centre (FOR-
BA) and JOANNEUM RESEARCH - POLI-
CIES, among other issues, are concerned with
the social impacts of digitalisation.

The development of industrial technologies such

as robots, assistance systems and software prod-

ucts for various economic sub-sectors is now a

key area in virtually all Austrian universities and

research institutes. Specialist research groups are
also addressing questions about the future of
work in a digitalised world, and so contributing
to a co-evolutionary development of technology
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and society. Through these kinds of research
projects, insights are also being gained which
form a key foundation for politics and society, to
help shape the transformation in a responsible
manner and to strengthen acceptance and trust
in a digitalised world.

Despite digitalisation and the evolution of
new topic fields, it is clear that experience, ex-
pertise and domain knowledge gained from exist-
ing areas of application, for example with regard
to telecommunications, the environment or
health care, remain essential for the develop-
ment of this research area.

4.1.7 Summary

National and European RTI policy has in recent
years promoted the development of digital tech-
nologies and the related applications and oppor-
tunities. Examples include the European Com-
mission’s policy of funding Open Science and
Open Innovation, national strategies for funding
Open Access and specific research infrastruc-
tures, and the Open Innovation strategy of the
Austrian federal government.

Open Science requires new investments in da-
ta infrastructures (e-infrastructures) and new ca-
pabilities and skills for scientists to enable them
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to participate successfully in these processes.
The growing need for these types of investment
must be taken into account by universities and
research institutes in their financing and facility
decisions.

In Austria to date, both bottom-up and top-
down measures have been important in pro-ac-
tively shaping digital transformation in universi-
ties, higher education and research institutes.
The Austrian Science Fund (FWF), the Open Ac-
cess Network Austria (OANA), the Austrian Ac-
ademic Consortium (KEMO), and e-Infrastruc-
tures Austria have established a series of initia-
tives in close cooperation, which provide a good
basis for positioning Austria as an innovation
leader in the fields of Open Access and Open Da-
ta, both in Europe and across the world.

The many challenges for policy makers also
include areas such as security, guarantees, copy-
right law protection and data protection. The
questions of how to store and protect data sus-
tainably, as well as enabling access and increas-
ing user-friendliness are important topics on the
development and policy agenda. In this context,
however, some researchers warn of a new kind of
“digital divide” emerging, characterised by “the
big data rich and the big data poor” .3

There are further challenges regarding the is-
sue of how public access to data and information
can be secured for as many stakeholders as possi-
ble — including for the proposed Open Science
and Open Access principles - if universities and
research institutes are at the same time compet-
ing for third-party funding and commissioned
projects.®* They could have a short-term advan-
tage in certain cases if they keep data and find-
ings secret or provide them exclusively to the
client. This conflict of priorities will become
more acute in some cases in future, for instance
those involving research projects on contract for
industry, where research institutes wish to fi-
nance their investments in databases and elec-

33 See Boyd und Crawford (2012).
34 See Weber und Burgelman (2015).
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tronic infrastructures through commercial proj-
ects or where scientific publishing houses have
to find new business models. In this context, is-
sues around data protection and privacy in par-
ticular are a factor that could potentially limit
the future spread of the phenomena described
here.

There is still little comparable information
overall at the international level on the distribu-
tion, participation and use of Austrian scientists
and institutions in the new research methods
and strategies described here. The monitoring
which is currently planned by the EU and which
will include indicators on the proliferation of
Open Access and Open Data also promises to en-
sure that Austria achieves international recogni-
tion in future.

4.2 Digitalisation and innovation in the business
enterprise sector

Increasing digitalisation is apparent in the busi-
ness enterprise sector across both the manufac-
turing and service industries. These trends are
crucial for the overall technological performance
of Austria: Knowledge-intensive business ser-
vices, including the information and communi-
cation services which are relevant for digitalisa-
tion, typically show high productivity, which has
a positive effect on the economy as a whole, both
directly and indirectly (i.e. via the customer). In-
vestments in digital production technologies are
also expected to result in further productivity
gains. New data show that distribution of these
technologies among Austrian firms is gathering
speed, with large, internationally active firms
taking the lead.

The importance of this topic has also been rec-
ognised for some years in the RTT funding of the
responsible ministries. In addition to specific dig-
italisation funding programmes, a focus is also
being set on digitalisation in existing technolo-
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gy-neutral programmes. Within the framework
of the National Cluster Programme, business
concerns are being taken into account, while the
topic of digitalisation is also embedded in strate-
gic planning by means of the Digital Roadmap
which was put forward in January 2017.

4.2.1 Industry 4.0: empirical results for Austria

The digitalisation of industrial production (In-
dustry 4.0) is regarded by many as the key to re-
vitalising European industry. The concept of In-
dustry 4.0 emerged in Germany and was defined
as part of the formulation of high-tech strategy in
2012 as a project for the future. An important ref-
erence document is the final report of the Indus-
try 4.0 working group, published by the Indus-
try-Science Research Alliance and the German
National Academy of Science and Engineering®
Aichholzer et al, in a study undertaken for the
Austrian Parliament, talk of networked, real
time-enabled and self-optimising production sys-
tems aimed at “raising productivity, resource ef-
ficiency, quality and flexibility”*¢. In addition to
the term Industry 4.0, other, in part over-lapping
concepts, are used, such as Advanced Manufac-
turing Technologies (AMT), Cyber-physical Sys-
tems (CPS) or the Internet of Things (IoT).

This chapter begins by considering the distri-
bution of digital production technologies at in-
dustry level and then discusses the drivers, ob-
stacles and Austria’s specific skills in industrial
digitalisation. The underlying data are derived
from the “European Manufacturing Survey” as
well as interviews with company representatives
and stakeholders in Austria.

The European Manufacturing Survey (EMS)’
covers process and product innovations and oth-
er forms of modernisation in firms engaged in
manufacturing. Among other issues, the EMS
asks about the deployment of 19 different pro-
cess technologies in firms, of which eleven tech-

35 See acatech (2013).
36 See Aichholzer et al. (2015, 13).
37 See Zahradnik et al. (2016).
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nologies are classified as being of relevance for

Industry 4.0. These include the following tech-

nologies:

¢ Software systems for production planning and
control (e.g. ERP systems)

e Product Life-cycle Management
(PLM)

e Technologies for ensuring safe human-ma-
chine cooperation (e.g. cooperative robots, bar-
rier-free stations etc.)

¢ Digital techniques for the provision of services
(e.g. mobile end-devices, sensor techniques for
teleservices, virtual/augmented reality appli-
cations)

¢ Digital exchange of production schedule data
with suppliers and customers (Supply Chain
Management systems, SCM)

e Technology for automating internal logistics
(e.g. warehouse administration systems, RFID)

¢ Real-time production control systems

¢ Industrial robots for manufacturing processes
(e.g. for caulking or treating surfaces, painting,
cleaning)

¢ Industrial robots for handling processes (e.g.
for inlaying/mounting/sorting/packing)

¢ Additive manufacturing processes for making
prototypes (e.g. 3D printing)

e Additive manufacturing processes in series
production (also individual/small-run series or
spare parts)

systems

A comparative index is calculated using cumula-
tive figures for the use of technologies from of
this group of eleven. Index values range from 0
(no Industry 4.0 technologies) to 9 (as there are
no firms making use of all eleven technologies).
Of the eleven technologies, software systems for
production planning and control are clearly the
most widely used, while technologies for safe co-
operation between humans and machines and
generative manufacturing processes in series
manufacturing are the least used.
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The Index makes it possible to compare the
distribution of Industry 4.0 technologies in dif-
ferent types of firms (see Fig. 4-3). Evidently the
deployment of Industry 4.0 technologies increas-
es with the size of the firms. This is partly a re-
sult of economies of scale and partly because
large firms are able to bear the investment costs
more easily. Furthermore, large firms often have
a wider range of deployment options for these
technologies, meaning their incentive to invest
is greater. The differences between firms of vary-
ing size are certainly clear: In firms with more
than 250 employees, there are on average five of
these technologies deployed, while firms with 20
to 30 employees only use between one and two of
the technologies. In this latter size category,
about 40% of firms use no Industry 4.0 technolo-
gies at all, while there virtually no firms in the
category with more than 250 employees where
no Industry 4.0 technology is being deployed.
Firms with fewer than 20 employees were not
surveyed.

Firms in the mid-range technology segment
use Industry 4.0 technologies with greater fre-
quency than firms in the high technology or low
technology segments. Automobile construction,
the plastics industry and mechanical engineering
are leading the way here. It can be concluded
from this that Industry 4.0 technologies are par-
ticularly in tune with the requirements of Aus-
trian manufacturing, which is focused in the
mid-range technology segment. The differences
between firms with varying levels of technology
intensity are, however, much smaller than be-
tween size categories, which indicates that In-
dustry 4.0 technologies are also being used in tra-
ditional economic sub-sectors as well, such as
foods and beverages, textiles, wood, paper or fur-
niture.

In contrast, marked differences are to be found
between suppliers and firms which are not sup-
pliers. It appears that Industry 4.0 technologies
help suppliers better meet requirements for qual-
ity, flexibility and documentation of the produc-
tion process as well as improving coordination
with their customers’ production processes. Cus-
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tomer requirements are evidently one of the key
drivers for the use of Industry 4.0.

The data also reveal a clear connection be-
tween product innovation and the application of
Industry 4.0 technologies. Firms which have
launched new products feature a higher number
of Industry 4.0 technologies. On the one hand,
firms with innovative products may be more re-
ceptive to process technologies, but on the other
hand, Industry 4.0 technologies may also provide
the basis for product innovations.

The use of Industry 4.0 technologies is also
markedly more common among manufacturers
with large-scale production than those with
small or customised production runs. The advan-
tages generated by higher levels of flexibility are
presumably greatest for large-scale manufactur-
ers, but this finding can also be explained by dif-
ferent firm sizes.

A final point to note is that, the data do not
reveal any differences between firms which offer
services in addition to their primary products
and those which do not offer services. This is sur-
prising as Industry 4.0 is often linked to new in-
dustrial services (for example based on Industry
4.0 data); an example of this would be businesses
which offer the services of a product by the hour,
cubic meter or in other units. In any case, the
importance of these new industrial services does
not yet appear to be large enough to make a dif-
ference here.

Within Industry 4.0, a disruptive effect on ex-
isting production structures is particularly asso-
ciated with additive manufacturing processes
(3D printing). According to EMS figures, current-
ly about 16% of the Austrian manufacturing
firms with more than 20 employees deploy addi-
tive manufacturing processes, usually for the de-
velopment of prototypes. 3D printing is, howev-
er, still a rarity in manufacturing. As with other
Industry 4.0 technologies, additive manufactur-
ing processes are also found with greater frequen-
¢y in large firms and high-/medium-tech firms
manufacturing complex systems, components
and modules.

In summary, it is clear that Industry 4.0 tech-
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Fig. 4-3:
6
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Distribution of Industry 4.0 technologies in different types of firms, 2015
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Source: EMS 2015. Calculations: AlT.

nologies have begun to spread throughout Aus-
trian industry, although their distribution still
seems to be limited to large, internationally ac-
tive firms and serial manufacturers. One expla-
nation for this pattern is possibly the initial high
fixed costs for these technologies and the associ-
ated uncertainty, which can be borne more easily
by large firms. The figures do not, however, pro-
vide any information as to whether by interna-
tional comparison Austria is a pioneer or a strag-
gler. Further international comparisons are re-
quired on this.

4.2.2 Services as drivers of innovation and growth

For decades now, changing employment patterns
in the Austrian economy have been characterised
by a trend towards higher numbers in the service
sector®®. According to Statistics Austria data, the
share of R&D expenditure by the service indus-
tries rose between 1998 and 2013 from 22% to
37% of the entire R&D expenditure in the busi-

38 See Dinges et al. (2017).
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ness enterprise sector. Even under the assump-
tion of some under-reporting in the service sector
at the beginning of this period, the growth in
R&D expenditure in the service sector is consid-
erable: while R&D expenditure in the manufac-
turing sector grew at an average of 6.5% per year,
that of the service sector increased by 11.6% per
year. R&D expenditure in the service sector
therefore grew continuously more quickly than
in the manufacturing sector.

Within the service industries, the sectors of
Research and Development (R&D) in biotechnol-
ogy, service providers (SPs) for information tech-
nology, trade and information services show the
highest rise in R&D expenditure.

The Research and Development sector in-
cludes firms whose task consists of providing
R&D services for third parties. Overall, the R&D
expenditure of firms in the R&D services sector
for 2013 amount to more than € 1 billion or 16%
of the entire R&D expenditures of the business
enterprise sector. Leading stakeholders in this
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sector are, for example, the Austrian Institute of
Technology (AIT), JOANNEUM RESEARCH or
the Centres of Excellence, but also start-ups
whose value creation consists mainly of research
services, as they have not yet begun production
on their own account. One part of this sector is
R&D in biotechnology. R&D expenditure in this
area rose from €18 million in 2002 to €366 mil-
lion in 2013, equating to about 5% of the total
R&D expenditure of the business enterprise sec-
tor. These sectors include important research in-
stitutes of foreign firms engaged in the pharma-
ceutical industry.

R&D expenditure in the information technol-
ogy services sector likewise grew at an extraordi-
narily strong rate. At €272 million, this sector
spent almost as much on R&D in 2013 as metal
production. Typical tasks in this sector are devel-
opment, adaptation, testing and software man-
agement, or the planning and design of computer
systems. This makes this sector one of the core
areas for the digitalisation of many other sectors,
as it supplies the software infrastructure on
which innovations can be developed.

What explanations are there for the rapid
growth in R&D expenditure in the services sec-
tor? A key developmental driver is the introduc-
tion of new technologies, in particular informa-
tion and communication technologies (ICT).
Trade, for example, is considerably more tech-
nology-intensive than it was 15 years ago due to
new developments in logistics and ICT. New
technologies have also significantly increased
R&D intensity in many other areas within the
service provision sector.

A further explanation stems from changes in
the inter-sectoral division of labour. One exam-
ple is the above-mentioned field of R&D in bio-
technology, where research firms have close rela-
tionships with the producers of pharmaceutical
products through research questions and meth-
ods, cooperation agreements, licensing or invest-
ment holdings. A new division of labour has

39 See Ramirez (2013).
40 See Statistics Austria (2016).

102

evolved between the two sectors over the last
decade: Clinical studies are outsourced on a large
scale to specialised suppliers, and pharmaceuti-
cal firms supplement and replace their own R&D
activities by purchasing patents and research re-
sults from these biotechnology firms®. In the
trade sector too, it can be assumed that much of
the R&D activity is closely related to manufac-
turing.

In addition, examples can be found where soft-
ware development and other IT services are out-
sourced from industry into the service sector, so
that these trends can also be partly attributed to
shifts between these two sectors. It would, how-
ever, be wrong to regard the growth in R&D ex-
penditures in the service sector primarily as the
result of statistical proportional shifts. A catego-
ry of knowledge-intensive business services has
been established within the service sector, for
which innovation and R&D form the key factors
for growth and employment. Self-employed
knowledge-intensive service providers have sig-
nificantly greater opportunities for specialisation
and division of labour than would be the case for
in-house departments in manufacturing firms,
meaning the trend can also be partly be attribut-
ed to dynamic learning effects. Input-output sta-
tistics® also show that other service providers,
rather than manufacturers, are usually the most
important customers for these knowledge-inten-
sive business services. In this regard, the term
“industry-related services” is misleading. Knowl-
edge-intensive value creation chains have been
evolving within the services sector itself for a
long time now. The digitalisation of areas of the
services sector is therefore also having a signifi-
cant impact on other areas in this sector.

It is also clear that areas of the services sector
which are in the forefront of digitalisation are al-
so among the most active in developing innova-
tions. Analysis of the latest Community Innova-
tion Survey (CIS 14) for Austria (Table 4-1) re-
veals that there are more innovative firms in
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Table 4-1: Innovation activities in the knowledge-intensive services in Austria, results of the European innovation survey

Cis14

sector
(ONACE divisions)

Information and communication | Financial services Freelance/technical services Services Manufacturing
(58-63) (64-66) (71-73) Total (10-33)

in %

Innovating firms ! 82.1
Firms with product innovations 54.4
Firms with process innovations 44.5
Firms with organisational innovations 53.8
Firms with marketing innovations 44.5

63.1 64.6 59.5 64.1
22.4 37.8 30.8 37.9
25.0 35.0 32.8 39.0
47.1 45.0 37.3 35.8
29.8 25.8 29.8 31.0

1) Firms with product, process, marketing innovations, organisational innovations or ongoing innovation activities that have not been completed or have been suspended

for product or process innovations.

Source: Statistics Austria, European Community Innovation Survey (CIS 2014). Graphic: Austrian Institute of Economic Research (WIFO).

three of the knowledge-intensive ONACE ser-
vice industries recorded in the CIS (Information
and communication; Financial services; Free-
lance and technical services) than in the econo-
my as a whole. The industries Information and
communication services (82.1%) and Free-
lance-technical services (64.6%) even show a
higher level of innovation activity than the man-
ufacturing sector (64.1%).

Overall, innovative potential in the core areas
of domestic knowledge-intensive business ser-
vices (KIBS) certainly appears to be thoroughly
sound and at least on a par to the manufacturing
sector. This can be largely attributed to the
marked and growing R&D focus of these service
providers, as described above, as well as to the
advance of digitalisation and the related demand
for new ICT solutions.

High levels of focus on innovation also result
in corresponding business efficiency. This is il-
lustrated by Table 4-2, which shows productivity
(per capita) and how this is changing in individu-
al ONACE-industries within KIBS. According to
this, the areas of Information and communica-
tion, Financial and insurance services and also to
some extent Freelance and technical services
(2014) achieve higher levels of productivity than
the economy as a whole, but also more than the

41 See Mayerhofer und Firgo (2015).
42 See Mayerhofer und Firgo (2015).
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manufacturing of goods. Differences in efficiency
within KIBS also result from measuring produc-
tivity based on the number of employees, as the
proportion of part-time workers varies between
different KIBS industries.*! This is also true for
comparisons with manufacturing, where part-
time employment plays a significantly smaller
role than in the service sector. The statistics
therefore turn out more favourably for the sec-
ondary compared to the tertiary sector when effi-
ciency is measured on a “per employee” basis.
Although relevant figures show only slight
growth in many of the most productive KIBS ar-
eas, and the particularly efficient financial ser-
vices have recently even had to accept falls in
productivity, there are still hardly any negative
effects on overall productivity resulting from the
rise in significance of KIBS. This is even more the
case, as shown by recent analyses, since such ser-
vices not only have direct effects on productivity,
via their own productivity and its development,
but also have a positive indirect influence on pro-
ductivity through the effects their use has in the
client firms or industries*?. KIBS are therefore of
strategic importance as “local knowledge agents”
for other firms and industries and lead to increas-
es in efficiency for them. For this reason provid-
ers of knowledge-intensive business services are
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Table 4-2: Labour productivity in the KIBS in detail, gross value added at factor costs

per employed worker 2014 and 2008/2014

I 2008/2014
“ As a % of the overall economy % change p.a. s d'ffe:;:t)'al to overall

Information and communication total 102,590
Publishing activities 84,368
Film production/rental, cinemas 73,860
Programming and broadcasting activities 95,697
Telecommunications 165,679
IT services 93,747
Information service activities 89,247
Financial and insurance services total 136,032
Financial services 143,278
Insurance and pension funds 135,130
Other Finance and insurance services 96,298
Freelance/technical services total 81,000
Legal advice and auditing 79,513
Company management, consultation 96,607
Architecture and engineering firms 83,646
Scientific research and development 67,145
Advertising and market research 61,256
Other freelance/technical tasks 67,990
Veterinary activities 58,613
Other industrial services total 51,159
Leasing of moveable items 349,937
Leasing of personnel 39,868
Travel agencies and travel operators 49,932
Private guard and security services 28,294
Building services; gardening 31,218
Industry services otherwise not stated 57,984
Overall economy 73,049
Manufacturing 81,890

1404
115.5 0.2 0.3
101.1 53 49
131.0 4.5 4.0
226.8 0.6 0.1
1283 2.2 L7
122.2 0.3 -02
186.2 -3.1 =36
196.1 -417 =572
185.0 0.1 -04
131.8 41 3.6
110.9 0.3 -02
108.8 1.2 0.7
1323 1.0 0.5
1145 -02 -07
91.9 -06 -1.0
83.9 -16 -21
93.1 =15 =20
80.2 1.0 0.5
70.0 0.9 0.4
479 0.0 -05
54.6 1.9 1.4
68.4 47 42
38.7 2.8 2.3
427 2.9 2.4
794 23 1.8
100 0.5 +0.0
1121 12 0.7

Source: Statistics Austria, Performance and structural survey Calculations: Austrian Institute of Economic Research (WIFO).

regularly cited in the Community Innovation
Survey (CIS) by innovative firms as essential
sources of external information. Their role in in-
novation processes is admittedly smaller than
that played by customers and competitors, but
exceeds that of universities and research insti-
tutes.** At the same time their importance is in-
creasing as external sources of knowledge for
business innovations, given the levels of special-
ist knowledge requirements and the complexity
of innovation processes, but also given the ever

43 See Kox und Rubalcaba (2007).
44  See Daniels und Bryson (2002).
45 See Martinez-Fernandez et al. (2011).

46 See Mayerhofer und Firgo (2015).
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faster pace of technological and digital change.*
KIBS in particular facilitate access by SMEs to
highly specialised and complex knowledge. The
key role played by KIBS in Open Innovation pro-
cesses has also been empirically confirmed across
a wide range of sectors.* An investigation*® for
European NUTS-2 regions shows that the in-
crease in KIBS within regional economic struc-
tures has a positive net effect on the overall de-
velopment of economic productivity of a region
(see Table 4-3).
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Tab. 4-3: Regression results for productivity growth and
KIBS in NUTS-2 regions of the EU-27, 1991-2012

T All Regions according to
LG LTI UL level of industrialisation

Growth in productivity low high
KIBS Growth + 0 +
KIBS level + + 0
Additional control vari- included included included
ables

+ = significantly positive at least at a 95% level
0 = insignificant
- = significantly negative at least at a 95% level

Source: Mayerhofer und Firgo (2015).

For Austria and the other EU-27 states, no neg-
ative effects on productivity are associated with
the structural shift towards the services sector
(“tertiarisation”), despite a frequent expectation
of such an effect associated with the growth of
the services sector.*’” Particularly since tertiarisa-
tion in highly developed economies during the
last few decades has, with advancing digitalisa-
tion, overwhelmingly been led by the growth of
KIBS characterized by high R&D and ICT inten-
sity. A further increase in the importance of spe-
cialised services is also to be expected in the fu-
ture.

Overall, this speaks in favour of awarding KIBS
a high status when designing innovation policy
and in the activities of RTI policy. Forms of mar-
ket failure as economic arguments for public in-
tervention in the KIBS area, due to virulent infor-
mation asymmetries to be found here (KIBS as
“credence goods”*®), and the positive externali-
ties described, might in any case be just as signif-
icant here as in other economic sectors that have
previously dominated the funding system. In ad-
dition, neglecting non-technological innovations
and intangible investments could have an overall
negative effect on innovation activity, as many

process and product innovations do not require
technology-related investments (for example, in
new organisational designs and distribution
channels and/or new combinations of product
and service elements) in order to achieve market
success. The availability of innovative KIBS is
therefore also of increasingly critical importance
in terms of competitiveness for industrial-com-
mercial activities, as ensuring the ability of the
latter to be competitive is above all based on
such services (such as R&D, design etc.) together
with forms of system integration with a strong
service component, including of course the inte-
gration of Industry 4.0 or other digital solutions
in SMEs engaged in manufacturing (see also Fig.
4-3). The particular importance attached to the
ICT sector as a sub-division of KIBS becomes
clear upon closer examination. As can be seen
from Table 4-1, this sub-division plays a crucial
role in innovation-driven structural change due
to the advancing digitalisation of society and in-
dustry.

Effects on the labour market associated with
increasing digitalisation (see Chapter 4.3) include
positive employment trends in the ICT sector in
particular. These effects can be found not only in
sectors producing ICT but also in those profiting
from ICT solutions and generating demand for
these as intermediate services. A recent study*®
has shown that for Austria, higher ICT intensity
in regional economies — measured by the propor-
tions of local employment in industries with
high ICT demand - is associated with higher re-
gional employment growth. This positive effect
can be identified both in manufacturing and in
the service sector. In addition, for Austria as a
whole, employment in ICT-intensive industries
has also grown more quickly within the observa-
tion period of 2004-2015 than employment as a

47 Baumol (1967) anticipated that services would only have little potential for increased efficiency through technological advances in
comparison with manufacturing. For quality assurance, however, he suggested that salaries in the services sector would need to keep
pace with the general increase in salaries in an economy. The result would be constantly rising costs in the services sector caused by
rising salary costs alongside stagnating productivity (“cost disease”).

48 See Kox und Rubalcaba (2007).
49  See Firgo (2016).
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whole. Even if future developments in the effects
of digitalisation and Industry 4.0 on employment
cannot be foreseen exactly, the positive develop-
ment to date of knowledge-intensive service in-
dustries is still unmistakeable, in particular in
ICT and in R&D services.

4.2.3 Summary

This chapter has examined various aspects of in-
novation in the business sector more closely,
with a particular focus on the role of innovative
service providers, including the ICT field, and on
the proliferation of Industry 4.0 technologies in
Austria. The results of the European Manufactur-
ing Survey (EMS) regarding the use of Industry
4.0 technologies also show that it is predomi-
nantly large firms that have begun to deploy
these. This reflects a classic distribution pattern
in which large firms have advantages in adapta-
tion compared with SMEs, due to the fixed costs
associated with introducing new technologies.
RTI policy could initiate a process of reflection in
this regard on the extent to which diffusion fund-
ing (as opposed to research funding) for SMEs in
the field of Industry 4.0 requires a separate allo-
cation of resources. Previous examples of this
type of support include for instance the FlexCIM
programme of the ITE. Specialised ICT service
providers, which are developing dynamically in
Austria, could play a key role in any such pro-
gramme to promote the spread of these technolo-
gies. The high level of innovation is a strong fea-
ture of knowledge-intensive services, while in-
novative potential, R&D intensity and produc-
tivity are in part comparable with manufactur-
ing. Some sectors such as pharmaceuticals and
ICT have even overtaken manufacturing in the
intensity of their research, although these find-
ings are to be interpreted with caution due to a
possible lack of clarity in the statistical classifi-
cation of sectors. Knowledge-intensive services
are generally also highly productive and help in-
crease productivity in sectors with demand for

50 See Mokyr et al. (2015).
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these services. The dynamic development in spe-
cialised, innovative knowledge-intensive ser-
vices is particularly beneficial for small and me-
dium-sized enterprises (SMEs) where company
size implies that it is not economically viable to
develop such know-how in-house. The success-
ful diffusion of digital technologies is important
for the long-term competitiveness of firms both
in the secondary sector (Industry-4.0 technolo-
gies) and in the services sector (ICT technolo-
gies), and may help to limit job losses caused by
digitalisation in so far as the continued existence
of firms has positive employment effects when
compared with what would otherwise be the
threat of closure.

4.3 Technological transformation, employment
and qualification requirements

As in earlier phases of rapid technological trans-
formation, both very positive and also potential-
ly very negative effects on employment are as-
cribed to digitalisation. In these debates, the
short-term effects of technological transforma-
tion are often overestimated, with too little at-
tention being paid to the economic, legal and so-
cial preconditions required for the implementa-
tion and distribution of the new technologies. In
contrast, the long-term effects are frequently un-
derestimated as these only become fully effective
after a wide variety of complementary changes
have occurred.”™

Current technology trends are distinguished
above all by dramatically reduced “unit costs” in
information processing and data communication.
The combination of networked computing units
with ever greater levels of performance and fully
digitised storage of mass data, growing rapidly
through networking, opens up new potentials for
integrated information processing activities and
learning processes. These facilitate the increasing
automation and networking of activities over
long distances and enable a wide variety of appli-
cations for “artificial intelligence” in the form of
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the automation of intelligent behaviour.”! Elec-
tronic business transactions and public services,
networked digital manufacturing (Industry 4.0),
driverless vehicles, “smart” cities, “smart” living
or telemedicine are well-known examples of this.

The following section begins with a general
overview — as far as can be empirically observed
- of the connection between innovation activi-
ties and working conditions (see Chapter 4.3.1),
and goes on to describe developments in the ef-
fects on employment (see Chapter 4.3.2) and im-
pact in terms of qualification requirements, and
the possible effects of technical transformation
on incomes and income distribution (see Chapter
4.3.3).

4.3.1 The role of innovation activities in the
organisation of work in Austrian firms

The economic situation is characterised by en-
during structural and technological change,
which is why a high level of innovation activity
and flexibility is essential for firms if they are to
remain competitive. According to a survey®? car-
ried out among large Austrian industrial firms,
the qualifications and skills of the workforce and
the technological content of the products manu-
factured are two crucial factors in being able to
keep ahead of national and international compet-
itors. According to the firms which participated
in the survey, the importance of both these fac-
tors in ensuring their competitiveness will in-
crease even further in the next five years. In the
course of transition towards Industry 4.0, every

51 See Peneder et al. (2016).
52 See Holzl et al. (2016).
53 See Behaghel et al. (2008); Chéron et al. (2007).

third firm expects competition based on quality
to increase, together with the increased need to
invest in human and physical capital. Interna-
tional studies also point to structural change
with regard to workforce training levels as a re-
sult of technological transformation.>® In terms
of reacting to organisational and technological
change, firms have a choice between in-house
training or recruiting new qualified employees.
The question as to how and in which direction
this structural change will take place within the
workforce has been investigated for the Austrian
context in a current study.>

Based on this examination, firms are consoli-
dated into groups that are as homogeneous as
possible with respect to the funding received by
them, their industry-wide innovation activities
and age structure, in order to identify differences
in the working conditions. If a structural change
becomes apparent in the workforce as a result of
increased innovation activities, this should be
more obvious for those firms operating in more
innovative and knowledge-intensive industries
than for firms in more traditional sectors.>® More-
over, potential differences between firms that
have received funding and those that have not
received funding within of the clustered groups
of firms are discussed. The firms are clustered
based on the average age of the firms, firm size
(measured by the average number of employees
per annum) and the level of innovation in the
sector in which the firms operate. The relative
innovation activity in a sector is determined by
using a standard industrial classification code of
the industry:*® This involves

54

55

56

See Bock-Schappelwein et al. (2016). The study is based on a unique data set that links information on funding received by firms with
company and workforce-specific features for the first time. The only funding taken into account here is funding from the Austrian
Research Promotion Agency (FFG). Firms that have received advice but no financial support are not included in the analysis. Firms that
are characterised by very low funding activities and accordingly receive very small and rare amounts of funds are also not included in
the analysis.

Disruptive innovations can also be observed in traditional sectors, as shown by the examples of Amazon in the retail sector and Airbnb
in tourism. However, industries that are more traditional generally feature lower levels of innovation activity.

See Peneder (2010).
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(1) Industries that feature high levels of inno-
vation intensity: The proportion of firms
that engage in intramural research is partic-
ularly high in these industries. The focus is
on product innovations and those industries
are characterized by high numbers of patent
applications. This group of industries con-
sists primarily of sectors in the ICT and re-
search services areas.

(2) Industries that are characterised by medi-
um-high levels of innovation intensity: Ma-
ny industries in this category focus on pro-
cess innovations as a priority. The R&D
expenditure is below 5% of revenues on av-
erage. Industries in this group include, for
example, chemical products and telecom-
munications. The manufacture of goods
made from wood and paper can be stated as
an example of those industries that are char-
acterised by average levels of innovation in-
tensity.

(3) Industries that feature medium-low levels
of innovation intensity and focus primarily
on the adaptation of new technologies. This
includes, for example, the food industry,
publishing and insurance.

(4) Lastly, industries that are characterised by
low levels of innovation intensity and focus
primarily on the adaptation of new technol-
ogies.%’

Firms are consolidated into groups that are as ho-

mogeneous as possible based on these character-

istics using cluster analyses: (1) young/highly in-
novative, (2) young/innovative, (3) young/less

innovative, (4) established/innovative, and (5)

established/less innovative firms. While older

firms dominate in the clusters of established
firms, the remaining three groups are character-
ised by relatively young firms. Annual revenues
are higher than average primarily in established/
innovative firms, while young/highly innovative

firms are classified within highly innovative in-
dustries in particular.®®

These different types of firms provide the ba-
sis for examining the structure of workforce,
with a further distinction made for each type
between firms that receive funding and those
that do not. Specific workforce characteristics
are identified using a series of indicators. These
include the structure of the workforce by gen-
der, age, education, social status (manual work-
ers, white-collar employees, officers), length of
employment, and employment turnover. A dis-
tinction is made between low, medium and high
levels of education with respect to the highest
level of education completed. The low levels of
education relate to people who only had com-
pulsory schooling. The medium levels of educa-
tion include those who complete apprentice-
ships and medium-level technical and vocation-
al schools. The high levels of education include
the secondary school leaving certificate (general
educational and higher technical and vocational
college), graduates from universities or universi-
ties of applied sciences along with university-re-
lated degrees.

In all, 84,334 of the Austrian firms observed in
2014 were categorised using the above presented
firm classification. Around three quarters of
these firms are categorised as less innovative
(17,006 established/less innovative firms, 46,624
young/less innovative firms), a further fifth are
innovative (2,215 established/innovative firms,
13,970 young/innovative firms) and 5.4% of
firms examined are classified as highly innova-
tive (and young) (4,519 firms).

30.4% of the young/highly innovative firms
and young/innovative firms are active in manu-
facturing as are a fifth of the established/innova-
tive firms, while hardly any firms in the group of
the young/less innovative firms (1.9%) are in-
volved in manufacturing.

57 For those industries which cannot be classified according to the suggested industry classification, average R&D intensities are used
instead. All other industries are assigned to their corresponding industry cluster in accordance with Peneder (2010). Only firms for
which there is information available regarding the industry to which they belong can be mapped accordingly in this classification.

58 See Bock-Schappelwein et al. (2016).
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Table 4-4: Workforce-specific features, broken down into types of firms, 2014

Established and Established and Young and Young and Young and All
innovative less innovative highly innovative innovative less innovative types of firms

22 2 2 2 2 B G W

Average share of women [as %] 474 259 49.0 434 286 438 345 262 364 480 323 489 459 369 46.0 445 295 451
Average age of the workforce in years 411 417 41.0 395 409 395 365 353 368 379 367 38 374 379 395 363 360 363

Share of the workforce that is highly qualified

las %] 300 199 307 192 193 192 305 408 281 291 342 288 160 333 158 20.0 328 196

Share of the workforce with low level of qualifica-

A o 181 135 185 192 148 193 88 64 94 118 110 118 166 78 167 159 98 161
tions [as %]

Proportion of blue-collar workers predominating

Tas %] 478 686 462 635 622 635 225 260 217 276 371 27.0 538 325 540 496 388 499

Proportion of white-collar employees predominat-

ing [as %] 541 30.8 559 379 385 379 786 760 793 725 638 73.0 472 697 470 514 625 510

Symmetrical growth rate in employment [as %]

Growing (strongly) 286 327 283 294 328 293 386 478 364 340 433 335 371 384 37.0 349 415 347
Stagnating 394 385 394 382 315 384 395 229 434 434 269 444 392 313 392 397 279 401
Contracting (heavily) 321 288 323 324 357 323 219 292 202 225 298 221 238 303 237 254 306 252
Turnover rate grouped [as %]

<0.5 56.6 622 56.2 448 533 445 489 499 486 459 413 462 328 427 327 389 475 386
0.5<=x<=1 227 269 223 228 352 224 246 299 234 242 356 235 184 309 183 207 324 203
l<x<=2 124 77 127 161 87 163 172 152 176 180 169 181 205 166 206 188 144 19.0
>2.0 84 32 87 164 28 167 94 49 104 119 63 123 283 98 285 216 57 221
Churning rate grouped [as %]

<0.5 645 699 641 538 643 535 681 658 686 620 556 623 458 569 456 518 613 514
0.5<=x<=1 187 205 186 186 276 183 173 226 16.0 185 299 178 152 241 152 167 257 164
l<x<=2 102 64 104 135 61 137 96 88 99 122 114 122 165 131 166 147 97 148
>2.0 66 32 68 141 20 144 50 28 55 74 31 76 225 59 227 169 33 174

Assessments as at reference date 31 Dec. 2014
F = innovation funded
NF = not innovation funded.

Source: Austrian Research Promotion Agency (FFG) AURELIA-HV data record, Calculations: Austrian Institute of Economic Research (WIFO)

Gender Age

Especially in the group of established firms as Differences between the different groups of
well as in the group of young/highly innovative firms can also be seen in relation to the age
firms comparatively few women are working. structure of the workforce, particularly between
Based on the fact that 46.8% of all employed established/young firms. While the average age
workers in Austria in 2016 were women, the of the workforce in the established/innovative
proportion of women is particularly low in firms (41.7 years of age in the firms receiving
young/highly innovative firms and established/ funding and 41.0 years of age in those not re-
innovative firms at around 26% (see Table 4-4), ceiving funding) and in the established/less in-
while this proportion is somewhat higher in the novative firms (40.9 and 39.5 years of age re-
young/innovative and the young/less innova- spectively) is relatively high, the average age of
tive firms. the workforce in young/highly innovative firms
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(particularly in those receiving funding) is well
below this at approx. 35 years of age.

Education

Measured in terms of the proportion of employ-
ees with high levels of education in the top quar-
tile (top 25%)%, young firms that received fund-
ing have comparatively high numbers of highly
qualified employees within the workforce (40.8 %
of young/highly innovative firms with funding).
In contrast, the proportion of established/innova-
tive firms with a high proportion of well-educat-
ed employees is just 19.9%. In general, it is clear
that not only is the proportion of highly qualified
employees who form part of the workforce high-
er in firms with funding, but there is also a great-
er variety of different educational qualifications
mapping the diversity in the task areas at the op-
erational level.®

Social status

With respect to social status of the workforce,
there are also differences between the types of
firms, and additional distinctions between firms
with and without funding. Firms that feature less
innovation activities also have a particularly
high proportion of blue-collar workers. By con-
trast, the groups of innovative firms include
more firms that have a particularly high propor-
tion of white-collar employees.

Within the group of firms with funding, few
structural differences based on innovation activ-
ities can be identified but rather based on the age
of the firms. In established firms, the proportion
of blue-collar workers tends to be higher than av-
erage, irrespective of the innovation activity in
their industry. The proportion of firms that
mainly have white-collar employees predomi-

nates, in turn, in the group of young/less innova-
tive firms.

Employment

While there is a relatively equal distribution ob-
served between employment that is growing
(strongly), stagnating and contracting (heavily)
among established firms, young firms are charac-
terised by a particularly high proportion of firms
with growing employment (strongly) (38.6% of
young/highly innovative firms, 34.0% of young/
innovative firms, and 37.1% of young/less inno-
vative firms). This supports the results from oth-
er empirical studies on the connection between a
firm's age and employment growth.®® However,
the proportion of firms having stagnating em-
ployment is highest in all types of firms (between
38.2% of established/less innovative firms and
43.4% of young/innovative firms).

in all categories of firms, the proportion of
firms with (strongly) growing employment is
higher among firms with funding than it is
among firms with no funding. The difference of
around ten percentage points is particularly
striking in the categories of young/(highly) inno-
vative firms: 47.8% of young/highly innovative
firms with funding and 43.3% of young/innova-
tive firms with funding demonstrate (strongly)
growing employment.

Firms with funding also tend to have lower
turnover rates®? than those with no funding, irre-
spective of the category of firm. Unlike 22.1% of
firms with no funding only around 5.7% of all
firms with funding have turnover rates larger
than two. The largest group of firms features very
low turnover rates across all categories of firms.
However, a difference with respect to very high
turnover rates can be observed between innova-
tive and less innovative types of firms. The pro-

59 The top quartile is characterised by a proportion of highly educated white-collar employees of more than 14.3%. Only 25% of firms
have a proportion of white-collar employees with a lower level of education of more than 15.4%.

60 See Bock-Schappelwein et al. (2016).
61 See Evans (1987); Geroski (2005); Haltiwanger et al. (2013).

62 The turnover rate measures the total number of flows in relation to the stock of employees on a yearly average.
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portions of firms with high turnover rates in the
less innovative types of firms are in some cases
multiples of the proportions observed in innova-
tive categories of firms. A total of 28.3% of
young/less innovative and 16.4% of established/
less innovative firms have turnover rates of more
than two, while the same applies for 11.9%
(9.4%) of young/(highly) innovative and 8.4% of
established/innovative firms.

The churning rates® are generally lower at in-
novative types of firms than at less innovative
types of firms. Young/less innovative firms in
particular have higher churning rates. Distin-
guishing between firms with funding and with
no funding reveals a similar picture to the turn-
over rates; only a small proportion of firms with
funding have very high churning rates across all
categories of firm. The difference is especially
pronounced within the group of young/less inno-
vative firms: while 22.7% of young/less innova-
tive firms with no funding have very high churn-
ing rates, the same only applies to 5.9% of young/
less innovative firms that have received funding.

With respect to the working conditions and
workforce in different categories of firms and dif-
ferentiating between firms with funding and
with no funding, the extended analysis shows
that the proportion of women in funded firms
which was already low in any case is particularly
low in young/innovative and established/innova-
tive firms. This highlights the importance of
long-term measures that provide targeted sup-
port for recruiting women in innovative indus-
tries, but which are not at the focus of the fund-
ing and promotion of innovation activities con-
sidered in this analysis. The workforce at young
firms is also comparatively young. These young
companies also have comparatively high num-
bers of highly qualified employees in the work-
force, particularly in the young/highly innova-
tive firms with funding, while they barely have
any lower qualified employees. Skills and abili-

ties, together with formal education are key fac-
tors for labour market integration, particularly
given the increased digitalisation of work. For-
mal qualifications, skills and abilities are re-
quired that makes a clear distinction between
the human workforce and robots or programmed
algorithms.* Labour turnover with no effect on
employment stock take place especially in
young/less innovative firms that receive no fund-
ing for innovation. In all categories of firms, the
group of firms with funding has a higher propor-
tion of firms with (strongly) growing employ-
ment than the group of firms with no funding.
Employment tends to demonstrate a higher level
of stability as a result.

4.3.2 Is work drying up for us? — The impact of
new technologies on employment

While Chapter 4.3.1 examined the effects of in-
novation activities and funding on the organisa-
tion and growth of employment, this chapter
looks specifically at the impact of new digital
automation technologies and outlines the trend
for work volumes over time. The current discus-
sion is characterised by "digital fears" of replac-
ing human work with increased automation. The
question arises (again), therefore, whether work
will emanate from the labour society in future.
This is based on a series of studies that identify a
large number of tasks that could potentially be
automated (Table 4-5). It includes Frey and Os-
borne (2013), who have calculated based on ex-
pert assessments that 47% of employees in the
US are in jobs that have a high probability of be-
ing automated within the next one or two de-
cades (jobs at risk). Bowles (2014) transferred this
approach to research to the European Union and
came to a similar result, with around 50% of all
jobs in Austria and Germany affected by automa-
tion. Brzeski and Burk (2015) also estimate that
around 59% of jobs would be affected in Germa-

63 The churning rate provides information on the size of the company's employee turnover (inflows and outflows) with no effects on

stock of employment.

64 See Bock-Schappelwein und Huemer (2017).
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Table 4-5: Examinations of the automation potential for job roles and/or tasks

Automation potential Key results:
related to potentially affected ..

Frey and Osborne (2013) Job roles 47%
) AT: 54%
Bowles (2014) EU nations Job roles
DE: 51%
Brzeski and Burk (2015) Germany Job roles 59%
Pajarinen and Rouvinen (2014) Finland Job roles 36%
Bonin et al. (2015). Germany Tasks 12%
Dengler and Matthes (2015) Germany Tasks 15%
Arntz et al. 2016 OECD countries Tasks AT 12%
DE: 12%

Source: WIFO chart.

ny. According to estimates by Pajarinen and Rou-
vinen (2014), this affects around one third of jobs
in Finland.

By contrast, studies focused on an analysis of
the tasks (rather than on entire professions)®
provide a more complex picture. According to
these, automation should not result in profes-
sions being lost in their entirety, but task pro-
files will change within job roles. Overall, they
expect significantly fewer job losses from auto-
mation on a scale of around 12%. These will af-
fect primarily lesser-qualified employees. Den-
gler and Matthes (2015) come to a similar con-
clusion, i.e. that around 15% of employees in
Germany are currently affected, as more than
70% of the content of their work could be com-
pleted by computers. Arntz et al. (2016) calcu-
lated the probability of automation for 21 OECD
countries given the heterogeneity of work con-
tent within job roles. According to them, 9% of
jobs could potentially be automated in the coun-
tries examined, with this figure at 12% each in
Austria and Germany.%®

Despite the low figures compared with other
studies (the figures here are gross variables, i.e.
without taking into account the positive effects
on employment from digitalisation), the results
still made headlines last year, primarily because
Austria (together with Germany) features the

65 See Bonin et al. (2015) for Germany.

highest risk potential of all comparison coun-
tries. The comparatively high proportion of em-
ployees with low qualifications is the reason for
this. Tichy (2016, 861) on the other hand points
out that above-average numbers of low to medi-
um qualified employees carry out tasks in Austria
that are difficult to automate as a result of a pro-
duction structure often based on short runs. In
this case, the potential threat to Austria would
be overestimated.

Assessments on the potential for rationalisa-
tion centred on technology are countered with
the argument that the hypothetical technical po-
tential for redundancy will never be fully exploit-
ed in practise. Aside from legal, ethical and emo-
tional ("working climate") obstacles, the situa-
tion is also dependent on economic profitability.
The human workforce continues in many situa-
tions to be characterised by major flexibility and
by its ability to react quickly to unexpected
events and circumstances. Finally, the deploy-
ment of new technologies generally also requires
high levels of investment as well as longer and, at
times, expensive learning processes in firms,
which will in any case slow down the technolog-
ical change expected.

A look at the longer-term trends in overall
economic work volumes in Austria shows the
extent to which technological change has re-

66 A recent study by Nagl et al. (2017) determines a comparable loss in employment of 9% for Austria.
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Fig. 4-4:
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duced labour demand or to which other econom-
ic mechanisms, such as the demand for new
goods and services improved with digital pro-
cesses and properties, has been able to counteract
the reduction in labour demand.

A look at the trends in unemployment alone,
on the other hand, would not suggest that work
is drying up as a result of technological change.
This is because, in the short term at least, unem-
ployment is affected more by crisis management,
economic fluctuations and growth in the labour
supply. The latter has contributed to persistent
growth in employment of around 30% since 1970
(Fig. 4-4). A look at population growth, for in-
stance, shows that the rise in employment per
inhabitant has been around 14% since 1970.
However, this key figure does not yet account for
the fact that the average working hours per em-
ployee are also declining continuously.

The crucial issue, therefore, in terms of
whether work is drying up over the long term re-
lates to working hours actually provided rather

67 See Peneder et al. (2016).
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than employment.®” These working hours grew
by around 13% from 1970 to 2014. If one also
takes population growth into account, then the
working hours per inhabitant have remained vir-
tually constant at —-2% over the course of more
than four decades. It is only when demographic
change is taken into account, and the hours
worked per inhabitant of working age are calcu-
lated, that a substantial fall of around 11% can be
seen in working volumes. This key figure rep-
resents a lower limit, since on the one hand the
structural increase in those years that young peo-
ple use for their education is not taken into ac-
count, and on the other the end of the data series
in 2013 also falls within a period that is still char-
acterised by efforts to overcome the major finan-
cial and economic crisis. There is also the fact
that the data available shows the biggest fall in
the first half of the 1980s, while the trend after
this is relatively stable, i.e. contrary to the hy-
pothesis of growing "technological unemploy-
ment" in recent years.
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The arguments on the impact on employment
or on work processes of deploying digital tech-
nologies in firms are controversial. Analysing the
change in the focus of tasks in the last few de-
cades is useful for the purposes of assessing po-
tential future trends for the labour market.®® This
provides an indication of the technological
changes that have already taken place in firms.
The focus of the tasks can be distinguished by
whether they relate primarily to routine or
non-routine tasks. Routine tasks follow recur-
ring rules that are potentially programmable,
while the procedures for non-routine tasks are
too complex and variable to be translated into
programmable code and executed by machines.
A distinction can also be made between analyti-
cal, interactive and manual non-routine tasks on
the one hand and cognitive and manual routine
tasks on the other. A longer-term comparison be-
tween the mid-1990s and 2015 has shown that
employment is increasing proportionally in ana-
lytical and interactive non-routine tasks, while
employment that is characterised by manual
non-routine tasks is gradually becoming less im-
portant in relative terms. Employment focused
on analytical and interactive non-routine tasks
has predominated since the early 2000s. Within
employment that is characterised by non-routine
tasks there is a gradual shift taking place from
manual to analytical and interactive non-routine
tasks. A similar trend can be seen within em-
ployment focused on routine tasks, in which cog-
nitive routine tasks are becoming increasingly
important at the expense of manual ones.

The heavy fall in manual routine tasks over
the last few years shows that the automation pro-
cess is already very advanced in many industries.
Assuming similar employment trends in the near
future, additional employment opportunities
will be derived in analytical and interactive
non-routine tasks as well as cognitive routine
tasks, while jobs that generally consist of manual

68 See Bock-Schappelwein (2016).

69 See Peneder et al. (2016); Bock-Schappelwein and Huemer (2017).
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routine tasks should continue to become less sig-
nificant. The extent to which cognitive routine
tasks will be replaced by technology remains an
open issue. Cognitive routine tasks are predomi-
nantly (at around 80%) exercised in Austria by
men and women with a medium formal qualifi-
cation profile. Up until now, many technological
innovations have complemented employees'
qualification profiles rather than replaced them.
It is also particularly difficult assessing the
impact that digital technologies will have
through the creation of new business models and
markets on employment trends over the next few
years. Jobs or tasks will emerge as a result of new
products and business areas, while existing jobs
will be replaced to some extent as a result of this.

4.3.3 Working and qualification conditions

Digital technologies will require skills that dis-
tinguish individuals from robots or programmed
algorithms, such as understanding and commu-
nicating information, solving unstructured prob-
lems and carrying out manual non-routine tasks.
Specific skills and formal qualifications along
with experience and digital skills are also crucial
in terms of labour market integration, while so-
cial skills, communication skills and problem
solving are equally indispensable.®

By task, Austria has had a relatively stable ra-
tio of employed workers for the last 20 years (see
Fig. 4-5). The proportion of jobs with routine
tasks is relatively stable with this at 40%. Shifts
can be seen on the other hand over the observa-
tion period along the line separating manual and
non-manual tasks. While employed workers
were still roughly equally distributed between
manual and non-manual tasks in the mid-1990s,
the proportion of non-manual tasks has risen
since then to around 60% now, while manual
tasks has fallen to around 40%. Manual routine
tasks are exercised by workers with low levels of
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education with particular frequency within man-
ual tasks.”

In terms of the formal qualification, there is
also a relatively stable proportion at around 70%
of workers with medium levels of education
identified in the last 25 years among employed
workers.”! Workers with low levels of formal
qualifications have come under pressure. Their
employment share is gradually falling while the
proportion of highly qualified employees is ris-
ing. There have been more highly qualified em-
ployees in Austria since 2012 for the first time
than workers with low levels of formal qualifica-
tions. In 2015, 17.8% of all employed workers
had a university or similar degree, while the

70 See Bock-Schappelwein (2016).
71 See Dinges et al. (2017).
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share of employees with low levels of formal
qualifications fell to 12.5%. A gradual rise in
qualification levels can be observed in Austria,
with no indication of job polarisation in the sense
of rising demand for low and high qualifications
but falling demand for medium level qualifica-
tions.

4.3.4 Summary

Society's attention is currently focused on the
impact of the technological change and automa-
tion on the future of work. This chapter discuss-
es examinations of the potential for automation
for job roles and/or tasks and looks at the issues
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related to future demand for workers and changes
to the qualification requirements in a highly dy-
namic digitised economy, in order to estimate
the changes associated with this more effectively
and in an attempt to contribute to the factual de-
bate. While the process of automation is already
at a very advanced stage in many areas, the pic-
ture differs greatly between the individual sec-
tors. Additional employment opportunities are
seen in particular for jobs featuring predominant-
ly analytical and interactive non-routine activi-
ties as well as cognitive routine activities. Jobs in
the manufacturing sector featuring generally
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manual routine activities are expected to become
less significant. The penetration level for new
technologies in services firms is still very low
and is only expected to experience a moderate
rise over the next few years. New requirements
also arise from digitalisation in the area of quali-
fications and further education and training. Em-
ployees will be required in future to have abili-
ties that machines are not (yet) able to develop,
such as skilled manual or creative design skills,
combined with digital skills and highly devel-
oped soft skills.
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5 Austria in the European Research Area

The European context is important for Austria’s
national research landscape and research policy
in many ways. The creation of a joint European
Research Area will improve framework condi-
tions and networking for European research,
thereby contributing more generally to Europe’s
competitiveness. An integral component of these
efforts is the recognition that significant societal
challenges, such as climate change and demo-
graphic trends, require collaborative solutions
that can no longer be delivered at the level of in-
dividual nations. The European Research Frame-
work Programme is an important instrument in
the communitarisation of research in Europe. In
addition to the goals of networking stakeholders
from various member countries and encouraging
projects in the interest of Europe as a collective
whole, the performance in the European Frame-
work Programmes is an important indicator of
the competitiveness of respective national re-
search systems.

In addition to competitive proposals for R&D
and innovation projects within the framework
programme, transnational collaborative R&D ef-
forts in the form of bilateral and multilateral
partnership initiatives between EU member
states, funding institutions, business associa-
tions and individual stakeholders such as univer-
sities and research institutes are becoming in-
creasingly significant. Besides bundling national
resources to achieve “critical mass” in particular
topic areas, they are an important instrument in
anchoring bottom-up topics and focuses at the
EU-wide level. Examples of this include Joint
Programming Initiatives, ERA Nets and Joint
Technology Initiatives.

1 See European Commission (2000).
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With this in mind, the following chapter will
discuss the ERA Roadmap, approved by the Aus-
trian Council of Ministers in 2016, as the key
strategic framework for positioning national ini-
tiatives in the European research area as well as
Austria’s performance in the associated monitor-
ing system, the so-called ERA Dashboard. This is
followed by an halftime overview of national
stakeholders’ performance thus far in the current
Research Framework Programme, Horizon 2020.
Finally, the importance of transnational Europe-
an R&D collaboration for the Austrian research
landscape will be described and discussed.

5.1 The Austrian ERA Roadmap

The creation of a joint European research area
(the European Research Area — ERA) featured in
the Treaty of Lisbon with the aim of improving
coordination and cooperation amongst EU mem-
ber states in terms of R&D policies and R&D
funding. The intention is in accordance with Ar-
ticle 179 of the Treaty on the Functioning of the
European Union (TFEU), to establish an import-
ant foundation for future knowledge-based and
innovative economic and societal development
in Europe.! Central components include promot-
ing the mobility of researchers and the exchange
of scientific and technological know-how within
the EU. In addition to the European Research
Framework Programmes, pertinent coordinated
activities by member states as well as private and
public research stakeholders are important in-
struments in the implementation of the ERA.
The “European Research Area Roadmap 2015-
2020” was presented in spring 2015 within the
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context of the “European Research and Innova-
tion Area Committee (ERAC).? Based on experi-
ences thus far, a total of seven key fields of action
in six prioritised areas have been identified as
essential for the further expansion of the ERA:
1. Effective national research systems
2.a. Joint tackling of “grand societal challenges”
b. Optimisation of the use of public
investments in research infrastructure
3. Open labour market for researchers
4. Gender equality and “gender mainstream-
ing” in research
5. Optimised circulation of, access to and trans-
fer of scientific knowledge
6. International cooperation
These shared priorities, however, exist in a con-
text of heterogeneous national research and inno-
vation systems within the EU and member
states’ various strategic processes and objectives.
The RTI Strategy put forward by the federal gov-
ernment in 2011° represents the central frame of
reference in Austria for activities related to im-
plementing the ERA. The guidance provided by
these transnational priorities may at the same
time serve to set national initiatives in motion.
It was in this context that in May 2015 the EU
Competitiveness Council adopted the ERA Road-
map 2015-2020, in which each member state is
encouraged to move towards national implemen-
tation of the European ERA Roadmap by means
of national action plans or strategies.* This call
was met in Austria with the development of an
“Austrian ERA Roadmap”.’ It set its objectives
in line with the six ERA priorities and was ap-
proved by the Austrian federal government’s
Council of Ministers in April 2016.
Key milestones include the assessment related
to setting up an “Austrian Research, Technology
and Innovation Hub” (ARTIH) in Brussels as an

2 See ERAC (2015).
3  See BKA et al. (2011).

information and communications hub for Austri-
an RTI stakeholders at the EU-wide level and the
initiation of an OECD review of the Austrian in-
novation system, the results of which are expect-
ed by the end of 2018. Additional milestones, in
particular those related to scientific mobility, gen-
der equity and diversity as well as open access and
open data, address universities as stakeholders
and incorporate focuses that have already been
implemented in current performance agreements
or are planned for the future,. The key reference
document is the Austrian University Develop-
ment Plan 2016-2021¢, of which central objectives
already coincide with numerous initiatives from
the “Austrian ERA Roadmap” (e.g. strengthening
basic research, promoting young researchers’ ca-
reers, expanding knowledge and innovation trans-
fers and locational advantages, and promoting a
cultural change in favour of social inclusion, gen-
der equality and diversity at the university).

The implementation of measures contained in
the Austrian ERA Roadmap are subject in princi-
ple to the availability of funding and requires co-
ordination with the Federal Ministry of Finance
(BMF) within the framework of the budgetary
agreement. Progress in the implementation of
the measures contained in the ERA Roadmap and
developments in performance in terms of the in-
dividual indicators should be reported and dis-
cussed in the progress reports that are released
every two years, the first of which is to be re-
leased in early summer 2017.

5.1.1 ERA cockpit indicators: the ERA Dashboard

To accompany the implementation of the ERA
Roadmap, a national working group developed
the ERA Dashboard, a condensed set of indica-
tors that assigns one high-level indicator and one

4 See Council conclusions on the European Research Area Roadmap 2015-2020, document 9351/15 RECH 181 COMPET 286 MI 354

TELECOM 133, 29 May 2015.
5 See BMWFW (2016); https://era.gv.at/object/document/2581

6  See Federal Ministry of Science, Research and Economy (BMWFW) (2015).
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or to two sub-indicators to each of the ERA’s six
priorities (Table 5-1). Whilst sub-indicators are
meant to represent developments of national in-
terest, the high-level indicators can be traced
back to the respective EU Commission guide-
lines and allow for the comparative assessment
of the implementation of the ERA across all EU
member states. Data to this end is supplied by
the EU Commission. To a certain extent, data
specific to Austria is used in the sub-indicators.
Table 5-1 shows Austria’s performance with re-
spect to the ERA Dashboard’s individual indica-
tors. Current values and, when available, most
recent past values are provided to illustrate de-
velopment over time. In addition, an internation-
al comparative value is provided for each indica-
tor, when possible, in the form of the EU-28 aver-
age and the top 3 values for each individual indi-
cator.” Aside from the six priorities, additional
indicators have been chosen to measure the di-
rect effect of ERA activities on scientific and
technological performance (ERC grants, patents)
and the indirect effect on economic performance.

The high-level indicator for Priority 1 (Effec-
tive Research Systems) is composed of indicators
for frequently cited publications, PCT applica-
tions, Marie Curie fellowships and ERC Grants.
Austria ranks slightly above the EU average, but
clearly behind the category’s top 3 countries
(Sweden, Denmark, the Netherlands), which have
excellent science systems and large patent-inten-
sive firms. The first sub-indicator shows the share
of project applications for the Horizon 2020 pro-
gramme that have been rated very good, but does
not include ERC and Marie Curie activities. Here
Austria is a leading country, with nearly one third
of project applications rated as very good. This in-
dicates a good support infrastructure around the
submission of projects in addition to the high
quality of application-oriented research. The sec-

ond sub-indicator is identical to Austria’s rank in
the European Innovation Scoreboard (EIS) as of
the latest available EIS report. Last year, Austria
moved up in rank from 11 to 10.%

Budgeted R&D expenditures (GBARD, Gov-
ernment Budget Allocations for R&D) for i) Eu-
rope-wide, transnational research programmes
and ii) bilateral or multilateral coordinated re-
search programmes relative to the number of re-
searchers in the public sector and at universities
were chosen as a high-level indicator for priority
2a, managing societal challenges. Austria did
well in this area, well above the EU average and
just behind the leading three countries in this in-
dicator (Belgium, Italy, Latvia). In addition to the
two expenditure categories in the high-level indi-
cator, the single sub-indicator for this priority
measures expenditures for transnationally fi-
nanced research institutes, such as CERN® and
relates the expenditures to the total R&D expen-
ditures as budgeted (in % GBARD). In this area,
Austria performs slightly under average.

Priority 2b encourages countries to use the re-
search infrastructure in an optimal manner and
uses the availability of national implementation
plans for the ERA, including those for ESFRI proj-
ects (European Strategy Forum on Research Infra-
structures) as a qualitative high-level category
with the possible values 0/1. Austria put its im-
plementation plan into action in 2014. The first
sub-indicator measures a country’s authorised
investments in the area of research infrastruc-
ture relative to population. In this respect,
Austria comes ahead of the UK, Germany and
France in the midfield. The second sub-indicator
measures investment based on the number of re-
searchers, access to research infrastructure with
support received from Horizon 2020 in terms of
researchers in the public and higher education
sectors. Austria came in fourth place.

7 The two sub-indicators on research infrastructure and the ERC indicator on direct effects were set, differently than in the original
version of the ERA Dashboard, on the basis of population in relation to the size of the country. The EU-28 average is calculated as the

mean of all of the countries’ values.

8  According to the 2015 and 2016 reports from the EIS. If one were to apply the adjusted 2016 EIS methodology to 2015, Austria would

have fared worse, falling from 9 to 10.

9  European Organisation for Nuclear Research, https://home.cern/

Austrian Research and Technology Report 2017

119



5 Austria in the European Research Area

Table 5-1: ERA Dashboard — implementing the ERA Roadmap on the basis of indicators, Austria compared with the
EU-28 and Top 3

Latest
values Top 3

Priority 1: More effective national research systems

High-level indicator: Excellence in research (corrected) 43.6 45.0 444 80.1
Sub-indicator: Quality of the project consortia in H2020 30.8%  32.0% 22.8%  32.4%
Sub-indicator: European Innovation Scoreboard (country ranking) 10 11 - -

Priority 2a: Jointly managing societal challenges
High-level indicator: National budgeted expenditures for R&D in Europe-wide, bilateral or multilateral transnational

R&D funding programmes 6,958 6,032 2,507 8,201
Sub-indicator: Public financing of transnationally coordinated R&D in % of total budgeted expenditures for R&D 5.0% 4.5% 3.9% 8.8%
Priority 2b: Public investments in research infrastructure optimal use

High-level indicator: Availability of national implementation plans including ESFRI projects and their funding re- 2014 VA ) )
quirements

Sub-indicator: Approved participation in European research infrastructures 2.44 1.99 2.62 8.52
Sub-indicator: Number of researchers who accessed research infrastructure with the help of H2020 support 40.54 N/A 29.93 47.64

Priority 3: Open labour market for researchers
High-level indicator: Transparent staffing: Number of research positions filled annually via the EURAXESS Jobs Portal

per 1,000 researchers in the public sector 713 72.30 47.04 22158
Sub-indicator: Number of professors appointed at universities from EU and non-member states 228 238 - -
Sub-indicator: Number of research stays abroad by scientific/arts staff /[per university] 4102 4146 - -
Priority 4: Gender equality and gender mainstreaming in research

High-level indicator: Number of women appointed professors in the higher education sector 215%  203% 235%  31.6%
Sub-indicator: Number of female researchers in all sectors of performance 23.0%  228%  356%  50.3%
Sub-indicator: Glass ceiling index 1.76 2.04 1.82 1.08

Priority 5: Best possible diffusion and transfer of results of basic research
High-level indicator: Number of firms with product or process innovations that cooperated in innovation activities

with universities or public-sector research institutes 1 24.6% - 1.3% 24.1%
Sub-indicator: Number of public-private co-publications per million people 59.0 54.2 339 156.30
Sub-indicator: Universities’ licencing contracts 395 372 - -

Priority 6: International collaboration
High-level indicator: Scientific co-publications with international authors per 1,000 researchers in the public sector 57.7 55.8 50.71 87.04
Sub-indicator: EPO patent applications with national inventor and foreign owner as % of the total national EPO

applications 304%  29.9%  383%  68.5%
Sub-indicator: Number of bilateral and multilateral joint calls with non-member states (acc. to Austria’s Beyond

Europe target countries) 15 21 - -
Direct effects

Sub-indicator: ERC funding received by country 5.80 3.09 3.11 11.46
Sub-indicator: PCT patent applications in challenges in relevant technological fields per billion GDP (in PPS€) 1.07 1.20 0.63 1.96
Sub-indicator: Patent applications per €10 million in funding from the framework programme 169.55 247.11  95.13  241.35
Indirect effects

Sub-indicator: Employment share in high growth firms 194% 172% 11.8% 22.9%
Sub-indicator: Economic effects of innovation 0.47 0.49 0.48 0.76

1) Value for the EU for 2012
Source: European Commission, FFG, Data retrieved July 2016. Calculations: Austrian Institute of Economic Research (WIFO).
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Priority 3 addresses an open labour market for
researchers in Europe and uses the number of re-
search positions occupied via the EURAXESS
Jobs portal per 1,000 researchers in the public
sector per year. Austria ranks in the middle of the
group of countries; top-performing countries are
Sweden, Poland and Croatia. The two sub-indica-
tors for this priority are restricted to Austrian da-
ta alone and therefore subject to interpretation
only over time, but not in international compar-
ison. The number of appointments at universi-
ties of academic staff from EU and third-party
countries as well as the number of stays abroad
by scientific and arts staff (per university) re-
mained stable in the past two years.

Priority 4 is concerned with gender equality
and gender mainstreaming in research and uses
the proportion of female professors in the higher
education sector as a high-level indicator
(She-Figures Indicator). Austria performs signifi-
cantly under the EU average in this area, with
just over one fifth. The first sub-indicator calcu-
lates the proportion of women in research posi-
tions in all sectors (business, universities, public
research institutes, private non-profit institu-
tions). With just under one fourth, Austria is
again below the EU average of one third. This is
related particularly to the low representation of
women in corporate research. The second sub-in-
dicator is the glass ceiling index, which is cap-
tured in the figures for the high-level indicator,
but which relates the proportion of women pro-
fessors to the proportion of women in research
overall to assess opportunities for advancement
for women in comparison to men. A value of
1 indicates that women are underrepresented rel-
ative to their share among all researchers. This is
the case in all countries except Malta. Austria
improved markedly last year and surpassed the
EU average, but it is still far from achieving a
value of 1, which would indicate equal opportu-
nities for advancement for women and men.

The proportion of firms that cooperate with
universities or public sector research institutes

in developing product or process innovations
serves as the high-level indicator for the best pos-
sible diffusion and transfer of results from basic
research in industry and society (Priority 5).1°
Austria is again the top country in Europe in this
indicator, which reflects the intense and long-
term supportive efforts Austria has made (e.g.
not least by means of the Kplus and, now, the
COMET Centres). The first sub-indicator takes
the form of a bibliometric calculation of the
number of co-publications between public and
private research institutes or firms. Here too
Austria performs above average, but does not
lead. This may indicate that research collabora-
tion in Austria is more often located in applied
research, with any publications more likely to be
written by university researchers, whilst indus-
try researchers are more actively engaged in
product development. The second sub-indicator
is related to data on Austrian universities alone
and measures signed licensing agreements for
technologies they have developed. This figure
has experienced positive development since the
previous years.

Finally, Priority 6 is related to international
research collaboration, in both the research and
industry sectors. The high-level indicator mea-
sures co-publications with authors from non-EU
member countries. Austria achieved above-aver-
age values without reaching the top. The first
sub-indicator shows the share of a country’s pat-
ents with national inventors but international
applicants. Austria performed below average in
this respect. However, it should be noted with
respect to this indicator that more innovative
countries such as Denmark, Finland, Germany
and Sweden performed even “worse”, whereas
countries that are catching up, such as Slovakia,
Romania and Hungary, are top performers. This
indicates that much research in these countries
takes place in branches of multinational firms,
whilst national innovative firms in their own
right are still lacking. The second sub-indicator
measures the number of bilateral and multilater-

10 The EU-28 average is available only for 2012, whilst the Austrian data are for 2014.

Austrian Research and Technology Report 2017

121



5 Austria in the European Research Area

al joint calls with non-member states according
to Austria’s Beyond-Europe target countries,
which declined in the last year.

With respect to direct effects, the indicators on
ERC grants and patents altogether show an
above-average position in the upper midfield,
though not a leading position. The same is true
for the first indicator of indirect effects, the share
of investment in high-growth firms in innovative
sectors. The economic effects of innovation indi-
cator is a subgroup of indicators from the EIS,
which reflects, for example, the contribution of
knowledge-intensive sectors to employment fig-
ures and percentage of sales with innovations.
Austria is average in this respect, though
Austria’s strengths in innovation, which are spe-
cialised in sectors with mid-level technology, are
insufficiently measured. The economic effects in
the EIS instead focus quite strongly on high-tech
sectors.!!

5.1.2 Summary

Results from the first ERA Dashboard, which is
intended to accompany the implementation of
the ERA Roadmap, provides a mixed picture with
several areas in which Austria leads Europe-wide
(quality of project applications to Horizon 2020
without ERC and MSCA, collaboration between
science and industry in innovation), but other ar-
eas in which Austria demonstrates a need to
catch up in comparison to the EU average (in-
vestment in European research infrastructure,
gender equality, with the exception of the glass
ceiling index). In most areas, however, Austria
demonstrated above-average performance that,
whilst not leading, was comfortably situated in
upper midfield, similar to its scope of perfor-
mance in research, technology and innovation
one recognises from other areas, such as Austria’s
position in the EIS. However, the successful im-
plementation of the ERA Roadmap requires addi-

tional efforts that specifically address known
weaknesses.

5.2 Austria’s performance in Horizon 2020

In this section, Austria’s performance in the Eu-
ropean research framework programme Horizon
2020 will be discussed with reference to data col-
lected by the Austrian Research Promotion
Agency (FFG)."? As of September 2016, nearly a
quarter of the entire Horizon 2020 budget of
€77.2 billion has been disbursed. The three large
pillars of Horizon 2020 are scientific excellence
and infrastructure (share of total budget: 31%),
industrial competitiveness (share of total budget:
21%) and societal challenges (share of total bud-
get: 37%), followed by a series of individual pro-
grammes (see Table 5-2). The two largest pro-
gramme lines are the ERC (European Research
Council), which supports pioneering research
purely on the basis of scientific excellence, and
the more application-oriented programme lines
more closely affiliated with industry that sup-
port the EU’s leading role in cross-sectional and
industrial technologies. Together, these make up
34% of the Horizon 2020 budget (see Table 5-2.).
Most rates of implementation for individual
programmes hover around one quarter, with just
some significantly lower (innovation in SME:
11%) or higher (leading role in cross-sectional
and industrial technologies: 34%), which means
that around one quarter of the total available
budget has been disbursed thus far. The success
rate for all projects, investments and support
mechanisms, i.e. the number of approved proj-
ects amongst the projects submitted, tends to be
between 12% and 14%. The success rate for in-
vestments is 14.1% for the EU-28. This rate de-
clined in comparison to the seventh framework
programme by 7.6 percentage points, somewhat
more than in Austria (from 22.4% to 16.3%).

11 See Austrian Research and Technology Report 2014, BMWEF, BMVIT and BMWEJ (2014); http://www.bmwfw.gv.at/ftb, Janger et al.

(2017).

12 See EU Performance Monitoring; https://eupm.ffg.at
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Table 5-2: Budget allocation by Horizon 2020 pillar, 2014-2020

in%
of the H2020
budget
31

EXCELLENT SCIENCE

European Research Council 17
Future and emerging technologies 3
Marie Sktodowska-Curie funding 8
Research infrastructures 3
SOCIETAL CHALLENGES. 37
Health, demographic trends and well-being 9
Challenges in the bioeconomy 5
Secure, clean and efficient energy 7
Intelligent, environmentally friendly and integrated transport 8
Climate protection, environment, resource efficiency and raw materials 4

Europe in a changing world — Integrative, innovative and reflexive
societies 2

Secure societies — Protecting Europe’s and its citizens’ freedom and
security 2

in %
of the H2020
budget
21

LEADING ROLE IN INDUSTRY

Leadership in enabling and industrial technologies 17
Access to venture capital 4
Innovation in small and medium enterprises 1
Industrial Leadership — Cross-theme 0

ADDITIONAL TOPICS AND PROGRAMMES

Spreading excellence and expanding participation
Science with and for society

Non-nuclear direct actions of the JRC

European Institute of Innovation and Technology (EIT)
EURATOM

W oW N =

Source: European Commission and the Austrian Research Promotion Agency (FFG).

Table 5-3: Distribution of approved funding to the Horizon 2020 pillars, Austria compared to the EU

Excellent Science 31%

Industrial Leadership 26%

Societal Challenges 40%

Other 2%
AT = Austria

IL = Innovation Leaders (Denmark, Germany, Finland, the Netherlands, Sweden)
CH = Switzerland

tive to IL AT vs. CH AT vs. EU28
91 36 95

565 109
549 106
131 48

Source: European Commission, EU Performance Monitoring FFG. Calculations: Austrian Institute of Economic Research (WIFO).

This value is quite low and indicates that gener-
ally only one out of seven proposals is successful.
The chance of failure is great, and the relation-
ship between the work put into the application
and the funds received is disproportionate. In
comparison, the rate of success — whilst still low
—is over 20% at the Austrian Science Fund (FWE),
whereas the success rate for the Austrian Re-
search Promotion Agency (FFG), which is much
more heterogeneous in its programme lines, lies
between 13% for BRIDGE-early phase financing,
35% in the BRIDGE programmes, 20-50% in the-
matic programmes and 65% in general pro-
grammes. Applications therefore have in general
a greater chance of success in Austria, a factor
that can have an impact on performance in Hori-
zon 2020 if the costs for applications relative to
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the funding possibilities in Austria are too great
and the advantages provided by EU projects can
no longer outweigh these disadvantages in cost.
The following will first provide an overview of
the distribution of Austrian research activities
across Horizon 2020’s three pillars before pre-
senting success rates for applications according
to the type of research actor compared with the
EU average and the leading innovation countries.
The distribution of funding by Horizon 2020 pil-
lar (Table 5-3) paints a picture that is not funda-
mentally different from the EU-28 average and
the leading innovation countries. Austria re-
ceived somewhat less funding for excellent sci-
ence, but a higher share for supporting its leading
role in the EU when it comes to industrial tech-
nologies. Only under the category “Other” did
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Table 5-4: Approved projects, participations, funding and collaborations, Austria compared to the EU

All countries 10,460
Austria 948
Austria’s share in all countries 9.1%
Austria 110
Innovation Leaders 103
Denmark 146
Germany 38
Netherlands 111
Finland 117
Sweden 104
Switzerland 106
AT = Austria

IL = Innovation Leaders (Denmark, Germany, Finland, the Netherlands, Sweden)
CH = Switzerland

47,123 19,595.6 10,460
1,340 563.8 259
2.8% 2.9% 2.5%

per million people
156 65 30
151 71 35
193 87 56
72 41 15
173 88 43
168 72 35
146 68 28
135 45 27

Source: European Commission, EU Performance Monitoring FFG. Calculations: Austrian Institute of Economic Research (WIFO).

substantially less money flow to Austria. This
includes the FEuratom nuclear research pro-
gramme, for which Austria contributes signifi-
cantly fewer funds than did other countries.
Switzerland is only partly comparable, given that
it concentrates on funding in the area of excel-
lent science and was not part of Horizon 2020 for
the years 2014-2016. Swiss stakeholders could
therefore only take part with self-financing. Cau-
tion should therefore be exercised in interpreting
values for Switzerland, particularly in those pil-
lars aside from support for excellent research.

A total of €564 million has been distributed to
Austria through the Horizon 2020 programme
thus far (Table 5-4). This amount can only be
roughly compared to total public expenditures
for R&D in Austria as funds have also been dis-
bursed from precursor programmes since the
start of Horizon 2020 and the most recent na-
tional R&D survey dates back to 2013. In that
year, €180 million, or just 5.5% of the total Aus-
trian public expenditures on R&D, were dis-
bursed from the EU. Thus EU funding plays a

relatively minor role in entire innovation sys-
tem. On the other hand, these funds are for the
most part awarded on the basis of strict evalua-
tion criteria. The EU research programme addi-
tionally provides the possibility for international
networking and reaching a critical mass in re-
search, which can in turn be of further use with-
in the national context. EU funding is therefore
comparable to the funding awarded by the large
Austrian funding agencies, the Austrian Science
Fund (FWF) and Austrian Research Promotion
Agency (FFG) and is, from this vantage point, a
relevant extension of the funding available in
Austria, especially considering that the FWF bud-
get tends to be around €200 million and the FFG
budget is currently around €450 million. Austria’s
participation in all of the participations, funding
and coordinations approved thus far fluctuates
between 2.5% and 2.9%. Austria achieves a larg-
er share, of 9.1%, only when it comes to proj-
ects.!® Relative to its population size, Austria lies
somewhat below the average of the leading inno-
vation countries in approved funding and coordi-

13 The high figure is a result of the manner in which projects are counted and an Austrian participation is sufficient. This means that
the sum of participations by country frequently exceeds 100% since a number of researchers in large projects participate from various

countries.
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Table 5-5: Distribution of evaluated participations by organisation type, Austria compared to EU

Evaluated All countries 12.4639 12.1813 60,428 11,216 12,395
participations EU-28 108,886 111,483 55,639 9,752 11,443
AT 2967 2981 1721 178 362
IL 4288 4279 2690 560 444
Success rate of All countries 12.5 12.9 17.3 26.6 19.6
participations (in %) ¢\ »g 12.1 13.1 17.1 2.1 193
AT 127 17.3 16,7 46.6 207
IL 127 148 182 274 202
AT = Austria

IL = Innovation Leaders (Denmark, Germany, Finland, the Netherlands, Sweden)
CH = Switzerland

Source: European Commission, EU Performance Monitoring FFG.

Table 5-6: Austria’s success rate in the area of excellent science, compared to EU

Approved U LG Approved
p'.] " coordinating pp .
participants funding
roles

Excellent science 175,624,158
European Research Council 60 56 100,523,906
Future and newly emerging technologies 34 5 16,197,823
Marie Sktodowska-Curie funding 192 65 47,336,933
Research infrastructures 34 5 115,65,496

AT = Austria

IL = Innovation Leaders (Denmark, Germany, Finland, the Netherlands, Sweden)
CH = Switzerland

Share AT = Austria’s share in all funding

AT relative to

AT relative to

AT relative to IL

Success rate of

participations Share AT (IL=100) S(v;i]tlz::' :;;I)d (Ellﬂjs-i? 00)
2.6%
16.9% 2.9%
1.0% 2.8% 112 92 115
15.6% 2.4% 129 126 122
23.3% 1.6% 66 61 67

Source: European Commission, EU-Performance Monitoring FFG, Calculations: Austrian Institute of Economic Research (WIFO).

nations. Denmark and the Netherlands are lead-
ers in this respect, whilst Germany lies markedly
below Austria.

The distribution of the success rate (approved
participations relative to applications) by organi-
sation type is similar in the case of Austrian uni-
versities compared to EU-28 and leading innova-
tion countries, whilst the figures for firms and
non-university research institutes show the op-
posite image of those for the EU and innovation
leaders. This could be due to classifying COMET
centres as firms in statistics and in the R&D sur-
vey, but requires further investigation. Austria
exhibits a significantly higher rate of success
when it comes to public institutions, though the
sample size here is limited and, at least in part,
relates not to research, but to support services
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(e.g. “coordination support actions”) provided to
research institutes by the Austrian Research Pro-
motion Agency (FFG) or federal ministries.

The following section presents Austria’s suc-
cess rate in the individual pillars and individual
programmes that comprise the respective pillars
of Horizon 2020. In the area of excellent science,
Austria has thus far achieved a rate of 2.6% for
all funding, 0.3 percentage points below the
Austria’s rate for total Horizon 2020 funding.
This is particularly due to the limited use of the
research infrastructure programme, in which the
Austrian rate is only 1.6%, having an impact on
the success rate. In the area of science, Austria
achieved success rates higher than those of the
EU-28 and the leading innovation countries,
with the exception of the European Research In-
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Table 5-7: Austria’s success rate in leading role in industrial technologies, Comparison with EU

AT relative to | AT relative to

Success

Thereof in

s | T | iy | | | o | | S

Industrial Leadership 351 47 146,020,385 16.7% 3.2%

Basic and industrial technologies 329 45 144,521,643 16.1% 3.2%

Information and Communication Technologies 211 37 91,976,543 15.9% 3.4% 106 87 121
Nanotechnologies, Advanced Materials and Production 28 2 13,829,427 21.4% 4.0% 172 113 190
Advanced materials 16 2 10,120,169 21.6% 2.9% 89 80 89
Biotechnology 7 0 3,656,311 21.9% 3.1% 171 84 155
Advanced manufacturing and processing 45 3 19,885,488 14.2% 3.2% 103 84 103
Space 22 1 5,053,705 12.9% 1.5% 73 60 69
Access to venture capital 0 0 0 0.0% 0.0% 0 0 0
Innovation in small and medium enterprises 22 2 1,498,742 43.1% 2.3% 123 216 92
AT = Austria

IL = Innovation Leaders (Denmark, Germany, Finland, the Netherlands, Sweden)
CH = Switzerland
Share AT = Austria’s share in all funding

Source: European Commission, EU Performance Monitoring FFG. Calculations: Austrian Institute of Economic Research (WIFO).

Table 5-8: Austria’s success rate in the area of societal challenges, Comparison with EU-28

T Thereof in IS NI AT relative to AT relative to | AT relative
art'i]ci - coordinating fm din rate of Share AT IL (1L=100) Switzerland to EU28
SR role € | participations = (CH=100) | (EU28=100)
Societal challenges. 228,308,858 3.1% 106 94 119
Health, demographic trends and well-being 86 12 37,557,247 11.7% 2.3% 96 91 106
Challenges in the bioeconomy 47 4 9,503,605 16.3% 1.1% 76 75 86
Secure, clean and efficient energy 155 22 72,148,943 19.5% 4.3% 114 72 126
Intelligent, environmentally friendly and integrated 170 24 60,921,720 42.4% 3.8% 124 110 138
transport
Climate protection, environment, resource efficiency and 72 5 21,368,899 20.1% 2.4% 88 76 101
raw materials
Europe in a changing world — Integrative, 46 3 12,987,186 9.3% 3.9% 112 92 137
innovative and reflexive societies
Secure societies — Protecting Europe’s and its citizens’ 38 6 13,821,258 11.8% 3.3% 104 90 111
freedom and
security
AT = Austria

IL = Innovation Leaders (Denmark, Germany, Finland, the Netherlands, Sweden)
CH = Switzerland
Share AT = Austria’s share in all funding

Source: European Commission, EU Performance Monitoring FFG. Calculations: Austrian Institute of Economic Research (WIFO).

frastructure Programme (see Chapter 5.1.1 on
Priority 2b).

Austrian applications to the ERC have a suc-
cess rate of 16.9%, which lies only below those of
Switzerland (22.7%), the Netherlands (18.8%)
and Germany (17.6%). However, Austria’s por-
tion of funding disbursed by the ERC, of 2.9% is
right on average with the Austrian share of all
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Horizon 2020 funding. This indicates that rela-
tively few applications come from Austria, but
that these perform relatively well. The number
of Austrian applications submitted to and evalu-
ated by the ERC relative to population represent
just 73% of the average of the innovation leaders
and Switzerland, excluding Germany, which rep-
resents just 64%. The innovation leaders and
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Switzerland, excluding Germany, occupy places
1 through 5 with respect to the number of appli-
cations relative to population. The UK’s success
rate, at 14.2%, is lower than Austria’s, though its
portion of ERC-disbursed funding is 21.3%, 7
percentage points above its total share in Hori-
zon 2020.

At 3.2%, Austria achieves a higher share of
funding in the area “Industrial Leadership” than
the total average (2.9%). The by far largest
sub-program, “Leadership in Enabling and Indus-
trial Technologies”, consists of several thematic
tracks, success in which can be read as an indica-
tion of technological strengths in application-ori-
ented research. Austria has achieved higher suc-
cess rates than the leading innovation countries
almost across the board, with the exception of
“Advanced Materials” and “Space”. Austria
achieved particularly high success rates in the ar-
eas “Nanotechnologies, Advanced Materials and
Production” and “Biotechnology”.

Austria’s performance was more mixed with
respect to the “Societal Challenges” npillar.
Whilst the 3.1% share of funding lies slightly
above the total Austrian share in Horizon 2020,
significant differences are apparent amongst the
individual funding schemes. There were high
rates of success in particular in the areas of ener-
gy and transport, which also generate significant
funding sums. In contrast, success rates were be-
low average in the areas of Food and Water and
below those of leading innovation countries in
the areas of Climate Change, Health and Ageing
Populations.

Highlights among the remaining areas include
Austria’s above-average success rate in the areas
“Prevalence of Excellence and Expanding Partic-
ipation” and “Science with and for Society”.

In sum, it is evident that Horizon 2020 is char-
acterised by lower success rates than the RP7,
which leads to increased effort and expense in
the application process making participation
more difficult. Austria’s success rate has fallen
slightly less than the EU average. Given its size,
EU funding might be seen as an additional “agen-
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cy pillar” in research next to the Austrian Sci-
ence Fund (FWF) and Austrian Research Promo-
tion Agency (FFG), which is as quality-driven as
FWF and FFG funding and additionally works to
build international networks and creates critical
mass, e.g. in infrastructure projects. Success rates
by organisation type hardly differ from those of
other countries, with the exception of the superi-
or performance of firms as compared to non-uni-
versity research institutes. This could well be a
result of statistics.

Below-average funding shares were achieved
in the area of excellent science in the individual
pillars as a result of the limited disbursements
within the framework of the research infrastruc-
ture programme, which also shows a limited rate
of success. Despite a very high success rate in the
ERC, the share of funding gained in this area was
not above average. The number of applications
relative to population is markedly lower than the
average among leading innovation countries.
Success at the EU-level is predicated on a solid
national foundation, as is evident in the example
of Switzerland, where an excellently endowed
science fund is matched by marked success in
the ERC.

The importance of a strong national founda-
tion in Austria is evident in its success in appli-
cation-oriented and industrial research. Research
in the area of societal challenges receives a slight-
ly above-average share of funding, whereby cer-
tain areas such as energy and transport perform
very well whilst others, such as food and water,
show room for improvement. Overall, success
rates in the areas of societal challenges and in-
dustrial research demonstrate Austria’s techno-
logical strengths.

5.3 Austria’s engagement in transnational R&D
collaborations

In addition to competitive proposals for R&D
and innovation projects within the European
Framework Programmes, transnational R&D
collaborations in the form of bilateral and multi-
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lateral partnership initiatives (dubbed MULLAT
in Austria'4) among EU member states, funding
agencies, business associations and individual
stakeholders, such as universities and research
institutes, form an important cornerstone of Eu-
ropean research agendas. Whilst proposals sub-
mitted as part of the framework programme are
meant, first and foremost, to address topics of
Europe-wide interest, the diverse forms of bilat-
eral and multilateral partnerships contribute to
the communitisation of R&D activities in Eu-
rope through their subject discovery and imple-
mentation processes, which are primarily driven
in a bottom-up style by the respective stakehold-
ers. The aim is to contribute to the creation of an
internationally competitive critical mass in se-
lected focus areas through the bundling of na-
tional resources in the areas of R&D and innova-
tion funding and the networking of related activ-
ities in the public and private sectors. These ini-
tiatives thereby represent the central instru-
ments in the so-called alignment, i.e. the strate-
gic demand made on member states to improve
the coordination of national research pro-
grammes, priorities and activities in the interest
of further developing the European Research Ar-
ea (ERA).'> At the same time, these forms of net-
working and collaboration are increasingly seen
to be decisive for the national stakeholders’ per-
formance in calls for proposals through the
framework programme, as they contribute not
only to possibilities for expanding transnational
networks, but also in promoting European topics
in national funding schemes and, therefore, re-
spective gains in know-how by national stake-
holders.'® On the other hand, these initiatives are
important instruments for anchoring national
areas of strength and focuses in European R&D

14  See Austrian Research Promotion Agency (FFG) (2014).
15 See GPC ERA-LEARN-Project (2015): Deliverable 4.1.
16 See Polt et al. (2016, 8).

17 See European Commission (2014).

18 Cf. http:

eur-lex.euro

19 See European Commission (2015a).

a.eu/legal-content/DE/TXT/HTML/2uri=CELEX:12012E/TXT&from=DE

and innovation programmes and strategic pro-
cesses.

One important milestone for the increasing
importance of transnational networking in Euro-
pean R&D and innovation policy is the 6th Euro-
pean Research Framework Programme (RP 6]V,
with the implementation of the so-called ERA
Nets and initiatives in accordance with Article
169 of the Treaty on the Functioning of the Euro-
pean Union'® (now Article 185) as an individual
pillar in addition to the direct financing of collab-
orative R&D projects. Whereas ERA Nets are an
instrument for promoting coordination among
existing national R&D funding programmes, the
Article 169/185 initiatives are targeted towards
developing and implementing a strategic pro-
gramme shared by the member states, including
carrying out joint calls for proposals. The Com-
mission has made co-financing funds available
for creating and conducting joint proposals. In
addition to the renaming of the now Article 185
initiatives, the ERA Net instrument has under-
gone a series of further developments. With the
introduction of the so-called ERA Net Plus as
part of the 7th Framework Programme, the in-
strument’s focus is now on conducting joint pro-
posals through national funding agencies instead
of financing network activities. The current
Horizon 2020 Framework Programme has made
a supplementary funding mechanism available
for joint proposals, in addition to national fund-
ing, named ERA Net Cofund activities (a fusion
of the previously existing ERA Net and ERA Net
Plus activities).!

Parallel to these developments, the EU Com-
mission developed the concept of Joint Program-
ming in 2008.%° The goal is to stimulate the de-
velopment of joint strategic research agendas

20 See European Commission (2008); European Commission (2008, 468).
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(SRA) by member states. The so-called Joint Pro-
gramming Initiatives (JPI) form the strategic su-
perstructure for joint programme financing and
coordination of R&D activities by member states
in commonly defined subject areas. This is meant
to lead to the bundling of multiple Member
States’ resources and capacities in research fund-
ing. The focus of research activities should be on
contributing to solving grand societal challenges,
such as climate change, demographic trends,
health or the design of urban environments. This
new logic of mission-oriented R&D planning is
also embedded in the current Horizon 2020
framework programme, which supports the es-
tablishment of JPIs through so-called Coordina-
tion and Support Actions (CSA). Joint proposals
can also be supported through Horizon 2020 or
take place via ERA Net activities, which repre-
sent a key financing instrument for implement-
ing the JPIs’ objectives.

Joint Technology Initiatives (JTI according to
Article 187) were created in the course of the RP7
as an instrument for establishing public-private
partnerships between business associations and
the EU Commission, for financing R&D projects
in areas that are particularly relevant for Europe-
an industry and therefore in terms of competi-
tiveness.?!

The work programmes in Horizon 2020 are
much more heavily founded on content-based in-
put and coordination activities among diverse
multilateral initiatives (MULLAT) than were
previous framework programmes. With the new
instrument called contractual Public-Private
Partnerships (cPPPs), a mechanism has been cre-
ated to anchor proposals related to subject areas
that are of interest to industry directly in the
framework programme. This corresponds to the
underlying logic of Horizon 2020, which aims to

more intensively network and coordinate various
research, technology and innovation platforms
that already exist or are being developed in bilat-
eral or multilateral form at the European level
with each other and in terms of focuses and ac-
tivities connected to the Framework Pro-
gramme.”” In addition to the instruments de-
scribed above that are aimed at networking and
coordinating various public or public and private
interests and resources in R&D and innovation,
there are a series of other instruments, the major-
ity of which operate under the aegis of the Euro-
pean Commission, that aim to network stake-
holders from industry and/or the scientific sec-
tor, including the Knowledge and Innovation

Communities (KIC) of the European Innovation

and Technology Institute (EIT). The EUREKA

Network, in existence since 1985 and involving

40 partner countries (Canada, South Korea and

South Africa are additional associated members),

represents an international-European network

for implementing cross-border collaboration in
the area of application-oriented R&D. The Euro-
pean Commission is likewise a member and acts
as a funding partner of the Article 185 Eurostars
initiative, created within the framework of EU-

REKA and dedicated to supporting R&D in SME.

The diverse arrays of transnational R&D collabo-

rations, as they exist in the context of multilater-

al initiatives, can be roughly divided into three
groups?:

e Public-public initiatives with the objective of
bundling member states’ R&D funding sourc-
es in defined bottom-up focus areas; these in-
clude JPIs, Article 185 initiatives and ERA Net
activities (ERA Net, ERA Plus and ERA Net
Cofund).

e Public-private initiatives with the aim of net-
working business interests, focuses and re-

21 With the exception of the JTI ECSEL, which is also financed through national funds and is coordinated in Austria through the Federal
Ministry for Transport, Innovation and Technology (BMVIT) programme “ICT of the Future”, which is administered by the Austrian

Research Promotion Agency (FFG).
22 See Polt et al. (2016, 25).

23 Section 8-2 in Appendix I contains a glossary.
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sources with public interests and resources
(whereby public includes the EU Commission);
these include JTT, cPPPs and the EIT KICs.

e Other multilateral forms of collaboration,
with a focus on networking and forms of col-
laboration, differing from the communitarisa-
tion of financing, such as the European Tech-
nology Platform (ETP), COST or EUREKA.

5.3.1 Austrian involvement in transnational R&D
collaborations

Austria and Austrian stakeholders have been rep-
resented in nearly all forms of these transnation-
al European initiatives from the start. The Coor-
dination and Support Action ERA LEARN 2020,
funded through Horizon 2020, allows for analysis
of participation in public-public initiatives in
cross-EU comparison.”* Since the 6th Research
Framework Programme, Austria has participated
in a total of 162 of these initiatives.? It is there-
fore currently in seventh place behind Germany
(225), France (221), Spain (199), the Netherlands
(195), the UK (183) and Belgium (170) (See Fig.
5-1). Austria is currently engaged in 64 out of 108
active initiatives, which corresponds to a share

Table 5-9: Active public-public initiatives

of 59% (see Table 5-9). A large part of these par-
ticipations were in activities related to the ERA
Net scheme. Austria is thus currently involved
in 43 of the 80 active ERA Net initiatives, which
corresponds to a share of 54%. In addition, na-
tional institutions function in coordinative roles
in five of these networks. The Federal Ministry
of Agriculture, Forestry, Environment and Water
Management (BMLFUW) coordinates the ERA
Net SUMFOREST?¢, The Federal Ministry for
Transport, Innovation and Technology (BMVIT)
coordinates the two ERA Net Cofund activities
Smart Cities and Communities (ENSCC)*” und
Smart Grids Plus?®. The Austrian Research Pro-
motion Agency (FFG) is in turn responsible for
the ERA Net Cofund Materials Research and In-
novation (M-ERA.NET 2)” and PhotonicSens-
ing®. In some cases, ERA Nets are continued
even after EU funding has run out. One example
is the CEDR transnational research programme
(Conference of the European Directors of the
Road).’! These types of activities are included un-
der “Other” in Table 5-9.

In addition to diverse activities as part of the
ERA Net scheme, Austria is involved in Article
185 initiatives on Active and Assisted Living

ERA Net activities (ERA Net, ERA Net Plus, ERA Net Cofund)
Art. 169/185

JPI

Other

Total

54%

5 4 80% =
10 8 80% 1
13 9 69% -

108 64 59% 6

Source: ERA LEARN 2020, https://www.era-learn.eu/network-information/countries; status of 3rd January 2017.

24 Cf. https://www.era-learn.eu/

25 Assessment of ERA LEARN 2020: https://www.era-learn.eu/network-information/countries; As at 03.01.2017.

26 Cf. https://www.sumforest.org/

27 Cf. http:

28 Cf. http://www.eranet-smartgridsplus.eu/

29 Cf. http://cordis.europa.cu/project/rcn/200084 en.html

30 Cf. https://www.ffg.at/photonicsensing
31 See BMVIT (2015}:
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Figure 5-1: Number of public-public initiatives with national participation since RP 6
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Source: ERA LEARN 2020, https://www.era-learn.eu/network-information/countries; As at 3 January 2017.

(AAL)?, European & Developing Countries Clini-
cal Trials Partnership (EDCTP2)*®, European Me-
trology Programme for Innovation and Research
(EMPIR** and on Eurostars®. Austria is addition-
ally currently involved in eight out of ten active
JPIs, and furthermore, the Federal Ministry for
Transport, Innovation and Technology (BMVIT)
acts as a coordinator for the JPI Urban Europe®.

32 Cf. http://www.aal-europe.eu/

33 Cf. http://www.edctp.org/

34 Cf. https://www.euramet.org/research-innovation/empir

35 Cf. https://www.eurostars-eurcka.eu/

36 Cf. http://jpi-urbaneurope.eu/
37 Cf. http:

www.neurodegenerationresearch.eu

38 Cf. https://www.faccejpi.com/

39 Cf. http://www.healthydietforhealthylife.eu/

40 Cf. http://www.jpi-climate.eu/home

41 Cf. http://www.jp-demographic.eu/
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The other seven are JPI Neurodegenerative Dis-
ease Research (JPNDJ¥, JPI Agriculture, Food Se-
curity and Climate Change (FACCE]*®, JPI A
Healthy Diet for a Healthy Life (HDHL)®, JPI
Connecting Climate Knowledge for Europe (CLI-
MATE)*, JPI More Years, Better Lives — The Po-
tentials and Challenges of Demographic Change
(MYBLJ*, JPI Water Challenges for a Changing
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World** and JPI Cultural Heritage and Global
Change: A New Challenge for Europe®

A large part of the funds for the country’s par-
ticipation in these public-public initiatives are
provided by the Austrian Research Promotion
Agency’s and the Austrian Science Fund’s na-
tional funding programmes, as is described in the
following section.

In contrast to the public-public partnerships,
participation in public-private partnerships and
their activities, i.e. the resources used for exam-
ple, for funding, are not determined in the same
fashion, at a European level, which precludes Eu-
ropean comparisons here. This is because these
are cases in which firms, special interest groups
and autonomous institutions such as universi-
ties are involved and it is not necessarily required
that national public funds are provided.

A national survey of these participations was
conducted for the first time in 2014 by the Austri-
an Research Promotion Agency (FFG), which has
regularly updated this data in a database.** As of
October 2016, Austrian stakeholders are repre-
sented in six Joint Technology Initiatives (Art.
187). These cover a broad array of subject focuses.
The JTI Shift2Rail* and JTI Clean Sky 2% are fo-
cused on transport. The JTI Electronic Compo-
nents and Systems for European Leadership
(ECSEL)* is specialised in research on nano-, mi-
cro- and semiconductor electronics. The JTT Bio-
based Industries (BBI)*® and JTI Fuel Cells and Hy-
drogen (FCHJ* are focused on sustainable and re-
newable production methods and on the develop-
ment of fuel cells. The focus of the JTI Innovative

42 Cf. http://www.waterjpi.eu

43 Cf. http://www.jpi-culturalheritage.eu/
44  See Austrian Research Promotion Agency (FFG) (2014).

45 Cf. http://shiftdrail.org/

46 Cf. http://www.cleansky.eu

47 Cf. http:

www.ecsel-ju.eu/web/index.ph

48 Cf. http://www.bbi-europe.cu/

49 Cf. http://www.fch.europa.eu

50 Cf. https://www.imi.europa.eu/content/imi-2

51 See Austrian Research Promotion Agency (FEG) (2015):
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Medicines Initiative (IMI2)* is the development
of innovative treatment methods. The JTIs’ R&D
activities are supported by funds from the Europe-
an Commission and the business stakeholders
involved in the respective initiatives, and in the
case of ECSEL with additional funds from the
Austrian R&D programmes funded by the Federal
Ministry for Transport, Innovation and Technolo-
gy (BMVIT). To date, Austrian stakeholders have
been additionally represented in a total of ten
cPPPs for developing proposals within the frame-
work of Horizon 2020 with a clear focus on ICT
topics, such as big data and robotics.

Additional multilateral initiatives include
participations in five European Innovation Part-
nerships (EIP) and EUREKA. The EIT KIC Raw-
Materials, started in 2014, is an example of the
participation of Austrian stakeholders in an ini-
tiative of the European Institute of Technology
(EIT). In addition to University of Leoben, the so-
called core partner, and the Universities of Vien-
na and Graz along with the Graz University of
Technology, the Bundesanstalt fiir Geologie (Fed-
eral Geological Agency) and two firms are also
members of this initiative, which focuses on re-
searching the acquisition, recycling and substitu-
tion of raw materials.®!

5.3.2 Financing transnational
R&D collaborations

Since 2007, the national public funds for transna-
tional R&D cooperation in European as well as
bilateral and multilateral collaborations between

Austrian Research and Technology Report 2017
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member states have been consistently surveyed
by Eurostat. Data is collected by national statis-
tical offices, based on government expenditures
for R&D and funds that are disbursed through
public intermediaries (funding agencies, funds).
Statistics Austria is the responsible body in
Austria. This allows for a comparative overview
of financial engagement by EU member states
and associated countries. National funding to-
wards transnationally coordinated R&D% is
therefore a key indicator of national and Europe-
an monitoring of the ERA. It is provided in three
categories:

e National funds for transnational public R&D
performers : covers public expenditures for the
European Organization for Nuclear Research
(CERN), the Institut Laue-Langevin (ILL), the
European Synchrotron Radiation Facility (ES-
RF), the European Molecular Biology Labora-
tory (EMBL), the European Southern Observa-
tory (ESO) and the European Commission’s
Joint Research Centre (JRC).

e National funds for Europe-wide transnational
public R&D programmes: covers public ex-
penditures for ERA Nets, ERA Net Plus, ERA
Net Cofund, the European Fusion Develop-
ment Agreement (EFDA), EUREKA, COST,
EUROCORES, the European Space Agency
(ESA), the European Molecular Biology Organ-
isation (EMBO), the European Molecular Biol-
ogy Conference (EMBC) and Article 185 Initia-
tives and public funding contributions to JTIs.

e National funds for bilateral or multilateral
transnational public Re)D programmes: cov-
ers bilateral collaborations between Member
States without the participation of the EU
Commission as, for example, the Austrian Sci-
ence Fund’s lead agency procedure.

The focus here is on types of public-public part-

nership initiatives. These include, alongside

funding for transnational research stakeholders,
national financial contributions to transnational

52 Eurostat Indicator: gba_tncoor.

53 See Polt et al. (2016).
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R&D projects as well as bilateral and multilater-
al collaborations in EU-wide programmes, ERA
Nets and Article 185 initiatives. Not included
are institutional resources for the initiation, par-
ticipation and coordination of these types of col-
laborations in government ministries, funding
institutions and research institutes. This also
concerns institutional funds, such as those used
by universities. Public-private partnerships with-
out direct participation of member states, such
as the JTIs or KICs, are likewise not included in
these statistics. One exception is the JTI ECSEL,
which is also financed via public programmes —
through the Federal Ministry for Transport, Inno-
vation and Technology’s (BMVIT) “ICT of the
Future” programme in Austria.

Fig. 5-2 shows the share of expenditures for
transnational R&D in government expenditures
for R&D of all EU member and associated states
compared to the R&D share in total government
expenditures. Among those countries with simi-
lar R&D shares in government expenditures (i.e.
above the mean of 1.22%), Austria lies just be-
hind the UK (average: 3.61%) as the EU member
country with the largest share in expenditures
for transnationally coordinated R&D with 4.99%
in 2014. Amounting to €132.22 million in 2014,
however, the absolute figure remains relatively
small. The ability to fund national participations
in bilateral and multilateral R&D activities, on
the transnational level or as a part of European
initiatives, depends on the national availability
of R&D funding in the context of the size of the
respective country’s economy. Differences in the
availability of resources result in difference con-
ditions for each individual Member State.>® In a
comparison of absolute figures of contributions,
Austria comes in ninth position, behind Germa-
ny, with €987 million, as well as Italy and the
UK, with €742 million and €634 million, which
occupy first through third place. In nearly all EU
member and associated states (for which data for
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Figure 5-2: National funding for transnational R&D and R&D share in government expenditures, 2014
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the period 2007-2014 is available)** expenditures
for transnational R&D have partly increased sub-
stantially over the past several years. Austria’s
has doubled from its starting figure of €65.12
million in 2007 (see Figure 5-3). In comparison to
total expenditures for R&D in all sectors in
Austria (2014: €10.1 billion)®, the direct finan-
cial expenditures for transnational R&D activi-
ties — 1.3% in 2014 - are relatively small.

The distribution of funds across various cate-
gories has remained relatively stable since the
start. Nearly a fourth (2014: 23.1%) are contri-
butions to European research infrastructure or
stakeholders, such as CERN. The largest share
is taken by funding of transnational R&D proj-
ects. Around two thirds (2014: 65.1%) are for

54 No data was provided for France at any time.

Europe-wide programmes such as ERA Nets and
finally, around 12% are dedicated to bilateral
and multilateral programmes. A significant
amount of funding is disbursed by national
funding schemes that are administered by the
Austrian Research Promotion Agency (FFG),
and some by the Austrian Science Fund (FWEF).
Overall, Austrian Research Promotion Agency
(FFG) programme lines co-funded multinational
projects within the context of transnational
R&D projects to the amount of nearly €24 mil-
lion in 2014 (see Table 5-10). Given the Austrian
Research Promotion Agency’s total funding vol-
ume of €478.16 million (cash equivalent fund-
ing) in 2014%, this comes to around 5% of the
funding activities. Nearly a third (31%) of this

55 According to Statistics Austria, Globalschitzung 2016 (“Global Ratings”).

56 See Austrian Research and Technology Report 2014, BMWF, BMVIT and BMWEF]J (2014); http://www.bmwfw.gv.at/ftb
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Figure 5-3: Development of Austrian expenditures for transnational R&D according to expenditure type, 2007-2014
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consisted of funding within the context of “ICT
of the Future” programme lines, which went to
the JTI ECSEL. Additional thematic focuses
were energy research and ambient assisted liv-
ing, insofar as these fit within the programme
lines’ parameters.

In comparison, the Austrian Science Fund
(FWF) funded transnational R&D collaborations
in the amount of €24 million in 2014, which rep-
resented just under 12% of the total volume of
newly awarded funding for 2014 (211.4%)*’". The
bulk (€15.65 million) went towards the funding
of bilateral and multilateral projects organised in
accordance with the lead agency procedure®® and
not towards EU initiatives. The lead agency pro-
cedure was developed in 2008 by the Austrian
Science Fund (FWF), Germany’s Deutsche For-

schungsgemeinschaft (DFG) and the Swiss Na-
tional Science Foundation (SNF) and allows the
submission of bilateral and trilateral proposals to
just one funding organisation (the “lead agency”)
in accordance with the respective national regu-
lations. Funding by the project partners is pro-
cessed separately and according to general na-
tional circumstances. Since 2008 the lead agency
procedure has been expanded beyond the original
three founding countries to include nowadays 13
European and three non-European funding organ-
isations. In 2014 the Austrian Science Fund
(FWF) was the lead agency in funding a total of 75
projects with partner organisations from seven
European countries.

Furthermore, the Austrian Science Fund (FWF)
funded a total of 40 project participations by na-

57 See Austrian Research and Technology Report 2014, BMWF, BMVIT and BMWEF]J (2014); http://www.bmwfw.gv.at/ftb

58 https://www.fwf.ac.at/fileadmin/files/Dokumente/Antragstellung/Internationale Programme/i_infoblatt-dach.pdf
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Table 5-10: Commitments fixed by amount/contract in context of the Austrian Research Promotion Agency’s European

multilateral initiatives (in thousand €), 2014

Multilateral Programme

(national)

Programme line
(national)

initiative

Article 185 Benefit Ambient Assisted Living Joint
Programme
EUREKA EUROSTARS EUROSTARS-2
Article 185
ERA Net activities BASIS General programme
COIN Cooperation and networks
Energy Research Energy research
(e!MISSION)
KIRAS Collaborative R&D projects

Mobilitét der Zukunft
(Mobility of the Future)

Mobilitat der Zukunft (Mobility
of the Future)

NANO-EHS NANO-EHS
Produktion der Zukunft Produktion der Zukunft
(Production for the future)  (Production for the future)
TAKE OFF TAKE OFF

JPI ENERGIE DER ZUKUNFT JPI Urban Europe
(Energy for the Future)

I IKT der Zukunft (ICT of the  ARTEMIS
Future) ENIAC

EUREKA BASIS General programme

Total result

Source: Statistics Austria, FFG data reports.

tional partners within the framework of ERA
Net activities in the amount of €9.3 million,
which primarily involved participations in new
ERA Net Cofund instruments (see also 8-2 in Ap-
pendix I).

5.3.3 Summary

In comparison to other EU member states,
Austria is relatively strong involved in transna-
tional R&D activities, measured in participa-
tions in these types of initiatives as well as in the
share of the national public R&D budget dedicat-
ed to these activities. Participation by national
stakeholders in these types of networks are as-
sessed extremely favourably by the Austrian
R&D community and, not least, are considered

59 See Polt et al. (2015); Polt et al. (2016).
60 See Polt et al. (2016).
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Total fundin; Estimated
Number of includin aI% Support from support from
projects g AT funds EU funds (paid
sources "
and not paid)
10 2,707 1,446 1,262
8 1,384 1,038 346
10 1,969 1,954 14
6 1,844 1,844 0
1 390 390 0
5 1,864 1,864 0
3 1,149 1,149 0
3 451 451 0
3 1,299 1,299 0
2 1,058 1,058 0
6 2,025 2,025 0
15 7,509 4,531 2,978
14 5,468 2,932 2,535
6 2,035 1,985 50
92 31,151 23,966 1,185

to be an important determining factor of perfor-
mance in Framework Programmes.* At the same
time, these kinds of initiatives cannot replace na-
tional funding mechanisms, which are decisive
in building up national areas of expertise. One
example of this is ICT, in which a mix of nation-
al programmes (e.g. BENEFIT, ICT of the Future)
and participation in transnational partnerships
such as the JTI ECSEL, the Article 185 initiative
AAL or assorted cPPPs are considered important
reasons for the particular success of Austrian
stakeholders in this area’s framework pro-
gramme.*

At the same time, the intensity of the partici-
pation, which essentially means the funds made
available for this purpose, is a key factor in these
measures’ effect on the national research land-
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Table 5-11:
(in thousand €), 2014

Contractually fixed financing of multilateral initiatives by the Austrian Science Fund (FWF)

Multilateral intiative Programme Number of Fromotion EU Cofunding
(ERA Net) national pmjects AT partial projects

BioDivERSA FWF International Programmes
ChistERA FWF International Programmes
ERA CAPS FWF International Programmes
SynBio FWF International Programmes
E-RARE FWF International Programmes
Infect-ERA FWF International Programmes
NEURON FWF International Programmes
NORFACE FWF International Programmes
TRANSCAN FWF International Programmes
Total

Source: FWF area International Programmes, in Polt et al. (2016).

scape. Thus Austria, viewed as a whole, gives rel-
atively little in absolute terms for these types of
projects, as measured in the number of its partic-
ipations. Germany, for example, is the leading
country in terms of number and intensity of par-
ticipation in transnational partnerships. Whilst
to date Germany participated in just 1.4 times
more initiatives than Austria, it dedicated nearly
9 times the amount of funds in total to such ini-
tiatives up to 2014 (the last available data). Bel-
gium, which with 170 participations in pub-
lic-public partnerships to date ranks similarly to
Austria, invested double the amount of funds up
to 2014. In future, greater attention should be
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1,174
332 no
1,722 no
393 no
452 no
1,034 no
558 no
1,167 yes
2,489 no
9,313

paid to the appropriate prioritisation and coordi-
nation of national funds for transnational collab-
orations so as to more effectively make use of
Austria’s good starting position in this area. The
implementation of a dedicated working group
within the framework of the RTI Task Force is a
first step in this direction. Strategic positioning
within the European Research Area and, con-
comitantly, in corresponding transnational
networks is a key component in the current per-
formance agreements with the universities (for
the 2016-2018 period), which aim to strengthen
institutional engagement in this area and simul-
taneously improve visibility.
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In order to create stronger incentives for research
and innovation, the range of RTI-related mea-
sures and initiatives has been continuously ex-
panded in recent years. Although they started
out with somewhat broad-based measures for
supporting R&D, many countries are now ex-
panding and supplementing them with systemat-
ic approaches, strategic objectives and setting re-
search priorities (“mission orientation”). The
most common argument to legitimize pro-
grammes, policies and institutions is that they
can help overcome a market or system failure.
Inspired by the “Grand Challenges” and the pri-
oritisation of research agendas, more recent arti-
cles! also point to the major political challenges
involved in supporting transformative processes
in large innovation systems (e.g. transport, ener-
gy and health systems).

As RTI policy instruments expanded, the in-
terest as to whether corresponding investments
would also be used sensibly and efficiently also
grew. As a result, evaluations have become more
and more important as an instrument for assess-
ing the performance of programmes and initia-
tives. The goal of evaluations is to provide infor-
mation about the performance of RTI-related
measures, to assess the expediency of expendi-
tures funds on specific measures, and to promote
policy learning in the sense of improving these
measures.

A mature “evaluation culture” is a key com-
ponent of a research, technology and innovation
policy that is transparent, strategic and facili-
tates learning. In light of growing expenditure on

1 See Weber and Rohracher (2012).

RTT and increased public interest, steps have also
been taken in Austria in recent years to enable
more efficient and evidence-based policy formu-
lation and policy making. The following chapter
gives a detailed overview of the development and
status quo of the Austrian RTI evaluation cul-
ture, discusses the usefulness and use of evalua-
tion results on the basis of current findings? and
presents the challenges facing evaluations in
terms of content and methodological aspects.

6.1 RTI evaluation in Austria

There has been a continuous development and
expansion of evaluation competences and capac-
ities as well as the creation of responsibilities in
ministerial departments and agencies in Austria
since the mid-1990s. Key drivers, apart from the
EU accession, which provided new regulations
and standards for evaluations and had a decisive
influence on the still dominant programme ori-
entation, were the growing use of New Public
Management approaches, the establishment of
task-specific organisations (“agencification”) as
well as the creation and implementation of cor-
responding laws and regulations, such as the stip-
ulations for impact-oriented budgeting and ad-
ministration. In addition, the Austrian Council
for Research and Technology Development
(RFTE) has contributed to a stronger perception
of the role and relevance of evaluations through
its publications and related recommendations in
recent years.

The relevant statutory foundations are provid-

2 The chapter is mainly based on works by Streicher (2017), Warta and Philipp (2016), Landsteiner (2015), Reiner and Smoliner (2012),

and Dinges and Schmidmayer (2010).
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ed by a series of laws in Austria,including the Re-
search and Technology Promotion Act (FTF-G),
the General Guidelines for Granting Support
from Federal Funds (ARR 2014), the Research Or-
ganisation Act (FOG; Reporting: Sections 6-9),
and the so-called RTI guidelines (guidelines on
the promotion of research based upon these laws?
and of commercial-technical research, technolo-
gy development and innovation).* The structure
and formal specifications are the same in all
guidelines, although there are differences in
terms of the motives, targets and indicators of
projects eligible for funding.

The Research and Technology Promotion Act
(FTF-G Section 15 para. 2) in particular has stan-
dardised the evaluation principles as being a min-
imum requirement for the guidelines. The guide-
lines stipulate that “a written evaluation plan
must be created for all subsidy programmes and
measures based upon the [thematic, structural
and human resource| RTT guidelines. This plan
must include the purpose, objectives, and proce-
dures, as well as deadlines for evaluating the
achievement of the funding objectives, and must
define appropriate indicators”.> An appropriate
monitoring system must be created to collect the
necessary information that provides standardised
basic information for the duration of the project.

Thus evaluations are used to varying extents
in many research and technology programmes ei-
ther for programme planning (ex-ante evalua-
tions), programme implementation (monitoring
and interim evaluations) or when programmes
end (ex-post evaluation), or are used for the stra-

tegic further development of Austria’s research
funding portfolio. Following the revision of the
RTI guidelines in 2015, the focus was shifted to
substantive targets and indicators in line with
the implementation of impact-orientated budget
and administration management.

In addition to the legal and administrative cir-
cumstances, an active discourse has also devel-
oped in Austria over the role, use, possibilities
and handling of evaluations. Activities surround-
ing the research and technology policy evalua-
tion platform (fteval)® have made important con-
tributions to this development. Since its founda-
tion in 1996, the fteval platform has aimed to
support the improvement of evaluation practice.
Members of the platform are ministries, agen-
cies, research institutes and consultancy firms.
Activities and offers of the platform encompass
supporting the dialogue between the respective
stakeholders, providing discussion fora, issuing
publications (e.g. the fteval journal’) as well as
holding training courses and workshops. The
platform collects and regularly publishes rele-
vant studies and evaluation results on its website
and plays a leading role in the organisation of
several international conferences® in Vienna. As
the broker between clients of evaluations, evalu-
ation service providers and R&D institutions af-
fected by the evaluations, the fteval platform is
an important and unique forum by international
standards.

A central component of the fteval platform’s
activities is the formulation and publication of
standards of evaluation in research and technolo-

® N & O

See the federal government’s guidelines on offering and implementing funding mechanisms as in paragraphs 10-12 of the Research
Organisation Act (FOG), Federal Law Gazette. No. 341/1981.

See the guidelines for supporting commercial-technical research and technology development (RTI guidelines 2015), which are: RTI
thematic guidelines, RTI structural guidelines, RTI human resources guidelines in accordance with the Research and Technology
Funding Act (FTFG) from the Federal Minister for Transport, Innovation and Technology (GZ BMVIT-609.986/0011-111/12/2014), and
the Federal Minister of Economics and Labour (GZ BMWFW-97.005/0003-C1/9/2014).

See RTI theme guidelines, RTI structure guidelines, RTI human resources guidelines, Chapter 3.3.

Cf. http://www.fteval.at

Cf. http://www.fteval.at/de/newsletter/archive/

The “Open Evaluation” conference was most recently held from 24-25 November 2016 in Vienna, with around 250 participants from
35 countries.
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gy policy’. The standards are currently undergo-

ing revision, which should be finalised in the

course of 2017.

Against this backdrop, there has been a signif-
icant rise in RTT evaluation activities in the last
15 years. Evaluations are provided at frequent in-
tervals on different levels, from programmes to
institutions and organisations. Austria is among
the top countries in Europe with regard to the
number of RTI evaluations.

The central features of the RTI evaluation
practice in Austria include:

e Evaluations have a predominantly formative
(shaping) character. Evaluations and impact
analyses with a summative (concluding) focus
as well as ex-ante considerations are less com-
mon. However, the latter are increasingly used
in the relevant reviews with names such as
“Trend scenarios” and “Roadmaps”.

¢ Due to the greater focus on impact, evaluation
criteria based on economic aspects are increas-
ingly being taken into consideration. Broader
approaches to the measurement of socio-eco-
nomic impact dimensions (e.g. health or sus-
tainability aspects) have found little use to
date.

e Typically, RTI evaluations use a mix of differ-
ent investigative methods, with qualitative
and descriptive procedures predominating.
Quantitative methods, in particular those that
can be applied to estimate causal effects, and
experimental approaches, are used seldomly.

¢ The low proportion of final ex-post observa-
tions and (quantitative) impact analyses can,
aside from the purpose of the evaluation and
related requirements, often be traced to the
limited availability and quality of data. Access
to official, company-related microdata is cur-
rently tightly restricted compared to other
countries, due to the legal situation in Austria.

¢ A large number of evaluation reports are col-
lected in Austria and published on ministry

9  Cf. http://www.fteval.at/upload/Standards Plattform Fteval.pdf

websites, the fteval platform and elsewhere.
The annual Austrian Research and Technolo-
gy Report published by the Federal Govern-
ment also presents a selection of recent evalu-
ation results to Parliament and subsequently
to the wider public.

6.1.1 Usefulness and use of evaluations

As international comparative studies!® show, the
quality of Austrian RTI evaluations is perceived
as being largely satisfactory and professional by
clients and policymakers alike. The way the
evaluations are designed and the method sets ap-
plied are deemed appropriate, recommendations
for further developments are considered rele-
vant. Possible improvements are viewed in
terms of the usefulness of evaluation reports and
evaluation processes. These include writing the
reports in clear language that can be understood
by stakeholders who are unfamiliar with RTI
policy, a compact presentation of the overall ap-
proach of the evaluation, as well as a (more de-
tailed) discussion of the applied assessment cri-
teria. Evaluation processes have a clear potential
to spark discussions and learning processes
which has not yet been fully exploited. They
would also benefit from a better interlinking
with the evaluations’ purpose and use as well as
the inclusion of potential users.

The rise in the number and quality of evalua-
tions went hand in hand with the question at in-
ternational level as to the consequences of evalu-
ations and their contribution to policy and the
development of initiatives. Recent studies'! sug-
gest that RTI evaluations in Austria certainly are
used, to different extents and on different levels.
The use of evaluations is mostly limited to the
measure in question and the stakeholders who
are directly involved (such as the programme ad-
ministration in the agencies). Decisions concern
mostly the adaptation and further development

10 See Tsipouri and Sidiropolous (2014); Dinges and Schmidmayer (2010); see also Reiner and Smoliner (2012).

11 See Streicher (2017); Landsteiner (2015).
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of existing programmes, meaning that evalua-
tions are primarily used for the purposes of on-go-
ing programme development. Evaluations, even
if only to a modest extent, also generate new in-
sight into specific features of the instrument and
how it is managed. Growth in knowledge outside
of the respective areas of control is less clearly
visible, although efforts have recently been fos-
tered to initiate discussion processes by using
evaluation results beyond the limits of specific
organisations.

When considering the usefulness and use of
evaluations, some studies'? in evaluation re-
search emphasise the need for a comprehensive
perspective in order to better understand causal
connections and effects of evaluations that can
occur on different levels and in different manifes-
tations. Hence, context-related factors and mech-
anisms, institutionalised rules as well as the role
of stakeholders and their interaction in the eval-
uation process receive more attention.!® For
Austria, it is suggested that programme evalua-
tions generate a wide range of different effects
and have a clear and traceable influence on the
development of programmes. However, changes
to programmes cannot usually be ascribed to spe-
cific evaluation activities. It is more often a com-
bination of different impulses, for instance other
evaluations, which bring about cumulative
(trickle-down) effects, the consequences of which
may extend to identifiable changes.

The factors and mechanisms that may condi-
tion the effects of evaluations include the statu-
tory and political circumstances, such as budget-
ing guidelines and prioritisations in RTT policy,
as well as the prevalent evaluation culture and
programme features such as its age or continuity.
At the actor level, the individual interest and
preferences, in particular those of the organisa-
tions that are being represented, are considered
to be important. The professionalism and credi-

bility of the evaluator is also an important factor
for increasing the effects of evaluations, while
the frequent, rather limited interaction with
stakeholders in evaluations is a factor that limits
the use of and learning from evaluations'

6.1.2 Challenges and trends

The increasingly required, systematic check on
the impact of government funding initiatives and
the greater interest in socio-economic relation-
ships raises requirements with regards to evalua-
tion methodology and data availability/analysis.
At the same time, the use of corresponding mea-
surement indicators, counterfactual analyses or
control group comparisons and quasi-experimen-
tal methods is gaining in importance. Also, the
need for a more systemic perspective is also
growing, e.g. focusing on the position, role and
interactions of a measure in the context of differ-
ent funding and control instruments of a nation-
al innovation system. Such portfolio evaluations
with the goal of embedding the program that is
evaluated in the existing funding landscape, and
increasing the coherence between the measures
have been used only to a small extent in Austria
and elsewhere. Findings from this could, for ex-
ample, also reveal potentials for dealing with the
“Grand Challenges”.

Due to the increased tendency to measure ef-
fectiveness and present results, the purpose and
relevance — especially for longer-running mea-
sures — should continue to be a focal point in
evaluations, as current research!® for Austria
shows. Collaborative or participative approaches
with a possible inclusion of stakeholders may al-
low, for example, a closer examination of the po-
tential operating principles of programmes. At
the same time, feedback loops can be used across
the entire evaluation process and developments
communicated in a prompt and concise form.

12 See Johnson et al. (2009); Henry and Mark (2003); Mark and Henry (2004); Alkin and Taut (2003); Kirkhart (2000).

13 See Streicher (2017); Hojlund (2015, 2014); Burr (2009); Boswell (2008); Lethonen (2005).

14 See Johnson et al. (2009).
15 See Streicher (2017).
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In order to identify the operating principles of
complex research and innovation in the best
way possible, especially in terms of an appropri-
ate cost-benefit relationship, the actual require-
ments, information needs and expectations of
relevant decision-makers must be clarified right
from the start. Alongside a definition of the
evaluation’s addressees, this particularly con-
cerns the question of data availability, which is
often a prerequisite for the use of certain meth-
od sets in an evaluation. The clarification of re-
quirements and issues can also contribute to the
more concise formulation and thus more trans-
parent design of the Terms of Reference, which
play a central role in improving the quality and
use of evaluations. Another method already
found more frequently in other countries in-
volves a so-called “Inception Phase” which
gives evaluators the opportunity to deal with
the available data situation, the methodological
possibilities and the ability to answer the in-
tended evaluation questions.

6.1.3 Summary

Today, evaluations represent an integral part of
the process for introducing and implementing
measures aimed at supporting research and tech-
nology policy in Austria, both from a legal per-
spective and in actual practice. Although there
are gaps in the area of impact evaluation and in
the access to or linking of statistical data, as can
be seen in a recent investigation (see Chapter
6.2.5), the activities and discourse in RTI policy
are marked by efforts to further strengthen the
evaluation culture to improve the design of re-
search and technology programmes as well as
evaluation methods. It is noted that evaluations
are typically carried out tailored to the instru-
ment and may therefore, depending on the phase
in the policy life-cycle, come with different re-
quirements and goals.

16 See Johnson et al. (2009).

17 Cf. www.fteval.at
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In line with the international trend, RTI eval-
uations have to expand their set of methods in
conceptual terms to be better able to meet the
requirements for impact measurement. This in-
cludes, for example, the use of counterfactual
and quasi-experimental methods. In the evalua-
tion literature,'¢ the participation of stakehold-
ers, e.g. in the course of participative evaluation
approaches, is seen as being a key factor for the
improved use of and learning from evaluations,
in addition to the role of the evaluators.

An institutionalisation and routinisation of
RTI evaluations is increasingly evident. While
routines offer control, stability and security, they
may also reduce the possibilities of learning pro-
cesses and changes. Additional learning opportu-
nities could be created through participative eval-
uation approaches, with an early and on-going
involvement of relevant stakeholders in the eval-
uation process. Other considerations which could
improve the usefulness and use of evaluations are
an intensification of the planning phase by means
of an “Inception Phase”, the setting of evaluation
priorities as well as promoting the dissemination
and discussion of evaluation results.

6.2 Results of selected evaluations

This chapter will provide an overview of recent
evaluations of Austrian research funding pro-
grammes. They have been selected according to
the following criteria: (1) The evaluations are pri-
marily relevant to federal policy, (2) an approved
report of the evaluation is available and (3) the
evaluation report is publicly accessible. This es-
sentially means that the report has been approved
and has been published on the website of the
fteval'’ platform.

The results of the following evaluations are
presented in brief: the evaluation of the Institute
of Science and Technology Austria (on behalf of
the board of trustees of IST Austria), the pro-
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gramme evaluation Building of Tomorrow 1999-
2013 (on behalf of the Federal Ministry for Trans-
port, Innovation and Technology — BMVIT), the
evaluation of the Creative Industries Voucher (on
behalf of the Federal Ministry of Science, Re-
search and Economy — BMWEFW), the evaluation
of the Innovation Voucher programme (on behalf
of the Federal Ministry of Science, Research and
Economy — BMWFW) and the Federal Ministry
for Transport, Innovation and Technology — BM-
VIT) and the evaluation of the research tax pre-
mium in accordance with Section 108c of the
Austrian Income Tax Act on behalf of the Federal
Ministry of Finance — BMEF).

6.2.1 The evaluation of the Institute of Science
and Technology Austria (IST Austria) — Report of the
international evaluation committee

Objective of the evaluation

An evaluation of IST Austria must be performed
every four years in accordance with the Act on
Establishment and is commissioned by the board
of trustees of IST Austria'®. In this second evalu-
ation, a high-ranking international evaluation
panel focused on the scientific work, the interna-
tional collaboration and the appointment of pro-
fessors.

Objectives of the institute and key information

The Institute of Science and Technology Austria
(IST Austria) is an international institute based
in Klosterneuburg near Vienna, whose mission is
to produce scientific excellence with the main
focus on international competitiveness in select-
ed fields of research (life sciences, physical
sciences, formal sciences). IST Austria was joint-
ly founded in 2006 by the Austrian Federal

18 See Kornberg et al. (2016, 21).
19 Cf. https://ist.ac.at/en/ueber-ist-austria/leitbild

20 See Kornberg et al. (2016, 23).
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Government and the province of Lower Austria.
The institute has grown continuously since its
founding in 2009. At the time of the evaluation,
around 500 employees were recruited, the target
was set at 1,000 employees and 90 research
groups (by 2026). Anchored in the mission state-
ment of IST Austria are the following principles
which reflect the objectives of the institute!:

e pursuit of basic research in the natural and
mathematical sciences, as well as the educa-
tion of future researchers

e promotion of interdisciplinary interaction be-
tween scientists

e provision of a world-class environment for sci-
ence and an attractive destination for doctoral
students, post-docs, and professors from all
countries

e commitment to the highest international aca-
demic standards, integrity, equality and diver-
sity on campus, as well as respect and recogni-
tion for all

o effective and efficient use of the entrusted
public and private funds

e pursuit of an active policy of exploiting intel-
lectual property when possible

¢ making a successful contribution to the inter-
national scientific community, research in Eu-
rope, higher education in Austria, and society
at large

Results of the evaluation

The evaluation took place in line with the objec-
tive pursued at the time of the founding of IST
Austria, which the evaluation committee puts as
follows: “To create a first-class institute for basic
research, which can be measured against the
world’s leading institutions,”? i.e. the aim was
to build up an institute of not only national but
also international stature.

The evaluation establishes that IST Austria
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renders good services measured by key perfor-
mance indicators. Particular mention is made of
the fact that 20 out of 40 professors secured re-
search funding from the European Research
Council — ERC. The success rate of the IST
Austria professorial graduate school in the com-
petition for this funding is 44%, which puts it in
the leading group in Europe and thus even ahead
of Oxford University, ETH Zurich and other re-
nowned institutions. According to the evalua-
tion, a further pleasing development in the scope
and term of these sought-after funding commit-
ments can be expected, as they enable research
groups to perform their work on the highest level.
The evaluation also paints a very positive pic-
ture with regard to the institute’s international
orientation and in doing so makes reference to
the trend regarding the appointment of profes-
sors. Of the 40 candidates who accepted an aca-
demic position offered at IST Austria, 35 are for-
eign citizens. With one exception, all relocated to
IST Austria from institutions abroad. As further
proof of the international profile of IST Austria,
the evaluation indicates the number of joint pub-
lications with external scientists: Accordingly,
foreign co-authors are jointly responsible for over
80% of the publications of IST Austria.
According to the evaluation, the development
of research groups, which on average consist of
ten scientists, most of whom are post-docs, is rat-
ed as outstanding. In particular, no professors left
for other institutions, and the success rate at se-
curing funds from external sources is described
as highly impressive. A total of €55 million in
funds and €17.5 million in donations was raised.
The PhD programme is also characterised by
steady growth and has developed into a popular
destination for students from Europe and the rest
of the world. Critically, it was noted that while
the location, campus and building of IST Austria
are appealing, the physical separation from other
academic institutions in Vienna makes it more

21 See Lefenda and Péchhacker-Troscher (2016).
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difficult to interact with them. Furthermore, the
need for public relations work continues to be
expressed, while public transport links and local
accommodation options are described as show-
ing room for improvement.

In summary, the evaluation finds that IST
Austria had an excellent start, has so far mas-
tered the main challenges that the creation of a
new institution entails, and thus laid a sound
foundation for future developments. However,
the evaluation report also suggests that the next
step, the rise to the top, will be an even greater
challenge, even though sufficient grounds for op-
timism remain given the impressive achieve-
ments of IST Austria to date. Identified as key
tasks and targets for IST Austria are the creation
of a Chemistry-Biochemistry-Molecular Biology
Department (CBMB) including cryoelectron mi-
croscopy, the recruitment of still young but al-
ready established scientists with a world class
reputation, as well as an affirmation of the long-
term support of Austria.

6.2.2 The programme evaluation Building of
Tomorrow 1999-2013

Objective of the evaluation

The main objective of the ex-post programme
evaluation was to present the overall impact of
the programme. The evaluation should not only
focus on the immediate results of the programme
in terms of research and innovation projects but
also the indirect effects of strategic supporting
measures?.

Programme objectives and key information
The programme conceived in the mid-1990s pur-

sued the goal of supporting the research and de-
velopment of marketable components, elements
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and construction concepts for residential, office
and utility buildings. The goal was to strengthen
the Austrian construction industry amidst inter-
national competition and to achieve a leading
position with regard to innovative technologies
for sustainable construction. R&D and demon-
stration projects were to achieve a degree of com-
pliance with the following criteria:
¢ clear reduction in the use of energy and mate-
rials
¢ increased use of renewable sources of energy,
in particular solar energy
¢ increased and efficient use of renewable and
ecological materials
¢ consideration of social aspects and improving
the quality of life
e comparable costs to conventional construc-
tion and thus high market potential
The programme was implemented in two phases:
In the first phase between 1999 and 2005, the
programme mainly focused on the above objec-
tives. The programme continued with essentially
the same general thrust under the title “Building
of Tomorrow Plus” (2008-2012), which was sup-
posed to create the technological prerequisites
for the creation of Plus-Energy buildings. These
are buildings that generate more energy than
they consume over their entire life-cycle. Im-
portant new objectives were the development
and preparation or support of the market launch
or market penetration of economically viable, in-
novative technical and organisational solutions
that make a key contribution in the context of a
CO2-neutral construction sector.

Since 1999, projects with a total volume in ex-
cess of €1 billion have been applied for, with
funding amounting to a total of €306 million.
This enabled approx. 450 projects?? at a total vol-
ume of €138 million to be supported with fund-
ing worth almost €80 million. The first pro-
gramme phase involved 220 stakeholders, the
second phase a total of 696 stakeholders from
industry and science.

22 The report identifies 425 projects from the fourth call for tenders.

23 See Radauer and Warta (2015).
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Results of the evaluation

The evaluation report paints a positive picture of
the programme effects and emphasises how it
has contributed to awareness-raising and early
sensitisation for the importance and potentials of
sustainable construction, as well as highlighting
market opportunities for Austrian providers. Ac-
cording to evaluators, the programme also estab-
lished technical principles for development
building standards and further improved the an-
choring of these standards in regulatory works
such as the housing subsidy.

The long-term approach and focus also gained
attention internationally and advanced the tech-
nology and innovation leadership of Austrian in-
dustry. The international positioning of Austria
as key player in the area of Sustainable Construc-
tion was strengthened and the programme fre-
quently presented as an example of best practice,
including within the context of a survey in the
European Parliament. In addition, many build-
ings that emerged from this were awarded inter-
national prizes. Due to the very positive evalua-
tion results, the evaluation stimulates a continu-
ation of the activities for supporting research and
innovation in the field of Sustainable Construc-
tion, which could take place within the scope of
existing initiatives and programmes as well as
through activities involving networking and co-
operation.

6.2.3 Evaluation of the Creative Industries Voucher

Objective of the evaluation

The Creative Industries Voucher (CIV) launched
at the beginning of 2013 is a low-threshold, de-
mand-based instrument for funding cooperation
in innovation projects between representatives of
the creative industries and other economic sec-
tors.?® In particular, the evaluation analyses and
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assesses the design and implementation, goal at-
tainment and effects determined to date. Build-
ing on this, recommendations and proposed mea-
sures were derived for continuation and any ad-
aptation/further development of the funding
measures.

Programme objectives and key information

The CIV, which is run by the Austria Wirtschafts-
service (aws) on behalf of the Federal Ministry of
Science, Research and Economy (BMWFW), aims
at encouraging small and medium-sized firms
(SMEs) to utilise the services provided for the
creative industries and thus intensify and stimu-
late innovation projects. According to the Austria
Wirtschaftsservice (aws), the voucher is intended
for SMEs of all industries that make use of cre-
ative industries services in the course of their in-
novation work. These creative industries ser-
vices are the object of the funding, which are
supported with up to €5,000.* The core areas of
the potential funding recipients include design,
architecture, multimedia/games, fashion, music
business/utilisation of music, audio-visual and
film/film utilisation, media and publishing,
graphics, advertising and the art market.

The CIV was launched in the context of the
“evolve” strategy. The goal of evolve was to fully
exploit the high innovation potential of the in-
creasingly important creative sector in order to
not only secure but also further expand the de-
velopment of innovation in Austria compared to
the rest of Europe.* In spring 2016, based on the
positive experiences of evolve, the Austrian cre-
ative industries strategy was elaborated under
the management of the Federal Ministry of Sci-
ence, Research and Economy (BMWFW), in coop-
eration with Kreativwirtschaft Austria, the Fed-
eral Economic Chambers and the Austria
Wirtschaftsservice Gesellschaft mbh (see Chap-
ter 1.3 “Creative industries strategy”). The CIV
is an important instrument for implementing the

new creative industries strategy. According to

the evaluation report, the funding measure pur-

sues the following goals:

¢ increasing the innovation activity of SMEs

¢ increasing the utilisation of creative services
by SMEs

¢ strengthening the providers of services in the
creative industries

¢ stimulating and enabling cooperative efforts of
firms of the creative industries along the value
added chains and of firms of the creative in-
dustries with companies from sectors that
have little if anything to do with the creative
industries.

Since the measure was launched, two rounds of

proposal have been held. In 2013, there were 934

applications and 611 approvals. In 2014, the

number of applications rose sharply to 2,042.

However, the number of funded projects re-

mained constant with 612 approvals. It is noted

that applications in 2013 were accepted on a

first-come-first-served basis until the budget was

used up. In 2014, a cut-off date was set, after

which the applications were drawn by a notary.

Results of the evaluation

The evaluation paints a very positive picture of
the CIV, which was primarily utilised by young
SMEs and sole proprietors. It was established
that the measure has a stimulating and support-
ing effect on the creative industries in conjunc-
tion with service providers and - to a lesser ex-
tent or more indirectly — with manufacturing
companies as well. While a considerable portion
of the CIV projects represents cooperations be-
tween the creative industries and service provid-
ers, it is evident that there are also interesting
projects deserving of funding within the creative
industries. The evaluation also highlights that
the programme has comparatively high addition-
ality values and low spill-over effects. According
to the evaluation report, subsequent orders over

24 Cf. https://www.aws.at/fileadmin/user upload/Downloads/Kurzinformation/aws Kreativwirtschaftsscheck.pdf

25 Cf. htt
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and above CIV projects allow the conclusion that
the CIV is in a position to sustainably encourage
SMEs to use creative industries-related services.

It should be noted that while the surveys paint
a very positive picture about the content of the
innovation, the analysis of the project comple-
tion reports and applications nevertheless shows
that it was occasionally difficult to tell the proj-
ects apart from the usual standard services that
the creative industries render for their custom-
ers. According to the evaluation, the actual de-
gree of innovation appears too low in many proj-
ects. In summary, the evaluation sees much of
the CIV as a form of sales support, especially in
core areas of the creative industries such as ad-
vertising and design.

According to the evaluation, the key challeng-
es lie in handling the large number of applica-
tions, not all of which will receive funding due to
the limited budget available, and in the task of
ensuring a minimum level of innovation amongst
the projects in the programme. In principle, the
evaluation recommends retaining the CIV, but
suggests the following measures for improve-
ment: 1) optimised and prompt communication
of the funding process, 2) focus on the participa-
tion of first utilisations, i.e. the CIV should ex-
plicitly address only those SMEs that have never
or only rarely worked with a creative industries
business, and 3) increased attention to ensuring
the innovation content of the CIV projects.

6.2.4 Evaluation of the Innovation Voucher
programme

Objective of the evaluation

In the course of the evaluation,?® the concept and
implementation of both existing Innovation
Voucher programmes were analysed and their
goal attainment assessed. Potentials for optimis-
ing the future development of the programmes

26 See Jud et al. (2017).

were also identified and discussed within the
scope of the investigation.

Programme objectives and key information

The Innovation Voucher programmes (I-Voucher
programmes) provide funding for small and medi-
um-sized firms (SMEs) with the goal of involving
them in regular research and innovation activi-
ties (broadening the research, development and
innovation base), to advance the transfer of
knowledge between SMEs and the knowledge
sector (activating knowledge transfer), to support
the efficiency and effectiveness of R&I projects
and to get them ready for the market faster (en-
couragement and improvement of R&I projects).

The I-Voucher programmes are specifically aimed

at smaller, as yet not regularly innovating firms

that do not have their own R&I staff and are
therefore often reliant on transfer of knowledge
from research institutes.

The I-Voucher programmes are administered
by the Austrian Research Promotion Agency
(FFG) as part of a package of R&I funding mea-
sures (SME package) specially tailored to SMEs.
Applications may be submitted at any time. Two
I-Voucher formats are offered:

e The Innovation Voucher (I-Voucher) was
launched in November 2007 and offers maxi-
mum funding of €5,000 without excess for a
term of twelve months.

¢ The Innovation Voucher plus (I-Voucher plus)
was launched in June 2011 and offers maxi-
mum funding of €10,000 (funding ratio 80%)
with an excess of 20% of fundable costs of
€12,500 and a term of twelve months.

Results of the evaluation

The evaluation states that a large group of new
firms was acquired for R&I funding with the as-
sistance of the I-Voucher (68% of applicants are
so-called ‘newcomers’”’) and that the I-Vouchers

27 The term ‘newcomer’ describes firms whose first approved Austrian Research Promotion Agency (FFG) project is an I-Voucher or

I-Voucher plus.
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were also associated with a lever effect for the
research and innovation expenditure of the new-
comers.

In order to obtain the most comprehensive
picture possible of the R&D activities of Innova-
tion Voucher users, the data of these firms were
blended with the data of the R&D survey of Sta-
tistics Austria. It was found that 452 I-Voucher
firms (35% of the I-Voucher firms recorded in the
R&D survey) appear in the R&D survey of Statis-
tics Austria as R&D newcomers. The R&D ex-
penditures of these firms are well above the fund-
ing level of the I-Voucher. These firms make up a
high proportion of the total newcomers in the
R&D survey. About one quarter of the newcom-
ers also carried out Austrian Research Promotion
Agency (FFG) follow-on projects, which suggests
a sustainable increase in R&I activities.

The I-Voucher programmes reach both R&I
newcomers and SMEs with R&I experience, with
the funding having generated added value for all
voucher users. While the I-Voucher projects for
R&I newcomers primarily fund the entry into
R&I and cooperations, experienced R&I firms
use the instruments for experimenting with new
ideas.

The evaluation also found that some of the re-
search and innovation projects of the participat-
ing SMEs would have been implemented only
more slowly or not at all without the support of
I-Voucher (plus) and that the results elaborated in
the projects could increase the quality of the
planned innovations.

According to the evaluation, the I-Voucher
programmes are seen as being suitable instru-
ments for developing R&I activities. However,
relative to the entire target group, only a portion
of the newcomers (10%) appears in more com-
plex Austrian Research Promotion Agency (FFG)
programmes. Reasons are seen in the administra-
tive effort for the application, the high quality
requirements placed on the projects and the high

28 See Ecker et al. (2017).
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excess required. However, against the back-
ground of the evaluation, this result cannot be
traced back to the design of the I-Voucher pro-
grammes, but rather indicates the lack of similar
low-threshold programmes with which R&I ac-
tivities of the newcomers could be continued.

To summarise, the evaluation notes that the
I-Voucher programme is well embedded into the
RTI strategy of the Federal Government and ad-
dresses its objectives. The I-Voucher programme
does help firms get into R&I, remain in contact
with the research institutes and carry out proj-
ects together. On the basis of the evaluation re-
sults, continuation of the I-Voucher programmes
is recommended, although any adjustments to
the programme should be checked.

6.2.5 Evaluation of the research tax premium
in accordance with Section 108c of the Austrian
Income Tax Act

Objective of the evaluation

The research tax premium has been evaluated for
the first time since its inception.?® The objective
of the evaluation was to identify effects on the
company level that could be allocated to the re-
search tax premium in the period from 2009 to
2015.

Development and key information

The research tax premium was introduced in
2002 and increased continuously over the years,
most recently from 10% to 12% in 2016. The tax
shortfalls due to the increase to 12% will come
into effect only from 2017 and are therefore not
taken into consideration. In 2015, R&D expendi-
tures in the amount of almost €502 million were
claimed within the scope of the research tax pre-
mium. To claim the research tax premium, an

Austrian Research and Technology Report 2017



6 Evaluation Culture and Practice

annual assessment report carried out by the Aus-
trian Research Promotion Agency (FFG) is re-
quired since financial year 2012.

Results of the evaluation

The importance of indirect R&D funding has re-
cently increased, both nationally and interna-
tionally. Tax incentives, such as the Austrian tax
premium for research and development, are
found in most innovation-based economies
around the world. Within the countries of the
EU, this instrument is absent only in Bulgaria,
Germany, Estonia, Finland, Luxembourg and Cy-
prus as well as in the non-EU country Switzer-
land. In the OECD, 29 out of 35 countries pro-
vide this instrument, with expenditures for indi-
rect research funding having risen sharply in
most countries in recent years; France and Cana-
da lead the way in this regard. In an OECD com-
parison (based on data as of 2014 - i.e. before the
increase to 12%) Austria is in midfield position
with expenditure for indirect R&D funding with
0.13% of GDP, and was ranked tenth out of 28
OECD countries in 2014. Overall - for direct and
indirect funding together — Austria was in sixth
place in 2014.

The research tax premium is used by around
75% of those firms that carry out research in
Austria. The evaluation confirms that the re-
search tax premium benefits research-intensive
industries. The biggest firms with turnover of
more than €50 million drew more than two
thirds of the tax premium in all financial years.
With regard to the number of applicants for the
tax premium, however, the overwhelming share
is accounted for by SMEs. Thus an average of
about 85% of all assessment reports completed
by the Austrian Research Promotion Agency
(FFG) addressed SMEs since 2013.

Since financial year 2012, it has been the task
of the Austrian Research Promotion Agency
(FFG) to check whether the prerequisites con-
cerning content are in place with regard to the
presented in-house R&D activities for which a
research tax premium was applied. The number
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of firms was reduced as a result of this assess-
ment. About 1,500 firms per financial year have
ceased to apply for the research tax premium
since the introduction of the check by the Austri-
an Research Promotion Agency (FFG). This
mainly concerns small firms and firms that oper-
ate in industries with a lower R&D intensity (e.g.
wholesale). One reason is that those firms whose
R&D activity is evidently too low to claim the
research tax premium no longer apply for it. The
assessment by the Austrian Research Promotion
Agency (FFG) thus contributes to the reduction
of spill-over effects. Overall, satisfaction levels
amongst firms are relatively high, both as regards
the procedure for claiming the tax premium and
its design.

According to the firms surveyed in the evalua-
tion, the research tax premium contributes both
to securing Austria as a business location and to
off-shoring R&D activities to Austria, above all
for internationally active, research-intensive
firms. This must also be seen in the context of
the location and funding conditions of other
countries. In particular, the situation in Germa-
ny, where there are currently no tax breaks for
firms pursuing R&D, has an impact on whether
and to what extent (additional) R&D activities
are performed in Austria. Numerous firms indi-
cated in the survey that they had off-shored some
of their R&D activities to Austria — and claimed
that the research tax premium was a decisive fac-
tor for doing so. The international orientation of
these firms is worth noting in this context. The
majority of firms that in recent years have ex-
panded competences in Austria, increased R&D
responsibility and made additional investments,
also has research competences outside of Austria.

In additionally held interviews, some firms in-
dicated that the research tax premium, in con-
junction with available, highly qualified human
capital in the locational competition within the
firm group, certainly was and is decisive for fur-
ther expanding the R&D location in Austria. In
their own words, the firms that have based addi-
tional R&D responsibility in Austria also created
additional jobs in the years 2010 to 2015. Accord-
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ing to them, a total of 14,300 new employees
were recruited. These new employees are above
all highly qualified scientific personnel as well as
technicians and equivalent staff.

The relatively broad range of attributable cost
types and fundable expenditures represents an as-
set of the research tax premium. The thematic
openness corresponds to the needs of the firms.
According to statements made by the firms, the
research tax premium helps them make invest-
ments in infrastructure and undertake riskier re-
search projects. Moreover, the evaluation shows
that the research tax premium has a supporting
effect, especially at research-intensive firms and
those that are already pursuing R&D on a regular
basis. In contrast, the research tax premium
hardly provides an incentive effect for expanding
R&D at firms with little or no R&D to date.
These firms are better targeted by direct research
funding. Direct funding tends to address small
and medium-sized firms, which also better sup-
ports them with topics that are closer to basic
research and thus technologically risky. This
means that direct and indirect research funding
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are not mutually exclusive, but rather comple-
ment each other. In order to get a comprehensive
picture of this complementary effect, the study
recommends carrying out an impact analysis of
Austria’s entire funding system as soon as the da-
ta of direct and indirect research funding are both
available and are made accessible.

According to the evaluation, the goal must
be to increase the accuracy of research funding
even further in the future. For this purpose, it is
suggested to more proactively design the com-
munication and consulting between the Federal
Ministry of Finance (BMF), the Austrian Re-
search Promotion Agency (FFG) and interest
groups with regards to the eligibility for fund-
ing of projects. In addition, process support
should be provided by financial administration
for all firms drawing the tax premium following
the concept of “Horizontal Monitoring”. The
latter should contribute to a further improve-
ment in legal certainty for the firms, also allow-
ing them better planning with regards to the
research tax premium.
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8.1 Country codes

Country/region | Codes Country/region | COdes Country/region | Godes Country/region | Codes

Albania Estonia South Korea Romania

Argentina AR Greece EL Liechtenstein LI Serbia RS
Austria AT Spain ES Lithuania L7 Russia RU
Australia AU Finland Fl Luxembourg LU Sweden SE
Belgium BE France FR Latvia Lv Singapore SG
Bulgaria BG Hong Kong HK Montenegro ME Slovenia N
Brazil BR Croatia HR Malta MT Slovakia SK
Canada CA Hungary HU Mexico MX Turkey TR
Switzerland CH Ireland IE Nigeria NG Taiwan ™W
China CN India IN Netherlands NL United Kingdom UK
Cyprus CY Israel IL Norway NO United States of America us
Czechia CZ Iceland IS New Zealand NZ South Africa ZA
Germany DE Italy IT Poland PL

Denmark DK Japan P Portugal PT

8.2 Explanations of the abbreviations
for MULLAT types

proposals of the initiative = projects aimed at
partners from science and industry, Eurostars
Initiative exclusively for SMEs (EUROSTARS
Public-Public Partnership: projects).

e JPI - Joint Programming Initiatives: Bundling e ERA-NET  activities (FP7: ERA-NET,

of resources and capacities of the research
funding of multiple Member States on certain
research priorities (programmes funded by
Member States, financial support through
Horizon 2020 for CSA coordination and sup-
port measure, joint proposals may be funded
by Horizon 2020 or take place via ERA NET
activities).

e Article 185 initiatives (previously Article 169
of the Treaty on the Functioning of the Euro-
pean Union): contractually regulated coopera-
tion between the EU and platform of the Mem-
ber States aimed at coordinating national R&D
programmes for more efficient use of resources
(each of the initiatives in accordance with Ar-
ticle 185 acts as a long-term funding pro-
gramme in which the Commission is also in-
volved in addition to the Member States, with
funding by the Member States and the Frame-
work Programme for R&D of the EU) - joint
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ERA-NETplus; Horizon 2020: ERA-Cofund):
Coordination instrument for national research
funding programmes for bundling and further
developing existing priority areas, formulating
common priority areas, clustering as well as
developing transnational funding programmes
and joint calls in 'virtual common pots' - the
objective is cross-border research and technol-
ogy cooperation; sponsorship is provided by
the EC and the Member States.

Public-Private Partnerships:
e EIT - European Institute of Innovation and

Technology: Funding instruments for the
Knowledge and Innovation Communities
(KIC) = cooperative institutes that work au-
tonomously in a consortium of institutes from
the knowledge triangle (scientific research —
scientific teaching - corporate research and in-
novation) with differing ranges of activities
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(training and education, innovation projects as
well as support for market launches of innova-
tive products and new ventures); funded as a
cross-sectional field within the scope of Hori-
zon 2020.

EIP — European Innovation Partnerships: a net-
working tool and not a funding tool - Plat-
form for innovation that brings together Euro-
pean partners and public and private stake-
holders to cover topics, no EU funding; fund-
ing for joint projects via the structural funds,
Horizon 2020, national funding programmes.
JTI — Joint Technology Initiatives: Public-pri-
vate partnerships for funding transnational
technology initiatives; development of initia-
tives through transnational industrial associa-
tions; develop a separate strategic agenda,
work programmes and proposals, select pro-
ject, funded by industry and EU (with the ex-
ception of JTI ECSEL, - funding here also by
MS). Each of these initiatives in accordance
with Article 187 TFEU has its own separate
legal personality.

Contractual  Public-Private  Partnerships
cPPPs: Interlinking between public and pri-
vate stakeholders in the aim of implementing

chain in a research area (industry, scientists
and researchers, SMEs, end consumers) in or-
der to influence the setting of priorities at the
European level & funding by industrial part-
ners, very different structurally.

COSME - Competitiveness of SMEs: Consul-
tation instrument, (programme owner and
sponsor EC, €2.3 billion), designed exclusively
for intermediaries (banks, national govern-
ments, research on the topic) 2 aimed at im-
proving competitiveness of SMEs.

COST - European Cooperation in Science and
Technology: Funding and networking instru-
ment for scientists < funds (from the funds in
the EU R&D Framework Programme) travel
expenses etc. for conferences, short-term re-
search exchange initiatives, publications.
EUREKA - Initiative for application-oriented
research and development in Europe: Funding
by Member States for firms participating in
EUREKA clusters, top-up funding in Austria
for EUREKA participation (sponsored by the
Federal Ministry for Transport, Innovation and
Technology (BMVIT) and Federal Ministry of
Science, Research and Economy (BMWEFW)).

funding priority areas and proposals in Hori- Other EU programmes not related directly to
zon 2020, 50/50 public/private funding, pro- R&D:
posal and funding via the Horizon 2020 work

programme -> partners from universities, in- e EIF — European Investment Fund: The objec-

dustry and SMEs.

Other multilateral initiatives:
e FET - Flagships: Future and Emerging Tech-

nologies: long-term funding programme for up
to ten years with up to €100 million of individ-
ual funding per year and flagship initiative -
enshrined in Horizon 2020 Pillar 1 Excellence
of Science with separate work programme;
consortia include partners from industry and
research.

ETP - European Technology Platforms: Initia-
tives for building networks in industry with
the aim of bundling topics and matters from
the stakeholder side in the overall value added

160

tive is to provide funding for SMEs using tools
for own funding (venture capital, support for
growth and mezzanine capital), loans and mi-
crofinancing. The owners are the European In-
vestment Bank EIB Group (European Invest-
ment Bank and Furopean Investment Fund)
and the European Commission.

EFSI — European Fund for Strategic Invest-
ments: joint initiative between the EIB Group
and the European Commission aimed at stim-
ulating private investment in strategic areas
(strategic infrastructure, including digital net-
works, transportation and energy; education,
research, development and innovation, devel-
opment of renewable energy and resource effi-
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ciency, funding and promotion of SMEs and
mid-cap firms). The plan is to use funds of
around €21 billion to leverage investments of
around €315 billion over the next three years
(from 2016).

e ESIF — European Structural and Investment
Funds: include the Cohesion Fund, the Euro-
pean Social Fund (ESF), the European Agricul-
tural Fund for Rural Development (EAFRD),

the European Maritime and Fisheries Fund
(EMFF) and the European Regional Develop-
ment Fund (ERDF) with their own priorities
and objectives in each case. In the relevant pe-
riod between 2014-2020 the ERDF is focused
on funding and promoting regional stimulus
through research and innovation with a bud-
get of €793 million. The overall ESIF budget
includes €454 billion for the 2014-2020 peri-
od.

8.3 Overview of partner organisations — "Alliance for Responsible Science"

Overview of partner organisations — "Alliance for Responsible Science"

ACIB — Austrian Centre of Industrial Biotechnology
Federal Institute for the Education of the Blind

CeMM — Research Center for Molecular Medicine of the Austrian
Academy of Sciences

The University for Continuing Education Krems
St. Pdlten University of Applied Sciences

Federal secondary schools Bundesgymnasium and Bundesrealgymna-
sium, Vienna 6

INNOC — Austrian Society for Innovative Computer Sciences
JOANNEUM RESEARCH Forschungsgesellschaft mbH
KinderUniGraz

Ludwig Boltzmann Society

Naturschutzbund

Austrian Academy of Sciences

Austrian Higher Education Conference

WIFO — Austrian Institute of Economic Research

Red Cross

Rudolfinerhaus Privatklinik GmbH

Umweltdachverband (Environmental Umbrella Organisation)
University of Veterinary Medicine Vienna
Wissenschaftsladen Wien (Science Shop Vienna)

Z00M Children's Museum Vienna

See http://www.responsiblescience.at for further members of the
Alliance
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AIT Austrian Institute of Technology
Federal Ministry of Science, Research and Economy (BMWFW)
Democracy Centre Vienna

Essl Foundation
University of Applied Sciences Technikum Wien
IMC University of Applied Sciences Krems

IHS — Institute for Advanced Studies

Karl Landsteiner University of Health Sciences
Lauder Business School

Museum of Natural History Vienna

0eAD — Osterreichische Austauschdienst GmbH

Austrian University Conference

RCE Vienna — Regional Centre of Expertise in Education for
Sustainable Development

Environment Agency Austria
University of Natural Resources and Life Sciences, Vienna

FWF — Austrian Science Fund
2SI — Centre for Social Innovation
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8.4 Overview of open innovation measures and associated current examples of their implementation
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Measure 1

Create open
innovation and
experimental spaces

Measure 2

Embed open inno-
vation elements at
kindergartens and
schools as well as in
teacher training

Measure 3

Further develop
public adminis-
tration by means
of open innovation
and greater public
involvement

Measure 4

Set up and operate
an open innovation
platform for social /
societal innovation
and as a contribu-
tion to overcoming
global challenges

Measure 5

Set up and operate

an innovation map

including a match-

making platform for
innovation actors

Measure 6

Build up research
competence for
the application of
open innovation in
science

Development of

a culture of open
innovation and
teaching open
innovation skills
among all age
groupes in all age
groups

Federal Chancellery
(BKA) - GovLab
Austria

Federal Ministry of
Education (BMB)
initiatives (e.g. joint
research - Open
Labs) Federal
Ministry for Trans-
port, Innovation and
Technology (BMVIT) -
Massive Open Online
Courses "Smart
Cities"

Federal Chancellery
(BKA) - GovLab
Austria

LBG - Open Inno-
vation in Science
Research and
Competence Center
(or1s)

Formation of
heterogeneous
open innovation
networks and
partnerships
across disciplines,
branches of
industry and
organisations

AustriaTech - Urban
mobility laboratories
AIT - open innova-

tion and experimen-
tation environments

Federal Ministry of
Education (BMB)
initiatives (e.g. proj-
ect instruction with
external partners)

PPPI - Matchmaking
platform & crowd-
sourcing challenges

Federal Chancellery
(BKA) - GovLab
Austria

Federal Chancellery
(BKA) - GovLab
Austria

Federal Ministry for
Transport, Innova-
tion and Technology
(BMVIT) & KLIEN

- Future of energy
2050 dialogue
process

Austrian Patent
Office — Open Data
Initiative

Austrian Research
Promotion Agency
(FFG) — info network

Federal Ministry of
Agriculture, Forestry,
Environment and
Water Management
(BMLFUW) - EIP
AGRI

Mobilisation of
resources and the
creation of frame-
work conditions for
open innovation

Federal Chancellery
(BKA) — GovLah
Austria

Austrian Federal
Railways (OBB) —
Open Innovation Lab
& Service Design
Center

Austrian Research
Promotion Agency
(FFG) — innovation
laboratories and
innovation work-
shops

Federal Ministry of
Education (BMB)
initiatives (e.g.
development of
open educational
resources)

PPPI - Community
management

FEDERAL MINISTRY
FOR TRANSPORT,
INNOVATION AND
TECHNOLOGY
(BMVIT) - OpendIn-
novation platform
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Measure 7

Establish incentive
mechanisms

for research
partnerships with
non-traditional
players in research
funding to
strengthen open
innovation

Measure 8

Increase
involvement of users
and members of the
public in RTI funding
programmes

Measure 9

Develop fair sharing
and compensation
models for crowd-
work

Measure 10

Further develop and
provide of

open innovation
methods and

open innovation
instruments spe-
cifically for small
and medium-sized
enterprises (SMEs)

Measure 11

Develop and
implement co-cre-
ation and open
innovation training
programmes

Measure 12

Emged principles of
open data and open
access in research

Measure 13

Gear the IP and
exploitation strate-
gies of companies,,
universities,
research institutes
and intermediaries
to open innovation
in order to optimise
innovation potential

Measure 14

Implement a
comprehensive
communication
initiative about
open innovation to
raise awareness and
create networks

University of Applied
Sciences Wiener
Neustadt —
Geo-Wiki

St. Pdlten University
of Applied Scienc-
es—

Brelomate 2, Use-
able Privacy Box

Salzburg - Com-
petence Centre for
Open Innovation
(Ko

Austria Wirtschafts-
service (aws) - Open
innovation toolkit
for SMEs

Austrian Patent
Office - Training and
events

Austrian Patent
Office - Open Data
Initiative

Austrian Science
Fund (FWF) - Open
Access Policy 2020

Austrian Patent
Office - Raising
awareness of
exploitation strat-
egies

FH Joanneum - "Ich
bin Open Innova-
tion" (I am open
innovation) platform

Federal Ministry of
Science, Research
and Economy
(BMWFW) & Federal
Ministry for Trans-
port, Innovation and
Technology (BMVIT)
- Information &
communication work
via the official Open
Innovation website
(www.openinnova-

tion.gv.at)
AIT - Co-Creation Austria Wirtschafts- | Austrian Research FEDERAL MINISTRY FEDERAL MINISTRY
research projects service (aws) (ncp- | Promotion Agency FOR TRANSPORT, FOR TRANSPORT,
ip) working group (FFG) - Open INNOVATION AND INNOVATION AND
on compensation Innovation priority TECHNOLOGY TECHNOLOGY (BM-
mechanisms area at the 9th COIN (BMVIT) - "e-ge- VIT) - Information &

networks proposal

nius" open content
platform

communication work
within the scope of
the Open4innovation
platform

Austrian Research
Promotion Agency
(FFG) - Bridge
Programme

CDG - Partnership in
Research

0eAD - Top Citizen
Science

Austrian Research
Promotion Agency
(FFG) - Innovation
pilot programme

Salzburg - Com-
petence Centre for
Open Innovation
(KON

Austrian Patent Of-
fice - SME research
service offering

FEDERAL MINISTRY
FOR TRANSPORT,
INNOVATION AND
TECHNOLOGY
(BMVIT) - Opendin-
novation platform

Austrian Patent
Office - Patent Scan

Austrian Science
Fund (FWF) - Open
Access Policy 2020

Universities, Federal
Ministry of Science,
Research and
Economy (BMWFW)
university structural
funds - Austria
Transition to Open
Access (AT20A)

Universities, Federal
Ministry of Science,
Research and
Economy (BMWFW)
university structural
funds - E-Infra-
structures Austria
Plus

Austrian Research and Technology Report 2017
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Research funding and research contracts of the
federal government according to the federal
research datahase

Figures 9-1 to 9-4 provide an overview of R&D
funding and contracts recorded in the federal re-
search data base B_f.dat by the ministries in
2016. 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 former Federal Ministry for
Science and Research. The mandatory reporting
of the ministries to the respective Science Minis-
try is recorded in the Research Organisation Act
(FOG), Federal Law Gazette No. 341/1981, last
amended by the Federal Law Gazette I No.
74/2002. The last far-reaching adaptation took
place in 2008 with the migration to a database to
which all ministries have access and where all
research-related funding and contracts can be en-
tered independently. The federal research data-
base can be accessed publicly since June 2016
and it provides the latest overview of the projects
funded by the federal ministries.! The B_f.dat da-
tabase it not used for recording payments. In-
stead, it is a documentation database which also
records contextual information on the R&D proj-
ects. With regard to the relevant reporting year,
the database makes a distinction between ongo-
ing, newly granted and completed R&D projects,
their overall funding volume and actual funds
paid in the reporting year, thereby providing a

1 Link to the database: www.bmwfw.gv.at/bfdat-public

current picture of the number of projects and the
project financing.

The data in the B-f.dat reveals that the total
funding for the 633 currently ongoing or com-
pleted R&D projects in the reporting year
amounts to around €604.32 million in 2016,
where €421.15 million (70%) of this are already
paid out in this year. Approximately 85% of the
funds for 2016 are paid out as global funding to
research institutes?> and research promotion
agencies. Funding amounting to €63.58 million
remains once this global funding for institutions
is excluded from the partial amounts paid. While
the amount of this funding has fallen by €7.27
million as compared with 2015, the number of
projects has remained constant (476 projects). It
should be noted that the amount of funding for
each reporting year generally relates to partial
amounts for an ongoing or a completed project
which may be lead to annual fluctuations de-
pending on the relevant progress of the project.

When a distinction is made according to the
main location of the applicants, then Vienna (as
in 2015) is the federal Austrian state with the
largest share in both R&D funds paid out (80.3 %)
as well as ongoing and completed projects
(68.1%). Around 7% of amounts go abroad, pre-
dominantly in the form of member contribu-
tions. In contrast to the previous reporting year
there are two projects attributed to the state of
Burgenland in 2016 with a total of €19,650 paid
out in R&D funds, while no project has been doc-
umented for Vorarlberg.?

2 The data takes into account funding for institutions at amounts of more than €500,000 in each case.

3 One project was attributed to Vorarlberg in 2015.
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Fig. 9-1: Share of R&D projects and partial amounts in 2016 by contractor’s main location (in %)

Partial amounts 2016
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Share of R&D projects 2016
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Note: Including “major” global financing for research institutions and the Austrian Science Fund (FWF). Burgenland had two ongoing or completed projects in 2016

(0.005% of the partial amounts).

Source: Federal Ministry of Science, Research and Economy (BMWFW), Federal research database B_f.dat. Reference date 27 March 2017.

With 108 projects, the number of ongoing and
completed projects with university applicants
fell slightly in 2016 compared to 2015 (2015:
115), while the funds paid out increased signifi-
cantly to €5.46 million (2015: €4.33 million). The
number of projects at universities corresponds
with 21.2% of the total ongoing and completed
projects and 1.3% of the paid funds in 2016. The
University of Natural Resources and Life Scienc-
es features the highest total amounts both in
terms of number of projects as well as partial
amounts; this is different from 2015 when the
Medical University of Graz had the highest totals
for the partial amounts. The partial amounts and
the number of projects per university generally
differ between the two reporting years, so the
same universities cannot always gain projects
that are equivalent in size or quantity.

Although there were differences among the
universities between 2015 and 2016, the shares
broken down by fields of science remained rela-
tively consistent. As in the previous year the nat-
ural sciences feature the greatest share of funds
paid out (19.7%; 2015: 20.2%), while the social

sciences predominate in terms of the number of
ongoing and completed R&D projects (33.8%;
2015: 36.1%).

In the reporting year 2016 a total of 242
R&D-related projects* with a funding volume of
€421.65 millions were newly approved. Conse-
quently more projects (2015: 216) were approved
with a higher overall total (2015: €413.5 million)
than it was the case in 2015. Although it is diffi-
cult to make a direct comparison of the shares of
the federal ministries over the various reporting
years since the composition of the ministries has
changed, it can still be seen that the Federal Min-
istry of Science, Research and Economy (BM-
WFW) features the largest share of approved proj-
ects and funding amounts both for 2015 and for
2016. Nearly half (49,6%) of the applications for
newly approved projects (not including global fi-
nancing) were submitted by the Federal Ministry
of Science, Research and Economy (BMWFW) in
2016, followed by the Federal Ministry of Finance
(BMF) at 13.9 % and the Federal Ministry of La-
bour, Social Affairs and Consumer Protection
(BMASK) at 10.1%. The greatest portion of the

4 Some projects may be counted twice as a result of combined projects between ministries.

Austrian Research and Technology Report 2017
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Fig. 9-2: Partial amounts and projects by selected universities, 2016
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Source: Federal Ministry of Science, Research and Economy (BMWFW), Federal research database B_f.dat. Reference date 27 March 2017.

Fig. 9-3: Partial amounts and projects hy fields of science (in %), 2016

amounts
ProjeCts _ -
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I Natural sciences [0 Tech. sciences [ Human medicine
Agriculture and forestry, vet. med. Social sciences I Humanities

Note: including “major” global financing for research institutions and the Austrian Science Fund (FWF).

Source: Federal Ministry of Science, Research and Economy (BMWFW), Federal research database B_f.dat. Reference date 27 March 2017.
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Fig. 9-4: New approvals by number and total financing amounts by ministry (in %), 2016
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Source: Federal Ministry of Science, Research and Economy (BMWFW), Federal research database B_f.dat. Reference date 27 March 2017.

total financing volume of these projects (82.0%)
was also attributed to the Federal Ministry of Sci-
ence, Research and Economy (BMWFW) as client.
The reason that the Federal Ministry for Trans-
port, Innovation and Technology (BMVIT) had a
small percentage is because most of the R&D
funds were handled by the Austrian Research
Promotion Agency (FFG) and the Austria
Wirtschaftsservice (aws).

The annual documentation of the research

5  Link to the publications: http://bmwfw.gv.at/jb-bfdat

Austrian Research and Technology Report 2017

funding and research contracts by the federal
government shows the projects in the reporting
year which have been newly awarded or are on-
going or completed, with the titles, contractors,
funding contributions, scientific classifications,
contract and completion dates classified accord-
ing to the awarding party, and can be found on
the on the Federal Ministry of Science, Research
and Economy’s website.®
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1. Financing of gross domestic expenditure on
R&D (Tables 1 and 2)*

The estimate by Statistics Austria concludes that
the gross domestic expenditure in Austria on re-
search and experimental development (R&D) in
2017 will be about €11.33 billion, or 3.14% of the
gross domestic product. This will put the re-
search intensity clearly above the European tar-
get for 2020 which is 3%, although it will still be
below the national target that Austria was striv-
ing for of 3.76%. The research intensity (R&D
expenditures as a percentage of GDP) has already
been over 3% since 2014; now a slight rise is ex-
pected from 2016 to 2017, from 3.12% to 3.14%.
Domestic research expenditure will increase in
total in 2017 by 3.8%, surpassing the forecasted
increase of the nominal gross domestic product
of 3.3%.

Although the domestic business enterprise
sector remains the most important source of
funds in 2017 with 48.2% and around €5.46 bil-
lion, 36% of total R&D expenditures are funded
by the public sector — around €4.08 billion. While
the increase in public funding was 2.2% in the
previous year, this value is expected to increase
to 5.2% between 2016 and 2017. This is essen-
tially due to the increase of the research tax pre-
mium: the promotion of R&D expenditures by
firms that are recognised for tax purposes in-

creased from 10% to 12% for R&D carried out
starting in 2016. It is expected that in 2017
around €100 million more will be reimbursed to
Austrian firms than in the previous year. Over-
all, the federal government will therefore con-
tribute around €3.44 billion to domestic research
in 2017. The regional governments are expected
to fund R&D of around €515 million. Other pub-
lic institutions (municipal authorities, chambers
of commerce, social insurance institutions) ac-
count for about €122 million.

A total of 154% of the R&D funding
(around €1.74 billion) comes from abroad, with
foreign firms representing the most significant
sources of funding. The foreign funding also in-
cludes returns from the EU Research Pro-
grammes. The private non-profit sector features
the lowest funding volume with around €51 mil-
lion (0.4% of total R&D expenditure).

Austria’s research intensity, the indicator that
represents gross domestic expenditure for R&D
as a percentage of nominal gross domestic prod-
uct (GDP), has grown substantially over the last
twenty years: in 1997 it was still only 1.66% and
in 2007 it came to 2.43%. This year the research
intensity is expected to reach its highest value to
date of 3.14%.

With a research intensity of 3.12% in 2015
(the last year for which international compara-
tive figures are available), Austria was second be-

1 Each year, Statistics Austria creates a “Total estimate of the gross domestic expenditures for R&D” based on the results of the R&D
statistical surveys and other currently available documents and information, in particular the R&D-related budget appropriations and
outlays of the federal and regional governments. As they compile this annual total estimate, any necessary retroactive revisions or
updates are made, reflecting the latest data. They present, using the definitions of the Frascati Manual which are globally valid (OECD,
EU) and thus guarantee international comparability, the financing of the expenditures for research and experimental development that
was carried out in Austria. According to these definitions and guidelines, foreign financing of R&D done in Austria is included, but
Austrian payments for R&D performed abroad are not (domestic concept).
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hind Sweden (3.26%). They were followed by
Denmark with 3.03%, Finland (2.90%) and Ger-
many (2.87%). The average research intensity
among the EU 28 in 2015 was 2.03%. The only
other countries to feature a national research in-
tensity that is above the EU average are Belgium,
France and Slovenia. The research intensity was
well below the EU average in two large EU na-
tions, the United Kingdom (1.70%) and Italy
(1.33%). The OECD countries of the Republic of
Korea (4.29%) and Japan (3.59%) featured re-
search intensity above 3.5% in 2014, while the
US intensity amounted to 2.73% (2013). China
achieved intensity of 2.05% in 2014.

The estimates and year-end closing data of the
federal and the regional governments, current
economic forecasts and the preliminary results
of the last R&D survey for the reporting year
2015 in the business enterprise sector were all
taken into account in estimating the Austrian
gross domestic expenditure on R&D in 2017. Re-
search intensity depends not only on the amount
of expenditure in Austria on R&D, but also to a
high degree on the actual and forecasted trend of
gross domestic product.

2  Federal R&D expenditure in 2017

2.1. The federal expenditure shown in Table 1 for
R&D carried out in Austria in 2017 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 “Detailed over-
view of research-related appropriation of federal
government funds” in the R&D Annex to the
Federal Finances Act (BFG) 2017. The estimate
also includes the funds that should be paid out in
2017, according to the information currently
available, as well as the R&D funds from the fi-
nancial stability contribution for banks and the
"Austria Fund" (Source for both: Federal Ministry
of Finance (BMF)).

2.2. In addition to its expenditures for R&D in
Austria, in 2017 the federal government will pay
contributions to international organisations
aimed at research and the promotion of research
amounting to €101 million. They are shown in
the “Detailed overview of research-related appro-
priation of federal funds” in the Federal Finances
Act (BFG) 2017 (Part a), but according to the do-
mestic concept they are not included in the Aus-
trian gross domestic expenditure on R&D.

2.3. The research-related expenditure by the fed-
eral government that is summarised in the “De-
tailed overview of research-related appropriation
of federal funds” in the R&D Annex to the Feder-
al Finances Act (BFG) 2017 (Part a and Part b),
which includes the research-related shares of
contribution to international organisations (see
Pt. 2.2 above), are included under the title “Fed-
eral expenditure on research and research promo-
tion.” These correspond to what is called the
“GBARD” concept? that is used by the OECD
and the EU on the basis of the Frascati Manual,
referring primarily to the budgets of the central
or federal government. It includes (in contrast to
the domestic concept) research-related contribu-
tions 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 2017 the following socio-economic objec-
tives will receive the largest portions of federal
expenditure on research and research promotion:
e Promotion of general knowledge advance-

ment: 31.4%

e Promotion of trade, commerce, and industry:

24.8%
¢ Promotion of the health care system: 21.4%
¢ Promotion of social and socio-economic devel-

opment: 4.6%

e Promotion of research covering the earth, the

seas, the atmosphere and space: 4.4%

e Promotion of energy production, storage and

distribution 3.8%

2 GBARD: Government Budget Allocations for Research and Development.
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3. R&D expenditure of the 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 using a methodology agreed on with the
regional governments.

4. An international comparison of 2014 R&D
expenditure

The overview in Table 12 shows Austria’s posi-
tion compared to the other European Union
Member States and the OECD in terms of the
most important R&D-related indices (Source:
OECD, MSTI 2016-2.).

5  Austria’s participation in the European
Framework Programmes

Tables 13 through 16 provide an overview of
Austria’s participation in the European Frame-
work Programmes for research and development.

170

6. Research funding by the Austrian Science
Fund (FWF)

Tables 17 and 18 provide detailed information
about the funding of projects in Austrian Science
Fund (FWF) projects.

7. Funding by the Austrian Research Promotion
Agency (FFG)

Tables 19 and 21 provide detailed information on
funding approvals by the Austrian Research Pro-
motion Agency (FFG).

8. The Austria Wirtschaftsservice (aws)
technology programmes

Tables 22 through 24 show an overview of dis-
bursed funding under the auspices of the Austria
Wirtschaftsservice (aws) technology programmes.

9. Christian Doppler Gesellschaft

Tables 25 to 28 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.

Austrian Research and Technology Report 2017
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Table 3: Federal expenditure on research and research promotion, 2014-2017
Breakdown of the detailed overviews of research-related appropriation of federal funds (Parts a and b)

Financing hudgeted

Ministries ' 20”3
M PN M E W Y

Federal Chancellery (BKA)* 34805 1.3 35686 1.3 39.095 1.4 40.981

Federal Ministry of the Interior (BMI) 1.040 0.0 1135 0.0 1219 00 1309 00
Federal Ministry for Education and Women’s Affairs (BMBF) 46.194 17 38.098 14 . . .
Federal Ministry of Education (BMB) . . . . 40.059 14 36.224 13
Federal Ministry of Science, Research and Economy (BMWFW) 2,044.037 773 2,107.858 76.9 2163212 77.9 2,208.008 775
Federal Ministry of Labour, Social Affairs and Consumer Protection (BMASK) 7.034 0.3 6.484 02 5.707 0.2 6.511 02
Federal Ministry for Health (BMG) 1.342 0.3 5.669 0.2 . . . .
Federal Ministry of Health and Women's Affairs . . . . 7.043 0.3 6.982 0.2
Federal Ministry for Europe, Integration and Foreign Affairs (BMEIA) 2.161 01 1.718 0.1 2.151 0.1 2.198 0.1
Federal Ministry of Justice (BMJ) - - 0.017 0.0 - - 0.040 0.0
Federal Ministry of Defence and Sports (BMLVS) 2.325 0.1 1.972 0.1 3.311 0.1 3.800 0.1
Federal Ministry of Finance (BMF) 29.629 1.1 30490 1.1 31931 11 31.843 11
Federal Ministry for Agriculture, Forestry, Environment and Water Management (BMLFUW) 46.105 L7 44.637 16 43.372 L6 43.942 L5
Federal Ministry for Family and Youth (BMFJ) 1.118 0.0 0.886 0.0 1.427 0.1 1.620 0.1
Federal Ministry for Transport, Innovation and Technology (BMVIT) 425.699 16.1  470.194 171  440.030 158 470.862 16.5
Total 2,647.489 100.0 2,744.844 100.0 2,178.557 100.0 2,854.320 100.0

As at: April 2017
Source: Statistics Austria (Bundesanstalt Statistik Osterreich)

1) In accordance with the applicable version of the Act Governing Federal Ministries of 1986 (2014, 2015: Federal Law Gazette | No. 11/2014; 2016, 2017:
Federal Law Gazette | No. 49/2016).

2) Federal Finances Act 2016, Detailed overview of research-related appropriation of federal funds.
3) Federal Finances Act 2017, Detailed overview of research-related appropriation of federal funds.
4) Including the highest executive bodies.
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Table 4: Detailed overview of research-related appropriation of federal funds, 2015-2017

Table 4

Federal spending on research from 2015 to 2017 by ministry

The following tables for the years 2015 to 2017 are broken down according to

1. Contributions from federal funds to international organisations whose
goals include research and the promotion of research (Part a)

2. Other federal spending on research and research promotion
(Part b, federal research budget)

This list has been drawn up primarily in consideration of research
effectiveness, as based on the research concept defined by the Frascati manual
of the OECD. This concept is also used by Statistik Austria as a benchmark in
carrying out surveys of research and experimental development (R&D).

174 Austrian Research and Technology Report 2017



10 Statistics

BUNDESVORANSCHLAG 2017
Detailiibersicht Forschungswirksame Mittelverwendungen des Bundes
(Betrige in Millionen Euro)

Seite 1
a) Beitragszahlungen an internationale Organisationen - Finanzierungsvoranschlag
A| Finanzierungsvoranschlag 2017 | Finanzierung hlag 2016 Erfolg 2015
VA-Stelle |Konto | Ugl Bezeichnung n hievon hievon hievon
m| % | Forschung % | Forschung = % | Forschung
Bundeskanzleramt
UG10
10010100|7800 [100 |Mitgliedsbeitrége an Institutionen im 0,194 | 100 0,194 0,192 | 100 0,192 0,181 | 100 0,181
Ausland
10010100(7800 |101 |Mitgliedsbeitrag fiir OECD 3,675 | 20 0,735 3,368 | 20 0,674 3,605 | 20 0,721
10010100|7800 (102 |OECD-Energieagentur 0,220 20 0,044 0,230 20 0,046 0,219 20 0,044
(Mitgliedsbeitrag)
10010100|7800 (103 |OECD-Beitrage zu Sonderprojekten 0,010 20 0,002 0,010 20 0,002 20
10010100(7800 |110 |Mitgliedsbeitrag AV-Infostelle 0,030 5 0,002 0,030 5 0,002 0,030 5 0,002
10010200(7800 |100 |Mitgliedsbeitréage an Institutionen im 0,006 30 0,002 0,006 | 30 0,002 0,006 30 0,002
Ausland
Summe UG10 4,135 0,979 3,836 0,918 4,041 0,950
amt 4,135 0,979 3,836 0,918 4,041 0,950
BM fiir Europa, Integration und
AuBeres
UG12
12020200|7840 (000 |Internationale Atomenergie- 3,190 35 1,117 3,190 35 1,117 3,306 17 0,562
Organisation (IAEO)
12020200(7840 |002 |Organisation der VN fiir 0,695 | 46 0,320 0,695 | 46 0,320 0,936 | 46 0,431
industr.Entwicklung(UNIDO)
12020200|7840 (003 |Org. VN 2,270 30 0,681 2,112 30 0,634 2,258 25 0,565
Erziehung,Wissensch.u.Kultur(UNES
Cco)
12020200(7840 |056 |Drogenkontrollprogramm der VN 0,400 20 0,080 0,400 20 0,080 0,800 20 0,160
(UNDCP)
Summe UG12 6,555 2,198 6,397 2,151 7,300 1,718
Summe BM fiir Europa, 6,555 2,198 6,397 2,151 7,300 1,718
Integration und AuBeres
BM fir Bildung
UG30
30010300(7800 (104 |OECD-Schulbauprogramm 0,031 |100 0,031 0,031 100 0,031 0,023 |100 0,023
30010400(7800 |000 |Laufende Transferzahlungen an das 0,090 | 100 0,090 0,004 | 100 0,004 0,115 | 100 0,115
Ausland
Summe UG30 0,121 0,121 0,035 0,035 0,138 0,138
Summe BM fiir Bildung 0,121 0,121 0,035 0,035 0,138 0,138
BM fur Wissenschaft, Forschung und
Wirtschaft
UG31
31030100{7800 |000 |Laufende Transferzahlungen an das 0,500 |100 0,500 0,500 [100 0,500 0,401 | 100 0,401
Ausland
31030100{7800 (066 [Forschungsvorhaben in 1,152 | 100 1,152 1,402 | 100 1,402 0,440 |100 0,440
internationaler Kooperation
31030100{7800 (200 |Beitrége an internationale 1,730 50 0,865 1,480 50 0,740 1,127 50 0,564
Organisationen
31030204|7800 (062 |ESO 6,350 [100 6,350 6,300 |100 6,300 6,075 100 6,075
31030204 (7800 |063 |Europ. Zentrum fir mittelfristige 1,260 | 100 1,260 1,110 | 100 1,110 1,292 | 100 1,292
Wettervorhersage
31030204|7800 (064 [Molekularbiologie - Europadische 3,077 |100 3,077 2,900 |100 2,900 2,811 | 100 2,811
Zusammenarbeit
31030204 (7800 |065 |World Meteorological Organisation 0,520 50 0,260 0,640 50 0,320 0,491 50 0,246
31030204|7800 (200 |Beitrége an internationale 0,825 50 0,413 0,810 50 0,405 0,794 50 0,397
Organisationen
31030204 |7800 |242 |Beitrag fur die CERN 23,700 | 100 23,700 19,600 |100 19,600 23,619 | 100 23,619
Summe UG31 39,114 37,577 34,742 33,277 37,050 35,845
UG40
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Seite 2
400201007800 |100 [Mitgliedsbeitrédge an Institutionen im 1,000 11 0,110 1,000 11 0,110 1,155 11 0,127
Ausland
Summe UG40 1,000 0,110 1,000 0,110 1,155 0,127
BM fiir Wi 40,114 37,687 35,742 33,387 38,205 35,972
Forschung und Wirtschaft
BM fir Verkehr, Innovation und
Technologie
UG34
340101007800 |200 |Beitrage an internationale 0,060 | 100 0,060 0,060 | 100 0,060 0,031 | 100 0,031
Organisationen
34010100(7800 (600 |ESA-Pflichtprogramme 17,900 |100 17,900 17,900 |100 17,900 17,964 |100 17,964
340101007800 |601 [EUMETSAT 9,600 | 100 9,600 9,600 | 100 9,600 5,824 | 100 5,824
34010100|7800 (602 |OECD-Energieagentur 0,070 | 100 0,070 0,070 | 100 0,070
340101007800 |603 [ESA-Wahlprogramme 30,364 | 100 30,364 30,364 | 100 30,364 37,628 | 100 37,628
34010100(7830 [000 |Laufende Transfers an Drittlander 0,130 |100 0,130 0,130 |100 0,130 0,261 85 0,222
Summe UG34 58,124 58,124 58,124 58,124 61,708 61,669
UG41
410101007800 |200 [Beitrége an internationale 0,180 6 0,011 0,180 6 0,011 0,115 9 0,010
Organisationen
41020100(7800 (200 |Beitrage an internationale 0,021 | 100 0,021 0,021 | 100 0,021 0,018 | 100 0,018
Organisationen
41020402|7800 (200 |Beitrage an internationale 0,050 15 0,008 0,060 15 0,009 0,046 15 0,007
Organisationen
41020500(7800 (200 |Beitrage an internationale 0,020 15 0,003 0,020 15 0,003 0,034 15 0,005
Organisationen
41020500(7830 (000 |Laufende Transfers an Drittlander 0,482 | 15 0,072 0,442 | 15 0,066 0,453 | 15 0,068
41020601 (7800 (200 |Beitrage an internationale 0,050 | 50 0,025 0,050 50 0,025 0,037 12 0,004
Organisationen
41020700(7800 (200 |Beitrage an internationale 0,570 | 20 0,114 0,570 | 20 0,114 0,566 | 20 0,113
Organisationen
Summe UG41 1,373 0,254 1,343 0,249 1,269 0,225
Summe BM fiir Verkehr, 59,497 58,378 59,467 58,373 62,977 61,894
Innovation und Technologie
BM fiir Land- und Forstwirtschaft,
Umwelt und Wasserwirtschaft
UG42
42010100(7800 (100 |Mitgliedsbeitrage an Institutionen im 0,020 | 50 0,010 0,017 50 0,009 50
Ausland
42020202|7800 (080 |FAO-Beitrage 3,400 | 50 1,700 3,400 | 50 1,700 3,356 | 50 1,678
42020202|7800 |081 |FAO Welternshrungsprogramm, 50 50 5,000 | 50 2,500
Beitrége
42020202 (7800 |083 |Int. Vertrag fir pflanzengenetische 0,025 [100 0,025 0,025 |100 0,025 0,025 | 100 0,025
Ressourcen
Summe UG42 3,445 1,735 3,442 1,734 8,381 4,203
Summe BM fiir Land- und 3,445 1,735 3,442 1,734 8,381 4,203
Forstwirtschaft, Umwelt und
Wasserwirtschaft
Teil a -Summe 113,867 101,098 108,919 96,598 121,042 104,875
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Seite 3
b) Bundesbudget Forschung - Finanzierungsvoranschlag
(ausgen. die bereits im Abschnitt a) ausgewiesen sind)
A| Finanzierungsvoranschlag 2017 | Finanzierungsvoranschlag 2016 Erfolg 2015
VA-Stelle |Konto | Ugl Bezeichnung n hievon hievon hievon
m| . % | Forschung % | Forschung b % | Forschung
Parlamentsdirektion
UG02
02010500|7330 |086 [Nationalfonds fiir Opfer des * 3,723 5 0,186 3,500 5 0,175 4,450 3 0,139
Nationalsozialismus
UG02 3,723 0,186 3,500 0,175 4,450 0,139
Par irektion 3,723 0,186 3,500 0,175 4,450 0,139
Bundeskanzleramt
UG10
10010100|7260 [000 [Mitgliedsbeitrage an Institutionen im 0,522 50 0,261 0,508 50 0,254 0,486 50 0,243
Inland
10010100|7270 (000 [Werkleistungen durch Dritte 2,711 4 0,108 3,345 4 0,134 2,876 4 0,115
10010200 Zentralstelle * 2,114 | 100 2,114 2,111 |100 2,111 2,109 |100 2,109
10010200|7260 (000 [Mitgliedsbeitrage an Institutionen im 0,001 50 0,001 0,001 50 0,001 0,016 | 50 0,008
Inland
10010200(7270 |000 |Werkleistungen durch Dritte 7,380 4 0,295 3,515 4 0,141 3,457 4 0,138
100104017340 |001 |Pauschalabgeltung gem. § 32 Abs.5 50,891 1 0,509 50,808 1 0,508 50,466 1 0,505
BStatG
10010402 Osterr. Staatsarchiv 14,897 1 0,149 14,524 1 0,145 14,070 1 0,141
Summe UG10 78,516 3,437 74,812 3,294 73,480 3,259
UG32
32010300 Denkmalschutz 38,343 18 6,902 35,743 18 6,434
32020300 Denkmalschutz 31,454 18 5,662
32030100 Bundesmuseen 128,162 | 23 29,477 122,932 | 23 28,274 111,633 | 23 25,676
Summe UG32 166,505 36,379 158,675 34,708 143,087 31,338
amt 245,021 39,816 233,487 38,002 216,567 34,597
BM fiir Inneres
UG11
11010200(7270 |900 |Werkleistungen durch Dritte * 0,012 |100 0,012 0,025 | 100 0,025
11020600 Bundeskriminalamt * 15,836 8 1,267 15,234 8 1,219 12,419 8 0,994
11020800(7270 |900 |Werkleistungen durch Dritte * 0,030 |100 0,030 0,025 | 100 0,025
11030500{7270 [900 |Werkleistungen durch Dritte * 0,078 | 100 0,078
11040100{7270 [900 |Werkleistungen durch Dritte * 0,005 | 100 0,005
11040100|7660 [000 |Zuschisse f. Ifd. Aufwand an private | * 0,008 | 100 0,008
Institutionen
Summe UG11 15,878 1,309 15,234 1,219 12,560 1,135
Summe BM fiir Inneres 15,878 1,309 15,234 1,219 12,560 1,135
BM fir Justiz
UG13
13010100|7271 {900 |Werkleistungen (durch Dritte) * 0,045 50 0,023 0,033 50 0,017
13030101|7271 [900 |Werkleistungen (durch Dritte) * 0,033 50 0,017
Summe UG13 0,078 0,040 0,033 0,017
Summe BM fiir Justiz 0,078 0,040 0,033 0,017
BM fiir Landesverteidigung und
Sport
UG14
14010100|4691 [000 [Versuche und Erprobungen auf 0,035 10 0,004 0,045 10 0,005
kriegstechn. Gebiet
14010100{7270 [000 |Werkleistungen durch Dritte * 0,868 58 0,503 0,171 58 0,099
14010100|7270 (900 [Werkleistungen durch Dritte * 1,402 | 100 1,402 0,472 | 100 0,472
14010202 Heeresgeschichtliches Museum 6,550 | 20 1,310 6,689 20 1,338
14020100|4691 (000 [Versuche und Erprobungen auf 0,920 | 10 0,092 0,576 10 0,058
kriegstechn. Gebiet
14040100 Heeresgeschichtliches Museum * 2,926 20 0,585
14050100|7270 (000 [Werkleistungen durch Dritte * 0,700 58 0,406
14050100|7270 [900 [Werkleistungen durch Dritte * 2,800 | 100 2,800
14050202|4691 |000 |Versuche und Erprobungen auf 0,090 10 0,009
kriegstechn. Gebiet
Summe UG14 6,516 3,800 9,775 3,311 7,953 1,972
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Seite 4
Summe BM fiir 6,516 3,800 9,775 3,311 7,953 1,972
Landesverteidigung und Sport
BM fiir Finanzen
UG15
15010100(6430 |001 [Arbeiten des WIIW 0,790 50 0,395 1,000 50 0,500 0,750 | 50 0,375
15010100{6430 (002 |Arbeiten des WSR 1,371 | 50 0,686 1,371 | 50 0,686 1,371 | 50 0,686
15010100(6430 (003 |Arbeiten des Wifo 4,085 | 50 2,043 4,000 | 50 2,000 3,925 | 50 1,963
15010100(7270 [000 |Werkleistungen durch Dritte * 1,415 [100 1,415 1,296 |100 1,296
150101007661 |002 |Institut fir Finanzwissenschaft und 50
Steuerrecht
15010100|7662 (002 |Institut fir hohere Studien und wiss. 3,574 | 50 1,787 3,336 | 50 1,668 3,309 | 50 1,655
Forschung
150101007663 |005 [Forum Alpbach
15010100(7669 |020 [Sonstige Férderungsbeitrédge * 0,093 | 100 0,093
Forschungswirksamer 25,424 | 100 25,424 27,077 | 100 27,077 24,515 | 100 24,515
Lohnnebenkostenanteil
Summe UG15 36,752 31,843 36,784 31,931 35,166 30,490
BM fiir Fi 36,752 31,843 36,784 31,931 35,166 30,490
BM fur Arbeit, Soziales und
Konsumentenschutz
UG20
200101017340 |302 |Uberweisung an das AMS gem. § 41 |* 469,612 1 3,992 411,612 1 3,510 405,000 1 3,818
(2) (zw)
200102017270 |006 |Werkleistungen durch Dritte (zw) * 374,498 0,749 301,759 0,430 422,380 0,769
Summe UG20 844,110 4,741 713,371 3,940 827,380 4,587
UG21
21010100{7270 (000 |Werkleistungen durch Dritte 3,282 3 0,098 1,950 5 0,098 2,038 5 0,102
210103007270 |000 |Werkleistungen durch Dritte 0,876 | 16 0,140 0,825 | 16 0,132 0,780 | 16 0,125
21010300(7660 [900 |Zuschusse f. Ifd. Aufwand an private 3,596 2 0,072 2,250 2 0,045 4,364 2 0,087
Institutionen
21010400|7262 (001 |Beitrag Europ. Zentrum 0,587 50 0,294 0,587 | 50 0,294 0,838 | 50 0,419
Wohlfahrtspol.u.Sozialfor.
210104007270 |000 |Werkleistungen durch Dritte 2,300 4 0,092 1,769 7 0,124 1,280 7 0,090
210104007270 |304 |Werkleistungen EU-SILC 1,074 | 100 1,074 1,074 | 100 1,074 1,074 | 100 1,074
Summe UG21 11,715 1,770 8,455 1,767 10,374 1,897
Summe BM fiir Arbeit, Soziales 855,825 6,511 721,826 5,707 837,754 6,484
und K
BM fiir Gesundheit und Frauen
UG24
24010100 Zentralstelle * 1,232 100 1,232 1,295 | 100 1,295 0,974 | 100 0,974
240102007420 |012 |Transferzahlungen, 49,878 11 5,487 49,878 11 5,487 52,503 8 4,200
Erndhrungsagentur (Ges.m.b.H)
240301007270 |000 |Werkleistungen durch Dritte 3,975 4 0,159 3,935 4 0,157 0,929 | 29 0,269
24030200{7270 (000 |Werkleistungen durch Dritte 5,204 2 0,104 5,196 2 0,104 4,520 5 0,226
Summe UG24 60,289 6,982 60,304 7,043 58,926 5,669
Summe BM fiir Gesundheit und 60,289 6,982 60,304 7,043 58,926 5,669
Frauen
BM fiir Familien und Jugend
UG25
250105007270 |006 |Werkleistungen durch Dritte (zw) 1,073 | 48 0,515 0,650 | 48 0,312 0,601 5 0,030
250105007420 |113 [Familie und Beruf Management 2,140 | 33 0,706 2,140 33 0,706 2,140 | 33 0,706
GesmbH.
250105007664 |007 |Forschungsférderung gem. § 39i 0,100 |100 0,100 0,100 | 100 0,100 0,010 [100 0,010
FLAG 1967 (zw)
250201007270 |000 |Werkleistungen durch Dritte 1,100 11 0,121 1,100 11 0,121 1,074 3 0,032
25020200{7270 (000 |Werkleistungen durch Dritte 1,782 10 0,178 1,882 10 0,188 1,542 7 0,108
Summe UG25 6,195 1,620 5,872 1,427 5,367 0,886
Summe BM fiir Familien und 6,195 1,620 5,872 1,427 5,367 0,886
Jugend
BM fir Bildung
UG30
30010400 Qualitatsentwicklung und -steuerung [* 45,936 8 3,675 31,706 8 2,536 30,536 8 2,443
30010400{7340 (000 |Transferzahlungen an sonst. Tréager 0,001 |100 0,001 5,000 | 100 5,000 4,500 [100 4,500
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offentl.Rechtes
30010400(7340 |003 |Basisabgeltung (BIFIE) 12,000 | 80 9,600 13,000 | 80 10,400 12,555 | 80 10,044
30010500 Lehrer/innenbildung 221,204 10 22,120 218,388 10 21,839 206,036 10 20,604
30020700 Zweckgebundene Gebarung * 23,558 3 0,707 8,296 3 0,249 12,313 3 0,369
Bundesschulen
UG30 302,699 36,103 276,390 40,024 265,940 37,960
Summe BM fiir Bildung 302,699 36,103 276,390 40,024 265,940 37,960
BM flir Wissenschaft, Forschung und
Wirtschaft
UG31
31010100 Zentralstelle und 56,969 | 20 11,394 56,785 | 20 11,357 52,070 | 20 10,414
Serviceeinrichtungen
31010100|7686 [007 [Vortragstatigkeit im Ausland
31020100 Universitaten 3.239,461 | 48| 1.554,941 3.219,643 | 48| 1.545,429 3.025,824 | 48| 1.452,396
31020100(7270 |000 |Werkleistungen durch Dritte 0,330 | 48 0,158 0,330 | 48 0,158 0,051 | 48 0,024
31020100(7342 |900 [Universitaten - F&E-Mittel 100 100 100
31020100(7353 |440 |Klinischer Mehraufwand 62,149 | 50 31,075 19,649 | 50 9,825 68,579 | 50 34,290
(Klinikbauten)
310201007480 [403 |VOEST-Alpine Medizintechnik 50 50 50
Ges.m.b.H. (VAMED)
31020200 Fachhochschulen 294,633 15 44,195 281,633 15 42,245 265,600 15 39,840
310203007270 |900 |Werkleistungen durch Dritte 2,468 | 22 0,543 2,582 | 22 0,568 4,760 | 22 1,047
31030100 Projekte und Programme * 12,866 |100 12,866 13,365 | 100 13,365 13,310 |100 13,310
310301007260 |000 |Mitgliedsbeitréage an Institutionen im 0,001 |100 0,001 0,001 |100 0,001 100
Inland
31030100(7270 |031 |[Med Austron * 100 100 100
31030100(7270 |034 |Ersatzmethoden zum Tierversuch 0,370 |100 0,370 0,465 | 100 0,465 0,083 | 100 0,083
31030100(7270 |900 |Werkleistungen durch Dritte 7,665 | 100 7,665 7,597 | 100 7,597 6,048 | 100 6,048
31030100(7662 |311 |Institut fir hohere Studien und wiss. 0,400 |100 0,400 0,300 |100 0,300 0,360 | 100 0,360
Forschung
31030100(7665 |007 |Stiftung Dokumentationsarchiv 0,405 | 100 0,405 0,280 |100 0,280 0,280 |100 0,280
31030100(7679 |120 |Lfd. Transfers an sonstige juristische 26,019 | 100 26,019 20,978 | 100 20,978 19,716 |100 19,716
Personen
31030201 Zentralanstalt fir Meteorologie und 25,670 37 9,498 24,021 37 8,888 25,552 37 9,454
Geodynamik
31030202 Geologische Bundesanstalt 11,481 47 5,396 11,378 | 47 5,348 10,488 | 47 4,929
31030203 Wissenschaftliche Anstalten 52 5,035 52 2,618 5,295 52 2,753
31030204 Forschungsinstitutionen * 8,158 | 100 8,158 7,038 | 100 7,038 6,048 | 100 6,048
31030204 (7270 |031 [Med Austron 1,600 | 100 1,600 5,500 | 100 5,500 100
31030204 (7332 |352 [FWF Programme 163,900 |100 163,900 170,200 |100 170,200 195,933 [100 195,933
31030204 (7332 |452 [FWF Geschaftsstelle 11,100 | 100 11,100 10,300 | 100 10,300 10,100 |100 10,100
31030204 (7340 |004 |ISTA 53,500 |100 53,500 53,500 | 100 53,500 43,153 | 100 43,153
310302047340 |006 |OAW Globalbudget 103,065 |100 103,065 98,100 | 100 98,100 98,192 | 100 98,192
310302047340 |010 |OAW Beauftragungen und 9,125 [100 9,125 6,900 |100 6,900 6,826 |100 6,826
Programme
31030204 (7348 |900 |Universitaten - Sonstige 1,075 | 48 0,516
Tranferzahlungen
310302047661 |022 |Ludwig-Boltzmann-Gesellschaft 7,600 |100 7,600 5,000 |100 5,000 4,500 | 100 4,500
310302047679 |007 |Verein der Freunde der Salzburger 1,000 |100 1,000 1,000 |100 1,000 1,000 |100 1,000
Stiftung
31030204 (7679 |008 |Inst. fir die Wissenschaften vom 0,750 |100 0,750 0,750 |100 0,750 1,031 |100 1,031
Menschen
Summe UG31 4.101,760 2.065,240 | 4.022,330 2.027,710 | 3.864,799 1.961,727
UG33
33010100 Kooperation Wissenschaft-Wirtschaft 40,000 |100 40,000 40,000 (100 40,000 41,271 | 100 41,271
33010200 Innovation, Technologietransfer 44,591 (100 44,591 44,591 (100 44,591 48,431 | 100 48,431
33010300 Griindung innovativer Unternehmen 20,100 | 100 20,100 17,000 |100 17,000 19,898 | 100 19,898
Summe UG33 104,691 104,691 101,591 101,591 109,600 109,600
UG40
40020100(7270 |000 |Werkleistungen durch Dritte 6,338 3 0,190 5,770 5 0,289 4,532 5 0,227
40020100(7660 |900 |Zuschisse f. Ifd. Aufwand an private 0,580 6 0,035 1,315 10 0,132
Institutionen
40030100 Eich- und Vermessungswesen * 83,586 0,200 83,192 0,200 83,531 0,200
Summe UG40 89,924 0,390 89,542 0,524 89,378 0,559
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BM fiir Wi 4.296,375 2.170,321 | 4.213,463 2.129,825 | 4.063,777 2.071,886
Forschung und Wirtschaft
BM fir Verkehr, Innovation und
Technologie
UG34
340102007340 |100 |Rat f. Forschung und 1,800 | 100 1,800 1,800 | 100 1,800 1,650 | 100 1,650
Technologieentwicklung
340102007413 |001 |Austrian Institute of Technology AIT- 100 100 0,076 | 100 0,076
Férderungen
340102007413 |002 |Austrian Institute of Technology AIT 50,658 | 90 45,592 51,893 | 90 46,704 51,158 | 90 46,042
340102007413 |003 |Nuclear Engineering Seibersdorf NES 10,550 | 30 3,165 10,200 | 30 3,060 6,480 | 30 1,944
34010200(7414 (001 |Austria Tech - Férderungen 100 100 100
340102007414 |002 |Austria Tech 1,400 | 100 1,400 1,900 | 100 1,900 1,196 | 100 1,196
34010200|7660 [075 |F&T-Férderung 0,300 | 100 0,300 0,300 |100 0,300 0,206 | 100 0,206
34010200|7661 [030 |Osterreichische 0,075 | 100 0,075 0,075 [100 0,075 0,075 | 100 0,075
Computergesellschaft
340102007662 |341|Joanneum Research 2,350 (100 2,350 2,350 |100 2,350 2,563 (100 2,563
Forsch.ges.m.b.H(Techn.schwerp)
340102007663 |104 |Gesellschaft fiir Mikroelektronik 0,030 | 100 0,030 0,030 |100 0,030 0,005 | 100 0,005
34010200|7666 |005 |Osterreichisches Institut fiir 0,045 | 100 0,045 0,045 |100 0,045 0,050 | 100 0,050
Nachhaltigkeit
340102007667 |006 |Sonstige gemeinnitzige 2,490 |100 2,490 1,255 | 100 1,255 1,554 | 100 1,554
Einrichtungen
340102007668 |040 |Salzburg Research 0,300 | 100 0,300 0,300 [100 0,300 0,432 | 100 0,432
340102007668 |050 |Profactor 0,500 | 100 0,500 0,500 |100 0,500 0,453 | 100 0,453
340102007690 |002 |Preisverleihungen 0,010 | 100 0,010 0,010 |100 0,010 0,013 |100 0,013
340103007260 |000 |Mitgliedsbeitrége an Institutionen im 0,006 |100 0,006 0,006 |100 0,006 0,153 | 100 0,153
Inland
34010300|7270 (000 |Werkleistungen durch Dritte 5,000 [100 5,000 5,000 |100 5,000 4,490 | 100 4,490
340103007280 |030 |FTI-Projekte, Beauftragungen an 2,265 | 100 2,265 2,500 [100 2,500 1,439 | 100 1,439
Dritte
34010300(7330 (352 |Translational research (F&E) 0,950 |100 0,950 3,450 | 100 3,450 1,354 | 100 1,354
34010300(7330 [652 [Fonds wissensch./Programmabw. 0,250 |100 0,250 0,250 | 100 0,250 0,061 |100 0,061
34010300|7411 (001 [FFG - Basisprogramme 126,052 | 100 126,052 126,052 | 100 126,052 106,806 | 100 106,806
340103007411 |002 |FFG - FTI-Programme, Férderungen 126,798 | 100 126,798 126,000 | 100 126,000 158,415 | 100 158,415
340103007411 |003 |FFG - FTI-Programme (F&E- 15,000 | 100 15,000 15,000 |100 15,000 10,704 | 100 10,704
Dienstleist.,Sonst.WV)
34010300(7411 [004 [FFG - Administrative Kosten 14,500 | 100 14,500 14,500 |100 14,500 13,580 | 100 13,580
340103007412 |001 |Austria Wirtschaftsservice GmbH 10,950 | 100 10,950 5,350 [100 5,350 3,057 | 100 3,057
AWS - Férderungen
34010300(7412 |002 |Austria Wirtschaftsservice GmbH 100 100 100
AWS
340103007412 |003 |Austria Wirtschaftsservice GmbH 0,150 | 100 0,150 0,150 |100 0,150 0,439 | 100 0,439
AWS - Admin.Kost.
340103007432 |030 |FTI-Projekte, Férderungen 0,200 | 100 0,200 0,200 |100 0,200 0,322 | 100 0,322
34010300(7480 |002 |Technologieschwerpunkte 100 100 100
(Unternehmungen)
34010300(7680 (030 |FTI-Projekte, Férderungen an phys. 100 100 100
Pers.
Summe UG34 372,629 360,178 369,116 356,787 366,731 357,079
UG41
410102007330 |080 |Transferzahlungen an Klima- und 47,000 | 100 47,000 47,000 | 39 18,330 66,000 | 69 45,540
Energiefonds
410201007270 |000 |Werkleistungen durch Dritte 1,726 | 50 0,863 1,728 | 80 1,382 0,975 | 50 0,488
410201007270 [800 |Elektromobilitat 0,200 | 60 0,120 0,200 | 80 0,160 0,052 | 60 0,031
410201007270 |801 |E-Mobilitét fir alle: Urbane 0,001 20 0,001 20
Elektromobilitat
410201007411 |002 |FFG - FTI-Programme, Férderungen 2,000 (100 2,000 2,000 |100 2,000 2,500 (100 2,500
410201007411 |003 |FFG - FTI-Programme (F&E- 0,200 |100 0,200 0,200 |100 0,200 100
Dienstleist.,Sonst.WV)
410201007411 004 |FFG - Administrative Kosten 0,100 | 100 0,100 0,100 |100 0,100 100
410201007420 |000 |Lfd. Transfers an Unternehm. m. 80 80 80
Bundesbeteiligung
41020100{7480 (501 |Progr.Kombinierter 3,300 50 1,650 3,300 50 1,650 2,367 50 1,184
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Glterverk.StraBe-Schiene-Schiff
41020100(7481 |800 [Technologieprogramme allgemein 80 80 80
(sonst. Anlagen)
41020100(7660 (000 |Zuschusse f. Ifd. Aufwand an private 0,049 | 95 0,047 0,049 | 95 0,047 0,010 | 95 0,010
Institutionen
41020100(7668 (055 |Technisches Museum Wien 0,301 80 0,241 0,301 80 0,241 1,058 | 80 0,846
410202007270 |000 |Werkleistungen durch Dritte 0,599 [100 0,599 0,037
41020300(7270 (000 |Werkleistungen durch Dritte 0,083 | 80 0,066 0,225 | 80 0,180
410203007411 |002 [FFG - FTI-Programme, Férderungen 0,001 50 0,001 0,001 50 0,001 50
41020300(7411 (003 |FFG - FTI-Programme (F&E- 0,001 (100 0,001 100
Dienstleist.,Sonst.WV)
41020300(7411 (004 |FFG - Administrative Kosten 0,001 50 0,001 0,001 50 0,001 0,097 50 0,049
41020300(7489 (001 |Breitbandinitiative (admin. Aufwand) 0,001 | 50 0,001 0,001 | 50 0,001 50
41020300(7489 (002 |Breitband - Férderungen 0,001 50 0,001 0,001 50 0,001 0,623 50 0,312
410204027270 |000 |Werkleistungen durch Dritte 0,613 5 0,031 0,804 5 0,040 0,457 5 0,023
41020402(7270 [006 |Werkleistungen durch Dritte (zw) 1,003 5 0,050 1,003 5 0,050 1,166 5 0,058
410205007270 |116 |Spezifische Luftfahrtangelegenheiten
Summe UG41 56,497 52,306 57,373 24,870 75,567 51,221
Summe BM fiir Verkehr, 429,126 412,484 426,489 381,657 442,298 408,300
Innovation und Technologie
BM fiir Land- und Forstwirtschaft,
Umwelt und Wasserwirtschaft
UG42
42010100 Zentralstelle 0,200 | 100 0,200 1,390 (100 1,390 0,565 [100 0,565
420102007411 |000 |Lfd Transfers an verbundene 37,303 33 12,310 37,303 33 12,310 37,302 33 12,310
Unternehmungen
42020300 Forschung und Sonstige MaBnahmen 1,797 [ 100 1,797 1,500 [ 100 1,500 1,571 [100 1,571
42020401 Landwirtschaftliche Schulen 46,366 21 9,737 45,550 21 9,566 42,611 21 8,948
42020402 Landwirtschaftliche Hochschule 4,757 3 0,143 4,310 3 0,129 4,381 3 0,131
42020403 Landwirtschaftliche Bundesanstalten 3,188 | 66 2,104 3,082 | 66 2,034 2,849 | 66 1,880
42020405 Bundesanstalt f. alpenland. 4,419 1 0,044 5,082 1 0,051 4,244 1 0,042
Milchwirtschaft Rotholz
42020501 HBLA fiir Wein- und Obstbau 11,093 | 37 4,104 10,810 | 37 4,000 10,514 | 37 3,890
Klosterneuburg
42020502 Bundesamt fir Weinbau 5,030 3 0,151 4,969 3 0,149 4,999 3 0,150
42030101(7270 (000 |Werkleistungen durch Dritte 0,268 | 20 0,054 0,898 | 20 0,180 0,514 | 20 0,103
42030104 Forschung und Sonstige MaBnahmen 1,124 (100 1,124 1,376 [100 1,376 1,124 (100 1,124
Forst
42030204 Planung, Forschung und Sonstige 0,670 90 0,603
MaBnahmen
42030204(7270 (000 |Werkleistungen durch Dritte 1,040 8 0,083 1,230 8 0,098 1,083 8 0,087
42030205 Bundesamt flir Wasserwirtschaft 5,330 | 25 1,333 5,330 | 25 1,333 5,013 | 25 1,253
Summe UG42 121,915 33,184 123,500 34,719 116,770 32,054
UG43
43010200(7700 (500 |Investitionszuschiisse 46,868 1 0,469 48,268 1 0,483 61,361 1 0,614
43010300 Klima- und Energiefonds 37,720 12 4,526 37,820 12 4,538 49,167 12 5,900
43010500 Nachhaltiger Natur- und 27,826 12 3,339 46,906 1 0,469 26,438 1 0,264
Umweltschutz
43010500(7270 (080 |Forschungsaufwendungen 0,240 | 100 0,240 0,200 (100 0,200 0,237 (100 0,237
43010500(7420 (021 |Transferzahlungen an die UBA 14,956 3 0,449 14,956 3 0,449 14,956 3 0,449
Ges.m.b.H
43020200(7700 (500 |Investitionszuschiisse 24,750 0,080 33,075 1 0,182
43020300(7700 |251 |Investitionsférderungen (zw) 348,638 0,700 339,785 0,734
Summe UG43 127,610 9,023 521,538 6,919 525,019 8,380
Summe BM fiir Land- und 249,525 42,207 645,038 41,638 641,789 40,434
Forstwirtschaft, Umwelt und
Wasserwirtschaft
Teil b -Summe 6.508,002 2.753,222 | 6.648,162 2.681,959 | 6.592,580 2.639,969
Gesamtsumme Teil a + b 6.621,869 2.854,320 | 6.757,081 2.778,557 | 6.713,622 2.744,844
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BUNDESVORANSCHLAG 2017
Detailiibersicht Forschungswirksame Mittelverwendungen des Bundes
Anmerkungen

Allgemeine Anmerkungen
*) F& E Koeffizienten geschatzt

Die Detailiibersicht Foschungswirksame Mittelverwendung des Bundes:

a) Beitragszahlungen aus Bundesmitteln an internationale Organisationen, die Forschung und Forschungsférderung (mit) als Ziel haben,

b) Bundesbudget-Forschung - Finanzierungsvorschlag (ausgen. die bereits im Abschnitt a) ausgewiesen sind)
Fur die Aufstellung dieser Ausgaben ist in erster Linie der Gesichtspunkt der Forschungswirksamkeit maBgebend, der inhaltlich Gber den Aufgabenbereich 99
"Grundlagen-, angewandte Forschung und experimentelle Entwicklung" hinausgeht und auf dem Forschungsbegriff des Fascati-Handbuches der OECD beruht, wie er
im Rahmen der forschungsstatistischen Erhebungen der STATISTIK AUSTRIA zur Anwendung gelangt.
Forschungswirksame Anteile bei den Bundesausgaben finden sich daher nicht nur bei den Ausgaben des Aufgabenbereiches 99 "Grundlagen-, angewandte Forschung

und experimentelle Entwicklung" sondern auch in zahlreichen anderen Aufgabenbereichen.

Finanzierungsvoranschlag

VA-Stelle IKonto |Ug| |Anmerkung

Parlamentsdirektion

02010500 7330 086 Die gemeldete Forschungsquote betrégt 3,1 % anstatt 3 % (System |48t keine Prozentsatze zu).
Bundeskanzleramt

10010200 Teilbetrag der Voranschlagsstelle.

BM fir Inneres

11010200 7270 900 *) Teilbetrag der Voranschlagsstelle.
11020600 * Teilbetrag

11020800 7270 900 *) Teilbetrag der Voranschlagsstelle.
11030500 7270 900 *) Teilbetrag der Voranschlagsstelle.
11040100 7660 000 *) Teilbetrag der Voranschlagsstelle.
11040100 7270 900 *) Teilbetrag der Voranschlagsstelle.

BM fir Justiz

13010100 7271 900 *) Teilbetrag der Voranschlagsstelle.
13030101 7271 900 *) Teilbetrag der Voranschlagsstelle.

BM fiir Landesverteidigung und Sport

14010100 7270 900 *) Teilbetrag der Voranschlagstelle.

14010100 7270 000 *) Teilbetrag der Voranschlagstelle.

14040100 *) Teilbetrag (eigene Fistl); Hinweis: 14010202 ist in 14040100 im BVA 2017 gewandert.
14050100 7270 900 *) Teilbetrag der Voranschlagsstelle.

14050100 7270 000 *) Teilbetrag der Voranschlagsstelle.

BM fiir Finanzen

15010100 7270 000 *) Teilbetrag der Voranschlagsstelle.
15010100 7669 020 *) Teilbetrag der Voranschlagsstelle.
BM flr Arbeit, Soziales und Konsumentenschutz
20010101 7340 302 *) Forschungsanteil liegt bei 0,85 % (System rundet auf 1%)
20010201 7270 006 *) Forschungsanteil liegt bei 0,2 %.

BM fiir Gesundheit und Frauen

24010100 Teilbetrag der Voranschlagsstelle
BM fir Bildung
30010400 Teilbetrag der Voranschlagsstelle
30020700 Teilbetrag der Voranschlagsstelle
BM flr Wissenschaft, Forschung und Wirtschaft
31030100 7270 031 *) Die Voranschlagsstelle wurde im Laufe des Jahres 2015 auf die Voranschlagsstelle 31030204 umgebucht !
31030100 *) Der Restbetrag ergibt sich rechnerisch bei dieser VA-Stelle.
31030204 *) Der Restbetrag ergibt sich rechnerisch bei dieser VA-Stelle.
40030100 *) Fixbetrag

BM flr Land- und Forstwirtschaft, Umwelt und Wasserwirtschaft

42010100 *) Finanzstellen 201 (Abt. Forschung u. Entwicklung) und 420 (Eu-Forschungsprojekte).

42010200 7411 000 Finanzstellen 90306 (AGES) und 90309 (BFW).

42020300 Finanzstelle 210 (Abt. Forschung u. Entwicklung).

42020401 *) Finanzstellen 22010 (Francisco-Josephinum), 22013 (Raumberg-Gumpenstein), 22016 (Gartenbau).
42030104 *) Teilbetrag der Voranschlagsstelle.

42030204 7270 000 *) Finanzstellen 701 (Nat. u. int. Wasserwirtschaft).

43010500 *) Teilbetrag der VA-Stelle.

43020200 7700 500 *) Forschungsanteil ist unter 1% (0,3 %).

43020300 7700 251 *) Forschungsanteil ist unter 1% (0,2 %).

182 Austrian Research and Technology Report 2017



10 Statistics

‘lesodoid Sujoueuly ‘spuny |etapay jo uojjeridoidde paje|al-yaieas

-31 JO M3IAJANO paj1elaq ‘£ 10g 10y Sadueuld |esapa4 (T — "SAejino ‘spuny [esapay jo uorjeridoidde paje|al-yaieasal j0 MaIAIBN0 PaJIe}a( ‘/T0Z 1Oy Saaueulq |eJapad (y1 — "sAejino ‘spuny |elapay jo uoljeridoidde paje|al-yaleasal

J0 M3IAIBAO P3|Ie}aq ‘9107 10 Sadueuly [eJapad (€1 — elep pasiaay “skejino ‘(jesodosd Sutoueuly) 10z 10y Saoueuld eiapa4 ay} Joj Juawnao( Aieljixny ayj Jo | xauuy (Z1 — "skejyno ‘(jesodoid Suloueuly) $10z 19y Seoueulq |esapa4 ay}
104 Juawndoq A1eljixny 8y Jo | xauuy (1T — "ejep pasinay “skejino ‘(jesodoid 3uroueul) ¢10Z 19y Seaueul4 [esapa4 8y} Joj Juawndoq KierIxny 8y} Jo | xauuy (QT — "SKB|In0 ‘Z10Z 19y Sedueulq |esapa4 8y} Joj Juawnaoq AleljIxny ayj Jo |
Xauuy (6 — "SAB|In0 ‘110Z 10y Saaueul4 |eJapad ay} Joj Juawnaoq AleljIxny ay} Jo | xauuy (8 — 'sAe(no ‘010z 10y Saoueuld |elapaq 8y} Joj Juswnaoq Aiel|Ixny ay} Jo | xauuy (/ — “SAejIno ‘g0z 10y Sedueulq [esapa4 ay} o} Juawnaoq Alel
XNy 8y} 4O | Xauuy (9 — "elep pasinay "ske(Ino ‘gz 1oy Sedueul4 |eJapad ay) Joj Juawinooq Aleljixny 8yl Jo | xauuy (G — "skejino ‘700z 10y sadueuly [eapa4 ay} Joj Juawnaoq Aieijixny 8y} Jo | Xauuy (7 — "ejep pasinay "skejino ‘900z
10y SeduUBUI{ |eJapa4 By} 40} JuBLINI0Q AleI|IXNY BY) JO | Xauuy (¢ — "sAe[Ino ‘G0z 10y Sadueuly [eapa4 8y} Joj Juswnaog Aieljixny ay} Jo | Xxauuy (z — "SAe|Ino ‘y0(g 19y S8oueulq [eiapa4 ay} Joj Juawnao( Aieljixny 8y Jo | xauuy (1

(4013113]S() Y1}S11R1S J[RISUBSAPUNG) BLISAY SONSNE)S :39.N0§
L10Z 11dy e sy

vIe - 10 60 9T v ric 6¢ 61 8¢ 8ve A4 ry 0001 % Ul
1€€°006 - 08Y'€ GGE'T Ig'oy 9ET'0ET L18'609 L5Y'T8 18€'6G 689'801 2Le'80L 66L'19 162721 02€'758'c  000'T3 U iLT0C
61¢ - 0 60 9T 44 I'c re Ic 6¢ I'se (a4 ry 0001 % Ul
866688 - 152' 62e'C 950y 666'GZT 2£€'986 €2'G8 SyI'LS 669'6L 8E1°L69 192'¢9 0ze'eel 9§'8/LT  000'T3U! 9102
§Ie - 00 80 9T a4 e ¢ 0¢ 6¢ 05¢ Ic ry 0001 % Ul
175298 - €8 080°€Z £82'ey 8¥1'el 018G 1L2'18 012'95 91.'901 680989 69885 7E€‘021 v8vyLC  000'T3 U1 wGT0C
608 - 00 60 8T 44 ric re re re 09¢ (a4 &y 0001 % Ul
856'G18 - 196 6€9°CC 18687 08L'6T1 850995 5E'T8 L9179 28619 12'689 1209 ELT'ETT 687°L79'C  000'T3 U 10T
§0¢ - 00 80 43 44 01¢ 43 Ie 6¢ 6 l7 44 0001 % Ul
£€96°98L - 08¢ G86'TC 995°€8 YILLTT 095°2¥S £80°€8 E1L°€S 710°9L 16879 168°0L 996801 98G°/85°C  000'T3 U 4€T0C
81E - 00 80 gt 0§ r0¢ 7414 (4 £c 8l ‘4 44 0001 % Ul
061°€8L - 0¢t 8EE°0C 94L'98 04871 £€8'6617 L£6'69 vE6 LY 96€°GS 026°£09 609°09 2EY'E0T 6G6°2Gr'c 00013 U 1eT0C
91E - 00 80 € 8y 0T¢ re 44 LT £G¢ 9¢ ry 0001 % Ul
162'G9L - 66 0L1'02 81G°LL 26L'GT1 6GE'01G 6L°65 1075 62Ty 269°€19 £€90°¢9 LLT'10T EVI'8ey's 00013 1102
e - 00 90 0¢ vy 80c 44 4 81 6¢ 0¢ v 0001 % Ul
VLG TIL - 341 6L PIT'L9 86.'66 S6r'eLy 819°05 69695 L16'6E 21°L865 129'19 16L'€01 986'692'¢  000'T3 Ul 40102
91E - 00 L0 43 a4 e 0¢ 4 g I'se e 67 0001 % Ul
12L'089 - (331 228l G86°L9 9L0°L6 79595y 1852y 00€'LY 796°2€ 6€G'8€S ¥9'99 GLL'0T [8'6¥1°T  000'T3U! 56002
ElE - 00 90 6¢ Jr &le 61 0¢ A §9¢ £t ry 0001 % Ul
Si'129 - a4 6L2°C1 GEG'LS 6/8'06 L19°Cey 9€9'L€ 066'6€ 669'7C £46'628 €£2'99 16L'/8 G/L°986'T  000'T3 U 8002
Iee o 00 50 43 I's e I'r £@ 9T 9ve L€ 9r 0001 % Ul
£€00°0LS 768 e €49' 62095 6€9°06 TEY'ELE 06661 £10°07 10082 66L°GEY LE9Y9 29608 vPI0LLT  000'T3 U1 5L002
cee - 00 90 re 8y ree r'r 4 Al 44 43 4 0001 % Ul
S9T'7¥S - 91 209'6 6L0°€S 1818 9LL'6LE £66'81 S6LeY 16602 9r'TIY 869°L5 £88'9L 096°£69'T 00073 U 59002
gee 0T 00 80 6¢ v (X714 90 44 LT §'1e 9t &g 0001 % Ul
606'€YS 69191 eve 6YEel 78E°9Y 8L6'€L 00029¢ L86'6 GLe'se 02€'82 18'L€ 819'L§ 10768 0vL'619'T 00073 Ul 15002
ree 0T 00 60 lc 8y 9t L0 [7 LT 00c (4 g 0001 % Ul
L5686 72L'ST €91 09¢'€T 9ee'TY 0£9'¢L 196'29¢ 9v8°01 68Y'TY 91L'6Z 91€'80¢ 281'19 0£9'18 068°£€S'T  000'T3 Ul 7002
0ce 60 00 L0 re 79 81e r'r [7 8 991 65 19 0001 % Ul
9y 996°C1 4 699°01 L8Y'6Y 29426 €L2'91¢€ [81'G1 065'6€ 096'GZ 82L'11C 81098 218'96 veI'eSy'T  000'T3 U1 (€002
ree 60 00 80 re 19 e r'r 6¢ 8T 991 8¢ 79 0001 % Ul
105'9L7 64621 14 G111 702'SY 098°L6 GYE'GIE 709°91 65°eY £92'92 10€'€7C E1€'G8 ZIT'Y6 669°99¥'T  000'T3 U 12002

aoeds pue
‘alaydsowne
ay} ‘seas 13y 10}
ay} ‘yiea | aunypuadxa
J0 uonowoid Jo uonowold Jo uonjowold | Jo uopowoid Jo uonowold toos Jo uonowo.d jo uonjowold | ‘Modsuesy | -oud A31aua | jo uonowoid | jo uonowoiqd L L
DU [e190S oluononio 1| oluonouiory aseasal |ejop
J0 uonowoid Jo uonjowoid

isip | Ansnpui pue

JuaWasueApe I
saAaalgo
uoneanpa | -esunwwod | pue ageloys 393w A1nsaloy pue

: uonaajosd | juswdojanap | wayshs asea
agpajmouy ERITET) -ueyd [eaishyd
13430 |eJUBWUOIIAU [  D1WOU0ID yyeay ayy

|eJauad -ap |euonjeu | pue ueqn pue sjooyas | pue ayjes ‘uonjanp -wod ‘apesy | aimynause

sieak Suiioday

$10Y S80UBUI4 [RIPa4 BY) J0} (q puB B SLed) spuny [eiapa) Jo uoijeridoidde pajejal-yoieasal J0 MAIAIBA0 Pajielaq 8y} Pue JuawWnaog AIeljixny 8y} JO | Xauuy Jo umopyealg
£102-200¢ ‘saAiaalgo 21wou023-0190s Aq uonowoid yoleasal pue yaieasal uo ainypuadxa |eiapaq :g a|qe]

183

Austrian Research and Technology Report 2017



10 Statistics

gle - 00 80 EX
175798 - €L8 080°€Z {11447
69 - - Al LT
82e'ee - - 8IL'G 991°8
g0 - - - 88I
€€¢ - - - 08€E'8
15¢ - - 80 A
Gv8°L - - eS¢ 99¢
879 - dice - -
8EET - €9 - -

8/E - 00 80 ET
€81'86. - 6€¢ 909'91 1L€'92
879 - - T -
v1v'2C - - 170G -

juawaauenpe suiu

a3pajmouy Seh} L I
|u0_:c‘_m—=o jeuoijeu " |ejuawiuoiAul

|eJauag pue uegn

O 40 uonowold | jo uonowosyd A 40 uonowWwol4

44
L1874}
7o
/8T
0001
988

e
8.1
/4
9€°L

0001

0001
89
vy
SLL'E6

0001
GET'T
roc

6L2'L

juawdojanap
91WI0U093
-01908
pue [e190s
J0 uonowo.d

e
0vv'186
Va4
1L2'2e

0001
699G
66
220°L¥S

a1e9 yyeay
40 uonowolyg

¢ 0c
1LZ°18 012'95
00 9

8¢ 06G°T¢
£0 -

€1 -

43 T
150°T 99€
0¢ T

£96'Ty I4A 4
0001 -
860'8€ -

suon
uoijeanpa | -eaunwwod
pue sjooyas | pue ayjen
jo uonowosd | ‘podsuesy
J0 uonowolyg

6¢
91L'901
LI
99828

10
90¢

L€
29

Il
8€0°€C

o
144

uonngysip
pue agelo}s
‘uonjanp
-0.d A313u3
Jo uonjowoid

0s¢
680989
155
689'192

661
TLS'6TY

Ansnpui pue
ERIETT]
-woa ‘apely
J0 uonowoid

*S91p0q 3AIINI8Xa 1sayS1y ay} Suipnjoul (z - “skepnQ (1
(4013113]S() Y1}S11B1S J[RISUBSAPUNG) BLISAY SONSHE)S :39.N0§
L10Z 1dy ‘e sy

Ic
65885
o
€6¢

69
L26°0¢
43
L96

&1
219'9C

Knsaio) pue
ainynauge
j0
uonowolid

144
vee0zL
0§
1LY'€e
T

795

&€

166

4
598'68

&sI
evr's
aoeds pue
‘a1aydsowye
ay) ‘seas
ay} ‘ypea
ay} 3u11an09
[IRICELET]
J0 uonjowoid

000!
v8vrL'T
0001
v61°0LY
0001
988
0001
LE9'tY
0001
061°0¢
0001
6T
0001
L1
0001
81L'T
0001
699'G
0001
89
0001
8G8°L01°C
0001
860'8€
0001
SET'T
0001
989'GE

a3y 10}
an}
|puadxa
|e1apaj
lejoL

% Ul
000°13 !
% Ul
00073 u!
% Ul
00073 u!
% Ul
00073 u!
% Ul
00073 u!
% Ul
00073 u!
% Ul
00073 U!
% Ul
00073 u!
% Ul
00073 u!
% Ul
00073 u!
% Ul
00073 u!
% Ul
00073 u!
% Ul
00013 u!
% Ul
00073 u!

(q ued pue e Ued) /107 10Y S8uBUl4 |eIapa4 8y} Joj spuny [eiapa) Jo uorjenidosdde pajejal-yoeasal Jo MIAIBA0 P3|IRIQ BY) WO} ;GTOZ 40} SAN|BA [BNUUR JO UMOpYRaIg
sallsiulW pue saAaalqo 21wouods-0190s Aq uonowold ya1easal pue Yaieasal 10§ G| OZ Ul ainyipuadxa |eiapa4

lejol

LIANG

ANg

MNAINE

N8

SATNE

g

vIIng

g

ASYING

MIMNE

19Nd

INg

e

‘g 9|qel

Austrian Research and Technology Report 2017

184



10 Statistics

6l
866688
I/
9ET'IE

8¢
051728

9¢9
L9Y'1T

JUaWaIUBAPE
agpajmouy
|eJauag

40 uonowolyd

- 1o 60

- vse'e 622'7C
- - &1

- - 16L'G
- - 60

- - 8¢

- 709 -

- 100 -

- 00 80

- €6¢ 0€9°LT
- - v

- - 0€S

Suu
saAnaalgo

13yj0
J0 uonowolyg

ERITEN)
-ap |euoljeu
40 uonowolyg

pue uegn
J0 uojowoly

-uejd jeaishyd

EX 44
9507y 666°GZL
e 70
1916 81
- 0001
- Ler'T
091 6¢
6169 00L'T
&1 00
0¥ G8E'9
- gy

- 7E0'T
- 0001
- LoL's
&1 9r
Ls'Le 629'86
- 0001
- 6127
- 90¢

- 950'8

uonaajoud
|eJUaWUOIIAUD
J0 uonowoid

juawdojanap
91Wou093
-01908
pue |e1aos
J0 uorjowoid

e
2EE'9885
0§
9/1°2C

0001
£10°L
75
046675

wa)shs alea
Uyeay ay}
J0 uonowo.d

e Ic
vez'ss SyL'LS
00 I/

vL L50'TE
&0 -

6¢1 -

43 ET
60T 1074
0¢ I
G/8'eY 289'6C
0001 -
650°07 -

- 00

- ¢

suon

-B9JUNWWO0I
pue ayen
‘Wodsues)

J0 uorjowoid

uoyeanpa
pue sjooyas
J0 uonowolyg

67
569°6L
rel
69975

I'r
079°€Z

o
9

uonnquisip
pue agelo}s
‘uonanp
-04d 313u3
J0 uonowoid

*$91p0q dA1}NJ8Xa }sayd1y ay} Suipn|ouj (g - ‘|esodoid ujoueuly (1
(yo1a113}s() Y1is1LIS JRISuBSApUNG) BLISNY SINISIR)S 33uN0S
L10Z 1dy :Je sy

1'5¢ £c 144
8E1°L69 192°¢9 (14474}
689 10 9G
121'65¢ 8¢ £2r'e
90 il v
6€¢ LEG'eE 009
661 re gt
180G L60'T 821
00¢ ET a4
LBE'TEY £VE'8C SL0'T6
- - £GI

- - 166G

aoeds pue
‘a1aydsowne
Ansaloy pue | auy) ‘seas
ainynouge | ay) ‘yyea
jo a3y} Sul1an03
uonowo.ld 9.easal
J0 uonowoid

Kxsnpui pue
ERIETT
-Wo3 ‘apel}
Jo uonjowoid

000!
L8G'8LLT
0001
0€0'0vY
0001
Ler'T
0001
Le'ey
0001
1€6'T€
0001
1€t
0001
1612
0001
£90°L
0001
L0L'S
0001
21e'e9I'e
0001
650°0%
0001
61T
0001
660'6€

073y 10}
aIn}
-Ipuadxa
|eapa}
lejol

% Ul
000°13 W
% Ul
000°73 u!
% Ul
000°73 u!
% Ul
000°73 u!
% ul
000°T3 u!
% Ul
000°T3 u!
% Ul
00073 u!
% Ul
000°73 u!
% Ul
000°73 u!
% Ul
000°73 u!
% Ul
000°73 u!
% Ul
000°73 u!
% Ul
00073 ut
% Ul
00073 u!

(q ued pue e Ued) /107 10Y S8uBUL4 |eIapa4 8y} Joj spuny [esapa) Jo uorjenidosdde pajejal-yoeasal Jo MIAIBA0 P3|IRIQ BY) WO} ;9707 40} S3N|A [BNUUR JO UMOpYRAIg
sallsiulW pue saAaalqo 21wouods-0190s Aq uonowold ya1easal pue yaieasal 10y 9|0 Ul ainyipuadxa |elapaq

lejol

LIANG

ANg

MNAINE

N8

SATNE

g

vIang

49N8

ASYING

MIMNE

ang

INg

e

‘L 9lqel

185

Austrian Research and Technology Report 2017



10 Statistics

rie
LEE‘006
59
GL'0¢
90

8¢
96¢
G818
rer
G686

Y43
6Y1°GE8

ey
611'GZ

Juawaoueape
agpajmouy
|eJauad

J0 uonowolyg

saAnaalgo
13y0
J0 uonowoid

EEITEN
-ap |euojjeu

J0 uonjowo.d

60
{4874
¢
€99

80
09¢

80
LLLLT

pue uegn
40 uonowolg

Ex)
Tie9y
0¢
GET'6
§0c
£20'6
T
6L€

&1
§L9'LT

uonaayoud
|EJUBWUOIIAUS
J0 uonowo.d

EX4
9e1°0¢1
70
86L'T
0001
029'1T
6¢
00LT
Va4
098°,
0°00T
of
414
180'T
000r
1159
gy
519'66

0001
60€'T
0l¢

209'

juawdojarap
91UI0U093
-0190S
pue [e190s
J0 uonjowoid

vie
118609
Ea4
6/9'T¢

0001
286'9
09¢
SGUYLS

wayshs alea
uieay ay}
J0 uorjowoid

67
15¥°18
00
124

0¢
9107y
0001
2e'9¢

uoreanpa
pue sjooyas

J0 uonowoly

61
1865
29
091'62

A

suon

-BOIUNWWOI
pue ayjen
‘Hodsues)

Jo uonjowoid

8¢
689°801
L1
9ev'e8

I'r
6/8°€C

10
14

uonnqiysip
pue agelo}s
‘uopanp
-04d £313u3
J0 uonowoId

8ve
LT's0L
r'9s
265792

6

61

TL9'8EY

J0 uonowoly

Kxysnpui pue
ERIETT]
-Wwod ‘apel}

*$91p0q dAI}NJ8Xa }sayd1y ay} Suipn|ouj (g - ‘jesodoid ujoueuly (1

(4013113]S() Y1}S11B1S J[RISUBSAPUNG) BLISAY SONSNE)S :39IN0§
L10Z 11dy 2e sy

44
66L°19
Io
8¢

Y4
G86'T¢
43
G107

Knsaioy pue
ainynauge
j0
uopowold

144
(1474}
4]
§62'C
v

009

£t
980T

44
16126

aoeds pue
‘aJaydsoune
) ‘seas
ay} ‘yues
3y} Sul1aA09
ya1easal

J0 uoyjowolyd

000! % Ul
0ZE'PS8C  000°L3 W
0001 % Ul
298'0Ly 00073 Ul
0001 % Ul
029'1T 000°73 Ut
0001 % Ul
The'ey 000°73 Ut
0001 % Ul
£V8'TE 000°73 Ut
0001 % Ul
008°¢ 000°T3 Ut
0001 % Ul
(U7 000°T3 ut
0001 % Ul
861 000°T3 Ut
0001 % Ul
2869 000°73 Ut
0001 % Ul
1159 000°73 Ut
0001 % Ul
8008022 000'T3 u!
0001 % Ul
v2e'9¢ 000°T3 Ut
0001 % Ul
60€'T 000°T3 ut
0001 % Ul
18607 000'73 Ut

073y 104
ain}
-1puadxa
|e1apaj
lejol

(q ued pue e Ued) /107 10Y S8uBUL4 |eIapa4 8y} Joj spuny [eiapa) Jo uorjenidoidde pajejal-yoeasal Jo MIAIBA0 P3|IRIQ By} WO ;/TOZ 40} S3N|A [BNUUR JO UMOpYRalg
salsIuIW pue saAaalqo 21wouods-0190s Aq uonowold Yda1easal pue yaieasal 10j /1 0Z Ul ainypuadxa |eiapa4

lejol

LIANG

ANg

MNAINE

N8

SATNE

g

vIang

498

ASYING

MIMNE

ang

INg

e

‘g 9|qel

Austrian Research and Technology Report 2017

186
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Table 9: General research-related university expenditure by the federal government (“General University Funds”), 2000-2017!
Years R&D
. n€miins |

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 3,000.004 1,453.596
2014 3,059.949 1,481.744
2015 3,117.320 1,509.576
2016 3,264.854 1,580.644
2017 3,325.605 1,609.839

As at: April 2017
Source: Statistics Austria (Bundesanstalt Statistik Osterreich)

1) Based on Annex T of the Auxiliary Document and the Detailed overview of research-related appropriation of federal funds for the Federal Finances Act.
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Table 12:  An international comparison of research and experimental development (R&D) in 2014

Gross expenditure on R&D by the
Financing of L d

gross domestic expenditure | Employees Private
ture enterprise tion Government non-profit

in full-time sector sector

in % of gross domestic expenditure on R&D

Gross

domestic expendi- of R&D hy in R&D Business Higher educa-

Belgium 24.1 61.3* 68,701° 71.2¢ 20.2° 8.2 0.4
Denmark 2.92 29.7¢ 59.0° 58,361 63.8 33.5 23 0.4
Germany 2.89 28.9 65.8 605,252 67.5 17.7 14.8° R
Finland 3.17 21.5 53.5 52,130 67.7 22.9 8.7 0.8
France 2.24 34.6 55.7 417,129 65.0 20.6 12.9 1.5
Greece 0.84 53.3 29.8 43,316 33.9 37.2 21.7 1.2
Ireland © 1.51 273 52.8 28,379 72.1 23.4 4.5 0.0
Italy 1.38 ¢ 40.8° 46.2¢ 249,467 55.4¢ 28.4¢ 13.3¢ 3.0°
Luxembourg 1.28 48.44 16.5* 5,243 53.7 16.4 29.9° D
Netherlands 2.00 332 51.1 124,066 56.0 32.1 11.9° D
Austria® 3.09° 35.8° 41.9° 68,101 70.8 243 44 04
Portugal 1.29 47.1 41.8 46,878 46.4 45.6 6.3 1.7
Sweden J1IB © 28.34 61.0* 83,473¢ 67.0° 29.0¢ 3.8 0.2¢
Spain 1.24 41.4 46.4 200,233 52.9 28.1 18.8 0.2
United Kingdom © 1.68 28.4 48.0 396,281 65.2 25.8 7.3 1.8
EU15°® 2.10 32.2 56.1 2,441,010 64.0 23.2 1.7 1.0
Estonia 1.45 49.5 37.1 5,790 43.5 44.3 11.0 1.2
Latvia 0.69 25.6 27.8 5,739 8515, 40.5 24.0 .
Poland 0.94 45.2 39.0 104,359 46.6 29.2 24.0 0.3
Slovak Republic 0.88 41.4 322 17,594 36.8 34.4 28.3¢ 0.4
Slovenia 2.38 21.8 68.4 14,866 713 10.5 12.2 0.0
Czechia 1.97 329 35.9 64,444 56.0 25.4 18.2 0.4
Hungary 1.36 33.5 483 37,329 71.5 13.5" 13.7v 0.0
Romania 0.38 48.6 329 31,391 415 15.2 43.0 0.4
EU-28° 1.95 32.6 54.8 2,172,381 63.2 234 12.4 1.0
Australia 211 e 34.61 61.9! 147,809>2 56.3%* 29.6¢* 11.2%4 284
Chile 0.38 @ 44.2° 31.9° 15,887 33.42 39.0° 8.1° 19.52
Iceland 2.01 34.1 35.7 2,736%* 61.1° 329 6.1 0
Israel? 427 12.5 37.1 77,143¢ 84.8 12.3 1.8 1.2
Japan 359 16.0° 71.3 895,285 71.8 12.6 8.3 1.3
Canada 1.60 ° 34.6° 45.40 226,620" 49.9¢ 40.4¢ 9.2 0.5
Korea 4.29 23.0 75.3 430,868 78.2 9.1 11.2 1.5
Mexico 0.54 © 71.8° 20.2° 59,073* 30.6° 26.3° 38.5° 4.6°
New Zealand* 1.15 39.8 39.8 24,900 46.4 30.4 232 0.0
Norway 1.72 45.8* 43.1¢ 40,297 53.7 31.0 15.2 0.0
Switzerland? 2.97 25.4 60.8 75,476 69.3 28.2 0.8" 1.8
Turkey .01 26.3 50.9 115,444 49.8 40.5 9.7 0.0
United States ! 2.76 26.2 61.7 . 71.1 13.50 11.3 4.1°
OECD total ® 2.39 214 61.3 . 68.7 11.8 1.1 24
People's Republic of China 2027 20.3 75.4 3,710,580 71.3 6.9 15.8 0.0

Source: 0ECD (MSTI 2016-2), Statistics Austria (Bundesanstalt Statistik Osterreich).

a) Break in the time series. — b) Estimate by the OECD Secretariat (based on national sources). — c) National estimate — d) R&D expenditure on national defence not included. —
g) Without research and development in the social sciences and humanities. — h) Only federal or central government funds. — j) Excluding investment expenditure. — n) Included else-
where. — o) Includes other categories as well. — p) Preliminary values. — v) Sum of components does not equal total. — y) GDP according to System of National Accounts 1993.

1) 2008. - 2) 2010. — 3) 2012. — 4) 2013. - 5) Statistics Austria; according to R&D global estimate 2017.
Full time equivalent = person year.
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Table 13:  Austria’s path from the 4th Framework Programme for research, technological development and demonstration activities
up to Horizon 2020

I]ata as per
1994-1998 | 1998-2002 | 2002-2006 {2007-2013 | Feb. 2017

Number of approved projects with Austrian participation 1,444 1,384 1,324 2,452 1,081
Number of approved Austrian participations 1,923 1,987 1,972 3,589 1,551
Number of approved projects coordinated by Austrian organisations 270 267 213 676 318
Promotion for approved Austrian partner organisations and researchers for which a contract has been signed (in

€ millions) 194 292 425 1,192 639
Percentage of approved Austrian participations among all approved participations 2.3% 2.4% 2.6% 2.6% 2.8%
Percentage of approved Austrian coordinators among all approved coordinators 1.7% 2.8% 3.3% 2.7% 2.4%
Austrian share of approved development funds 1.99% 2.38% 2.56% 2.63% 2.82%

Sources: Proviso Overview report from fall of 2013 (FP4—FP6); EC 11/2015 (FP7); EC 02/2017 (H2020)
Processing and calculations: Austrian Research Promotion Agency (FFG).

Table 14:  Austrian results in the 7th EU Framework Programme for research, technological development and demonstration
activities

Burgen- Lower | Upper Vorarl-
All countries land Austria | Austria Salzburg Styna Tyrol berg

Projects 25,363 2,452 110 218 25 1,501
Participations 135,922 3,589 10 142 253 255 106 636 254 29 1,902 2
Higher education 50,581 1,312 0 31 51 88 55 262 146 5 674
Non-university research 33,593 861 0 5 61 46 26 136 2 1 584
Business enterprises 41,230 1,164 10 105 132 112 21 232 102 21 427 2
Public institutions 6,242 171 0 1 4 3 2 1 3 0 157
Other 4,276 81 0 0 5 6 2 5 1 2 60
Declared SME 25,171 776 10 43 101 52 8 161 73 12 315
Not a declared SME 110,751 2,813 0 99 152 203 98 475 181 17 1,587
Coordinations 25,363 676 0 21 48 34 17 99 43 1 407 -
Higher education 14,409 360 0 2 27 23 10 45 38 0 215
Non-university research 7,013 163 0 0 7 7 6 26 0 1 116
Business enterprises 3,056 133 0 25 14 3 1 28 5 0 57
Public institutions 480 15 0 0 0 1 0 0 0 0 14
Other 405 5 0 0 0 0 0 0 0 0 5
Declared SME 1,854 81 0 18 10 1 1 18 5 0 28
Not a declared SME 23,509 595 0 9 38 33 16 81 38 1 379

Source: EC 11/2015. As at 11 Nov. 2015
Processing and calculations: Austrian Research Promotion Agency (FFG).

Note: The self-declaration of the SME classification by the organisation is defined by statistical sizes of organisations and is used for all types of organisations. The European Com-
mission considers this to be a subgroup of the PRC sector (“private sector”).
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Table 15:  Austrian results in Horizon 2020

Burgen- Lower | Upper Vorarl-
All countries Austria land Austria | Austria alzhurg Tyrul berg

Projects 13,031 1,081 1 114 101 241
Participations 55,169 1,551 8 48 116 122 38 329 1 12 801
Higher education 18,155 433 2 5 29 5] 16 75 40 0 241
Business enterprises 18,447 596 4 35 64 55 11 145 33 11 238
Non-university research 12,080 329 2 3 17 28 6 93 0 0 180
Public institutions 3,564 101 0 4 1 5 2 5 4 1 79
Other 2,923 92 0 1 5 9 3 11 0 0 63
Participations with an agreement 50,477 1,430 1 40 105 107 36 307 15 8 145
Declared SME 11,529 356 2 14 39 31 8 107 17 1 137
Not a declared SME 38,948 1,074 5 26 66 76 28 200 58 7 608
Coordinations 13,031 318 0 1 35 20 5 62 15 0 170
Higher education 6,143 141 0 0 23 3 2 14 14 0 85
Business enterprises 3,585 100 0 11 9 7 2 32 1 0 38
Non-university research 2,761 61 0 0 3 10 1 15 0 0 32
Public institutions 292 8 0 0 0 0 0 0 0 0 8
Other 250 8 0 0 0 0 0 1 0 0 7
Coordinations with an agreement 11,626 293 0 13 33 18 5 59 11 0 148
Declared SME 2,992 84 0 10 7 13 0 26 1 0 27
Not a declared SME 8,634 209 0 3 26 5 5 33 16 0 121

Source: EC 2/2017. As at: 28 Feb. 2017
Processing and calculations: Austrian Research Promotion Agency (FFG).

Note: The self-declaration of the SME classification by the organisation is defined by statistical sizes of organisations and is used for all types of organisations. The European Com-
mission considers this to be a subgroup of the PRC sector (“private sector”).
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Table 16:  Overview of projects and participations in Horizon 2020

Partpations Moprored partcgatin

Total 55,169
EC Treaty 54,287
Excellent science 15,754
Industrial leadership 13,080
Societal challenges 23,867
Spreading excellence and widening participation 467
Science with and for society 693
Cross-theme 426
Euratom 882
el

Total 13,031
EC Treaty 12,983
Excellent science 7,168
Industrial leadership 2,147
Societal challenges 3,379
Spreading excellence and widening participation 121
Science with and for society 74
Cross-theme 94
Euratom 43

Source: EC 2/2017. As at: 28 Feb. 2017
Processing and calculations: Austrian Research Promotion Agency (FFG).

Note: The Austrian Research Promotion Agency’s analysis was commissioned by the Federal Ministry of Science, Research and Economy (BMWFW), the Federal Ministry for Transport, Innova-

Approved Austrian

participations

1,551
1,544
358
415
708

38

Approved projects with
Austrian participation

1,076
307
230
486

30

tion and Technology (BMVIT), and the Federal Ministry of Agriculture, Forestry, Environment and Water Management (BMLFUW).
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Austria’s share of participation by
all countries
[in %]

28

2.8

2.3

3.2

3.0

34

5.5

2.1

0.8

Austria’s share of participation by
all countries
[in %]

10.7
14.4
12.4
40.5

8.5
10.4

193



10 Statistics

Table 17:

Discipline

Mathematics

Computer science

Physics, astronomy

Chemistry

Geosciences

Biology

Other natural sciences

Construction

Electrical engineering, electronics, information technology
Mechanical engineering, machinery

Chemical industry and petrol industry, basic materials
chemistry

Advanced materials

Medical engineering

Environmental engineering, applied geosciences
Environmental biotechnology

Industrial biotechnology

Nanotechnologies

Other engineering

Medical/theoretical sciences, pharmaceutics
Clinical medicine

Health sciences

Medical biotechnology

Other human medicine, health sciences
Agriculture and forestry, fisheries

Livestock breeding, animal production
Veterinary medicine

Agricultural biotechnology, food biotechnology
Other agricultural sciences

Psychology

Economics

Educational sciences

Sociology

Jurisprudence

Political science

Human geography, regional geography, spatial planning
Media and communication sciences

Other social sciences

History, archaeology

Linguistics and literary studies

Philosophy, ethics, religion

Art sciences

Other humanities

Total

Source: Austrian Science Fund (FWF).

194

Austrian Science Fund (FWF): Shares of new approvals hy discipline (OF0S 2012 3-digit level), 2014-2016

New approvals

9.4

5.5
11.3
5.4
2.1
233
1.5
0.5
0.9
0.6

0.3

0.2

0.4
11.5
46
0.5

0.4
0.5
0.2
0.1

0.3
2.0
1.8
0.1
0.8
0.5
0.3
0.03

1.4
5.0
4.1
18
2.2
0.8
100.0

in €millions | __in% __| in€millions | __in%___| in€ millions |
9.2

19.2 18.4 14.1 26.0
11.1 44 8.8 44 8.1
23.0 16.8 33.6 10.9 19.9
10.9 5.7 11.4 4.4 8.0
43 3.0 6.0 3.4 6.1
47.4 21.7 43.2 20.0 36.8
3.0 0.7 1.4 0.3 0.6
1.0 0.8 1.6 0.5 0.9
1.9 0.8 1.6 0.8 1.5
13 0.2 0.4 0.1 0.1
0.5 0.04 0.1 0.03 0.1
0.6 1.1
0.1 0.2 0.2 0.4
0.3 0.4 0.7 0.2 0.4
0.1 0.1
0.1 0.2 0.2 0.4
0.3 0.6 1.0 1.9
0.9 0.4 0.8 0.2 0.3
234 10.4 20.8 11.9 218
9.3 2.5 5.1 44 8.1
1.0 0.3 0.6 0.9 1.6
0.1 0.1 0.2 0.4
0.9 0.2 0.5 0.04 0.1
0.9 0.7 1.5 0.3 0.5
0.3 0.1 0.1 0.4 0.7
0.2 0.1 0.2 0.5 0.9
0.03 0.1 0.1 0.1

0.6 0.6 1.2
41 1.1 2.1 1.5 2.7
3.7 1.0 2.0 3.2 5.8
0.2 0.2 0.4 0.4 0.8
1.6 0.9 1.9 14 2.6
1.1 0.6 1.2 0.8 1.5
0.7 0.9 1.7 0.4 0.7
0.1 0.2 0.5 0.5 0.9
0.2 0.3 0.2 0.4
2.8 1.4 2.8 0.3 0.5
10.2 3.9 1.8 3.4 6.2
8.2 4.4 8.8 2.9 5.3
3.6 1.7 3.4 2.4 44
4.4 3.2 6.3 2.1 3.8
1.6 0.6 1.2 0.7 1.2
203.7 100.0 199.3 100.0 183.8
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Table 18:  Austrian Science Fund (FWF): Shares of new approvals by organisation type, 2014-2016

o™ oo | a5 | w6 |

SRR AR | in% [ in€milions | in% | in€milions | in% | in€milions |
Universities! 85.0 173.0 83.7 166.9 83.0 152.5
Universities of applied sciences 0.3 0.6 0.1 0.2 1.3 2.4
Private universities 0.8 1.5 0.9 1.7 1.1 2.1
Academy of Sciences 8.4 17.1 8.9 17.8 7.8 14.4
Non-university research locations? 5.6 11.4 6.4 12.8 6.7 12.4
Total 100.0 203.7 100.0 199.3 100.0 183.8

Source: Austrian Science Fund (FWF).
1 Including the University for Continuing Education Krems.
2 Including research locations abroad.

Table 19:  Austrian Research Promotion Agency (FFG): Shares of new approvals by topic area of the promotion, 2014-2016

e % [wemios | n% [ nemiiors | % | m€mions
Energy/Environment 16.5 101.5 16.9 79.1 16.9 88.0
ICT 15.4 95.3 17.6 82.2 20.3 105.7
Mobility 8.7 53.6 13.5 62.9 11.6 60.4
Production 26.2 161.7 243 113.7 22.8 118.7
Life Sciences 14.6 90.1 9.8 45.8 10.7 56.0
Safety 1.3 8.2 2.8 12.9 1.6 8.1
Space 2.5 15.2 0.1 1.5 1.6
Other 14.8 91.4 15.1 70.5 14.8 76.9
Total 100.0 617.0 100.0 467.1 100.0 521.5

Source: Austrian Research Promotion Agency (FFG).

Table 20:  Austrian Research Promotion Agency (FFG): Funding by regional government, 2014-2016

Regional government in % Total in % Total in % Total
y [in € millions] y [in € millions] y [in € millions]
1.0 6.1 13 59 13 6.7

Burgenland .

Carinthia 6.4 39.3 5.8 27.0 4.6 23.7
Lower Austria 10.3 63.7 6.1 28.5 8.9 46.6
Upper Austria 20.2 124.6 21.2 99.3 19.8 103.2
Salzburg 3.4 21.0 3.2 14.8 3.7 19.1
Styria 29.6 182.4 29.4 137.5 23.3 121.4
Tyrol 6.0 37.3 5.9 21.1 5.9 31.0
Vorarlberg 3.2 19.9 1.8 8.2 3.2 16.8
Vienna 19.2 118.6 23.9 111.8 28.1 146.6
Abroad 0.7 4.0 14 6.4 1.2 6.3
Total 100.0 617.0 100.0 467.1 100.0 521.5

Source: Austrian Research Promotion Agency (FFG).
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Table 21:  Austrian Research Promotion Agency (FFG): Project costs and funding by Subject Index Code, 2016

. Total costs Total funding Cash value
Subject Index Code [in €1,000] lin €1,000] [in €1,000]

Industrial manufacturing 132,657 66,354 40,437
ICT applications 100,856 47,641 39,209
Surface transport and technologies 82,985 47,629 39,714
Advanced materials 90,078 46,631 31,977
Electronics, microelectronics 109,046 46,085 28,642
Information processing, information systems 78,676 34,221 30,308
Renewable energy sources 39,302 28,673 27,387
Energy storage, conversion and transport 27,875 19,876 18,553
Automation 53,573 19,357 16,552
Biosciences 32,651 18,374 12,034
Medicine, health 39,179 18,142 14,193
Energy savings 28,467 17,622 14,495
Measuring techniques 28,096 14,641 8,236
Construction engineering 19,472 11,529 8,108
Other technologies 21,522 10,987 6,584
Space 12,085 8,630 8,630
Medical biotechnology 13,920 8,220 5,685
Waste management 12,266 8,049 5,106
Safety 10,339 7,602 7,463
Mathematics, statistics 10,058 6,848 4711
Industrial biotechnology 4,159 2,814 1,724
Aviation and technologies 3,772 2,791 2,791
Sustainable development 3,469 2,552 2,410
Foodstuffs 4,213 2,520 2,028
Environment 3,849 2,426 1,675
Robotics 3,311 2,159 2,090
Business aspects 2,285 1,543 1,055
Economic aspects 3,422 1,529 996
Nanotechnologies and nanosciences 1,450 1,087 1,087
Network technologies 4019 1,004 1,004
Information, media 1,721 980 576
Agricultural biotechnology 1,883 962 962
Social aspects 726 475 475
Agriculture 852 433 433
Other energy topics 559 396 396
Regional development 535 383 383
Coordination, cooperation 613 370 370
Meteorology 355 261 261
Geosciences 378 211 211
Research on climate change and the carbon cycle 130 129 129
Telecommunications 228 100 100
Project management methods 67 47 47
without classification 16,794 9,235 9,117
Total result 1,001,893 521,522 398,341

Source: Austrian Research Promotion Agency (FFG).
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Table 22:  Austria Wirtschaftsservice (aws): Shares of new approvals by topic area of the prometion (industry), 2014-2016

% [ wewios | n% [ wemiions | n% | nemion |

Services 15.3 112.9 15.5 128.2 19.5 158.4
Electricity, gas and water supply 0.6 45 0.2 1.9 0.2 1.4
Trade, maintenance, repair 8.2 60.6 14.4 118.6 15.0 121.2
Food products, beverages and tobacco, LW, FW 9.8 72.0 11.5 94.8 12.8 104.1
Manufacturing 49.8 367.1 45.6 376.3 37.5 304.0
Other industries 1.0 1.7 1.1 9.0 0.7 6.0
Tourism 10.5 17.7 6.8 56.3 9.8 19.7
Transport and communication 1.6 12.2 2.2 18.1 2.0 15.9
Not classified 3.0 22.2 2.7 22.4 2.5 20.1
Total 100.0 736.8 100.0 825.6 100.0 810.9

Source: Austria Wirtschaftsservice (aws).

Table 23:  Austria Wirtschaftsservice (aws): Shares of new approvals by organisation size, 2014-2016

et o | o5 | w6 |

fesnsaton e % wemion | n% [ wemion | % | inemiions
Sole proprietorships 10.6 78.3 9.7 80.2 8.0 64.6
Microenterprises 12.0 88.4 13.4 110.6 15.2 122.9
Small enterprises 259 191.1 25.8 213.1 29.9 242.6
Medium-sized enterprises 20.4 150.1 29.6 244.5 28.4 230.6
Large firms 28.2 207.7 19.1 158.1 16.7 135.5
Not classified 2.9 21.0 23 19.1 1.8 14.7
Total 100.0 736.8 100.0 825.6 100.0 810.9

Source: Austria Wirtschaftsservice (aws).
Table 24:  Austria Wirtschaftsservice (aws): Overview of funding performance by region, 2015-2016

Financing amount Cash value Total project costs
(in € millions) (in € millions) (in € millions)

___oois| aote] s ooie| avis| e 2015] _ a0i6] 2015|2016

Burgenland 83 63 20.4 4.5 2.7 0.9 35.3 11.7 188 73
Carinthia 311 360 68.8 74.1 48 45 120.8 127.4 383 401
Lower Austria 624 493 95.8 135.8 14.3 17.7 243 350 864 697
Upper Austria 1,465 1,090 275.7 314 16.7 25.1 447.5 539.4 1,606 1,723
Salzburg 424 257 51.9 53.7 38 6.8 99.6 106.6 296 253
Styria 728 458 137.2 71.3 17.7 10.3 293 164.7 1,267 423
Tyrol 420 301 714 46.6 10.4 8.2 173.9 113.5 368 258
Vorarlberg 175 84 12 15.9 1.6 1.6 46.3 33.1 87 51
Vienna 874 738 69.2 71.2 231 22.7 390 208.7 537 825
Abroad 14 18 8.8 9.2 0.2 0.5 17.1 27.3 22 26
i I 8 12 8.4 86 8.2 82 8.5 95 8 21
Total 5,126 3,874 825.6 810.9 103.4 106.6 1,874.90 1,691.90 5,627 4,750

Source: Austria Wirtschaftsservice (aws).
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Table 25:  CDG: CD lahoratories by university/research institute and JR Centres by university of applied sciences, 2016

University/research institute Number of CD laboratories Budget [in €]

University for Continuing Education Krems 1 186,000
Medical University of Graz 1 173,680
Medical University of Innshruck 3 257,200
Medical University of Vienna 10 3,141,471
University of Leoben 7 2,463,417
Graz University of Technology 4 1,551,857
Vienna University of Technology 16 5,511,885
University of Natural Resources and Life Sciences Vienna 9 2,499,867
University of Innshruck 1 242,073
University of Linz 8 2,437,442
University of Salzburg 2 991,318
University of Vienna 2 431,737
University of Veterinary Medicine Vienna 2 705,523
Vienna University of Economics and Business 1 129,562
Austrian Academy of Sciences 1 336,436
Research Center for Non Destructive Testing GmbH 1 80,757
Forschungszentrum Jiilich GmbH 1 452,623
University of Gottingen 1 96,667
University of Cambridge 1 385,442
Total 12 22,074,951

University of applied sciences Number of JR Centres Budget [in €]

Fachhochschule Joanneum Gesellschaft mbH 1 114,625
Carinthia University of Applied Sciences - non-profit foundation 1 315,971
Fachhochschule Salzburg GmbH 1 188,653
Fachhochschule St. Pélten GmbH 1 319,991
University of Applied Sciences Technikum Wien 1 319,055
Fachhochschule Vorarlberg GmbH 2 362,790
FH 00 Forschungs und Entwicklungs GmbH 1 357,691
IMC Fachhochschule Krems GmbH 1 180,120
Total 9 2,158,896
Source: CDG.

Note: Budget data 2016 are plan data as of 16 Dec. 2016.
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Table 26:  CDG: Development of the CDG 1989-2016 and JR Centres, 2012-2016

Expenditure of the CD Active Active Active
Year laboratories and JR Centres [in €] CD laboratories JR Centres member firms
5

1989 247,088

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 14 6
1997 2,982,793 15 9
1998 3,108,913 18 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 42 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
2013 23,666,522 13 4 131
2014 25,634,725 71 5 129
2015 24,954,856 13 7 145
2016 24,233,853 72 9 137

Source: CDG.

Note: Budget data 2016 are plan data as of 16 Dec. 2016.
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Table 27:  CDG: CD lahoratories by thematic cluster, 2016

Thematic clusters Number of CD laboratories Budget [in €]

Chemistry 10 3,741,546
Life Sciences and environment 13 4,173,585
Manufacture of machinery and equipment, instruments 5 1,566,063
Mathematics, informatics, electronics 17 5,228,837
Medicine 13 2,707,654
Metals and alloys 8 2,767,266
Non-metal materials 4 1,483,169
Economics, social sciences and jurisprudence 2 406,836
Total 12 22,074,951
Source: CDG.

Note: Budget data 2016 are plan data as of 16 Dec. 2016.

Table 28:  CDG: JR Centres by thematic cluster, 2016

Thematic clusters Number of JR Centres Budget [in €]
Chemistry 1 114,625
Life Sciences and environment -

Manufacture of machinery and equipment, instruments -

Mathematics, informatics, electronics 6 1,743,511
Medicine 1 180,120
Metals and alloys -

Non-metal materials 1 120,640
Economics, social sciences and jurisprudence =

Total 9 2,158,896
Source: CDG.

Note: Budget data 2016 are plan data as of 16 Dec. 2016.

200 Austrian Research and Technology Report 2017



	Executive Summary
	1 Aktuelle Entwicklungen
	1.1 Entwicklung der F&E-Ausgaben auf Basis der neuen Globalschätzung
	1.2 Die Position Österreichs im internationalen Vergleich
	1.2.1 Entwicklung der Position Österreichs bei zentralen Indikatoren
	1.2.2 Österreichs Innovationsleistung aus einer Multi-Indikator-Perspektive auf Basis des EIS
	1.2.3 Österreichs Position in anderen internationalen Innovationsrankings
	1.2.4 Resümee


	1.3 Strategische Maßnahmen, Initiativen und Weiterentwicklungen

	2 Die großen Förderagenturen des Bundes
	2.1 Wissenschaftsfonds (FWF)
	2.2 Forschungsförderungsgesellschaft (FFG)
	2.3 Austria Wirtschaftsservice (aws)

	3 Neue Innovationsparadigmen
	3.1 Open Innovation, Schutz- und Eigentumsrechte
	3.1.1 Ziele und Motive
	3.1.2 Empirische Befunde für Österreich
	3.1.3 Empirische Befunde im internationalen Vergleich
	3.1.4 Open-Innovation-Strategien in Europa und Österreich


	3.2 Radikale Innovationen
	3.2.1 Radikale Innovation und verwandte Begriffe: eine Abgrenzung
	3.2.2 Empirische Illustration
	3.2.3 Bestimmungsfaktoren bedeutender Innovationen (Major Innovations)
	3.2.4 Handlungsoptionen auf nationaler Ebene
	3.2.5 Resümee


	3.3 Responsible Research and Innovation (RRI) und Citizen Science
	3.3.1 RRI in Österreich
	3.3.2 Exkurs: Ethik als Dimension von RRI
	3.3.3 Citizen Science



	4 Digitalisierung: Forschung, Innovation 
und Arbeitswelt
	4.1 Digitalisierung im Bereich Wissenschaft und Forschung
	4.1.1 Digitalisierung des wissenschaftlichen Forschungsprozesses 
	4.1.2 Open Access und Open Data
	4.1.3 Infrastrukturen für Open Access und 
Open Data
	4.1.4 Big Data 
	4.1.5 Datengetriebene Forschungsmethoden 
	4.1.6 Digitalisierung als Forschungsgegenstand
	4.1.7 Resümee


	4.2 Digitalisierung und Innovation im Unternehmenssektor
	4.2.1 Industrie 4.0: empirische Ergebnisse für Österreich 
	4.2.2 Dienstleistungen als Innovations- und Wachstumsmotor
	4.2.3 Resümee


	4.3 Technologischer Wandel, Beschäftigung und Qualifikationsanforderungen
	4.3.1 Bedeutung von Innovationsaktivitäten für die Organisation der Beschäftigung in österreichischen Unternehmen
	4.3.2 Geht uns die Arbeit aus? – Beschäftigungseffekte neuer Technologien
	4.3.3 Arbeits- und Qualifikationsanforderungen
	4.3.4 Resümee



	5 Österreich im Europäischen Forschungsraum 
	5.1 Die österreichische ERA Roadmap 
	5.1.1 ERA-Cockpitindikatoren: das ERA Dashboard
	5.1.2 Resümee


	5.2 Österreichs Performance in Horizon 2020
	5.3 Österreichisches Engagement in transnationalen F&E-Kooperationen
	5.3.1 Österreichische Beteiligung an transnationalen F&E-Kooperationen
	5.3.2 Die Finanzierung transnationaler 
F&E-Kooperationen
	5.3.3 Resümee



	6 FTI-Evaluierungskultur und -praxis
	6.1 FTI-Evaluierung in Österreich
	6.1.1 Nützlichkeit und Nutzen von Evaluierungen
	6.1.2 Herausforderungen und Trends
	6.1.3 Resümee


	6.2 Ergebnisse ausgewählter Evaluierungen
	6.2.1 Die Evaluierung des Institute of Science and Technology Austria (IST Austria) – Bericht des internationalen Evaluierungskomitees
	6.2.2 Die Programmevaluierung Haus der Zukunft 1999–2013
	6.2.3 Evaluierung des Kreativwirtschaftsschecks
	6.2.4 Evaluierung der Innovationsscheck-Programme 
	6.2.5 Evaluierung der Forschungsprämie 
gem. § 108c EStG



	7 Literatur
	8 Anhang I
	8.1 Erläuterungen zu Abkürzungen 
von MULLAT-Typen
	8-3 Übersicht Partnerorganisastionen – „Allianz für Responsible Science“  
	8-4  Übersicht an Open-Innovation-Maßnahmen und dazugehörigen aktuellen Umsetzungsbeispielen

	9 Anhang II
	Forschungsförderungen und -aufträge des Bundes lt. Bundesforschungsdatenbank

	Executive Summary
	1  Current Trends
	1.1	Trend of R&D expenditures based on new global estimate
	1.2	Austria’s position in international comparisons
	1.2.1	Development of Austria's position in terms of the key performance indicators
	1.2.2	Austria's innovation performance from a multi-indicator perspective based on the EIS
	1.2.3	Austria’s position in other international innovation rankings
	1.2.4	Summary

	1.3	Strategic measures, initiatives and further developments

	2 Major Federal Funding Agencies in Austria
	2.1	The Austrian Science Fund (FWF)
	2.2	The Austrian Research Promotion Agency (FFG)
	2.3	Austria Wirtschaftsservice (aws)

	3 New Innovation Paradigms
	3.1	Open innovation, copyrights and trademarks
	3.1.1	Goals and motives
	3.1.2	Empirical findings for Austria
	3.1.3	An international comparison of empirical findings
	3.1.4	Open innovation strategies in Europe and Austria

	3.2	Radical innovations
	3.2.1	Making sense of radical innovation and related terms
	3.2.2	Empirical illustration
	3.2.3	Determining factors for Major Innovations
	3.2.4	Political options for action
	3.2.5	Summary

	3.3	Responsible Research and Innovation (RRI) and Citizen Science
	3.3.1	RRI in Austria
	3.3.2	Excursus: Ethics as a dimension of RRI
	3.3.3	Citizen science


	4 Digitalisation: Research, Innovation 
and the Work Environment
	4.1	Digitalisation in the area of Science and Research
	4.1.1	Digitalisation of the scientific research process 
	4.1.2	Open Access and Open Data
	4.1.3	Infrastructures for Open Access and 
Open Data
	4.1.4	Big Data 
	4.1.5	Data-driven research methods 
	4.1.6	Digitalisation as an object of research
	4.1.7	Summary

	4.2	Digitalisation and innovation in the business enterprise sector
	4.2.1	Industry 4.0: empirical results for Austria 
	4.2.2	Services as drivers of innovation and growth
	4.2.3	Summary

	4.3	Technological transformation, employment and qualification requirements
	4.3.1	The role of innovation activities in the organisation of work in Austrian firms
	4.3.2	Is work drying up for us? – The impact of new technologies on employment
	4.3.3	Working and qualification conditions
	4.3.4	Summary


	5 Austria in the European Research Area 
	5.1	The Austrian ERA Roadmap 
	5.1.1	ERA cockpit indicators: the ERA Dashboard
	5.1.2	Summary

	5.2	Austria’s performance in Horizon 2020
	5.3	Austria’s engagement in transnational R&D collaborations
	5.3.1	Austrian involvement in transnational R&D collaborations
	5.3.2	Financing transnational 
R&D collaborations
	5.3.3	Summary


	6 Evaluation Culture and Practice
	6.1	RTI evaluation in Austria
	6.1.1	Usefulness and use of evaluations
	6.1.2	Challenges and trends
	6.1.3	Summary

	6.2	Results of selected evaluations
	6.2.1	The evaluation of the Institute of Science and Technology Austria (IST Austria) – Report of the international evaluation committee
	6.2.2	The programme evaluation Building of Tomorrow 1999–2013
	6.2.3	Evaluation of the Creative Industries Voucher
	6.2.4	Evaluation of the Innovation Voucher programme 
	6.2.5	Evaluation of the research tax premium 
in accordance with Section 108c of the Austrian Income Tax Act


	7 Literature
	8 Annex I
	8.2 Explanations of the abbreviations 
for MULLAT types
	8.3 Overview of partner organisations – "Alliance for Responsible Science"  
	8.4  Overview of open innovation measures and associated current examples of their implementation

	9 Annex II
	Research funding and research contracts of the federal government according to the federal research database

	10  Statistics

