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| ntroduction

For the Austrian technology policy, parallel to the work carried out at the OECD, the concept
of the National System of Innovation has evolved as alinchpin for the design of policy, e.g. it
forms the basis in the latest government white paper on technology policy. A deeper
knowledge of the functioning of the National Innovation System, especially the ways
knowledge is produced, disseminated, adopted and put to useiswidely percieved asa
necessary prerequisite for advanced policy making in this area. It isin this context that
Austria has decided to actively take in the work of the OECD".

This paper summarizes the results from research touching three different aspects of
knowledge flows within the Austrian Innovation System, namely

* international R& D spill-overs,

» knowledge flowsin three clusters of the Austrian economy, and

* interactions between the university sector and the enterprises.

Aswe shall argue, these three aspects are of central importance to the functioning of the
Austrian NIS.

The paper is organised accordingly, starting with a short description of the postwar

development of the Austrian NIS, some of its main features (which still form the underlying

structure of the Austrian NIS to a certain extent) and the prominent role that technology spill-

overs from abroad have had in the process of rapid economic ‘catching-up’. It is argued, that
this phase of diffusion oriented growth (mainly by imports of capital goods and purchases of
patents and licenses) has reached some limits and has to be complemented by more advanced
forms of ‘adoption capabilities’ (increase in firms in-house R&D, more active access to

external sources of knowledge etc.) in order to cope with the increased knowledge-intensity

of the economic activities.

' This paper is part of the Austrian contribution to the OECD project on “Knowledge flows in National
Innovation Systems”. It dwells on work carried out within the framework of the Austrian TIP (technology policy
information and consulting programme: see for a short description: http://www.bmwf.gv.at/lbm/
board/05tip.htm), a three years research and consultancy programme financed by the (former) Ministries of
Public Economy and Transport and Science and Research respectively. The next three years phase of the
Austrian TIP will be jointly financed by the newly formed Ministry of Science, Transport and Cultural Affairs

and the Ministry of Economic affairs.
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The second part is devoted to a description of three clusters (forest, telekommunikation,
pharmaceuticals), which are organised very differently with respect to the way knowledgeis
produced and diffused (in some respect, they might be even called ‘paradigmatic cases’).
Different types of the classification of the respective ‘knowledge-bases’ are employed,
inculding the taxonomy elaborated by Pavitt (1984). It is shown that Austria only has a
‘complete’ cluster in the tradtional sector (forest), while the other clusters are ‘incomplete’ in
the sense that improtant parts are located elsewhere. Up to now competitive advantages can
predominantly be found in the traditional clusters which at the same time are the larger part of

the Austrian industry.

The third part tries to shed some light on the relation between the universities as the main
producer of (mainly) scientific knowledge and the enterprise sector. Among other sources, the
results from a survey are presented that investigated the interactions between the universities
and the enterprise sector from the point of view of the universities. (The next phase will focus
on the enterprises’ perception and will try to go beyond what can already be depicted from

the National Innovation Surveys).

Finally, some general conclusions for the design of technology policy based on (National)
Innovation Systems approaches are presented. The main result is that the process of policy
formulation must address an increased complexity and, to effectively do so, must develop

new ways of co-ordination and interaction and deploy new policy instruments.
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Statistical Problems Encountered

In the course of this study, we were facing considerable shortcomings in the availability of
statistical information, even with respect to rather conventional statistics. These shortcomings

include:

* Long publication lags of basic official R&D sttistics;

» outdated input-output tables (most recent year available: 1983) which are indispensible for
anumber of analytical applications (e.g. for the estimation of inter-industry R& D
spillovers);

» alack of comprehensive statistics on information technologies (in particular applications);

» alack of diffusion surveysin core areas of technology;

» gporadic innovation surveys (most recent year available: 1990);

» alack of co-ordination between national and international institutions (including OECD)
resulting in

» aninsufficient representation of Austriain relevant international comparisons as well as
related analytical databases (e.g. ANBERD).

In the following, an overview of relevant data sources and (actually or potentialy) available
indicatorsis given. In the second phase, some of these indicators (as far as possiblein

coordination with other countries) will be applied or devel oped.
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The Austrian System of Innovation in Historical
Perspective

Although the Austrian system of innovation has been undergoing a continuous and
accelerating process of adaption and change, the historical heritage as reflected in structural
features of the economy as well as the particular role played by knowledge generation and
distribution within these structures cannot be neglected when analyzing the prevailing

features and the functioning of Austria’ sNIS.

By and large, Austria’s economic development after World War Il can be rated among the
success stories of industrial laggards starting from a comparatively low level of economic
performance when compared to the "technological frontier" (represented by the U.S.),
gradually narrowing thisinitial gap in the following decades. As Steindl (1977) and others
have argued, the favorable path of economic development taken by Austria’ s industry after
World War |1 was largely sustained by importing advanced capital goods (embodied technical
change) from abroad.

Using the analytically important distinction between an economy’ s growthpotential and its
realization - as put forward by Abramovitz (1986, 1991) - the historical position of Austria’'s
economy after World War Il was marked by alarge productivity gap vis-a-vis the
technological frontier and thus by considerable opportunities or potentials for catching up by
adopting advanced production processes and methods of organization. The comparatively low
productivity standards of the Austrian industry were due, among others, to the low rates of
capital accumulation before the war resulting in an unfavorable age-composition of the
inherited capital stock. An exception to this were the industrial complexes, primarily in the
domain of heavy industries, which were created during the period of Austria s absorption into
Nazi Germany (1938-45) as part of the German war economy. These complexes added a new
element to the post-war structure of the Austrian economy and played avital rolein the
period of re-construction as implicitly recognized by industrial policiesimplemented during

that period. Furthermore, these new industries - such as basic metals - emerged as an

ARCS/WIFO September 1996
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important source of industrial innovation at that time. A well-known example is the the basic
oxygen process in steelmaking in which Austria pioneered in the early 1950s (see, e.g., Ray,
1989). Simultaneously, however, their existence - and possibly the delayed initiation of a
fundamental process of re-structuring - prepared the ground for the bias of the Austrian
manufacturing sector towards the production of raw materials which - to a certain extent -
makes itself felt until today. Turning to the second part of Abramovitz' s distinction, viz. the
realization of growth potentials deriving from arelatively backward position, Austria
possessed a sufficiently high degree of "social adoption capabilities’ to grasp the
opportunities of backwardness. These capabilities included, among others, institutional
factors such as the evolution of the genuinly Austrian form of "social partnership"”, which
gave riseto adistinct framework for macroeconomic policy options, or the relatively

favorable levels of education and training of the labor force.

At the macroeconomic level, these historical experiences, which were marked by rapid
productivity growth and positive growth differentials of per-capitaincome levelsvis-a-vis
initially more advanced countries paired with a comparatively low level of domestic R&D
activities persistently shaped the attitude towards the role of domestic industry-related
research in Austria’ s economic devel opment. "Progress without research™ (Marin, 1986,
1989), based on a strategy of rapid adoption and externally provided equipment and
production techniques without investing substantially in domestic R& D appeared as aviable

option for economic development.

In recent years, this orientation of industry has come under more ore less intense scrutiny
both from economic research and through an increased awareness of industry with respect to
its knowledge base. In fact, there are a number of reasons necessitating this re-orientation.
The process of catching-up of Austriavis-a-vis the most advanced industrialized countries (in
terms of productivity and per-capita-income levels) has virtually reached its limits. Of course,
convergence implies that the "advantages of backwardness" vanish as a source of positive
growth differentials. With increasing openness of the world economic system and an
increasing number of (potential) competitors, the opportunities for creating competitive
advantages by more or less "passive" adoption of widely available equipment and
technologies are increasingly wiped out. The outstanding role of innovation (and the
concomitant temporary monopoly profits accruing to the innovator) in contemporary

economic growth - fervently stressed by the Austrian economist Joseph A. Schumpeter in the

ARCSWIFO September 1996
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past - is not only recognized in new strands of economic theory such as endgenous growth
theory (see, e.g., Grossman - Helpman, 1991), but has become common wisdom in the
business community. Product differentiation, product quality improvements, the
flexibilization of production etc. tend to increase the importance of product innovations vis-a-

Vis process innovations.

Moreover, thereis ample evidence both at the firm and the macro level that own (domestic)
investment in R& D facilitates the absorption of knowledge produced elsewhere. Studies of
technology diffusion conducted at the firm level have indicated that firm’s own R&D
activities enhance their capabilities to monitor and assess technological developments
accomplished by other actors (whether these are located inside or outside the national
borders) and reduce the cost of imitation and technology transfer. On the other hand, at the
macro level thisissue has emerged from the recent research on convergence (of productivity
or income levels) across countries. The emergence of thiskind of interaction between own
and external knowledge stocks or "absorptive capacities’ (Cohen - Levinthal, 1989)
realistically tends to blur the distinction between "pure”" knowledge generation and

phenomena of technology diffusion, adoption, or imitation.

Technologically lagging countries may initially rely on more or less passive strategies of
importing foreign technology, often channeled by investment decisions of corporations from
advanced countries, without engaging in substantial R& D efforts of their own (see on this
issue Hutschenreiter - Kaniovski - Kryazhimskii, 1995). More advanced countries, on the
other hand, are likely to exhibit a much more complex pattern of interaction between own
R&D and externally produced knowledge. With open markets, simple imitation is not a
viable strategy for countries having reached alevel of unit manufacturing costs close to those
of the technological leaders. On the other hand, the creation of "absorptive capacities' isa
viable strategic option even for advanced countries which may enjoy an added advantage if
there are minimum levels of the domestic R&D capital stock in order to interact effectively
with externally produced knowledge. To summarize, these arguments may lead one to expect
that the significance of interactions between own and external knowledge stocks increases

with acountry’s level of economic development.

ARCSWIFO September 1996
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Some Features of the Present State of the Austrian
NIS

Today, Austria still exhibits arelatively low ratio of R&D expenditure to GDP (1.55% in
1994, 1.5% in 1995) as compared to the most advanced industrialized nations (see tab. 1).

Tab. 1

GERD as a percentage of GDP

1983 | 1984 | 1985 | 1986 | 1987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993
Austria 123 |127 |127 (131 |132 |135 (1,37 |142 |150 (148 |152

Belgium 162 164 |168 |168 [168 |164 |1,70 |1,69 |1,66

Denmark 1,19 1,22 |125 (1,32 |142 |149 (155 |163 |1,70 |1,75 |1,80

Finland 136 [149 |158 [168 |1,76 |1,80 (1,83 |191 |2,07 (218 | 222

Netherlands | 1,99 | 1,93 | 2,06 | 2,18 |2,28 |2,22 |212 |2,02 |191 [1,87 |1,89

Sweden 2,55 2,88 2,98 2,94 2,86 3,26
Switzerland | 2,28 2,88 2,86 2,68
EU 177 {181 |190 (192 [197 |19 (198 | 20 |1,97 [196 |1,97

Source: OECD Main Science and Technology Indicators

Apart from the historical background described above, this comparatively low R&D intensity

may be attributed to a number of structural features of the Austrian economy such as:

» The comparatively high sharein GDP of sectors with low or negligible R& D expenditure
(such as tourism).

» The absence of Austrian multinational enterprises of European, let alone global standards.
Despite recent tendencies towards globalization of R&D activities - for an empirical
account see, e.g., Pearce-Singh (1992) - the lion’s share of the latter still remains
concentrated at corporate headquarters.

» "Large" industrial producers are often to be found in less R& D intensive traditional

ARCSWIFO September 1996
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consumer goods or basic industries (e.g. pulp and paper).

» The predominance of small and medium-sized enterprises.

The last point deserves some additional remarks. Econometric evidence based on the WIFO
Technology and Innovation Survey (see Hutschenreiter - Leo, 1994) is consistent with the
hypothesis of a proportionate (linear) relationship between R& D expenditure on variables
reflecting firm size (employment and sales). This result turns out to be rather robust; it holds
uniformly true at the aggregate and sectoral level and irrespective of the size measure chosen.
Moreover, the same results hold true for aregression of the more comprehensive independent

variable ‘innovation expenditure’ on size.

The regression of R&D employees (instead of R&D expenditure) on the size variables onthe
other hand indicates a degressigkationship which may be due to size-dependent

differences in the quality of the R&D labor force or in the factor proportions in R&D

activities. Thus, large enterprises can hardly be qualified as Schumpeterian "engines of
progress" in Austria. This fact may be interpreted in the context of the two preceeding points
regarding multinationals and large "national” enterprises. On the other hand, the estimates of
Hutschenreiter and Leo are based on a sample of firms which actually do engage in R&D (or
innovative) activities. However, it is well-known that small enterprises face higher barriers of
entry to R&D and thus the probability of their entering the population of R&D-performing

firms is lower than for large enterprises.

The ability of many Austrian SMEs to utilize external ressources in the innovation process
(consultants, universities, domestic and foreign research institutes) is limited. The
overwhelming majority exhibits shortcomings in the sphere of management and strategy
development as well as organisational problems in the introduction of new technologies (see
e.g. Polt, Dell’Mour 1992 for the introduction of advanced manufacturing technologies and

Haubert et al. 1994 for the use of patent information by SMES).

Other indicators measuring inputs in the R&D/innovation process - such as the share of RSE
(or university graduates in the labor force, see tab.2) - point in the same direction as
international comparisons of the share of R&D expenditure in GDP. The technology balance
of payments shows a rather stable coverage ratio of approximately 30%, thus indicating a

substantial relative dependence on technology imports (tab.3).
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Tab.2
Total RSE (or University Graduates) per Thousand Labor Force
1983 | 1984 | 1985 | 1986 | 1987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993

Austria 2,3 2,5
Belgium 32 |34 |36 |38 |39 |40 |43 |44 |43
Denmark 28 |30 |31 |33 |35 |36 |38 |40 |41 |44 |47
Finland 3,7 4,1 55 6,1
Netherlands 3,8 4,2 3,9 4,0 4,3
Sweden 4.4 50 51 5,7 59
Switzerland 4.4 4,6 4.8
EU 3,5 3,7 4,0 4,2 4.4
Source: OECD Main Science and Technology Indicators
Tab.3

Technology Balance of Payments. Cover age Ratio

1983 | 1984 | 1985 | 1986 | 1987 | 1988 | 1989 | 1990 | 1991 | 1992

Austria 020 {0,299 |0,26 |0,26 | 0,25 |0,27 (0,33 {032 |0,26 |0,29
Belgium 08 (082 |08 |087 |0,712 (0,70 (0O, 77 [0, 75 |0,82 |0,90
Denmark 098 |09 |1,14
Finland 0,06 {004 {004 |0O05 |013 0,16 0,16 |0,14
Netherlands 0,89 {08 |080 |09 |104 (099 (092 (104 [082 |1,01
Sweden 2,19 1,77 3,32 5,47 0,99

Source: OECD Main Science and Technology Indicators

However, it is worth noting that turning from R& D expenditure to a broader measure of

innovative activity (innovation expenditure), Austria’ s manufacturing sector appearsto lag

considerably less behind technologically more advanced countries. Innovation expenditure

ARCS/WIFO
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covers not only (R& D) expenditure related to the generation of technological knowledge but
also expenditure related to the adoption of technology (outlays for construction and design,
utility patents and licenses, expenditure for production and marketing start-ups and process
innovation). According to the WIFO Technology and Innovation Survey (Leo-Palme-Volk,
1992), the innovation coefficient (innovation expenditure as percentage of turnover of
establishments performing R& D activities) amounted to 4.8% in 1990. The respective figure
for the FRG was just 0.6 percentage points higher. However, available empirical evidence
indicates that - compared to their counterparts in other industrialized nations - Austrian

enterprises invest relatively more in process than in product innovations.

Technology and Foreign Trade

Taking along-run perspective (see for the following Hutschenreiter-Peneder, 1996), Austria
was able to maintain its share in total exports of OECD countries to the world (1960: 1.34%;
1970: 1.30%; 1980: 1.40%) and to increase it to 1.64% in 1992 (followed by some declinein
the wake of the appreciation of the Austrian Schilling). However, Austria suffers from a
structural deficit in its trade balance. Moreover, unit values (which may be interpreted as an
indicator of quality) of exports of manufactures (SITC 5-8) are about one third lower than
corresponding import unit values. However, this constellation cannot be attributed to an
across-the-board quality deficit at the product level but is mainly due to the structural

composition of foreign trade flows, i.e. a"lock-in" in product groups with low unit values.

Looking at the specialization patterns of Austrian foreign trade (by means of an Revealed
Comparative Advantage indicator, seetab.4) disaggregated by production technologies, we
find a specialization in manufactures produced by ressource-intensive and capital-intensive
technologies. For high-technology goods, the RCA indicator is strongly negative. However,
the specialization pattern is steadily changing over timein favor of human capital-intensive,
high- and medium technology goods and at the expense of ressource- and capital-intensive

goods.
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Tab.4

Revealed Compar ative Advantage (RCA) by Production Technologies

Austria Switzerland Sweden

1989 1994 1989 1994 1989 1994

Human capital intensive| -0,13 -0,06 0,09 0,10 0,03 0,00

High technology -0,48 -0,32 0,37 0,38 -0,38 -0,43
M edium technology -0,17 -0,10 -0,00 0,05 0,11 0,18
Capital intensive 0,13 0,09 -0,31 -0,46 -0,55 -0,42
Labor intensive -0,06 -0,10 -0,06 -0,08 -0,31 -0,34

Ressource intensive 0,45 0,39 -0,26 -0,23 0,46 0,37

Revealed Comparative Advantage (RCA) values measure the export-import balance of a group of commodities relative

to total foreign trade: + implies a relative export surplus, - an import surplus.

Source: Austrian Institute of Economic Research (WIFO)

International R& D Spillovers

Empirical evidence regarding the international dimension (international R& D spillovers) is
scarce. Empirical research on international R& D spilloversis comparatively young and the
body of econometric literature dealing with thisissue is much smaller than that on inter-firm

or inter-industry spillovers.

Austriabeing asmall country behind the technological frontier contributes to the fact that
Austriaisless frequently included in international studies of that kind. An exception isthe
study by Coe - Helpman (1995) which is based on panel datafor 21 OECD countries plus
Israel for the period 1970-90. Coe and Helpman regress TFP on the domestic R& D capital
stock and a spillover variable. The latter consists of the external (foreign) capital stock of the
respective country (the sum of the import-share weighted domestic R& D capital stock of
partner countries) multiplied by the import share of the country (as a measure of "openness").
Regarding Austria, Coe and Helpman find evidence for an extraordinarily high elasticity of
TFP with respect to the German R& D capital stock. The authors estimate a higher elasticity
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of TFPjust for afew other countries (Canada, Isragl, Ireland, Belgium, the Netherlands,
Norway with respect to the U.S. R& D capital stock and Belgium with respect to the German
R&D capital stock). The impact of changesin the U.S. R&D capital stock on productivity in
Austria appears relatively small.

Empirical Evidence for R&D Spilloversin Austria

Primarily due to the lack of recent input-output tables, only rudimentary evidence regarding
the importance of R&D spillovers (external effects of R&D investment on productivity
growth on other firms or industries) is available. Existing estimates are confined to the effects
of R& D investment on productivity growth within branches of the Austrian manufacturing
sector (Hutschenreiter, 1994, 1995). These estimates include intra-industry spillovers, but do
not take into account externalities operating across industry borders (inter-industry
spillovers). Nevertheless, the available evidence gives some support to (or at least does not

contradict) the hypothesis of a changing role of R&D in Austrian manufacturing.

In the cited study no significant dependence of industry total factor productivity (TFP)
growth on R&D intensity could be identified for the period 1972-83. During that period some
supplier-dominated industries (such as the textiles and paper industries) were realizing
particularly high rates of TFP growth by modernizing their capital stock, thus confirming the
"traditional” pattern of sustaining productivity growth by embodied technical change (to a
considerable extent imported from abroad) without own R&D. This particular pattern of TFP
growth and R&D intensity appears to have changed in the 1980s (1978-89). In the 1980s, the
rate of return on R& D investment was significant and estimated to be in the range of 33-39%.
This supports the view that a change in the productivity growth "regime" was under way.
However, it hasto be noted that even in the 1980s significant returns could be attributed only
to the"D" (development) component and not to the "R" (research) component of R&D
investment. This may be due to the fact that Austrian industrial research suffers from
segmentation and inefficiencies, while incremental experimental development is much better
established and integrated in manufacturing companies. Thus, the Austrian industry seems to

be rather far removed from a situation - typical for a number of advanced industrialized
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countries - where more basic research activities are promising high social rates of return.
Moreover, deviating from the results of numerous studies, the estimates for Austria do not
substantiate a statistically significant difference between privately and government funded
R&D investment. However, it hasto be borne in mind that the role of basic research appears
to vary across countries or NIS. For Japan (in contrast to results for the US), Mansfield
(1988), for example, found higher rates of return on applied research than on basic research.
Also, the decomposition of total R& D investment into privately and publicly financed R& D
seems to reflect institutional factors such as the role of government in the innovation system
and the "rules of the game" (Lichtenberg, 1992, p. 3) of financing R& D. Among the possible
explanations for lower rates of return on government financed R& D figure the selection
criteriafor public R&D funding or the fact that government funding of R&D is, in many
cases, biased towards the defense or aerospace industry which may create comparatively low

inter-industry spillovers or are notoriously plagued by problems of real output measurement.
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Clusters of the Austrian Economy - different
knowledge basis, different knowledge flows

While alook at the aggregate level of the NIS in total does already reveal some basic
characteristics of aNIS, it has to be complemented by anaysis on a more disaggregate level as
well. One especially promising way to conceptualize such a ‘meso-level’ is the analysis on

industrial or technological ‘clusters’.

As ‘clusters’ we define a closely interrelated set of economic activities in a production chain
that is characterized by strong input-output relations, a common institutional framework and
high externalities within the clustehe character of such externalities was already a central
focus of the work of Alfred Marshall. As a source of such externalities, he identified what
modern terminology would call a pooled labour mérksgtecialised supplier industriesd

knowledge spill-overs

2

Other authors using a different labeling use rather similar definitions: e.g. Glatz, H. et a.1991, Ahonen, P.

1995 define “Industrial complexes” as networks between (a) public authorities, (b) R&D institutions, (c) firms

and (d) consumersusers of the goods and services .. produced within the complex. These networks have (formal
and informal) governance structures, determining the interactions, and thus the innovative activities, of the
actors. For an overview of meso-level systems approaches see Marceau 1995.

°"_..alocalized industry gains a great advantage from the fact that it offers a constant market for skill. Employers
are apt to resort to any place where they are likely to find a good choice of workers with the special skill they
require”

* "...subsidiary industries devoting themselves each to one small branch of the process of production, and
working it for a great many of their neighbours, are able to keep in constant use machinery of the most
specialized character, and to make it pay its expenses"

°"_..inventions and improvements in machinery, in processes and the general organization of the business have
their merits promptly discussed: if one man starts a new idea, it is taken up by others and combined with
suggestions of their own; and thus it becomes the source of further new ideas" (all guotations from
MARSHALL 1920, 271)
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The rational for embarking on that kind of meso-level analysisis at least threefold:

* First, it can be observed that nations - whatever their overall level of innovation activities -
succeed not across the whole range of industries, “..but in clusters of industries connected
through vertical and horizontal relationships" (Porter 1990). This specialisation pattern is
also a reflection of the different technological trajectories which are prevailing in a

country.

* Second, the patterns of knowledge flows differ strongly between clusters - and between
countries specialised around different clusters. Qualitative empirical analysis about the
specificities of knowledge flows can hence only be obtained on this more disaggregate
level.

Third, instead of either carrying out policy measures only on a general level which will effect

different industries very differently or supporting special branches of even individual firms,

technology policy could find a special leverage in measures supporting clusters. Policy
measures of that type might be seen a means to maximise the leverage effect (using the
potential high externalities that are supposed to prevail within a certain cluster) while

avoiding the danger of being either too general or too narrowly defined.

In the course of the Austrian TIP programme, three (potential) clusters were studied: (a) the
Forest cluster (see Bayer et al. 1993), (b) the Telecommunications Cluster (see Leo etal.

1994) and (c) the Pharmaceutical cluster (see Joerg et al. 1995). The results of these (broader)
cluster studies with regards to the different types of knowledge flows and interactions

between the main actors within the cluster are presented below. It turned out that - not
surprisingly - the modes of knowledge production and channels knowledge flows differ
markedly between the clusters. The taxonomy of Pavitt (1984) was employed to describe
these differences. According to this taxonomy clusters can be labeled as either being (a)
science-based, (b) supplier-dominated or (c) production (i.e. scale) intensive. In both of the
latter categories, technology is mainly imported, but in very different ways combined with

knowledge generated in the sector itself.

In science-based clusters (e.g. pharmaceuticals, bio/medicine, electical and electronical
engineering) close collaboration with the universities and research institutes and sometimes

also strong formal links to the institutions of the technological infrastructure can be found.
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They also exhibit ahigh R&D- and patent-intensity, generally employ the magjority of
scientists and engineersin the enterprise sector and it isin these fields that firms aso co-

publish papers with scientific institutions in a growing number.

Science-based clustersin most of even highly developed industrial economies account for

only asmall, albeit growing, share of total output. Thisis even more so in the small

economies where ‘resource-intensive’ clusters (oil, forest) have a prominent role like

Norway, Finland and Austria. In these clusters, it is maily the interplay of specialised
suppliers with (often) scale intensive users and specialised parts of the technological
infrastructure that drives innovation. Here, not the access to the frontier of scientific
knowledge that is essential, but the skillfull ,management of socially distributed knowledge*
(Gibbons) of all kinds. Innovative firms in these clusters - although not ‘research-intensive’

by standard measures - increasingly use a multiplicity of sources of advanced and specialised
knowledge stemming from the suppliers of specialised equipment, (leading) users, technical

centres, etc.
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The Austrian Forest Cluster - the Austrian NIS in a nutshell

General description

The wood and paper cluster is one of the most outstanding sector within the Austrian
industry. This position is not only based on the fact, that it is the largest single sector, but
results also from a series of characteristics, which are both paradox and at the same time

highly typical for the Austrian industry and innovation system.

The Austrian wood and paper cluster isthe largest single sector within the Austrian industry.
It covers 5,6 % of all companiesand 5,7 % of all employees (= 126.000). Austriaranges on
the 6th position in timber production after Schweden, Germany, Finland, France and Poland.
The value added is around 45 billion ATS, which equals 4,7 % of the total industry value or

9,5 % of the productive sector.

The comparatively higher share of employees than that of the share of value added indicates a
productivity rate beyond the average (80 %). Although there is a high productivity rate in
paper and fibre board production, these subsectors cannot outweigh the low productivity rate

of sawing, furniture, and construction sector.

Austria has a share of exports within the OECD countries of about 1,6 %. Any single
subsector - except pulp - has a significantly higher export rate as compared to the overall
export. The dominating subsectorsin this respect are timber and paper production. Although
the wood-paper cluster exhibits a high export specialization, the export range is to some
extent restricted and vulnerable due to low unit-values of exports as compared to its
competitors. In fact, there is ainverse relationship between export rate and unit-value: (i)
higher levels of export specialization in low-prize segments, and (ii) the lower prizesin low-

prize segments.
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Characteristics of technological changein the Austrian Forest cluster

A comparison with Sweden, Canada, Finland (with rich wood resources) and Germany and
Italy (with poor wood resources) reveals a striking characterisitic of the paper-wood sectors
throughout different countries: The better the resource endowment, the weaker the value
added from this endowment. Countries with alarge wood base concentrate their techno-
economic activities mainly on the early stages of the value-added-chain, while countries with
apoor endowment are more focused on goods and products with high value-added and unit-

values.

The strong focus on sawing and sawing products, which cover the main part of the wood-
paper cluster are to some extent locked-in into paths, established in the 70ies and early 80ies.
These paths are determined by heavy investment into a new generation of (large scale)
sawing technologies, which had their productivity optimum at higher production volumes.
Thus modernization compelled expansion of firm size. A shake-out-process could then be
observed: Large firms became larger, smaller ones closed down, medium sized firms came

under pressure to grow or to diversify up-stream or to close.

A similar pattern of inflexibility could and still can be observed in the paper and pulp
subsector aswell asin fibre board production, which is caused by the large scale equipment

in paper or board production machinery and equipment.

Although thereis a strong need for innovation and diversification into products with higher
value added, the attempts for innovation and structural change are rather low. The
expendituresfor RTD are less than half of the average of the industry as awhole.
Furthermore, these expenditures are predominantly (2/3) oriented towards process optimiza-
tion. The potential for endogenous innovation is rather low, most of the innovations are
stimulated from outside: equipment suppliers and suppliers of materials and components
(mainly from the chemical industry) are the main sources of (improvement) innovations. At
the same time there is both a certain lack of advanced demand and alack of significant input
from academic research or from contract research organizations. Generally, the mayor players
in the arena of invention and innovation are equipment suppliers and suppliers of products

and components. Hence, the main activities are improvement and optimization and thus
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The Telecommunication Cluster: A sheltered Cluster in
Trangition

Asamost in any country the Austrian telecommunication market was highly protected over
decades by a monopolistic network operator and service provider vis-a-vis a national oligo-
poly in the transmission, switching, and terminal equipment market. This stable structure
which was the basis for adistinct pattern of innovative activities disappeared successively as
aresult of a stepwise liberalization of the telecommunication market throughout Europe.
Looking at the "embedded" structure of the corresponding innovation processes we can

observe avariety of patterns of innovation behaviour.

General characteristics of the Austrian Telecommunications Cluster

I

The sheltered Cluster in transition

0 large monopoly ininfra- 0 many small start-up-firms

structure and tel ephony in VANS and content,
new entrants (GSM)

0 oligopoly in switching 0 polypoly in terminal
equipment equipment and software

0 national clusteringalong U emerging: new entrants
the entire value-chain from abroad, alliances

0 supplier / scale dominated O Orientation towards
regime (equipm. - network services applications, user
services - applications) needs, content (with lacks

| in multimedialbroadband)

The monopolistic regime: Technology imports and adaptation

Core technology of any telecommunication system is switching technology. It determinesto a
high degree the architecture, the range of services offered, and the performance of a
telecommunication system. With respect to the Austrian telecommunication system a

decision concerning network-digitalization was made in the late 70ies to adopt two different
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systems, one from Siemens (Germany) and one from Northern Telecom (Canada). In this
respect a direct technology transfer by licensing occured. A second decision was made, to
join these two systems and to create a new one in order to meet specific service features
which was desired by the Austrian PTO.

Actually we find here some sort of joint policy action: One the one hand (of the PTO) a
decision was made aiming at an advanced telecommunication infrastructure, while on the
other (of the federal government) this telecommunication policy decision was enriched and
overlayed by innovation and industrial policy rationales. The very central goal was to build
up capabilities for R& D in switching technology and to establish and maintain a strong

domestic supplier market.

Summarizing up, we can observe avariety of patterns of innovation and policy behaviour:

Technology transfer from abroad by licencing.

» Technology adaptation to taylorize an Austria-specific switching system.

* Linking telecommunication policy with innovation policy: Stimulation of innovation
processes and creation of R& D capabilities by advanced public procurement.

» Linking telecommunication policy with industrial policy to create and maintain strong
domestic firms and employment in a high technology sector.

* Knowledge flows: A strong flow of know-how and codified knowledge from the

licencees to the domestic switching supplier, at the same time a considerabl e determina-

tion of the PTO rather then the opposite - supplier / technology driven.

The stage of transition: Liberalization by standardization

In the course of the liberalization process, which occured first in the terminal equipment
market, then in the value-added-services market and eventually with 1998 in the network
infrastructure sector, a gradual detoriation of the tight monopoly-oligopoly structure took and
still take place. The implementation of advanced services or services platforms and
transmission and switching technologies such as ISDN, intelligent network features, SDH,
ATM, GSM etc., combined with a strong need for interconnectivity and interoperability
triggered the adoption of worldwide and / or European standards. This setting and adoption of

standards, in turn, triggered and enabled firms to enter these former protected markets.
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Summarizing up, we can observe the following types of market and innovation dynamics and

knowledge flows:

» Theparallel process of liberalization and standardization detoriated the established
market structure and allowed the entrance of alternative suppliers. This processis till
going on and will have a peak with the finalization of the liberalization process.

» The setting and adoption of standards (which can be considered as the creation and
adoption of public-good-type knowledge) attracts alternative, former excluded firms
to develop and market goods (esp. terminal equipment, switching components,
software) and services (telecommunication services, consulting).

* Most of these new entrants have either diversified from related products areas, techno-
logies, and markets or have entered alliances. While diversification occurs mainly
domestic, new firm establishments and alliancesis to a high degree a business of
foreign direct investments (FDI). Diffusion of technology and knowledge by
diversification and FDI accordingly occurs both by diversification and apoption as

well as by new firm set-up and direct investment.

The stage of liberalized markets: Reverse direction

Refering to the well-known Abernathy-Utterback-model of technical change - prepara-
digmatic stage O paradigmatic stage 0 cost-minimizing stage - arather paradoxical pattern
occurs (see Fig.): Starting from a highly stable, variety-poor market and technology regime,
changing into aregime of expanding the variety of products and services by implementing
technical standards, athird stage of innovation behaviour and knowledge flows is coming
about the next years and even the next decade: The emergance of alarge number of rather
small and often start-up firmsin the wide and turbolent market of content/media-production.
This market is highly unstable, *dominant designs' are far from being realized and
implemented, innovations are mainly technology and opportunity driven vis-a-vis a poor,

fragmented, and ill-articulated demand.
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apply in pharmaceutical research. Traditionally, pharmaceutical firms are highly integrated
and strongly involved in basic research. Usually they maintain strong links to the academia.
This also holds true for the Austrian research intensive firms, which have established very

close, although mostly informal ties to the respective university institutes.

With the enormous increase of R& D-costs which are necessary to develop a new chemical
entity, R& D-cooperations between firms became an important mean in the risk and cost-
management. Furthermore, R& D-cooperations within the Pharma cluster have been inforced
with the appearance of the new biotechnologies. The new biotechnol ogies were first adopted

by a group of small Dedicated Biotechnology Firms (DBF) founded mainly by people with
academic background. By cooperating with them, the established pharma firms used the

DBF’s as gatekeeper to this new window of opportunity. Altogether, the last decade has

shown a strong increase of inter-firm as well as university-firm R&D-cooperations.

The Austrian example

This typical picture of knowledge flows within the Pharma cluster is not reflected in Austria.
Overall, the picture in Austria shows several ‘islands of R&D’ with strong cross-bred links
andalmost no links within Austria! Besides the strong links between university and the large
pharma firms via education and R&D-cooperations the inter-firms flows are poor. One
explanation for this lack of information flows within the NIS is due to the fact that the

Austrian Pharma cluster is an ‘incomplete’ one. The group of start-ups especially in the new
biotechnology area is completely missing. Access to competence to biotechnology can only

be reached by cross-border cooperations. The second explanation refers usually to the general
poor cooperation culture in Austria. In the case of the Pharma Cluster the reluctance to
cooperations may also be inforced by the fact that cooperation strategies of the major players

in the Austria are determined (and constrained) by their foreign based headquarters.
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Fig. Information flowsin the Austrian Pharma cluster

Regulation
drug admition
drug consumtion
property rights

University CRO’s
basic research product development
education toxicological testing
|7 clinical development -|
foreign pharmaceutical companies subsidiaries of foreign companies
R&D-intensive center of ecellence
science based — science based
big big
foreign DBF’s
R&D-intensive

science based|
small

|

generica producer ~ drug developer
roduction-intensiv dominated by NCE'supplier
p small and medium sized

small and medium sized

Knowledge flowsin the Austrian phar maceutical cluster

 viapersonel mobility (business start-ups) - low
* interactions between firms - little
* interactions between firms/universities - good
* cooperation between firms/CROs - poor

» adoption potential (organized search activitiesin codified knowledge) of large firms

- good
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In the end, it has to be stressed again, that the analysis of clustersand NISin total are no
competing, but rather complementing approaches: It is hard to get a meaningful picture of a
national innovation system without including a detailed analysis of the clusters of

specialisation, while on the other hand the general framework conditions in terms of

technological infrastructure, institutions of higher education, regulatory framework, labor

relations etc., that form the characteristics of aNIS. Thus, it seems justfed to conclude that
“regardless of what type or level of system approach is being adopted, it is clear that the
national level is highly relevant in conceptualising systems. (...) Of course many aspects of
behaviour are sector-specfic or technology-specific (...) At the same time, however, these
sector or technology effects operate within the institutional constraints referred to above, and
this makes the understanding of the specificities at the national level an important task.”
(Smith, Dietrichs, Nas 1996, 6)
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The Relation between Universities and Enterprises
- aconceptual and an empirical approach

Traitional views (like the one endorsed by the influential report by Vannevar Bush in 1945)

see basic research as the prime engine for technological and economica advancement: “Basic
research leads to new knowledge. It provides scientific capital. It creates the fund from which
the practical applications of knowledge must be drawn. New products and processes do not
appear full grown. They are founded on new principles and new conceptions which in turn
are painstakingly developed by research irptirest realms of science.” (p. 18/9, our

italics). These sentences neatly summarize what later as been labeled the ‘linear model’ of

technological change, which is, to some extent, still rather prominent in practical technology

policy.

In the course of the post-war development of the ‘science system’, a term that we use to
describe all distinct institutions that contribute to the production and distribution of scientific
as opposed to various other forms of knowledge, a deeper division of labour in the production
of scientfic knowledge emerged, but the sketchy picture Patel/Pavitt (1995, 14) draw still is
by and large valid: “There are two major sources of funds: business and government.
Business funding is in general larger than the latter, and is spent in-house mainly on applied
research and development activities. Government funding is divided amongst basic research
performed mainly in university-type institutions, the technical support for the provision of
other public goods (e.g. health, environment and in a few countries - defence), and for
agriculture and industry, performed mainly in the laboratories of government agencies and

business firms.”

This clear cut division of labour and its efficacy for the process of innovation is becoming
inceasingly questioned from the side of theoretical research as well as from the side of

policy’. While research points to transformation of the innovation process itself, with

® “The post-1945 system was organized as if research proceeded along a linear path with clearly defined

distinctions between basic research, applied research and development. Today's knowledge explosion and
collapsed cycle times have blurred the lines between the types of research and have complicated the
understanding of the R&D process. The post-1945 system generally could function in a way that respected the
boundaries of research disciplines. Today, new fields of research, such as biotechnology and materials science,
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causation of scientific progress stemming from technological development (e.g. from demand
for scientific explanation of successful engineering solutions or from the technological
advancement of scientific instrumentation, see e.g. Rosenberg (1994)), policy isfacing severe
budgetary constraints, which are passed on to the institutions of the science system, especially
to the universities. Universities are increasingly asked to contribute more directly to the

production of knowledge with an economic purpose.

Research is more and more carried out in networks of researches with different institutional
backgrounds. Universities do still play a central role in this division of labour in the ‘research
enterprise’, but a number of other institutions have become producers of specialised scientific
knowledge as wellnstitutional border crossings become central, a development that has

been termed ‘mode 2’ of nowledge production (Gibbons). In some areas of science the way
from basic research to application seems to be very short, in other areas, the time has
shortened considerably (e.g. as measured by the decreasing lag between the date of scientific
publishing and the first citation in a patent). In short, even the production of science depends

more and more on the close interplay of several actors of the innovation system.

University Research and the Enterprise Sector

In the following, we will briefly present the results of an empirical analysis of the University
sector (see Joerg, Polt 1996). The restriction to the university sector is justified by the
prominent role this secor has within the Austrian NIS and its science system. Public outlays
for R&D in Austria are - much more than in other countries - dominated by the universities
and other higher education institutions. E.g. in 1994 roughly three quarters thereof are fuelled
into that sector. As a complement, the publicly funded research institutes occupy but a minor
place in the Austrian NIS. By goal of research, ‘general advancement of knowlwedge’
without any specific socio-economic target ranks very high in Austrian Universities (see
OECD Main Science and Technology Indicators 1993 or BMWF 1995 for the latest figure).

often emerge at the intersection of those boundaries. Finally, the post-1945 system developed in a period in
which the scope for cooperation was sharply limited by geography. Today, information technologies are
revolutionizing the nature of collaboration by shrinking both time and distance.” (US Council on
Competitiveness 1996, 11)
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Although this category might reflect aresidual, it can be taken as an indication of purely

curiosity-led (or ‘basic’) research.

The basis of this analysis was threefold: (i) the (obligatory) annual working reports of the
institutes’, (i) the Austrian Research Documentation (FODQ&}survey of research
activities among the institutes on a voluntary basis, and (iii) an own survey, using a

standardized questionndire

The main questions we raised concerned the structure of research and research output, as well
as the interactions of the university institutes in the process of research, among which the
interactions with the enterprise sector deserved special attention. Here only the part covering
the interactions will be described. Nevertheless, it has to be kept in mind that this first part of
the analysis covered just the perception of the universities of this interaction. The next phase

of the project will focus on the enterprise side.

Comissioned R& D

The private sector funded approximately 38% of all externally financed research projects at
the Austrian Universities in 1992/3. In the technical sciences this share rose to 60%, while for
social sciences it amounted to 42%. A concentration of these projects on a limited number of
institutes could be observed: the top quartile accounted for 47 percent of all projects.
Nevertheless, no ‘economies of scale’ could be observed: per scientific employee there was
roughly the same number of projects (as well as other output indicators like publications or

teaching hours).

" Only a selection of 587, i.e 73 % of atotal of 813 university institutes was analysed. | nstitutes were apparently

no contacts were to be expected were neglected.

® covering 1.232 ‘priority research areas’ which comprised 8.930 individual research projects (by beginning of
1996)

° Out of a sample of 587 institutes, more than 37 percent responded, with a clear bias in favour of the
engineering, natural sciences and medical faculties.
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Cooperation with other institutions

Roughly half of the institutes were engagend in some kind of cooperative project with another
institution, while a quarter was not at al. A remarkable high degree of internationalisation
was prevalent not only in the standard measures of scientific output (publications), but also in
R&D projects. Contrary to what could have been expected, projects with purely Austrian
participation were no substitutes for internationally oriented ones. Institutes with larger
numbers of international projects also were very activein Austria. The demarcation lineis not
between nationally or internationally oriented, but between cooperation-intensive institutes

and those who are not.

Tab. 6 Joint R& D projects at the univverstity institutes (Austria 1992/3)

Faculty group with Austrian only with only with no cooperation Total
and foreign Austrian foreign
partners

Construction 20 26% 7 9% 14 18% 36 47% 77

Engineering Sciences 31 39% 4 5% 23 29% 22 28% 80

Argiculture 27 46% 3 5% 12 20% 17 29% 59

Medicine 78 61% 6 5% 19 15% 25 20% 128
Natural sciences 110 69% 3 2% 26 16% 21 13% 160
Social sciences (incl. 29 35% 1 1% 25 30% 28 34% 83

Business and Economics)

Total 295 50% 24 4% 119 20% 149 25% 587

Source: BMWF, own calculations

Rather surprising is the high share of institutes from the engineering sciences that cooperate
exclusively with foreign partners (29 %). This could be an indication for a mismatch: these
institutes probably lack Austrian counterparts on the side of the enterprise sector. This
guestions might be subject to further analysis, disaggregating scientific fields and

corresponding industrial sector.
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Cooperationswth the enter prise sector

An analysis from the data obtained from FODOK provides afirst glance at the structure of
the cooperation partners (see fig.1) broken down by industrial sector. The numbers are only

rough indications, because they reflect only the frequency of the branche cited as one with

which cooperations do exist, but not the number of projects.

Figure 1l Cooperations between university institutesand enterprises, by branch
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Source: FODOK, own calculations

Again, a rather high concentration can be observed: 35 percent of all ‘actual’ cooperations are
in five branches (construction, pharmaceutical s, mechanical engineering, telecommunication
engineering, chemical industry). The difference between ‘actual’ and ‘aspired’ cooperation
can be interpreted as a non-cleared market for R&D cooperation, with the universities finding

no response from the enterprise sector. The difference is most marked in pharmaceuticals,

medical equipment, metrology and data processing and databases.
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For afurther characterisation of the enterprises involved in cooperations with universities,
their motives and barriers, a seperate survey was carried out. 220 out of 587 institutes
responded, of which 152 had cooperations with enterprises. The structure of the enterprises

involved in the cooperationsis depicted in tab. 11

Table 11: Structure of cooperation partners

Type of enterprise # of enterprises | # of projects # of institutes
Austrian Les/ industry 173 237 73
Austrian SMEs/ industry 253 312 90
Foreign LEs/ industry 119 158 62
Foreign SMEs/ industry 45 62 22
Austrian enterprise /service sector 147 183 52
Foreign enterprise /service sector 20 39 12
Total 757 991 (152)

Source: TIP-University-survey

While Austrian SMEs rank highest in absolut numbers, they are unerprepresented, given their
share in the overall economy (99% of all enterprises have less than 500 employees). Rather
high is the share of foreign enterprises, mostly large ones. Other studies have shown, that
especially enterprises from the southern part of Germany are very actively exploiting the

resources of the Austrian universities by engaging in cooperative R& D ventures.

| mpulse for cooperation

The single most important impuls for establishing a cooperation is personal contacts (74 % od
the answers)(see tab. 12). A study on the cooperative behaviour of the 50 most R& D-
intensive firmsin Austria came to similar conclusions (Buchinger 1996). Trust and the
establishment of acommon view of the problem and the potential for cooperation are shown

to be a prerequisite for successful cooperation.

A second, but most likely related , channel for initiating cooperations is via graduates (63%).

A remarkably high number ascribed the active role in the search process to the enterprises
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(62%).

Conferences and publications, very frequently named as important mpluses for scientific
cooperation, do virtually play no role in establishing cooperations with enterprises. Also, and
more interesting for technology policy, hardly any cooperations are initiated by technology
transfer institutions (tab. 13).

Table 12: Impulse for cooperation

importance (# of
responses)

initiated via 1 (2|3 | 4|65
Graduates 5 | 63| 27 | 14 | 28
Conferences 30 | 52 | 59 | 31 | 16
Scientific Publications 12 | 57 | 58 | 40 | 18
Enterprise initiatve 54 | 64 | 47 | 14 | 10
Ingtitutes initiative 51 | 58 | 46 | 24 | 11
Personal contacts 71 | 67 | 31| 11| 7

* 1= very important role, ... 5 = not important at all

Source: TIP-University-survey
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Table 13: Initiation of cooperation by transfer institutions

I mportance*

1 2| 3 4 5

funding agencies 6 | 3| 14| 38 | 114

‘partner auctions’ 0|2 7 |3 ]| 14

(“Partnerborse”)

external contact institutesl | 4 | 12 | 38 | 120
of the universities

(“Auf3eninstitute”)

other 6 | 2] 4| 0 5

* 1= very important role, ... 5 = not important at all

Source: TIP-University-survey

Barriersto cooperation

With regard to this question, again the caveat has to be kept in mind that the answers reflect
only the perception of the university institutes. For them, the most important barrier to
cooperation is the lack of knowledge about the research potential of the university institutes
(see tab. 14)
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Table 14: Barriersto cooper ation between university and enter prises

Barrier Importance

1 2 3 4 5

Lack of interest on behalf of the 36 | 48 | 61 | 31 | 23

enterprises

Research capabilities of the ingtitute are 56 | 71 | 43 | 14 | 12

not know outside the university

No spare capacities 58 | 47 | 48 | 25 | 25
Cooperation has no scientific merit 14 | 45 | 59 | 41 | 32
Financing of the cooperation 39 | 48 | 41 | 40 | 20

Labour regulations hampering cooperation | 6 11 | 27 | 56 | 89

Poor resources on the side of the institute 5 15 | 45 | 51 | 73

Different time horizons between 19 | 42 | 52 | 42 | 38

university and industry partners

other 10 3 2 2

* 1= very important role, ... 5 = not important at all

Source: TIP-University-survey

Factor analysis revealed a second group of respondents. namely those who see barriers to
cooperation with enterprisesin "the lack of scientific appeal” and "different time horizons of
enterprises and universities*. This might be interpreted as a perception of too big a difference

in ‘cultures’ of the respective institutions.

Roughly half (46 %) of the institutes named the problem of financial resources for
cooperation. This might be especially so for the institutes experiencen the above mentioned

‘cultural differences’, as these might increase transaction costs considerably

Some tentative conclusions

The analysis of the interface between the universities and the enterprises has so far produced

the following results:
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» there seems to be a discrepancy between the ‘supply structure’ on the side of the
universities and the ‘demand structure’ on the side of the enterprises. The research profile
of the Austrian universities with its strong focus on medical and natural sciences is

somewhat different from the specialisation pattern of the Austrian industry

» there also seems to be an awareness problem (given that the university institutes are right
in judging their research potential as being of at least potential interest to the enterprise

sector).

» A few institutes have managed to engage in intensive cooperation with enterprises. These
institutes nevertheless are also among the most active as regards publications. There seems
to be no marked ‘trade-off’ between scientific research output and acitivites directed

towards more practical needs.

ARCSWIFO September 1996



Mapping Knowledge Flows within the Austrian System of Innovation - 43
Pilot case study for the OECD project on “Knowledge flows in National Innovation Systems”

References

Abramovitz, M., "Catching Up, Forging Ahead, and Falling Behind", Journal of Economic
History, 1986, 46(2), 385-406.

Abramovitz, M., "The Postwar Productivity Spurt and Slowdown. Factors of Potential and
Realization", in OECD (1991), 19-35.

Aiginger, K., Finsinger J. (Eds.), Applied Industrial Organization. Towards a Theory Based
Industrial Organization, Kluwer Academic Publishers, Dordrecht-Boston-London, 1994.

Bayer, K., Ohler, F. Peneder, M ., Polt, W., Zwischen Rohstoff und Final produkt. Die
wirtschaftliche Wettbewerbsfaehigkeit des Wirtschaftsbereiches Holz-Papier. TIP-Studie.
Wien/Seibersdorf 1993

Bonaccorsi A., Piccaluga A.: A theoretical framework for the evaluation of university-
industry relationships, R&D Management, vol. 24, ne.2, July 1994.

Coe, D.T., Helpman, E., "International R&D Spillovers’, European Economic Review,
1995, 39, 859-887.

Cohen W.M. und Levinthal D.A., Absorptive Capacity: A New Perspective on Learning
and Innovation. Administrative Science Quarterly, 35, 1990.

Cohen, W.M ., Levinthal, D.A., "Innovation and Learning: The Two Faces of R& D",
Economic Journal, 1989, 99(September), 569-596.

David, P. A., “Positive Feedbacks and Research Productivity in Science: Reopening Another
Black Box*, in: O. Granstrand “Economics of Technology“, North-Holland 1994.

Gibbons, M.: The new production of knowledge. 1994

Grossman, G.M., Helpman, E., Innovation and Growth in the Global Economy, M.I.T.
Press, Cambridge, Mass., 1991.

Handler, H. (Ed.), Wirtschaftsstandort +sterreich. Wettbewerbsstrategien f r das 21.
Jahrhundert, Ministry of Economic Affairs, Wien, 1996.

Hutschenreiter, G., "Intersektorale und internationale 'F&E-Spill-overs'. Externe Effekte
von Forschung und Entwicklung, WIFO-Monatsberichte, 1995, 68(6), 419-427.

Hutschenreiter, G., Innovation und Produktivitaetsentwicklung in der oesterreichischen
Industrie, tip, Wien, 1994,

Hutschenreiter, G., Kaniovski, Y.M., Kryazhimskii, A.V., "Endogenous Growth,
Absorptive Capacities and International R&D Spillovers”, International Institute for Applied
Systems Analysis, [IASA Working Paper, 1995, (WP-95-92).

Hutschenreiter, G., Leo, H., "Empirical Evidence for Schumpeterian Hypotheses in
Austria", in Aiginger, K., Finsinger, J., Eds. (1994), 51-61.

Hutschenreiter, G., Peneder, M., "Wettbewerbsfaehigkeit, Technologie und
Produktivitaet”, in Handler, H., Ed. (1996), 204-215.

Joerg, L., Bayer, K., Hutschenreiter, G.., Polt, W., Spezialisierung und Diversitaet. Die
wirtschaftliche und technologische Wettbewerbsfaehigkeit der oesterreichischen pharma-
zeutischen Industrie im internationalen Umfeld. TIP-Studie. Wien/Seibersdorf 1995

Katz Sylvan J et al. : The Changing Shape of British Science, STEEP Special Report No 3,
SPRU, October 1995.

ARCSWIFO September 1996



Mapping Knowledge Flows within the Austrian System of Innovation - 44
Pilot case study for the OECD project on “Knowledge flows in National Innovation Systems”

Leo, H., Latzer, M., Knoll, N., Ohler, F. Peneder, Telekommunikation im Umbruch.
Innovation-Regulierung-Wettbewerb. T1P-Studie. Wien/Seibersdorf 1994

Leo, H., Palme, G., Volk, E., Die Innovationstaetigkeit der oesterreichischen Industrie.
Technologie- und Innovationstest 1990, Austrian Institute of Economic Research (WIFO),
Wien, 1992.

Lichtenberg, F.R., "R&D Investment and International Productivity Differences’, NBER
Working Paper, 1992, (4161).

Lundvall B.: National Systems of Innovation. Towards a Theory of Innovation and
Interactive Learning. London 1992.

Mansfield E., “Academic research and industrial innovation* research policy, vol. 20, nr. 1,
February 1991.

Mansfield, E., "Industrial R&D in Japan and in the United States: A Comparative Study",
American Economic Review, Papers and Proceedings, 1988. 78(2), 223-228.

Marin, D. (1986A), "Fortschritt ohne Forschung. Unterschaetzte Strukturdynamik in
Oesterreich", Wirtschaft und Gesellschaft, 1986, (3).

Marin, D. (1986B), Ueberleben durch Innovationsimport. Strukturdynamik der
Textilwirtschaft, Orac, Wien, 1986.

McMillan St. et al. “Firm mamagement of scientific information: some predictors and
implications of openness versus secrecy”, R&D Management, 25,4,1995.

OECD, Accessing and expanding the science and technology knowledge base, Workung
group on innovation and technology policy. DSTI/STP/TIP(94)4.

OECD, Industry and Technology Outlook: The role of the science system in the knowledge-
based economy, DSTI/STP/SUR(95)8, Paris 1995.

OECD, Technology and Productivity. The Challenge for Economic Policy, The
Technology/Economy Programme, Paris, 1991.

Patel P. and Pavitt K., National Innovation Systems: Why They Are Important, and How
They Might be Measured and Compared, Economics of Innovation and New Technology, pp.
77-95. 1994

Pavitt, K. What makes basic research economically useful?, Science Policy Research Unit,
University of Sussex, Brighton BN 1 9RF, U.K.

Pavitt, K.: Sectoral patterns of technical change: Towards a taxonomy and a theory. Research
Policy 13 (1984) p. 343-373

Pearce, R., Singh, S., Globalizing Research and Development, MacMillan, London, 1992.
Ray, G.F., "Full Circle: The Diffusion of Technology"”, Research Policy, 1989, (18), 1-18.

Rosenberg N. “Science-Technology-Enonomy Interactions in: Science: Reopening Another
Black Box*, in: O. Granstrand “Economics of Technology“, North-Holland 1994.

Saunders, C.T. (Ed.), Industrial Policies and Technology Transfer between East and West,
Springer, Wien - New York, 1977.

Steindl, J., "Import and Production of Know-How in a Small Country", in Saunders, C.T.
(1977), 211-218.

ARCSWIFO September 1996



