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The European Commission collects and analyses policy-relevant information
on corporate R&D through its ' industrial research and innovation
monitoring and analysis activities' (IRIM) at the Joint Research Centre's
Institute for Prospective Technological Studies (JRC-IPTS), in co-operation
with DG Research. The EU Industrial R&D Investment Scoreboard, the EU
Survey on Business Trends in R&D, the Digest of Industrial R&D and the
Industrial R&D Economic and Policy Analysis are some of the products of
t h i s  w o r k  ( f o r  m o r e  i n f o r m a t i o n  o n  t h e s e  r e p o r t s  s e e
http://iri.jrc.ec.europa.eu).

There is, however, much more information available on the topic, some of
it accessible in existing literature. But the most recent information, as well
as the wealth of knowledge that which is embedded in the people who
actively do research in the field, can only be tapped by bringing people
together in an event such as a conference.  

For this reason, JRC-IPTS and DG Research decided to host the first
European conference on corporate R&D, entitled Role and Dynamics of
Corporate R&D. It took place in Seville, Spain on 8-9 October 2007 and
attracted around 150 participants from 30 countries.  This Summary Report
highlights the most important ideas arising from the presentations.

Role and Dynamics of Corporate R&D 5

Preface





Role and Dynamics of Corporate R&D 7

Main messages from the Conference

The objectives of the Conference Role and Dynamics of R&D were to bring
the community of researchers on corporate R&D together, learn about
recent developments in the field and outline future avenues of research. A
number of important messages can be extracted from the papers presented
at the Conference.

From a policy perspective

Sectorally disaggregate approaches to understanding the EU's R&D
performance needs to be introduced into the policy debate:

- Aggregate R&D indicators have great limitations. There are major issues
of interpretation in some of these indicators (such as R&D/GDP ratios),
which require a sharper focus on disaggregate data.

- We need to recognise that not all innovation is based on R&D, which
implies using differential models of innovation that go beyond R&D-
based models.

R&D-performing firms need to be understood in the context of the
sectoral or national systems of innovation in which they are embedded. This
approach highlights some important features of R&D within innovation
processes:

- R&D contributes not only directly to innovation but also increases the
effectiveness of other types of innovation activities.

- Past  R&D processes generate knowledge which increases the
effectiveness of future R&D activities.

- R&D activities are shaped by the market environment. The degree of
competition not only determines the inclination and the ability to invest
in R&D but also directly contributes to the effectiveness of R&D. 

More emphasis on the quality and not just the quantity of R&D is
needed.
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The complementarity of R&D with other innovation activities has been
largely neglected by policy-makers. However, the policy implications
resulting from complementarities might be quite significant. More needs to
be known about the nature of such complementarities and their policy
implications.

A common theme running through emerging issues in the field is the
open innovation paradigm. This is characterised by the interaction of
innovating firms with other innovation actors such as users, suppliers,
producers of knowledge and policy-makers. This paradigm requires

- Focusing attention beyond a firm's R&D and innovation activities to
consider other strategies for creating innovation and growth. For
instance, how can firms best benefit from interacting with other
innovation actors? What determines their capacity to absorb external
know-how? How can intellectual property rights (IPRs) issues be dealt
with in open innovation?

- Extending the unit of analysis in studies from the individual firm to the
level of networks. How are networks formed, how do they survive,
grow and compete with other networks? What are the links between
R&D, the capabilities of actors involved in the process, the networks in
which these actors are embedded and the type of innovation that
emerges out of this interaction?

Taking stock of current research 

There is a strengthening of database usage and integration in recent
studies. While some simply rely on the Community Innovation Surveys
(CIS), others use varied sectoral or firm-level databases that hugely enrich
the quality of the results, such as those from confidential financial sources
or from graduate employment data.

A number of factors appear to be gaining importance in the analysis of
corporate R&D, namely: 

- the characterisation of innovation - for instance, moving towards a finer
grained analysis of the type of innovation related to corporate
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R&D (for example, new innovations vs. innovations that are within the
existing knowledge base of the firm);

- the role of knowledge - such as emphasising the role of cognitive and
knowledge distance among partners in R&D co-operation, as well as the
stickiness and inertia of knowledge as factors that affect the outcome of
R&D, innovation and co-operation;

- the role of capabilities - for example, analysing capability accumulation
in foreign subsidiaries of multinational corporations (MNCs) or
recognising the relevance of experience in applications to Framework
Programmes for being selected; and 

- the role of complementarities in an innovation system framework - for
instance, the interaction between host country features, domestic
capabilities, public policy, MNC headquarters and subsidiaries when
analysing the internationalisation of corporate R&D.

Econometric modelling shows significant advances in establishing
associations between R&D and other variables of interest, but modelling is
subject to some limitations:

- There is very limited advance in the measurement of variables in order
to robustly establish causality and make predictions (fundamental
measurement). The research community needs to be aware of what this
kind of measurement entails.

- The lack of common and accepted metrics in the field is a problem.
Models often create arbitrary and unique units of measurement which
are difficult to replicate and to compare to one another. One example is
the definition of 'innovation' itself. 

For future research

Economic models for studying corporate R&D would benefit if they:

- included demand-side as well as supply-side drivers of corporate R&D;
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- addressed internal patterns of policy structure (such as tax credits) as
treating them as simple dummy variables, such as 'policy-off' vs. 'policy-
on', is highly unreliable; and

- combined internal and external drivers of corporate R&D into the same
estimations, which might require using systemic approaches to be
feasible.

Studies shold include dynamic analyses. For instance, a dynamic view of
R&D and innovation means paying attention to the inertial forces and lock-
ins in innovative capabilities or to the relationship between growth, decline
and transformation of innovative organisations.

Despite considerable progress in this area, further research is needed on
the role of complementarities in innovation processes, which requires
i m p r o v e d  e m p i r i c a l  e s t i m a t e s  o f  t h e  s i z e  a n d  s i g n i f i c a n c e  o f
complementarities between various innovative assets. There is also a need
to understand the linkages between technological, organisational and other
types of innovation. 

More refined measures of innovation are needed. In particular, future
innovation surveys (such as the CIS) should include new measures for the
effect of process innovation. Unless there are quantitative indicators for
process innovation (especially cost-cutting process innovations), the
complementarities between different elements of innovation activities will
not be properly understood. 

Future research should also address in greater detail the link between
innovation strategies of firms and certain elements of national systems of
innovation. The empirical evidence on how such elements frame company
strategies to improve competitiveness is far from exhaustive.



As the EU Commissioner for Science and Research, Janez Poto nik, has
often remarked, Europe cannot base its future economic growth on cheap
labour or the exploitation of natural resources. Neither does it want to grow
at the expense of its citizens' hard-earned rights or the environment. The
future for Europe's growth lies in becoming an increasingly knowledge-
based economy.

Being knowledge-based involves many elements.  One of these is investing
more - and more effectively - in R&D.  However, the EU's efforts in public
R&D are not so widely at variance compared to other competing economies
- it is in corporate R&D investment where the greatest gaps are evident.
Here is where policy efforts could reap the greatest rewards.

What policies should be implemented?  Policy-makers cannot simply make
guesses at what will work. Rather, they must base any policy initiative on
the best and most recent avai lable evidence. This is  not always a
straightforward task.

Sometimes information is lacking - little can be done about this. If the
information is available, often it is scattered among a host of publications.
Sometimes policy-relevant conclusions are based on different types of
studies that measure different units of analysis, which does not allow for
comparison and for building towards sound conclusions. 

Aware of this problem, the Conference Role and Dynamics of Corporate
R&D (hereafter, the Conference) was conceived to address policy concerns.
A series of policy questions, currently on the EU research policy agenda,
were formulated and then grouped into five clusters, which became the
Conference's 'thematic streams'. A sixth cluster was created for 'emerging
issues' that - for some reason or another - are not currently salient in the
EU research policy agenda. Just because some issues are not currently being
discussed does not mean they are not important, now or in the future.

Participants were invited to contribute to these six thematic streams . Out
of 120 submissions, 40 papers were selected.  Each thematic stream was
assigned a rapporteur, who summed up the papers highlighting their main
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Introduction

1 See http://iri.jrc.es/concord-2007, the Conference website, for more details.
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messages and showing the way forward for future research in the field. 

This Summary Report presents an edited version of the rapporteurs'
summaries. It is a key part of the Conference's objective of addressing
policy-relevant questions on corporate R&D investment in the EU and
beyond. It is also a contribution towards bridging the gap between science
and policy more generally and an exercise in metabolising information
which is highly technical into information which can be easily incorporated
into the policy-making process.
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1. Drivers of corporate R&D investments
(Nick von Tunzelmann, rapporteur)

This thematic stream relates to the private sector's levels and growth rates
of R&D in regard to both internal drivers (what leads firms to increase R&D
investments on their own account?) and external drivers (the role of
framework conditions, such as government policies and human resource
provision). Some papers in this section focused more on the former and
some more on the latter. More study is needed of the interactions between
internal and external drivers (see below).

The relevance of drivers of corporate R&D investments comes from their
being seen as crucial to understanding step changes in levels of R&D carried
out by the private sector, such as those implied in the Barcelona target of
the Lisbon Strategy.

Drivers are essential to establishing how it might be possible to get the
Lisbon Agenda back on course, especially in terms of what governments
can do to raise the current 55% proportion of R&D expenditure conducted
by the private sector towards the intended 2/3 ratio. Do we have to wish
for miracles from internal changes or can external drivers be utilised to do
the job for us? 

What we already know

The basic idea upon which the literature is building comes from the view
popularised by the Lisbon Strategy of the critical significance of the
'knowledge-based economy'  to  economic  compet i t iveness  and
performance in the recent past and still more in the century to come,
coupled with a belief in our salvation from the side of technology. Unlike in
mainstream 'neoclassical' economics tenets, where technology is purely
exogenous ('manna from heaven'), the understanding here is that
technological change is at least partly endogenous to the systems we are
studying and hence comprehending its drivers allows for prescriptive
conclusions and policy implications.

Specifically, the two main competing growth models drawn upon as
underpinning the Lisbon Strategy - the new growth approach that follows
from post-neoclassical thinking and the more heterodox evolutionary
economics approach, both highlight the central role of R&D and innovation
in endogenous ways, that is, amenable to change from factors that require
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analysis. Both share a common heritage in 'Schumpeterian' thought, albeit
in somewhat different ways.

In the literature, many points can already be regarded as beyond serious
dispute, for instance:

- The diversity of corporate R&D behaviour depending on the sector and
the size of the firms (large and small and medium-sized enterprises,
SMEs), may be defined.

- Spatial effects including international interactions are inevitable, through
the role of multinational corporations (MNCs), foreign direct investment
(FDI) etc.

- Human capital accumulation, 'embodied' in people, is as equally
important as the technology 'embodied' in machinery and equipment. 

Similarly, a number of newly accepted points are becoming encompassed in
the field:

- Financial factors drive internal allocations of expenditure on R&D (in the
original spirit of Schumpeter).

- In te rac t ions  between human cap i ta l  accumulat ion  and R&D
accumulation (as well as 'technological accumulation' more broadly) are
important, for instance, via a firm's 'absorptive capacity'.

- Governments help set the field but in general should not intervene too
directly, though human resource provision and market-friendly R&D tax
credits can be beneficial.

What is new?

Some of the key outcomes of the submitted papers (which will not be
enumerated separately here) include the following:

- The most encouraging finding is that of a great strengthening of
database usage and integration. While some other sections - not
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 surprisingly - used the Community Innovation Surveys (CIS), those
 under discussion here did not do so but called in other databases that
hugely enr iched the qual i ty of the results ,  such as those from
confidential financial sources or from graduate employment data.  But
all have in common something of the basic shortcoming of the CIS,
which is 'what is innovation'?

- Almost all the papers showed a healthy respect for econometric
validation, which could even become obsessive were it not linked to the
first point about better quality data as 'input'.

- The papers generally support and underpin the role of financial factors
in the decision to undertake R&D, though how to improve the financial
drivers themselves was less commonly addressed as an issue.

- The importance of modelling demand-side as well as supply-side drivers
came out of several of the papers, most explicitly from the paper by
Guerzoni on the role of 'user sophistication', though again the question
of how to raise this in turn went largely unexplored.

- Several of the papers implied that patterns of policy structure (such as
tax credits) need to be assiduously modelled and that treating them as
simple dummy variables (policy-off vs. policy-on) was highly unreliable.
Moreover, the findings that policies tend to be taken up by the same
few firms could be regarded as satisfactory or disquieting, depending on
the deeper issues at stake. 

There are points of contention in the field. Among the explicit but still
undecided issues are the following:

- What is the appropriate unit of analysis (individual, firm, sector, region,
nation etc.)? And how can these be combined? One paper using French
data made a courageous attempt to link the micro-level estimators with
those at a regional level.

- Because of the access to better and more disaggregate data sets,
panel data on individual firms have become deservedly popular, but
these mostly generate very low R2s from the extreme heterogeneity of
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individual firm behaviour - how far can this be accepted as valid
estimation?

- Leads and lags patterns are still unclear - partly because of the reliance,
at least for the time being, on cross-sectional panels (survivor and
duration models were suggested and sometimes used to illustrate such
concerns)

- Profit-maximising views of firm behaviour vs. rule-of-thumb R&D
allocations by firms (encapsulating the new growth vs. evolutionary
economics debate) remain contentious. In other words, how far can we
treat R&D expenditures 'as if' they were the outcome of rational profit
maximisation, for instance in relation to cyclical determinants? 

- Knowledge production functions remain popular despite having to make
the assumption that 'inputs' and 'outputs' of knowledge can be clearly
identified and distinguished, a proposition that some find implausible.
Hence the continued resort to single-equation vs. equation systems
views of R&D drivers - although it is only one facet of 'innovation', R&D
is important, but maybe as 'learning' rather than for its extrinsic sake.

What remains to be learned?

A key need for future research, as flagged above, is to combine internal and
external drivers into the same estimations, based on enhanced models -
systemic approaches which may be necessary to achieve this in any
adequate way.

Regard ing the areas  which have been en l ightened by research,
unfortunately there remain more blind spots than recent successful
achievements, among which might be included:

- More emphasis on the quality and not just the quantity of R&D, such
as a reconsideration of the Barcelona Objective (reaching a R&D
intensity in the EU of 3% of GDP), which implicitly puts quantity
above quality. Approaches here could perhaps draw on citations etc.
as used to evaluate the 'quality' of scientific publications.
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- The demand side needs to consider 'exogenous' drivers, for example,
environmental concerns, income distribution, demography - at present
the new growth approaches  (espec ia l ly )  tend to  fa l l  back on
assumptions of equilibrium and Say's Law (supply creates its own
demand) which appear rather preposterous in a Schumpeterian world.

- The precise nature of 'spillovers' needs greater attention - should we
assume them to be costless (as new growth approaches tend to do) or
as having costs (for example, via needs for absorptive capacity)?

 
- The policy mix and the impact of indirect government policies (such as

macroeconomic policy structures) on behaviour at corporate level still
remain basically acts of faith.

Based on the papers encountered in this section, some predictions can be
offered as to where the field may be heading, namely:

- Integrating costs and benefits views of R&D investments - one paper
suitably emphasised 'bang for the buck' at firm/national level as a
guideline for policy recommendations.

- The role of R&D in boosting 'absorptive capacity', including impacts that
are non-monotonic and non-linear - this should also embrace the R&D
role in non-manufacturing companies (including healthcare).

- The view of network-based firms - passing from 2G (hierarchical) to 3G
(networked) models of corporate behaviour - are just beginning to creep
into economics modelling, although it has been a standard tool of
management literature for many years

- This may be an example of crosscutting interdisciplinary work that is
needed for further study of the complex databases that are becoming
available.
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2. R&D in the economy
(Keith Smith, rapporteur)

The papers in this thematic stream have approached a wide variety of
issues, including structural analysis of R&D, determinants of R&D
performance, R&D collaboration, spillovers, impacts of R&D (productivity,
profitability etc.) and public policy initiatives and approaches.

In terms of method, these papers - with one exception - involved formal
modelling techniques that were used either to explore problems of theory
or to provide the basis for quantitative approaches of different types. The
quantitative approaches were usually econometric or time series analysis, in
one case combined with simulation modelling. One paper was essentially a
careful analysis of the structure of R&D data and another one was more of
a policy analysis of economies in which R&D data was limited in quantity
and quality.

The papers and broad issues were as follows:

- Bayar and colleagues presented a sectorally disaggregate model of the
links between R&D, inter-industry R&D flows and growth outcomes
across EU Member States, combined with a forecasting model that
asked about the effects of achieving the Lisbon targets on EU levels of
income. The paper showed strong R&D impacts and suggested that
achieving the Lisbon targets would have powerful effects on EU
productivity and income. The paper suggested that there would be quite
marked sectoral differences, however, this would be worthy of future
analysis.

- De Dominicis and colleagues focused on high-tech clusters in Europe,
using patent and R&D data to show that geographical proximity plays a
key role in shaping cluster performance.

- Biatour and Kegels used a multi-sector input-output framework to show
that inter-industry flows of capital and intermediate goods are a key
source of productivity advance in Belgium. This paper suggests that
cross-border flows of embodied R&D are a key element in total factor
productivity (TFP) growth, at least in smaller EU economies.

- Lelarge and Nefussi's paper rested upon a complex amalgamation of
company level and trade data in order to analyse French competitive
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reactions to enhanced competition from low-wage economies. The
paper shows that in sectors where French firms have faced such
competit ion they have reacted not by reducing or going out of
production, but by upgrading quality. This is demonstrated by rising unit
values in French trade in these sectors.

- It is known that differences between the EU and the US rest in part on
structural differences, in particular differences in the size of the ICT
sectors. The paper of Lindmark and colleagues explored the extent to
which this is linked with differences within the ICT sector itself.

- Ortega-Argilés and Brandsma looked at company demographics as a
source of EU-US R&D intensity differences, showing that a much larger
population of R&D-performing small firms is present in the US and that
this plays a key role in the R&D intensity differences.

- Pasimeni and colleagues looked at the needs for improved innovation
performance in a range of Maghreb and Mediterranean-rim countries,
arguing for an innovation-systems approach to policy development in
these countries. 

- Swann's paper used a formal modelling approach to explore how
increased competition might impact on R&D performance and through
that on growth and consumption outcomes. It showed positive effects
of enhanced competition for lower degrees of competition, followed by
negative effects as competition becomes very strong.

Conclusions, old and new

Some of the results from this thematic stream of the Conference confirm or
develop long-standing results, restating the importance and impacts of
R&D with respect to growth, employment, TFP growth etc. This is certainly
important, especially where analyses and methods are being extended to
new countries or regions. We do get a sense of the general applicability of
methods and results that may be rather outdated.

However, a number of papers are very innovative studies. Several of them
reflect an increasing ability to use sectoral or firm-level data for analytical



Role and Dynamics of Corporate R&D 21

purposes. This is a big step forward. A good example of this is Lelarge and
Nefussi's paper on quality upgrading in French industry, which goes a long
way to explaining why import penetration has not in general been dramatic
in low and medium tech industries in Europe: EU firms are responding with
innovative upgrading strategies.

A generally clear conclusion from these papers is that aggregate R&D
indicators tell us very little. There are major issues of interpretation in
aggregate indicators (such as R&D/GDP ratios), which require a sharper
focus on disaggregate data. 

Variety - meaning sectoral differentiation - is a big issue. The paper of
Malerba and colleagues, in one of the plenary sessions of the Conference,
showing that spillovers are sector-specific, is particularly important. Papers
in this strand of the Conference reflected that result.  Biatour and Kegels on
Belgian R&D and productivity growth and Ali Bayar and colleagues on
impacts of R&D growth are clear examples of the need for sectorally
disaggregate approaches to understanding the EU's economic structure and
performance. One implication of these papers is the need to introduce
these sectoral issues into the policy debate.

Concluding remarks

Big advances have been made in understanding corporate R&D.  However
it is vital that we do not allow this to resuscitate the 'linear model', the idea
that innovation policy can consist only of R&D plus commercialisation
measures. In this context, it is important to remember the recent result from
Eurostat that 51% of EU innovators perform no R&D at all.

The big policy message, from a number of papers in this strand of the
Conference, is the need to take a sectorally differentiated approach to
policy. If we take sectoral differences seriously, which also means taking
specialisation seriously, we also need differentiated models of innovation
which go beyond R&D-based models. We have the data and resources to
do this. This is a challenge for the next Conference.
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3. Structure and strategy for corporate R&D
(Franco Malerba, rapporteur)

The main issues examined in this thematic stream were related to small and
medium-sized enterprises (SMEs), mergers and acquisitions (M&As),
partnerships and co-operation, and multinational corporations.  In
particular, the papers addressed the following specific issues:

- What are the main barriers to innovation to SMEs? And what is the role
of innovation in this respect? The case of  Hamburg (Tiwari and Buse).

- What kind of impact do M&As have on total R&D expenses and on the
cost of innovation?  The case of the Netherlands (Cefis and Schenk).   

- What are the drivers and barriers to enter a partnership between
companies of different regions such as the Netherlands and the Bay
Area?  (Nagle and colleagues) 

- What are the factors that determine the participation to R&D consortia
in the Framework Programme, in terms of application and in terms of
approval? The case of Spanish companies (Barajas and Huergo).

- What is the relationship between the type of networks and the
capability of a foreign subsidiary? The case of Central and Eastern
Europe (Jindra).

- Are the major patents of multinational corporations in a globalised
industry still homebound? The case of wireless com industry (Di Minin
and Palmberg).

- To what extent and why do EU firms locate their activities outside their
home countries? (Dachs and Weber).   

What is new?

The papers presented in the sessions made some relevant points that built
upon previous research.

- T iwar i  and  Buse ' s  paper  repor ted  a  su rvey  done  on  SMEs  in
Hamburg. It stressed that several external as well as internal barriers to
innovation exist. SMEs are interested in internationalization for several
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reasons: local adaptation, learning from lead markets, access to know-
how and cost reduction. Internationalisation of R&D helps to mitigate
t h e  b a r r i e r s  t o  i n n o v a t i o n .  N e v e r t h e l e s s ,  c h a l l e n g e s  t o
internationalisation exist regarding the finding of qualified personnel,
cost explosion in booming economies, IPRs, start ups and operational
costs and cross-cultural issues. 

- Cefis and Schenk make the major point that M&As have a positive
impact on total R&D expenses and on the cost of innovation. M&As
increase the total cost of innovation by acquiring new types of
machinery or software, marketing activities and training cost of R&D
personnel. There is a consolidation of knowledge in order to fully exploit
the knowledge base. But a trade-off in innovation exists in this respect:
a positive effect on innovation within the knowledge base of firms and a
negative effect on innovation regarding completely new products for
new markets.

- Nagle and colleagues based their analysis on interviews with companies
in the Netherlands and in the Bay Area. They focused on cooperative
distance measured in terms of technological knowledge, business
management knowledge, relational resources, monetary resources,
organization and culture. They found that technological knowledge;
business management knowledge, relational resources and culture are
drivers of co-operation. Barriers are diffused but mainly concern ways of
doing things and differences in culture. Furthermore, lack of awareness
of developments in other areas is a significant barrier.

- Barajas and Huergo looked at the factors that determine participation in
R&D consortia in the EU Framework Programmes. Their database is
constituted by the proposals of Spanish firms. The authors contribute to
the literature by separating the probability to apply from the probability
to be awarded the project. They find that the probability of application
is affected by technological capabilities, exports, firm size and prior
experience. On the contrary, the probability of being selected is affected
by the nationality of theleader, firm size and prior experience.

- Jindra developed original data on subsidiaries in Central and Eastern
Europe (CEE) from survey data and used cluster centred analysis.
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He linked subsidiaries' capabilities to multiple networks and explored the
R&D embeddedness of subsidiaries in domestic networks and in
international networks. He then developed an interesting taxonomy of
subsidiaries in terms of type of integration  (global - internation al
networks; local - domestic networks) and amount of local capabilities.
He found that local capabilities increase the penetration of a subsidiary
in foreign and domestic networks.

- D i  Min in  and  Pa lmberg  used  patent  da ta  f rom four  w i re le s s
telecommunications companies, supplemented by direct company
interviews. They developed a very interesting fine-grained analysis of
different relevance of patents, and found that essential patents are still
homebound. The reasons can be found in organisational inertia,
subsidiary long-term maturation, learning curve effects and IPRs
management. Interestingly, the authors also identified an international
distribution of different phases of IPRs management.

- Dachs and Weber used patent data. They add, however, the analysis of
cross-border patent applications to patent counts, where the applicant
and at least one inventor reside in different countries. No evidence for
large-scale overseas EU R&D activities in CEE, China and India is found.
The most important host countries for internationalisation remain in
Western Europe and North America. This actually strengthens the
European Research Area (ERA). There are no signs of a major relocation
of EU R&D activities yet. Why? The reasons can be found in few
incentives to foreign R&D activities in host countries, limited scientific
capabilities in host countries and a focus on adaptation of existing
products in host countries.

General remarks

Some general remarks on research progress emerge from the seven papers.

-  There has been progress towards a finer grained analysis on the type of
innovation related to R&D. The distinction among types of innovation is
quite relevant for understanding corporate R&D. In one of the papers
there is  a dist inct ion between completely new innovations vs.
innovations that are within the existing knowledge base of the firm.
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In another paper, a distinction between normal patents and essential
patents (that are key for system developments, future innovations and
standards) is introduced. 

- The role of knowledge has been recognised as central for an analysis of
R&D performance. The key role of knowledge and cognition has been
put at the centre stage in several analyses. This is absolutely crucial in
analyses of R&D in the so called “knowledge based society”. These
analyses have emphasised the role of cognitive and knowledge distance
among partners in R&D co-operation, as well as the stagnation and
inertia of knowledge as major factors that affect the outcome of R&D,
innovation and co-operation.

- Different types of capabilities have been identified as relevant in the
R&D process. Capabilities now occupy a central role in the theory of the
innovative firm. In several papers they have been included in a
signif icant way. For example, for subsidiar ies of mult inational
corporations an analysis of capability accumulation has been developed.
Another example is provided by the experience in applications to
Framework Programmes, which has been recognised as relevant for
success in being selected.  

- The presence of multiple networks has been recognised as relevant for
R&D. Networks are now a key dimension of R&D. Therefore, research
has to fully include them in analyses of the R&D process. In this respect,
the papers in this section have examined various relevant dimensions:
the role of local vs. international networks, the internal networks of
MNCs, the presence of links between users and suppliers, and public
policy networks.

- Links and relationships among these variables. Finally, given the fact
that the variables mentioned above are related and that innovation
systems are major explanatory dimensions of innovation, l inks
among these variables have been examined in several papers. For
example, the key link between capabilities and networks has been
analysed in a paper. In addition the relationship between host countries'
features, domestic capabilities, MNC organization and knowledge flows
has been at the centre of research scrutiny in another paper.
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What remains to be learned?

Five major avenues for future research have been identified in this field.

- Develop a deeper and more complete analysis of the link between R&D,
capabilities, networks and innovation.  As mentioned above, it is
important to deepen the analysis of the l ink between R&D, the
capabilities of actors involved in the process, the networks in which
these actors are embedded and the type of innovation that emerges out
of this interaction. This type of analysis will also shed light on the
geographical and organisational boundaries of the R&D process.

- Examine the role of complementarities. Complementarities play a major
role in innovation. The burgeoning research on innovation systems, in
which complementarities are central, is a clear demonstration of that.
Th i s  means  a  deeper  unders tand ing  of  the  work ing  of  these
complementarities in an innovation system framework. For example, for
MNCs and FDIs the interaction between host countries features,
domestic capabilities, public policy, MNC headquarters and subsidiaries
is a very important aspect to analyse. 

- Be really dynamic in the analysis.  R&D is inherently dynamic. Therefore
future studies should move in the direction of being really dynamic in
their frameworks, models and empirical analyses. For example, a truly
dynamic view of R&D and innovation means paying a lot of attention to
the inertial forces and lock-ins in innovative capabilities and to the
relationship between the growth, decline and transformation of
innovative organizations.

- Use different databases jointly. The points above call for the joint use
of different databases. This means expanding, linking and integrating
various existing databases at the organisational and individual levels.
This progress is now feasible given the increasing availability of varied
and detailed micro data.

- Identify the specificities and the differences of corporate R&D. R&D is a
process highly dependent on the context in which it takes place.
Therefore, analyses of corporate R&D should take into account the
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sectoral, national and regional dimensions. Differences in this respect
need to be examined. Investigating the sectoral, national and regional
specificities means as a consequence that comparative analysis is
essential. It also means  that, at the empirical level, generalisations could
be reached by examining what is common across sectors, countries and
regions, and what is not.

- Develop public policy implications. Finally, public policy analysis should
be at the centre of future analyses. The papers in the Conference have
highlighted several very important aspects of R&D and innovation that
have major implications and lessons for policy making. Most of the
papers, however, have not addressed policy implications. Future
research should be carried out to fill this gap. 
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4. R&D and the dynamics of firms and sectors
(Georg Licht, rapporteur)

Topics raised and state of the art

The papers presented at the Conference focused on the role of R&D within
the innovative activity of firms, the role of in-house R&D in collaborative
projects, the impact of hampering factors on incentives to invest in R&D
and the impact of R&D on innovation and productivity. As such the papers
are rooted in the existing literature but extend our knowledge in several
dimensions. Some papers look at issues where empirical evidence was not
there before. An example here is the question of the stability of R&D joint
ventures. Another novel topic of the session was the focus on the
complementary nature of various innovative activities. 

- Conte and Vivarelli examined the link between in-house R&D and the
ability to absorb and acquire knowledge and technologies developed by
third parties. Based on data from the Italian CIS III, they showed that,
although product and process innovation are close related, there are
significant differences with regard to the role  of R&D and external
knowledge. Results show that R&D is str ict ly l inked to product
innovation, while acquisition of external technology is more important
for process innovation. The role of R&D in innovation also varies with
the characteristics of firms and technologies. Hence, small firms in low-
tech sectors typically innovate without relying on R&D but base their
(process) innovations on technologies developed by others.  

- Catozella and Vivarelli focused on the complementarity of in-house R&D
and other types of innovative activity. They convincingly demonstrated
that, apart from a direct productivity-enhancing impact, R&D also
increases the effectiveness of other innovative inputs, such as external
R&D, investment expenditures linked to new products and processes or
the  acquisition of technology through, for example, licensing. Although
internal research might not be a necessary precondition for a firm to
innovate, it is useful to carry out R&D because of its importance in the
generation of synergies that amplify the impact of other innovative
inputs. In this way, the paper enlarges the understanding of the crucial
role of R&D in the innovation process.

- Crespi and Pianta used industry level data based on CIS II to IV for
various EU Member States. The paper looks at factors that enhance
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product and process innovation. Their findings at the industry level
confirm previous studies which use country-specific-CIS micro data.
Product innovations are more likely in a high growth environment and
countries with significant social-capital-inducing collaboration among
firms and between firms and universities, in open markets and when
firms try to enter foreign markets. R&D is a crucial factor for the
generation of product innovation. Process innovations are closely linked
to cost-cutting strategies, embodied technical change and intra-industry
learning environment. R&D plays a less important role for process
innovations. Furthermore, there are significant differences with regard to
the role of R&D for product and process innovation in manufacturing
and services. Hence, sectoral and national systems of innovation are still
important in EU Member States. 

- Schmidt, Schwiebacher and Sofka highlighted another important role of
R&D in firms. They showed that the experience gained by performing
R&D not only contributes to the generation of innovation but also is
useful for deciding which R&D projects should be performed and to stop
fai l ing R&D projects in t ime. Therefore, R&D not only helps in
generating knowledge but also enhances the selection capacity for
innovation projects, even in the implementation stage. 

- Aralica, Ra i  and Red epagi  looked at R&D activities as a growth
factor of foreign owned SMEs in Croatia using a small cross-section
survey of  foreign owned SMEs. They found that R&D does not play a
significant role for these firms. Innovation activities mainly rely on
acquisition of external technologies and purchase of innovative
equipment. In addition, the link to the local science base is also weak
and firms mainly collaborate with other firms, which marginally induces
incremental product and process innovations.

- Maican investigated R&D as a driver of productivity growth using firm-
level panel data for selected R&D industries in Sweden. By means of a
t r ad i t i ona l  p roduc t ion  func t ion  app roach ,  they  found  tha t
R&D as well as competition stimulate productivity. Maican's estimates
s u g g e s t  t h a t  a c t u a l  R & D  s p e n d i n g  i s  b e l o w  t h e  o p t i m a l
level in all sectors. This finding is remarkable as R&D intensity in Swedish
m a n u f a c t u r i n g  i s  m u c h  l a r g e r  t h a n  i n  m o s t  E U  c o u n t r i e s .
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Increasing competitive pressure (for example, by fostering firm entry or
increasing competitiveness of small firms) complements policies which
promote R&D in established firms. Hence, open market policies and
entrepreneurship policies are important drivers of the competitiveness of
established firms.

- Duso, Pennings and Seldeslachts also looked at the link between
competition and innovation. More specifically, they analysed the
stability of research joint ventures (RJVs) which were registered under
the US national co-operation act which allows for certain antitrust
exemptions in order to stimulate firms to cooperate in R&D. The
empirical approach is quite novel and interesting per se. The results of
Tobit panel regressions point out the importance of various features of
RJVs  for  the s tab i l i ty  and the evo lut ion of  RJVs .  In  add i t ion,
characteristics of the product market in which the firms of a RJV operate
also influence the development of RJVs. One important finding is that a
more concentrated RJV structure in the product market leads to more
stability. This suggests that large RJVs comprising a significant share of
the firms of an industry are not so much set up for learning, but rather
for standard setting and possibly to enhance product market co-
operation. Besides, RJVs are less stable in more turbulent product
markets (that is, with high entry and exit rates) or in a rapidly changing
technological environment. RJVs in such cases are less likely a vehicle for
collusion but more likely a vehicle for technology production and
learning. Consequently, competition and innovation policy should take
into account the dynamics of technology and product markets when
forming policies to foster R&D collaboration among firms. 

Contribution of the papers

The presentations in both sessions contributed to a deeper understanding
of the role of R&D in the innovation process. In line with previous studies,
the papers highlighted the crucial role of embeddedness of firms in the
sectoral and national systems of innovation. This refers to, for example, the
possibility of collaborating with universities, research institutes and other
firms, the ability of firms to profit from the innovation activities of other
firms in the sector or the openness of product markets to entry. More
importantly, the papers point to three important features of R&D within
innovation processes:
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- R&D contributes not only directly to innovation but also increases the
effectiveness of other types of innovation activities. The relation of R&D
to other forms of innovation activities is complementary in nature.

- Past  R&D processes  generate  knowledge which increase  the
effectiveness of future R&D activities, for example, via an increased
ability to select R&D projects as well as to assess and reassess the
success probability of R&D projects. 

- R&D activities are crucially related to and shaped by the market
environment, most notably competition in the product market or
industry. Competition is an important driver of R&D investment. In
add i t i on ,  R&D seems  to  be  more  p roduc t i ve  i n  compet i t i ve
environments.  

The complementarity of R&D and other innovation activities is widely
neglected by scholars and innovation policy makers. In fact, the idea and
the empirical evidence of complementarity are convincing. The literature
has investigated the complementary relation of selected features of R&D
process only (for example, the complementarity of in-house R&D and
outsourced R&D). The papers enhance our understanding that R&D is
complementary to a much wider set of activities: R&D increases the
effectiveness of new machinery, acquired or licenced technologies,
outsourced R&D or training and human-capital investment. In addition, in-
house R&D is an enabling factor of collaboration between firms and
universities. Accordingly, innovation and R&D policy as well as firms need
to recognise the role of R&D as an investment in absorptive capacity,
selection capacity, evaluation capacity of new developments in a scientific,
technological and economic domain. 

Finally, the interlinks of competition and innovation have been the topics of
considerable study in the past. Nonetheless, the empirical evidence is still
inconclusive. The emerging evidence points towards an U-shaped relation
between competition and innovation. The papers indicate that the relation
is somewhat more complex. The degree of competition in a market not
only determines the inclination and the ability to invest in innovation or
R&D but competition also directly contributes to the effectiveness of R&D.
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Avenues for future research

There are two chal lenges which ar ise f rom the sess ions.  Despite
considerable research in the past our knowledge about the interlinkages
between various types of investments in R&D, knowledge and innovation
as well as between competition and other characteristics of product
markets, input markets and R&D and innovation strategies of firms is far
from complete. We should know more about the role of complementarities
in innovation processes. We need improved empirical estimates about the
size and significance of the degree of complementarities between various
innovat ive assets ,  here the papers  made an in i t ia l  s tep forward.
Furthermore,  there is  a cal l  for  understanding the l inks between
technological, organisational and other types of innovation by using present
CIS data. However, there is a lack of more refined measures of innovation.
For that reason, future CIS should include new measures for the effect of
process innovation. Complementarities between different elements of
innovation activities might be different between product and process
innovation. Unless there are quantitative indicators for process innovation
(particularly for cost-cutting process innovations), we will not be able to
understand complementarity. 

Innovation policies have largely neglected complementarities in the
innovat ion process .  However ,  po l i cy  cha l lenges  resu l t ing f rom
complementarities might be significant. That is why we should learn more
from the nature of complementarities and their implications on innovation.
As there is a lack of theoretical and empirical work on the topic, the policy
lessons for complementarities are less obvious. For instance, assume that in-
house R&D and investment in new innovative machinery are complements
- what does this imply for innovation policy measures? Should policy
interventions still focus on R&D or should policy address also complements
to R&D such as human capital and physical investment? 

Last, future research should also tackle, in a more detailed manner, the link
between firm innovation strategies and certain elements of national and
sectoral systems of innovation. The conceptual basis is well established,
however the empirical evidence on how certain elements frame company
strategies to improve competitiveness is far from exhaustive. Moreover,
additional work should be done on the design and impact of policy
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interventions in the presence of complementarities and embeddedness of
innovation activities in a wider context (product markets, technological
strategies of firms etc.). 
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5. New perspectives on the measurement,
evaluation and impact of corporate R&D

(Carlos Montalvo, rapporteur)

This summary is  based on approximately 25 papers presented at
Conference, rather than merely the ones that corresponded to this thematic
stream. The concept of 'measurement' is pervasive in almost all papers and
authors frequently claim to have measured or assessed influences and/or
impacts. 

State of the art in measurement of R&D

The measurement of R&D and innovation has been deemed a major
challenge for many years.  As early as 1962 Kuznets pointed out that the
major problem in understanding the economic effect of technical change
was the failure of scholars to effectively measure innovation.  Sound
evaluation of R&D itself and policies promoting R&D require the generation
of reliable data and valid measurement. What is the state of the art of data
reliability and measurement? Are there new approaches?

- There is common acknowledgement of limitations regarding quality and
reliability of data. Such limitations in general arise from issues such as
secrecy and a lack of disclosure of the very nature of R&D in relation to
the competitive strategies of firms, the diverse interpretation of R&D
across firms, differing information systems and accounting of fiscal
regimes and costs, and the lack of representative sampling and
generalisations. In addition, a great limitation factor is the cost of data
gathering and the sustainment of data infrastructures that collect data
over time (decades) to enable longitudinal studies.

- There have been substantial advances in the description and definition
of 'attributes', that is to say, contents to be measured (or assessed).
Similarly, there are advances concerning the description of relationships
between R&D and a number of concepts that might determine the
scope of R&D, innovation and economic performance (this is confirmed
and discussed in the reports  of other thematic streams).  Such
descriptions constitute the hypothesized structure of the contents
described. 
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- There is very limited advance in the measurement of variables in order
to robustly establish causality and make predictions (fundamental
measurement). Instead, most of the achieved measurement establishes
correlations between two or more variables (conjoint measurement).
The papers show significant advances establishing associations between
R&D and other variables of interest, including the direction of potential
influences (positive, negative, direct or inverse).

- There is a preference of the authors of the papers for measurement
methods based on econometric modelling. These methods present
problems when applied to highly aggregate and heterogeneous samples
such as industrial and services sector structures (in terms of firm sizes
and levels of investments in R&D), while a better understanding is
reached when fixed sectoral and firm effects are controlled for.
However, it is common knowledge that the distribution of R&D and
innovation may be skewed and in this case non-parametric methods
might be appropriate.

- The lack of common and accepted metrics in the field limits what can be
achieved. For instance,  s imi lar  effects  ar ise when the level  of
aggregation is changed form a macro to meso, or micro levels. That is,
variables that seem important, for example, in determining levels of
investment or location of R&D facilities, lose relevance when the level of
aggregation changes. Here disparate, conflictive and counter-intuitive
results have much to do with the unit of measurement used in each
case.  

- Advances in the field regarding the validity of measurement (or the
validity of the theories underpinning measurement) thus far have
covered face and concurrent validity in some depth. Much less has been
achieved regarding predictive, content and structural validity.

The way forward

The challenges faced by the community interested in R&D and innovation
studies are similar to the measurement problems that other epistemic
communities in the social sciences are facing. The way forward is to
continue to strengthen any framework underlying the gathering of data
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and, of course, continue the strengthening of data infrastructures. It would
be highly valuable that data gathering is guided by theory and hypothesis
t e s t i ng .  A s  R&D and  i nnova t i on  become  more  c r i t i c a l  f o r  t he
competitiveness of Europe in the coming decades, the need for better
monitoring becomes more urgent in terms of strategy, policy analysis and
design. 

Research in the field would benefit from tapping into non-parametric and
non-linear methods of analysis and measurement - establish clearly what
type of measurement and validity the study intends to achieve (or has
achieved). Given the desirability of sophisticated models that allow for
establishing causality and prediction (fundamental measurement), there is a
need  fo r  the  commun i ty  to  become aware  o f  what  th i s  k ind  o f
measurement entails. There is still a long way to go to establish predictive,
content and structural validity in R&D strategy and policy studies.

Further research in the field is needed to develop comprehensive theories
that integrate diverse R&D drivers that are currently considered separately.
It is highly desirable to have a good understanding and measurement of the
perceived reality of decision makers on the firm side (that is, elicited
perceptions of R&D managers and strategists). This type of R&D research is
very likely to bring more complications to the formulae, as it will require
reconciling data of a very different nature. This type of data is likely to
include extensive and intensive attributes (expressed and revealed
preferences of firms' decision makers) and the non-linearity of decision
systems in firms. In turn, this will bring more difficulties to measurement, as
it implies the reconciliation of revealed and expressed preferences and
systemic analysis where central trend methods have little to offer. Here the
field would benefit from tapping into non-parametric methods like multi-
dimensional scaling, partial least squares regressions and structural
equations as additional methods to establish content and structural validity.
Advances in the direction outlined above are likely to provide a sound basis
to solving the long-standing problem of measuring the contribution of
technical change to economic performance appropriately.  
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6. New and emerging issues in corporate R&D
(Reinhilde Veugelers, rapporteur)

Research into corporate R&D is constantly developing and is not necessarily
bound by the thematic streams outlined above. The Conference invited
contributions that pushed the boundaries of this area of inquiry further by
addressing new and emerging issues from a variety of different viewpoints. 

A common theme that ran through these papers was the open innovation
paradigm. This is characterised by the interaction of innovating firms with
other innovation actors (users, suppliers, producers of knowledge, policy
makers etc.).  

Bajeux-Besnainou and colleagues directly examined the formation of
innovation networks, stressing their heterogeneity of members and
dynamics (entry-exit). The major motive identified in this paper for joining a
network was to reduce the uncertainty of entering technology areas new to
the firm.

The paper by Könnölä began by observing that 'firms have moved from
basic research and technology push to systemic and closer to the market
innovations'. In an open innovation paradigm, firms should use a broader
framework than the classical technology roadmaps when doing technology
foresight exercises.  

The paper by Belderbos and colleagues examined how access to university
research may drive large R&D active firms to locate R&D abroad, close to
the centre of academic excellence.  They found strong evidence for these
industry-science links, at the heart of an open innovation strategy to
influence firms' location decisions.

Barrios and colleagues take this co-location of innovation actors in
agglomerations further by studying the impact of local and international
spillovers on a firm's productivity in Ireland. The authors found that MNCs
present in the country can be favourable to the host country by providing
access for local firms to global knowledge spillovers, but these spillovers are
not obvious.  At least in Ireland, these spillovers are not occurring through
R&D done by foreign subsidiaries, but rather through the access foreign
subsidiaries provide through their parent firm link to R&D in the host
country.
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Sapprasert discussed the specific case of service sector innovations, stressing
how service firms innovate differently, with a bigger importance of ICT and
organizational change.  Their higher reliance on acquiring technology and
know-how externally makes them intrinsically more open-innovation-
minded.
  
An open innovation paradigm raises important issues:

- What are the implications of open innovation for firms/actors managing
R&D?

- What are the implications for researchers studying R&D?

- What are the implications for policy-making?

Open innovation requires focusing attention beyond one's own R&D
activities to consider other external sourcing innovation strategies for
creating innovation and growth. It also requires examining further how
firms can appropriate the benefits from open innovation.  We need to
know more about the capacity to absorb external know-how and IPR issues
in open innovation. For research in corporate R&D, it also requires
extending the unit of analysis from the individual firm to the level of
networks: how are they formed, how they survive, grow and compete with
other networks?

Mostly ignored in the papers, but also in general in the literature, is the
impact of open innovation on innovation policy-making.  Policy-makers are
active members of the open innovation system. In a number of settings
they operate as users (public procurement) or as promoters, instigators or
providers of basic infrastructure (such as clusters, platforms, science parks
etc.).  

Should policy makers be favourable to open innovation, taking that this is
good for innovation and growth? Or should they worry about the
formation of closed clubs? Should they be stimulated? In other words, are
the private incentives to join networks not aligned with the social value of
such networks?  And if they should be stimulated, how could this be
achieved? Via direct intervention in a selected top-down network or
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through creating the right framework conditions for these networks to arise
bottom-up in a socially valuable fashion?  

Overall, the open innovation perspective does not require radically new
ways of looking at innovation and innovation policy. We do not need to
start from scratch, we already have analysed these issues, but we need to
give them a more central place in research and the policy agenda than they
currently occupy.
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