~ A Service of
’. b Leibniz-Informationszentrum

.j B I l I Wirtschaft
) o o o Leibniz Information Centre
Make YOUT PUbllCCltlonS VZSlble. h for Economics ' '

Moncada-Paterno-Castello, Pietro; Ciupagea, Constantin; Smith, Keith; Tubke,
Alexander; Tubbs, Mike

Working Paper
Does Europe perform too little corporate R&D? A
comparison of EU and non-EU corporate R&D performance

IPTS Working Papers on Corporate R&D and Innovation, No. 11/2009

Provided in Cooperation with:
Joint Research Centre (JRC), European Commission

Suggested Citation: Moncada-Paterno-Castello, Pietro; Ciupagea, Constantin; Smith, Keith; Tbke,
Alexander; Tubbs, Mike (2009) : Does Europe perform too little corporate R&D? A comparison of EU
and non-EU corporate R&D performance, IPTS Working Papers on Corporate R&D and Innovation,
No. 11/2009, European Commission, Joint Research Centre (JRC), Seville

This Version is available at:
https://hdl.handle.net/10419/202112

Standard-Nutzungsbedingungen: Terms of use:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen Documents in EconStor may be saved and copied for your personal
Zwecken und zum Privatgebrauch gespeichert und kopiert werden. and scholarly purposes.

Sie durfen die Dokumente nicht fiir 6ffentliche oder kommerzielle You are not to copy documents for public or commercial purposes, to
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich exhibit the documents publicly, to make them publicly available on the
machen, vertreiben oder anderweitig nutzen. internet, or to distribute or otherwise use the documents in public.
Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen If the documents have been made available under an Open Content
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten, Licence (especially Creative Commons Licences), you may exercise
gelten abweichend von diesen Nutzungsbedingungen die in der dort further usage rights as specified in the indicated licence.

genannten Lizenz gewahrten Nutzungsrechte.

Mitglied der

WWW.ECONSTOR.EU é@“}


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/202112
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

IPTS WORKING PAPER on
CORPORATE R&D AND INNOVATION - No. 11/2009

Does Europe perform too little corporate R&D?
A comparison of EU and non-EU corporate R&D performance

Pietro Moncada-Paterno-Castello, Constantin Ciupagea, Keith Smith,
Alexander Tubke and Mike Tubbs

- J Rc . EUROPEAN COMMISSION
% Directorate-General for Research

EUROPEAN COMMISSION




The IPTS Working Papers on Corporate R&D and Innovation shed light on economic and policy
questions related to industrial research and innovation and their contribution to the European
competitiveness. Mainly addressed to policy analysts and the academic community, these are scientific
papers (policy relevant, highlighting possible policy implications) and proper scientific publications which
will be typically issued at the moment they are submitted to peer-reviewed scientific journals. The working
papers are useful to communicate to a broad audience the preliminary research findings of the work we
develop, to generate discussion and to attract critical comments for further improvements. The working
papers are considered works in progress and are subject to revision.

These IPTS Working Papers on Cormporate R&D and Innovation can take the form of more policy oriented
notes, mainly addressed to EU policy-makers. These kinds of papers take a position on a sharply focused
policy issue based onthe most compelling empirical evidence available. They present policy
implications derived from our own research and the views of the most prominent authors in the field,
making the appropriate references.

The present Working Paper (No. 11/2009) is issued in the context of the Industrial Research Monitoring
and Analysis (IRMA)' activities that are jointly carried out by the European Commission's Joint Research
Centre (JRC) — Institute for Prospective Technological Studies (IPTS) and the Directorate General
Research - Directorate C, European Research Area: Knowledge-based economy.

IRMA activities aim to improve the understanding of industrial R&D and Innovation in the EU and to
identify medium and long-term policy implications. More information, including activities and publications,
is available at: http://iri.jrc.es/ and http://ec.europa.eu/invest-in-research/

The main authors of this paper are Pietro Moncada-Paterno-Castello (JRC-IPTS), Constantin Ciupagea
(Institute of World Economy and Romanian Centre for Economic Modelling, Romania), Keith Smith
(Australian Innovation Research Centre, University of Tasmania, Australia), Alexander Tibke (JRC-
IPTS) and Mike Tubbs (Innovomantex Ltd and Ashcroft International Business School, United
Kingdom). The work has benefitted from the review of and input from Marco Vivarelli (Catholic
University of Milan) and Nick con Tunzelmann (SPRU, United Kingdom).

The IPTS Working Papers on Corporate R&D and Innovation are published under the editorial
responsibility of Dr Andries Brandsma, Mr Pietro Moncada-Paterno-Castello and Dr Michele Cincera at
the Knowledge for Growth Unit — Industrial Research and Innovation Action of IPTS / Joint Research
Centre of the European Commission.

Contact information - including for the submission of short abstracts (maximum 1 page) for the IPTS
Working Papers on Corporate R&D and Innovation: P. Moncada Moncada-Paterno-Castello
European Commission, Joint Research Centre - Institute for Prospective Technological Studies
Edificio Expo

C/ Inca Garcilaso, 3

E-41092 Seville (Spain)

Fax: +34 95 448 83 00; E-mail: jrc-ipts-secretariat@ec.europa.eu

IPTS website: http://ipts.jrc.ec.europa.eu/; JRC website: http://www.jrc.ec.europa.eu

DG RTD-C website: http://ec.europa.eu/invest-in-research/index_en.htm

Legal Notice
Neither the European Commission nor any person acting on behalf of the Commission
is responsible for the use which might be made of this publication.

IPTS WORKING PAPER on CORPORATE R&D AND INNOVATION - No. 11/2009
Full electronic version of the paper can be downloadable at http://iri.jrc.es/

JRC51955 Luxembourg: Office for Official Publications of the European Communities
© European Communities, 2009
Reproduction is authorised provided the source is acknowledged

" IRMA activities correspond to the implementation of the approach set out in "Investing in research: an action plan for Europe"
(COM, 2003) and in further Communications of the Commission: "More Research and Innovation — Investing for Growth and
Employment — A common approach”, COM (2005) 488 final, "Implementing the Community Lisbon Programme: A policy
framework to strengthen EU manufacturing — Towards a more integrated approach for industrial policy", COM (2005) 474 final.


http://iri.jrc.es/
http://ec.europa.eu/invest-in-research/
mailto:jrc-ipts-secretariat@ec.europa.eu
http://ipts.jrc.ec.europa.eu/
http://www.jrc.ec.europa.eu/
http://ec.europa.eu/invest-in-research/index_en.htm
http://iri.jrc.es/

IPTS WORKING PAPER ON CORPORATE R&D AND INNOVATION - 11/2009
DOES EUROPE PERFORM TOO LITTLE CORPORATE R&D? A COMPARISON OF EU AND NON-EU CORPORATE R&D PERFORMANCE

Abstract

This paper examines whether there are differences in private R&D investment performance
between the EU and the US and, if so, why. The study is based on data from the 2008 EU
Industrial R&D Investment Scoreboard. The investigation assesses the effects of several very
distinct factors that can determine the relative size of the overall R&D intensities of the two
economies: these are the influence of sector composition (structural effect) vis-a-vis the
intensity of R&D in each sector (intrinsic effect) and the company demographics. The paper
finds that the lower overall corporate R&D intensity for the EU is the result of sector
specialisation (structural effect) - the US has a stronger sectoral specialisation in the high R&D
intensity (especially ICT-related) sectors than does the EU, and also has a much larger
population of R&D investing firms within these sectors. Since aggregate R&D indicators are so
closely dependent on industrial structures, many of the debates and claims about differences
in comparative R&D performance are in effect about industrial structure rather than sector
R&D performance. These have complex policy implications that are discussed in the closing
section.

JEL Classification: O33

Keywords: Research and Development intensity, EU-US R&D gap, size of firms
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1 Introduction

1.1. Comparative R&D expenditure performance: a policy issue?

Research and Development (R&D) expenditures have long been an important concern of
innovation analysts, who have used them as a proxy for innovation inputs and as a
determinant of productivity growth. Perhaps, as a consequence, governments have
increasingly seen R&D policy as an instrument for achieving their wider objectives related to
growth, productivity and competitiveness. One effect of this is that many governments, as well
as the EU as a whole, have established R&D intensity targets (for a comprehensive overview,
see: Sheehan and Wyckoff (2003)). Some governments have brought in R&D tax credit
schemes to encourage additional R&D investment and some of these schemes give tax relief
based on an R&D intensity measure.

In the Lisbon strategy — seeking to make the EU 'the most competitive knowledge-based
economy' - the EU formulated a commitment to higher levels of R&D intensity as well as to
changes in R&D organisation and framework conditions. Such objectives rest partly on
proposals to increase publicly-funded R&D, but also emphasize the need for significant
increases in business-funded R&D. The EU’s aim in doing this is to approach and possibly
surpass the effort made by competing economies (namely the US). In fact, as Soete (2006)
put it in an interesting paper, while Europe has kept up with the US in investing public
resources in knowledge, both in higher education and research, the EU has dramatically failed
to convince the private sector and its citizens to invest in knowledge, the key to its own long
term future.

Building on the Lisbon objective, the 2002 Barcelona European Council set a target for EU
R&D of 3% of EU GDP, of which 2/3 should be financed by the private sector (European
Commission (2003)).

These targets are appealing and enticingly easy to grasp. However, they are even more easily
misunderstood because aggregate R&D numbers for countries or regions are not simply an
effect of R&D ‘effort: they are a combined outcome of firm strategies, company
demographics, industrial structures, and macroeconomic dynamics (Soete (2005)).

A complete model of these determinants of R&D expenditure would probably be very complex
indeed (see for example Jaumotte and Pain (2005) and Falk (2004) for relevant modelling
efforts). It is important to keep these underlying issues in mind when thinking about the
appropriateness of particular policy strategies, and about whether and how specific targets for
R&D might be reached. A common approach is to distinguish between ‘intrinsic’ and
‘structural’ factors in shaping R&D intensity: intrinsic factors reflect within-sector effort, while
structural factors reflect the relative size of R&D-intensive sectors to other sectors within an
economy. Low aggregate R&D intensity can simply reflect the absence or small size of R&D-
intensive sectors (or the very large size of sectors with high sales but relatively low R&D),
rather than any general failure of R&D performance (Griffith and Harrison (2003), for example,
have shown that the UK’s low aggregate R&D intensity largely reflects structural factors).

1.2. Aim and research questions

This article aims to investigate the differences in private-sector R&D investment between EU
companies and their competitors in other major economies. It utilises recent company data to
identify structural and specialisation characteristics that explain the sizeable differences in
aggregate R&D intensity observed between two populations of companies (EU and non-EU
ones) . The specific research question guiding our investigation is whether the explanation for
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the lower overall corporate R&D intensity of the EU vis-a-vis the US and Japan is mainly
because of lower EU R&D intensities across a wide range of sectors or because the structure
of the EU economy has a relative larger share of low R&D intensity sectors and hence a
smaller share of high intensity sectors. In other words, does the explanation lie mainly in an
"intrinsic" vs. "structural" effect? This study also investigates the distributions of R&D and R&D
intensity for the three main world regions as well as the demographics of R&D intensive firms
to investigate whether these effects play a role in determining the differences in overall R&D
intensity between these different world regions. Finally, the study analyses the possible
consequences of the findings for policy-making.

1.3. Structure of the paper

The paper is organised as follows:

After the above introduction, section 2 reviews briefly the main findings and relevance of
benchmarking private R&D investment performance within the literature on "Economics of
Research and Innovation".

Section 3 provides an overview of the tools used to benchmark R&D investment as well as
presenting the data used in this study, namely the R&D investment of a large set of firms
derived from the information listed in their annual accounts.

Section 4 investigates the distribution of R&D by comparing R&D across different sector
groups using R&D intensity levels (following a widely-used approach to characterise industrial
sectors according to their technological activity as measured by their level of R&D intensity).
This is followed by section 5 which introduces the methodology to decompose R&D intensity
into 'structural' and 'intrinsic' effects, within the major economies under study. This method of
decomposition is then applied to an extensive set of company R&D data; key features are
discussed and the results for the main economies compared.

Following this, section 6 analyses the distribution of R&D across top R&D investing firms to
examine R&D intensity by company size to see if differences in this contribute to differences
between world regions.

Finally, section 7 sums up the main findings and offers some concluding remarks relevant for
policy-making.
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2 Industrial RED Investment Performance in the EU

This section sets out the conceptual framework reliably anchored to the published economic
literature and highlights why the nature and causes of the EU private R&D investment
performance profile matters and why they are important for policy-making. It also briefly
reviews the relevance of benchmarking private R&D investment performance within the
literature on the "Economics of Research and Innovation".

2.1 Why private R&D investment performance matters

Economic theory (Solow (1957)) points to technical change as the major source of productivity
growth in the long run. R&D is a major source of technical change (Romer (1990), Guellec
and van Pottelsberghe de la Potterie (2001)) which is recognised as a key element for
increasing the knowledge base and, with it, the growth, productivity and competitiveness of an
economy (Coccia (2008), Mowery and Rosenberg (1989)).

As a matter of fact, most of the arguments that provide justification for policies targeted at
raising the level and efficiency of R&D rely on the assumption of close links between R&D
spending and micro- & macro-economic performance (Kafouros (2008), Bilbao-Osorio and
Rodriguez-Pose (2004), Griffith, Redding and Van Reenen (2004), Mitchell (1999)).

It follows that, given the role played by competitive innovation-led enterprises in the economy
(i.e. the return in terms of economic and social benefits), policy initiatives do not aim at raising
the level of private R&D per se, but aim at making R&D investment more effective and at
overcoming possible barriers to innovation and hence to economic & social prosperity (Pessoa
(2007), Soete (2007), Jones and Williams (1998)).

It is not our intention to debate here whether, in order to address the EU R&D investment
deficit to achieve a knowledge-intensive economy and society, the EU needs a long-term,
structured industrial policy or simply short-term policy actions that address one-by-one the
different market failures which impede the magnitude, effectiveness & impact of R&D
investment.

We are however convinced that, within this context, it is important to characterise the nature
and characteristics of the EU’s deficit in R&D intensity and performance since this would affect
the shape and the effectiveness of whatever R&D-related policies and means might be
employed.

2.2 The EU R&D intensity deficit: nature and reasons

There is an extensive literature dealing with the deficit in the EU’s overall company R&D
intensity compared to that of competing economies and the various factors that determine it.
For instance, there are many scientific papers that consider firms' demography, their size and
dynamics (capacity to grow fast) as factors that may influence the deficit.

Bartelsman et al. (2003) have conducted an analysis, based on a dataset of sectoral
indicators of firm dynamics at country level together with information from business registers.
They conclude that post entry performance differs markedly between Europe and the US (in
favour to the US), while O"Sullivan et al. (2007) associate the EU weakness in the growth of
new, technology-based firms” as one of the causes of the EU R&D intensity deficit. This
finding is confirmed by the recent work of Ortega-Argilés and Brandsma (2008). They
conducted an econometric analysis — including a sequence of regressions to test the
regularities and differences shown in the descriptive analysis - of the EU-US differences in the
size of R&D intensive firms using a panel of data with 338 EU and 557 US firms and
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concluded that firm size plays a role in the overall R&D intensity gap, independent of the
sectoral composition of R&D.

Besides the dynamics of firms and their size, there are also studies (e.g. Aghion (2006) and
Cohen & Lorenzi (2000)) pointing out various framework conditions as additional causes
contributing to the EU R&D intensity deficit. These include a less entrepreneurial culture, a
more costly IPR regime, high taxation, more difficult access to finance and to adequate skills,
costly social security regimes, overregulation of labour and capital markets, etc.

However, a large part of the scientific effort devoted to studying this phenomenon seems to
address one main issue - i.e. the "intrinsic" vs. "structural" effect - and reaches two divergent
conclusions. There is one group of researchers who are more inclined to consider that the EU
R&D deficit as being mainly due to companies' underinvestment in R&D (intrinsic effect).
Conversely, other researchers tend to conclude that the gap is manly due to the structure of
the economy (structural effect).

Erken and van Es (2007) disentangle the differences in business R&D between 14 EU
countries and the US in 36 sectors over a 17-year period using OECD-STAN and ANBERD
data. They conclude that the contribution of the sector composition to the R&D funding gap
between the EU and the US was very low, whereas the intrinsic effect was by far responsible
of the private R&D gap. They also argue that, if only manufacturing sectors are taken into
account, corporate R&D intensity does not differ much between the US and the EU. Rather,
the size of high R&D intensity sectors (especially the larger size of the US’ ICT-related
sectors) explains the difference in R&D expenditure between the manufacturing sectors of the
US and the EU. However, the main conclusion of their work is that the European R&D shortfall
is mainly caused by the negative intrinsic effect of the service sector, especially citing
comparability problems with R&D data for the services sector as between the US and the EU.
Therefore, it is hardly surprising that another study, Mathieu and Van Pottelsberghe de la
Potterie (2008), limits their analysis of R&D intensity to 20 manufacturing sectors, concluding
that BERD intensity is mainly driven by the degree of specialization in R&D intensive
industries. It therefore supports the arguments for a sectoral composition effect as the cause
of the low EU R&D intensity. This study was focused on 10 European member states using a
panel of data between the years 1991 and 2002; all the service sectors are treated as a single
aggregate sector.

Van Ark, Inklaar and McGuckin (2003) observed that U.S. expenditures on R&D outside the
manufacturing sector have been increasing since the mid-1990s and now account for about a
third of total R&D expenditures, up from less than one fifth in 1995. So, while the
manufacturing sector accounts for the majority of R&D expenditures, its share is declining.
They note that European growth in services R&D has been slower than in the US and has still
not reached 20% of total R&D. At least part of this gap is probably real since ICT diffusion has
been slower in Europe than the US.

Several studies implemented in the last few decades investigate the reasons for the
commonly observed pattern of a “falling behind” in the area of knowledge investments for
Europe as a whole relative to the US. For example, Pavitt and Soete (1982) found that one of
the main factors that underlie this phenomenon was related to the strongly increased
international specialisation of individual EU member countries.

The conclusions of these earlier studies are confirmed by other more recent studies such as
those implemented by O' Sullivan (2007) and Ciupagea and Moncada-Paterno-Castello
(2006), which suggest that the European private R&D investment deficit is mainly due to a
sectoral composition effect.

In line with this finding, a paper from Lindmark, Turlea and Ulbrich (2008), in which European
Commission' (2007a) micro-data as well Eurostat, OECD, EU, KLEMS' national statistics were
used and EU and US R&D intensities decomposed, concludes that the R&D intensities of
companies are very similar, but the sector composition is very different. The study found the
R&D intensity difference was caused by the smaller size of the ICT sector in the EU compared
to the US. In fact the ICT sector in the EU also contributes much less to overall business
expenditure on R&D in relative terms than does its counterpart in the US. This conclusion
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confirms the findings of O'Sullivan (2007), GFIl (2007) and the European Commission (2007a
and 2007b).

In this context, it should be emphasised that the high-tech sectors are important not only
because companies in them invest at a higher R&D intensity but also because in such sectors
the link between R&D and productivity turns out to be larger and more significant (Ortega,
Piva, Potters and Vivarelli (2009)).

In summary, the divergent findings in the literature concerning the causes of the R&D intensity
gap between EU and US companies suggest caution in drawing general conclusions based
on individual studies. Some methodological problems make it difficult to converge on
generally-accepted measures of structural and intrinsic effects. The results of decomposing
the R&D deficit into these two components have been shown to be highly sensitive to the level
of detail at which industries are compared (Jaumotte and Pain (2005)). Furthermore, the
divergence of results also seems to be dependent on whether or not service sectors are taken
into consideration together with manufacturing. More importantly, in the case of studies
considering both manufacturing and service sectors, the result lacks robustness because of
the widely recognized comparability problems for services sector R&D data between the US
and the EU which are subject to very different statistical norms (Erken and van Es (2007);
Duchéne et al. (2008)). Moreover, the conclusions of these studies cannot necessarily be
applicable to all countries and all economies because of their possible heterogeneity in R&D
intensities and industrial structures: 'intrinsic' may dominate in some countries while 'structural’
dominates in others.

The present paper seeks to improve understanding of the causes of the under-performance of
European firms in R&D investment. It mainly focuses on the effects of sectoral structures and
business demographics in shaping comparative performance differences between the EU and
US with the aid of very recent company R&D data.

3 Introduction to Benchmarking Tools and the Data Used

This main section starts with a short review of the data used for benchmarking R&D, then
centres on the R&D data used in this study (the R&D investment of firms as listed in their
annual accounts), introduces their characteristics, and outlines the main differences of the
data approach used compared to the OECD’s Frascati system.

3.1 Introduction to benchmarking data tools

Most R&D analyses rest on official statistics collected according to the procedures of the
OECD Frascati Manual, which is in effect a global standard for R&D official data collection
(OECD (2002)). The Frascati approach classifies R&D data on a territorial basis in terms of
sources of funding and sectors of expenditure, as well as in terms of socio-economic
objectives, research fields and types of research.

However this is not the only way of looking at R&D, particularly in the corporate sector, where
multiple ways of looking at R&D performance can give differing perspectives on international
comparative issues.

Scoreboard rankings are popular tools for benchmarking performance across firms, sectors
and countries. In the business world, scoreboards have been used over a long period to
compare companies on the basis of market capitalisation or the value of brands. Within
innovation studies, two types of scoreboards have emerged: those which construct composite
indicators, and those which produce rankings of one selected indicator. Composite
scoreboards by definition include multiple indicators and some method of combining them to
reduce them to a single ranking. Since the 1990s, more and better data on R&D and
innovation have become available, for example, through the Community Innovation Survey
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(CIS, Eurostat (2007)). Such developments have led to the establishment of scoreboards as
an increasingly popular measure to compare the performance of countries as a policy-making
tool. Examples of these ranking devises are the OECD Technology and Industry Scoreboard,
the UK R&D Scoreboard, the US Industrial R&D Leaderboard, and the Australian R&D and
Intellectual Property Scoreboards. It is worth mentioning as well the European Commission’s
Innovation Scoreboard based on a multi-indicator methodology that provides an annual
assessment of innovation performance in the Member States.

However, the geographic coverage, indicators, data sources and methods for data generation
for these scoreboards vary, and it is impossible to derive satisfactory comparable information
on the distributions and concentrations of corporate R&D investment worldwide from the
existing national or partially global Scoreboards. It is this consideration which led to the
creation of the EU Industrial R&D Investment Scoreboard.

Box 1. Comparing the EU R&D Scoreboard with Business Expenditure on R&D (BERD)

The data used for the Industrial R&D Investment Scoreboard are different from those provided
by statistical offices, e.g. BERD data collected by national statistical agencies. The
Scoreboard refers to all R&D financed by a particular company from its own funds, regardless
of where that R&D activity is performed. The Scoreboard therefore presents an indicator of a
particular corporation’s global financial commitment to R&D. BERD, on the other hand, refers
to all R&D activities performed by businesses within a particular territory (which therefore
include small parts of many global businesses), regardless of the location of the business’s
headquarters, and regardless of the sources of finance. In brief, the distinction between
Scoreboard and BERD data can be seen overall as ‘global corporate funding’ vs. ‘activity
within a geographical area’.

Further, the Scoreboard collects data from audited financial accounts and reports. BERD
typically takes a stratified sample, covering all large companies and a representative sample
of smaller ones. Additional differences concern the definition of R&D intensity (BERD uses the
percentage of value added, while the Scoreboard measures it as the R&D/Sales ratio) and the
sectoral classification they use (BERD follows NACE, the European statistical classification of
economic sectors, while the Scoreboard classifies companies’ economic activities according
to the Industrial Classification Benchmark (ICB)).

It is difficult to compare the Scoreboard figures and BERD data directly (European
Commission (2007a)). Even if both were fully comprehensive and accurately measured, the
global measurements would still differ as BERD includes non-company sources of R&D
finance, and because the measurements refer to different samples of firms. Non-company
sources for R&D finance can be significant: for example, government-financed BERD is
approximately twice as high in the US — both in absolute terms and as a proportion of GDP —
than the EU 25. This is an important and neglected fact in differences in BERD intensities
between the US and the EU (Dosi et al. (2005)).

We suggest that both types of measure are useful to policy-makers seeking a complete
picture of private R&D investment trends and patterns. The Scoreboard gives policymakers
and others some insight into companies’ global R&D commitments and their relationship to
firm-level economic outcomes. This focus indicates how much firms, rather than the parts of
firms within particular national territories, are investing in R&D and in which industries the
most R&D-active companies operate.
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3.2. Data and samples selected for the analysis

Data used in this study are collected from the 2008 edition of the EU Industrial R&D
Investment Scoreboard (Scoreboard). This dataset enables the comparison between large-
scale corporate R&D performers in the EU and non-EU worlds. It contains data of the 1000
largest R&D-performing firms in the EU, and the 1000 largest ones in the non-EU world. The
data have been collected from publicly available audited annual reports and accounts of listed,
private and state-owned companies in the last reporting year (i.e. 2007/8) and made available
as of 29 July 2008.

As far as individual disclosures allowed, R&D investment was corrected in order to reflect the
share funded by the company itself and its subsidiaries. The Scoreboard therefore excludes
R&D financed by third parties such as governments or other companies. It also excludes a
given company’s share of any associated company or joint venture R&D investment, which is
listed separately. Where part or all of the R&D costs have been capitalised, the additions to
the appropriate intangible assets are included to calculate the cash revenue investment and
any amortisation eliminated.

The definitions of R&D used by companies in their audited reports follow accepted
international accounting standards, specifically IAS 38, which accords with definitions used for
official statistics (as set out, for example, in the Frascati Manual, OECD(2002)). All monetary
amounts were converted to euros.

In the consolidation process, companies that were subsidiaries of another company were
excluded to avoid double counting. Majority-owned subsidiaries were consolidated in the
accounts of the parent, whereas joint ventures that were 50 % owned by each of two partners
were included as stand alone companies.

The classification of the location of a given company depends where (in which country) the
ultimate parent has its registered office. The registered office is the company address notified
to the official company registry. It is normally the place where a company's books are kept.
Sector classification is based on the Industrial Classification Benchmark (ICB) system. The
Scoreboard encompasses 36 out of the 45 ICB sectors, disaggregated at the three-digit level.
Classification is based on the companies stating where their main activities lie (see the
characterisation of the data sample in Annex 1, Table A1). Taken together, all 2000
Scoreboard companies invested a total of €379.3 billion in R&D in 2007/08.

When using the Scoreboard data for comparative analyses there are a number of factors that
should be taken into account because they potentially affect the interpretation of the figures. In
particular, the following points should be noted:

a) Scoreboard figures are nominal and expressed in euros with all foreign currencies
converted at the exchange rate prevailing on 31 December 2007. Financial indicators
consolidated from companies' activities in different currency areas are influenced by
fluctuations in exchange rates. This has an impact on firms’ relative positions in the
world rankings based on these indicators. Moreover, the ratios between indicators or
the growth rate of an indicator may be affected. For example, the euro appreciated
significantly against the US dollar and the pound sterling between 2006 and 2007,
rising from $1.32 to $1.46 and from £0.67 to £0.73. This means that the Scoreboard
underestimates the R&D growth rate of EU companies based in the euro area and
operating in the US. Conversely the growth rate of US companies with substantial
operations in the euro area is overestimated in this case.

b) Growth in R&D can be organic, due to acquisitions, or a combination of the two.
Consequently, mergers and acquisitions may explain sudden changes in R&D growth
rates and rankings of specific companies.
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c) Other important factors to take into account are the difference in the various
countries’ (or sectors’) business cycles that may have a significant impact on
companies' investment decisions as well as the adoption of the International Financial
Reporting Standards (IFRS). It should be also noted that although the accounting
standards lead to a certain standardisation in the data reported, some degree of choice
remains for companies as to what may be declared as R&D or not. This can have
important impacts.

Finally, it should be pointed out that, for the sake of this study, both the full sets of EU 1000
and non-EU 1000 companies as well as comparable sub-samples of these companies are
examined. In fact, the EU 1000 and non-EU 1000 groups include companies with different
volumes of R&D investment. For the 2008 edition of the Scoreboard, the R&D investment
threshold for the EU group is €4.27 million and that for the non-EU group €24.21 million. In
order construct sub-samples of comparable EU and non-EU companies, it is preferable to
consider only companies with R&D above the non-EU threshold. These groups comprise a set
of 402 EU companies, 544 US and 244 Japanese companies, all with R&D of at least €24.2m.

4 The Distribution of RGD across Sectors

The comparison of R&D intensity data for different groups of sectors selected by the level of
their R&D intensity follows a widely-used approach to characterise industrial sectors according
to their technological activity measured by the level of R&D intensity, i.e. from high to low
technological content. The data used here are available in the ICB sector classification. Using
R&D over net sales as R&D intensity, the sector classification is matched to the OECD high
technology sector and product classification (OECD (1997)).

The sectors are divided into the following four groups by their average R&D intensity:

Group 1: High R&D intensity sectors (higher than 5%), comprising pharmaceuticals &
biotechnology, health-care equipment & services, technology hardware & equipment,
software & computer services and leisure goods.

Group 2: Medium-high R&D intensity (between 2% and 5%), comprising automobiles &
parts, aerospace & defence, electronics & electrical equipment, industrial engineering &
machinery, chemicals, personal goods, household goods, general industrials, support
services and travel & leisure.

Group 3: Medium-low R&D intensity (between 1% and 2%), such as food producers,
media, oil equipment, general retailers, tobacco, mobile and fixed line
telecommunications.

Group 4: Low R&D intensity (below 1%),such as oil & gas, industrial metals, banks,
construction & materials, food & drug retailers, beverages, industrial transportation,
mining, electricity and multi-utilities.

As a first step, the sectoral composition of the EU, the US and Japan by sector group is
illustrated below. Figure 1 comprises the sectoral composition in terms of R&D investment, and
figure 2 in terms of net sales, so both determinants of Scoreboard R&D intensity are covered.
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Figure 1: Shares of R&D investment and the R&D intensity of companies by world region and
sectors
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Note: The size of the circles is approximately proportionate to the total amount of R&D investment.
Source: Computed from the EU Industrial R&D Investment Scoreboard data (European Commission,
2008)
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Figure 2: Shares of net sales and the R&D intensity of companies by world region and sectors
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Note: The size of the circles is approximately proportionate to the total amount of net sales.
Source: Computed from the EU Industrial R&D Investment Scoreboard data (European Commission,
2008)

The figures show considerable differences in the sector mix of the three world regions, both in
terms of R&D investment and net sales.

Two other figures below takes the same concept of sector groups and apply it to compare the
R&D intensities of these three world regions.
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Figure 3: R&D intensity of Scoreboard companies by sector group and world region
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Figure 4: Shares of net sales of Scoreboard companies by sector group and world region
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Figures 3 and 4 show that, also with respect to R&D intensities and net sales within these world
regions, considerable differences can be observed.
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The following conclusions can be drawn from figures 1-4 above:

= The EU companies have the highest R&D intensity in the Group 1 and R&D intensities
comparable to the ones of the other regions in Groups 2, 3 and 4. However, they have the
lowest proportion of R&D investment in Group 1 and the second highest proportion in Group
2. A consequence of this is the low contribution of high R&D intensity sectors to the overall
R&D intensity of the EU. This explains, to a large extent, the fact that the US and Japan
both have a much higher R&D intensity than the EU. The latter is also explained by the large
size of many of the EU's companies operating in low R&D intensity sectors which account
for significantly higher shares of net sales than of R&D investment.

= The US firms invest over two thirds of their total R&D in the high R&D-intensity Group 1 and
only 4% in the Medium-low and Low R&D-intensive Groups 3 and 4 and only 28% in group
2. The US thus has much lower proportion of R&D investment in Groups 2, 3 and 4 than the
EU and Japan. This is the main reason for the US companies showing, on aggregate, a
much higher R&D intensity than the EU and Japan.

= Japanese companies concentrate their overall R&D investment in both Group 1 and Group
2. They have a significantly higher R&D intensity than the US companies in Group 2, but this
is more than offset by a much lower proportion of total R&D than the US companies in
Group 1. This reflects the main weakness of the Japanese companies listed in the dataset
which has a low proportion of companies operating in pharmaceuticals & biotechnology and
software & computer services.

o Decomposition of RED Intensity

In order to better understand the reason behind the EU’s deficit in business R&D intensity, we
consider quantitatively the relative contributions of the sectoral structure of the economy
(structural effect) vis-a-vis the R&D intensity efforts of firms in each sector (intrinsic effect). This
comparison has been conducted by considering a) the non-EU block as the benchmark vis-a-vis
the EU and also b) the US economy as the benchmark vis-a-vis the EU and Japan.

In order to implement the decomposition and calculate the percentage contributions of the two
possible reasons to the total change in R&D intensity in the different economies, we have
followed the approach of Haveman and Donselaar (2008), Erken and van Es (2007), Hollanders
and Verspagen (1998), and van Velsen (1988)). The approach is also similar to that used by
van Reenen (1997a, b) who, as compared to van Velsen, uses value added instead of share of
industry as a measure of output in a given economy.

The following formula was used for the R&D intensity decomposition (1):

RDI , -RDI , = Z RDI ,. (S,,,=S,,, )+ Z Sy, (RDI ,,,—RDI ,,.) (1)
where:

- X refers to one of the two samples to be compared (in our case the EU or the Japanese
sample)

- Z is the other sample in the comparison (in our case the non-EU or the US sample)

- RDI stands for R&D intensity (R&D/Y); the value of "Y" is the overall amount of net sales of
companies operating in a given sector.

- S is the share of the sector i in terms of net sales within a given economy (yi’Y).

Therefore, the aggregate change in R&D intensity for a given economy is equal to the sum of
the changes in R&D intensity for all sectors over the period, weighted by their average share of
net sales over the same period (intrinsic effect) plus the sum of the changes in output shares of
net sales, weighted by their average intensities (structural effect). Thus, if the share of the R&D-
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intensive industries within the overall economy of country A is larger than in country B, the
sector composition effect is positive for country A and negative for country B.

We implemented the R&D intensity decomposition calculations also with a comparable subset of
these 2000 companies from the EU, US and Japan with a minimum R&D investment threshold
of €24.21 million. This comprises a group of 402 EU companies, representing approximately
95% of total R&D investment by the EU group, and 544 companies and 244 Japanese
companies representing 100% of total R&D investment by the these non-EU groups.

Table 1 below shows the total R&D investment and intensity (R&D as a proportion of net sales)
by the Scoreboard companies by world region.

Table 1: Total R&D investment and intensity (R&D/Sales) by world region

EU-402 US-544 Japan-244 RoW
R&D investment (€ billion) 119.9 143.5 66.9 40.5
R&D intensity (%) 2.7 45 3.6 2.6

Note: For possible comparison, the total R&D investment and R&D intensity by the un-truncated sample
of company grouping is € 126.4 and € 253.0 billion for EU-1000 and Non-EU 1000 respectively; while
the R&D intensity is 2.3% for the EU-1000 and 3.8% for Non-EU 1000.

Source: Computed from the EU Industrial R&D Investment Scoreboard (European Commission, 2008)

The shares of net sales and R&D intensity by sector of 402 EU, 544 US and 244 Japanese
companies from the Scoreboard dataset are provided in Table 2.
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Table 2: Shares of net sales and R&D intensity by sector of 402 EU, 544 US and 244 Japanese
companies from the Scoreboard.

EU-402 US-544 Japan-244
4-
digit Share R&D Share R&D Share R&D
ICB 4-digit ICB Sector in the of inten- of inten- of inten-
code | Scoreboard Sales sity Sales sity Sales sity
353 Beverages 0,92% 1,30%
357 Food producers 2,16% 1,73% 2,91% 0,87% 1,08% 2,30%
378 | Tobacco 0,30% 1,19% 1,15% 1,28% 1,53% 0,86%
173 Forestry & paper 1,01% 0,55% 0,36% 0,42% 0,78% 0,75%
555 Media 1,00% 2,60% 1,28% 0,56% 1,00% 1,83%
177 Mining 1,58% 0,32% 0,46% 0,69%
53 Oil & gas producers 16,31% 0,30% | 15,89% 0,21% 3,35% 0,22%
57 agtﬁ‘gﬂ'tme”t’ services & 039%  083% | 182%  224%
135 | Chemicals 5,29% 2,86% 5,38% 2,40% 7,05% 3,17%
376 Personal goods 1,10% 1,68% 1,15% 1,72% 0,77% 2,88%
4573 | Biotechnology 0,10% 21,42% 0,83% 26,76% 0,11% 9,41%
4577 | Pharmaceuticals 2,75% 15,51% 570% 15,25% 1,75%  16,27%
235 Construction & materials 3,02% 0,69% 0,83% 1,00% 4,19% 1,13%
175 Industrial metals 3,76% 0,47% 0,70% 1,15% 4,79% 1,05%
272 General industrials 1,23% 2,84% 6,10% 2,37% 2,38% 2,76%
372 Household goods 1,12% 2,28% 2,82% 2,46% 1,55% 1,17%
2757 | Industrial machinery 2,29% 2,80% 1,00% 1,74% 1,70% 2,59%
9572 | Computer hardware 0,03% 5,60% 5,44% 4,70% 7,49% 5,18%
9574 | Electronic office equipment 0,09% 6,65% 0,49% 4,22% 1,15% 5,70%
9576 | Semiconductors 0,57% 16,85% 3,15% 16,41% 1,03% 6,64%
2733 S{'qi‘i’gr'gjn‘t’omp"”e”ts & 306%  343% | 127%  183%| 352%  3,66%
2737 | Electronic equipment 0,35% 5,68% 1,13% 5,99% 5,37% 6,30%
374 Leisure goods 0,69% 5,90% 0,82% 7,78% 8,15% 6,23%

Telecommunications

9578 | equipment

453 Health care equipment & 071%  436% | 1.89% 7.81%| 023%  563%
services

335 Automobiles & parts 13,63% 468% | 11,34% 3,90% | 23,58% 4,07%

Commercial vehicles &

2,04% 13,04% 2,49% 12,76% 0,23% 2,96%

2753 | trucks 1,54% 3,54% 2,93% 2,66% 1,21% 2,90%
271 Aerospace & defence 2,71% 6,57% 6,18% 3,33% 0,04% 6,09%
753 Electricity 3,60% 0,74% 4,97% 0,68%
757 Gas, water & multiutilities 5,38% 0,21% 0,08% 1,68% 0,82% 0,79%
533 Food & drug retailers 1,97% 0,33% 4,07% 0,28% 0,47% 0,38%
537 General retailers 2,62% 0,36% 0,48% 7,45%
575 Travel & leisure 0,22% 0,89% 0,39% 3,34% 1,47% 1,90%
653 f‘xed line 576%  1,64% | 2,55%  0,83% | 3,46%  2,53%

elecommunications
277 Industrial transportation 1,82% 0,31%
657 Mobile telecommunications 1,08% 0,66% 1,07% 0,46%
835 Banks 6,19% 0,95% 0,85% 0,92%
857 Life insurance 0,83% 0,40%
853 Nonlife insurance 0,20% 0,79%
877 Other financials 0,25% 2,37% 0,05% 10,06%
279 Support services 0,38% 2,40% 0,50% 3,39% 0,61% 1,28%
9533 | Computer services 0,41% 3,08% 2,60% 5,39% 1,74% 4,79%
9535 | Internet 0,55% 13,91%
9537 | Software 0,47% 15,52% 2,82% 14,78%

Grand Total 100% 2,67% 100% 4,50% 100% 3,62%
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Source: Computed from the EU Industrial R&D Investment Scoreboard data (European Commission,
2008)

The calculations for the decomposition of R&D intensity have been operated on the EU-402, the
US-544 and Japan-244 samples, taking the US-544 as the benchmark. The results are shown
in Table 3.

Table 3: Decomposition of R&D intensity for the sample of 402 EU, 544 US and
244 Japanese companies from the Scoreboard.

of which
Difference in R&D Structural of which
intensity from US-544 effect: Intrinsic effect:
EU-402 -1,80 -1,84 0,05
Japan-244 -0,35 -0,37 0,02

Source: Computed from the EU Industrial R&D Investment Scoreboard (European Commission, 2008)

The calculations for the EU 402 vs. the US 544 sample show that the intrinsic effect is only
slightly positive. Further, the overall EU R&D intensity gap is entirely due to the structural effect.
A similar observation, but with less significance, can be found for the 244 Japanese companies
compared to the 544 US ones.

We have also implemented the same decomposition calculation using the full set of companies,
i.e. 1000 EU vs. 1000 non-EU samples . It results in a difference in R&D intensity of -1,53, of
which -1,19 is due to structural and -0,34 is due to intrinsic effects. This decomposition for the
EU-1000 vs. the non-EU1000 sample reveals that only around one fifth (22.2 %) of the R&D
intensity gap is due to the intrinsic effect.

Thus, the decomposition operated for the un-truncated samples shows a less pronounced
dominance for the structural effect than the one seen for the EU 402 vs. the US 544. However,
in the EU-1000 vs. non-EU-1000 comparison, a size bias intervenes resulting in the minor
relevance of the structural effect, as the non-EU sample in this case is bigger in size and
therefore more R&D intensive than the EU one.

By and large, our analyses do not point to a systematic underinvestment in R&D by the
companies in the EU samples (EU-402 and EU-1000) compared to those in the US-544, in the
Japanese-244 or in the overall non-EU-1000 sample. Rather, they confirm the big difference in
sector mix that exists between these three economies.

These results differ from those of other R&D decomposition analyses (Erken and van Es (2007),
ETEPS (2007), Pianta (2005), Dosi (1997), or van Reenen (19973, b)) based on BERD/OECD-
STAN data. In our opinion, the main reason for dissimilar results concerns the methodological
heterogeneity (as pointed out in section 3.1) between the datasets and statistical sources. In
addition, comparing the decompositions of R&D intensity using Scoreboard data and BERD can
be further troubled because of other weaknesses of both datasets. For example, there could be
a systematic overestimation of the role of the intrinsic effect in the EU/US comparison in the
BERD/OECD-STAN data due to the significantly overestimated service R&D expenditure in the
US compared to the EU (Duchéne et al., 2009, NSF, 2005). On the other hand, Scoreboard
companies classified in one sector in many cases have significant operations in others (e.g.
IBM, Philips, Siemens). In addition, the Scoreboard companies -and their R&D investment- are
allocated to the country of registered office, while the execution of their R&D investment may be
spread over several other countries. Most large multinationals now find it necessary to place
some of their R&D in each of the three main world regions — the EU, North America and Asia
Pacific. Nevertheless, a company with its registered office and headquarters in one region is
likely to take decisions in that region on the shape of its global business and its R&D strategy
and intensity. Finally, one might argue that the Scoreboard dataset has a sample bias affecting
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the results, because it only represents the top R&D investors (picking winners). However, this
argument doesn't appear to be convincing since the 1000 EU and the1000 non-EU companies
altogether represent approximately 80% of business expenditure on R&D worldwide. While non-
R&D investors were excluded in the screening process, where the accounts of 5,913 companies
were examined for R&D activity, the objective of the present study is not to examine the
structure of the whole economy, but to focus on the structure of R&D investment for the private
sector. For investigating the structure of R&D investment in the main private R&D investing
world regions (i.e. EU, US and Japan), the potential activity of smaller R&D investors is much
less significant.

6 Distribution of RGD across Top RGD Investing Firms

The previous section has provided further evidence that the sources of differences in EU R&D
investment performance lie primarily in the structural effect and that the intrinsic effect has only
a minor influence. In order to analyse this further, we examine cumulative average R&D
intensity by company size and world region (see Figure 5 below).

Figure 5: Cumulated average R&D intensity of the examined samples of 402 EU, 544 US and
244 Japanese companies, in 2007 (%)
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Note: Cumulative average R&D intensity is calculated by summing the R&D investment from the
biggest to the smallest R&D investor in the group, dividing by cumulative sales. The figure plots the
average R&D intensities for each group of n top companies from largest to smallest R&D investor
against the number of companies. As there are only 244 Japanese companies in the sample we
analyse, the graph for Japanese companies stops at 244 on the horizontal axis, while it goes up to 402
for the set of EU companies and 544 for the US companies.

Source: Computed from the EU Industrial R&D Investment Scoreboard (European Commission, 2008)

This figure shows that corporate R&D is asymmetrically distributed with a large difference in the
degree of concentration between EU and non-EU sets of companies. This suggests that
differences in overall R&D intensities also reflect business demographics. Moving down the
rankings, there is a large population of smaller US companies that invests more strongly in
R&D, and in a more consistent way than the EU companies, thus raising the overall R&D
performance of the United States. US firms are performing considerably more R&D at smaller
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firm-size levels. One reason that could explain this observation is that these companies are
concentrated in sectors that are intrinsically more R&D intensive.

It is also clear that the very big R&D investors are more R&D intensive. For both the US and EU,
the cumulative average R&D intensities fall sharply before the 47th and the 30th company
respectively and then flatten off. Moreover, the cumulative R&D intensity is sharply reduced at
particular points by the sudden inclusion in the list of several large companies with very low R&D
intensity.

The gap in R&D intensity between the EU and US companies is much smaller amongst the first
30 companies than later-on, and the EU companies have an even higher cumulative average
R&D intensity than the Japanese ones for the first 40 companies. However, after these points,
there is a much smaller proportion of high R&D intensity companies in the EU sample and this
increases the gap in cumulative average R&D investment. This means that R&D activity is more
concentrated amongst the bigger companies in the EU sample than in the others, but also that
in the EU sample there are more large R&D-investing companies with very low R&D intensity.
Examples of EU companies with very large sales compared to their R&D investment are Total,
BP, Shell, Electricité de France and ENI.

Figure 6 illustrates the relative concentration of R&D investment for the EU and Japanese
samples compared to the US sample in terms of cumulative average of R&D investment. The
ratio used is the cumulative R&D investment of the top company, then top2 companies,
continuing up to the maximum number of companies in the EU and Japanese samples, each
divided by the corresponding sum for the same number of US companies. Therefore, Figure 6
has a horizontal axis showing number of companies (maximum 402 for the EU and 234 for the
Japanese sample, with R&D investment of US companies taken as denominator) and a vertical
axis showing the ratio between the cumulated R&D investments of similar number of companies
in any pair of two of the three major regions.

Figure 6: Ratio of cumulative R&D investment for of the examined samples of 402 EU and 244
Japanese companies as compared to the 544 US companies, in 2007 (%)
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Note: The ratio for top n EU companies as compared to top n US companies is computed by dividing
the cumulated R&D investment of n EU companies by the cumulated R&D investment of the same
number of top US companies. The same applies to Japanese companies as compared to US
companies. As there are only 244 Japanese companies in the sample we analyse, the graph for
Japanese companies stops at 244 on the horizontal axis, while it goes up to 402 for the set of EU
companies.

Source: Computed from the "EU Industrial R&D Investment Scoreboard" (European Commission, 2008)
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The top 32 companies in the EU sample have more than 80% of the R&D investment of their
US counterparts, with the EU/US ratio oscillating between 62 % and 98%. The overall trend of
the curve for the EU vs. the US companies is downwards. It is again companies with very big
sales compared to their R&D investment, like those mentioned above, that bring the cumulated
ratio down. .

A different pattern is observed for the Japanese vs. US companies. The curve is climbing at the
very beginning, reaching 84% after 91 companies. A number of Japanese companies in high
R&D intensity sectors, e.g. Advantest, Taisho Pharmaceuticals or Tanabe Seiyaku (now
Mitsubishi Tanabe Pharma), is responsible for this. After that, the trend in the curve for
Japanese vs. US companies is downward, running in parallel to that for the EU vs. US curve,
but at a higher level. This underlines the role of business demographics when measuring overall
average R&D intensities: moving down the rankings, there is a population of US companies that
invests more strongly in R&D, and in a more consistent way than the EU companies, thus
raising the overall R&D performance of United States. US firms are performing considerably
more R&D at lower firm-size levels, not least due to a concentration of these companies in
sectors that are intrinsically R&D intensive.

In turn, the role of R&D in small and medium enterprises (SMEs) is crucial in transforming an
SME into a fast growing company. While some SMEs are potentially innovative and ready to
grow, others are revolving-door firms which stay for a while on the fringe of an industry with no
chance of entering its core and being doomed to exit the market. However, according to Ortega,
Vivarelli and Voigt (2009), this positive process is frequent only in technologically-advanced
countries. Therefore, SME growth could depend very much on the specific country, sector and
technology under consideration.
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7 Conclusions and Policy Issues

Targets for R&D intensity or expenditure are appealing and apparently easy to grasp, but they
are even more easily misunderstood because the R&D ‘effort’ is the result of a combination of
firm strategies, company demographics, industrial structures, and macroeconomic dynamics.
Given their widespread use and ever-increasing importance for both policy-making and the
measurement of competitiveness, it is necessary to increase our knowledge about these
composite indicators by understanding their structure using a methodologically sound approach
and a reliable dataset.

Aggregate R&D performance is affected by a wide range of factors, including industrial
structures, company demographics, relative fiscal and monetary stances, business cycles, and
corporate strategies.

This paper has examined the cause of the possible EU/US R&D investment intensity gap by
investigating two possible determining factors: the effect of the sector composition (structural
effect) vis-a-vis the intensity of R&D in each sector (intrinsic effect) together with the role of
company demographics in R&D investment.

The data used in this study show that there are two basic reasons why EU-1000 firms have a
lower aggregate R&D intensity than non-EU 1000 firms.

The first is the difference in the sectoral distribution among these firms, with the EU having a
stronger specialisation in automobiles and parts, and a much weaker specialisation in IT
hardware, electronics and software.

Our decomposition of the R&D intensity gap between the EU and the non-EU, the EU vs. the
US and Japan vs. the US into a structural and an intrinsic effect has shown that structural
differences between economies explain almost all of this gap.

The second reason — related to the first, but not determined by it — is a difference in company
populations: this analysis points out that there is not a big underinvestment gap by individual EU
companies with respect to the US and Japanese ones for companies at the very top of the R&D
ranks. However, there is a substantial proportion of business R&D carried out by a relatively
small number of EU firms which perform large volumes of R&D - as compared to the US ones,
where there is a more broadly spread distribution of the level of R&D investment intensity across
companies. Thus, this sub-population of firms may be a target for public policies aimed at
increasing the levels and intensities of R&D in the EU.

There is disagreement about the policy significance of structural effects in R&D intensity.
Jaumotte and Pain (2005) argued that structural effects are of little relevance because “the
policy implications would be unclear, especially for governments seeking to raise the aggregate
rate of R&D intensity”.

Our view is that difficulty in identifying implications does not mean that they are unimportant. On
the contrary, we suggest that structural effects raise important issues about the appropriate
focus of policy analyses. Given the pervasive effects of these structural differences, one way of
approaching the R&D policy debate in Europe would be to say that its implicit sub-text is a
concern with Europe’s industrial structure. This is almost never discussed openly in Europe (or
anywhere else, for that matter), although Dosi et al. (2005) suggest in passing that it ought to be
focussed on explicitly.

Does this mean that policy should consist of an attempt to emulate the industrial structures of
Japan and the US? Actually that is in fact what policy has consisted of in many EU countries,
and throughout the OECD. Despite the ostensible rejection of industrial policy measures based
on support for specific industries, many OECD countries have adopted R&D policies that closely
support sectors such as ICT, pharmaceuticals and aerospace: it is almost impossible to find an
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OECD country with public R&D policies that are not focused on some combination of these R&D
fields (usually combined with nanotechnology, which is not yet the basis of a sizeable industry).
These R&D policies are quasi-industrial policies, in the sense that they seek to use R&D policy
to support the growth of certain industries, thus shifting industrial structures towards so-called
high-technology areas.

Yet it is far from clear whether industrial structures can in fact be an object of policy in this way.
There are two broad issues here. One is that the non-EU advantage in R&D intensity depends
not on R&D in itself but on a much stronger record of company creation, especially of mid-size
companies, in ICT and related sectors. The US in particular has demonstrated an ability to
create, sustain and grow a much wider array of companies, across a broader range of activities
within ICT, than has the EU. Therefore, the most important issue should be the factors that
facilitate this, and these are likely to extend well beyond R&D performance. They include the
creation of a variety of technological opportunities, the ability to initiate new ventures, and the
ability to finance the long term growth of firms. Any policy attempting to emulate US capabilities
in firm creation would have to address the underlying issues of opportunity recognition, finance,
risk management, and the like, which lead not only to business creation but also to business
growth. A second, much more difficult question is whether such an effort would be justified at all.
A curious feature of those who regard Europe as a failure in terms of R&D performance (and
other areas of S&T performance) is that they simply assume that growth is shaped by R&D
inputs in ICT, biotech etc, and rarely discuss the wider dimensions of EU versus non-EU
economic performance. The real issue is not an idealised industrial structure, but how actual
industrial structures (which as we have seen differ markedly) perform in terms of
macroeconomic stability, sustainability of growth, innovation, employment quality, productivity,
income and wealth distribution, access to services, government budgetary performance or
external balances. Relating such performance outcomes to industrial structures would require
widening the focus of innovation analysis away from R&D inputs, and exploring how different
forms of innovation may occur across industries; this would require a focus on the innovation
performance of industries that use non-R&D inputs to innovation, and more generally on the
innovation and growth characteristics of low-R&D intensity industries (Hirsch-Kreinsen et al.,
(2005)). Our analysis suggests that it is time to shift the debate towards issues such as the
industrial and business creation and sustained growth, and to explore the often unexpected
economic outcomes of different industrial and business structures. This is a complex challenge,
but an increasingly urgent policy issue.

As long as R&D is understood as one of the relevant inputs to economic growth, along with
increasing skilled employment and competitiveness, R&D intensity targets will remain common
in the policy sphere. However, policy-makers should become more aware of the appropriate
focus of policy analysis and its implications: our decomposition shows that these may imply
possible shifts towards more knowledge intense sectors of the economy. At the same time, it is
auspicious to favour organic, R&D-led growth of smaller companies in new, growing sectors as
preparation to enhance the future competitiveness of the EU in the global economy.
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ANNEX: TABLES GHARACTERISING THE SCOREBOARD DATASET

Table A1. Characterisation of the data sample

EU non-EU
4-digit number of R&D number of R&D
ICB code Sector name 4-digit ICB companies | (million €) | companies | (million €)
271|Aerospace & defence 24| 8093.89 26 7134.15
58]|Alternative energy 1 17.20
335[Automobiles & parts 45| 28 781.21 55| 34 644.82
835|Banks 23| 2734.85 1 38.92
353|Beverages 4 63.79 3 476.85
4573|Biotechnology 67 1 506.93 62 7 912.61
135[{Chemicals 45] 7 066.54 74] 9634.10
2753|Commercial vehicles & trucks 17] 2533.26 18] 3669.79
9572|Computer hardware 9 163.88 49| 16673.40
9533[Computer services 22 688.05 13] 6294.53
235|Construction & materials 29 1129.63 20 1 362.31
2733 |Electrical components & equipment 35| 4917.05 29| 481644
753 |Electricity 21 1387.35 11 1197.82
2737 |Electronic equipment 37 1206.46 64| 15627.91
9574 [Electronic office equipment 2 266.35 5 1913.46
653|Fixed line telecommunications 15] 4309.70 7] 3626.12
533[Food & drug retailers 5 331.47 3 391.01
357|Food producers 35 1 888.68 17] 2 467.28
173|Forestry & paper 7 275.36 3 160.01
757 |Gas, water & multiutilities 10 560.98 3 168.57
272]General industrials 23 1 698.81 28 6557.40
537|General retailers 17 525.22 3 1180.23
453|Health care equipment & services 32 1541.67 46 5 166.60
372|Household goods 24 1274.29 18] 2577.85
2757]Industrial machinery 75 3402.13 35| 2051.84
175|Industrial metals 12 842.63 17 1680.41
277|Industrial transportation 14 367.79
9535|Internet 3 41.20 9] 2552.12
374|Leisure goods 8 1843.49 24 11 929.94
857|Life insurance 3 171.69
555|Media 15 1296.82 8 577.23
177 {Mining 6 251.86 3 561.20
657 |Mobile telecommunications 2 324.27 4 403.62
853 [Nonlife insurance 8 139.72
53[0il & gas producers 11 2 220.07 15 3 543.41
57|0il equipment, services & distribution 9 207.67 9 1.303.11
877|Other financials 19 415.68 3 170.45
376|Personal goods 21 981.15 13 1511.16
4577 [Pharmaceuticals 61| 19413.83 65 43 466.12
9576|Semiconductors 22| 4447.92 102 20 626.23
9537|Software 85 3893.23 68| 13916.61
279|Support services 33 654.83 10 900.80
9578 | Telecommunications equipment 27| 12107.15 42| 12 367.17
378|Tobacco 2 170.70 3 723.05
575|Travel & leisure 15 201.93 12 1007.12
Grand Total 1000|126 358.38 1000| 252 983.77

Source: Computed from the "EU Industrial R&D Investment Scoreboard" (European Commission, 2008)
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Table A2: Shares of net sales and R&D intensity by sector for in the 1000 EU and 1000 non-EU
Scoreboard sample

EU non-EU
4-digit Share of R&D Share of R&D
ICB code Sector name 4-digit ICB Sales intensity Sales intensity
271|Aerospace & defence 2,29% 6,40% 3,31% 3,25%
58| Alternative energy 0,02% 2,00%
335|Automobiles & parts 11,25% 4.64% 13,51% 3,86%
835|Banks 5,84% 0,85% 0,06% 0,98%
353 |Beverages 0,82% 0,14% 0,67% 1,07%
4573|Biotechnology 0,10% 26,02% 0,48% 25,03%
135[Chemicals 4,64% 2,76% 5,25% 2,76%
2753|Commercial vehicles & trucks 1,33% 3,46% 2,20% 2,51%
9572|Computer hardware 0,04% 7,59% 5,85% 4,29%
9533]|Computer services 0,39% 3,17% 1,80% 5,25%
235|Construction & materials 3,80% 0,54% 1,72% 1,19%
2733|Electrical components & equipment 2,61% 3,42% 2,34% 3,11%
753 |Electricity 3,97% 0,63% 2,00% 0,90%
2737 |Electronic equipment 0,44% 4.97% 4,95% 4,76%
9574 |Electronic office equipment 0,07% 6,65% 0,57% 5,08%
653|Fixed line telecommunications 5,04% 1,55% 3,05% 1,79%
533|Food & drug retailers 2,43% 0,25% 2,09% 0,28%
357|Food producers 2,55% 1,34% 2,80% 1,33%
173|Forestry & paper 0,98% 0,51% 0,40% 0,60%
757 |Gas, water & multiutilities 4,75% 0,21% 0,28% 0,92%
272|General industrials 1,47% 2,09% 5,11% 1,93%
537|General retailers 3,77% 0,25% 0,31% 5,70%
453|Health care equipment & services 0,60% 4.62% 1,03% 7,54%
372|Household goods 1,11% 2,08% 1,80% 2,15%
2757|Industrial machinery 2,39% 2,58% 1,53% 2,02%
175|Industrial metals 3,41% 0,45% 2,66% 0,95%
277 |Industrial transportation 2,07% 0,32%
9535]Internet 0,00% 39,43% 0,28% 13,75%
374|Leisure goods 0,57% 5,86% 2,86% 6,28%
857 [Life insurance 0,93% 0,34%
555|Media 1,14% 2,07% 0,90% 0,96%
177|Mining 1,32% 0,35% 0,46% 1,82%
657 [Mobile telecommunications 0,88% 0,67% 0,62% 0,98%
853 |Nonlife insurance 1,62% 0,16%
53[0il & gas producers 14,34% 0,28% 15,46% 0,35%
57]0il equipment, services & distribution 0,44% 0,85% 0,88% 2,24%
877|Other financials 0,82% 0,92% 0,03% 7,48%
376|Personal goods 1,04% 1,71% 0,92% 2,46%
4577 |Pharmaceuticals 2,84% 12,40% 4,27% 15,34%
9576|Semiconductors 0,48% 16,73% 2,27% 13,70%
9537 |Software 0,47% 14,95% 1,45% 14,46%
279|Support services 0,89% 1,34% 0,64% 2,13%
9578 | Telecommunications equipment 1,69% 12,96% 1,56% 11,93%
378|Tobacco 0,27% 1,14% 0,99% 1,10%
575|Travel & leisure 2,06% 0,18% 0,62% 2,46%
Grand Total 100,00% 2,29% 100,00% 3,81%

Source: Computed from the EU Industrial R&D Investment Scoreboard (European Commission, 2008)
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Table A.3: R&D intensity of Scoreboard companies by group of sectors and world region

R&D intensity EU USA Japan RoW
High 12.6% 11.4% 6.5% 8.5%
Medium high 3.9% 3.1% 3.8% 2.6%
Medium low 1.4% 1.5% 1.9% 1.9%
Low 0.5% 0.3% 0.8% 0.7%

Source: Computed from the EU Industrial R&D Investment Scoreboard (European Commission, 2008)
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