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INNOVATION IN THE BUSINESS SECTOR

1.

Introduction and summary

1.1

Key issues

1.
Innovation has become a central concern of public policy. The perceived importance of
innovation for long-run economic growth is such that many governments have introduced new policy
targets for research and development (R&D) expenditures. It has also fostered the development and use of
benchmarking indicators of national innovation performance in order to evaluate progress towards these
targets. Support for the importance of innovation is provided by past work at the OECD, notably for the
Growth Study (OECD, 2001 and 2003a). This identified a clear positive linkage between private sector
R&D intensity and growth in per capita GDP. Other research has also shown the importance of the science
infrastructure and foreign knowledge and innovations for productivity growth in both developed and
developing economies.
2.
The concept of innovation is extremely broad and encompasses a wide range of diverse activities.
An implication of this is that many different policies can affect different stages of the innovation process,
and can potentially do so in different ways. The objective of this paper is to help identify the policies,
institutions and framework factors that can provide the most effective means of supporting innovation.
Such policies need not be ones that are the most likely to favour the development of new ideas. It is at least
as important to ask whether optimal use is being made of the existing stock of knowledge as it is to ask
how that stock can be expanded. A recognition of the dual effects that many policies can have on
knowledge creation and knowledge diffusion, and a better understanding of the trade-offs that may be
involved, should help in the design of procedures for evaluating how effective the overall national policy
framework is in supporting innovation.
3.
The justification for public policy interventions in the innovation process is that market failures
mean that the level of innovation expenditure will otherwise be less than socially desirable. In particular,
the ability of competitors and potential follow-on innovators to benefit from new knowledge can mean that
the social rate of return to investments in knowledge exceeds the private rate of return. Even if this were
not the case, imperfections in financial markets, the unavailability of skilled researchers, or simply a lack
of awareness about research advances in other sectors and other countries can mean that worthwhile
innovation expenditures will be foregone in the absence of policy intervention.
4.
However, such interventions need not always be successful, and there is a risk that at times they
can even act as a disincentive for innovation, if not carefully designed. For instance, measures to raise the
finance for public spending and tax reliefs for R&D may have economic costs and can involve substantial
deadweight losses. The existence of support programmes may at times also lead to lobbying for changes in
their scale and scope, independently of whether the original objectives of the programmes have been met.
5.
The natural questions to ask are whether there are net benefits from the wide range of policies
used by all governments to try and stimulate national innovation performance, how large they may be and
which policies are most effective. The influence of specific policies for innovation has to be judged against
3
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the background of the wider framework conditions in each economy. For example, it would be surprising if
the framework factors that are known to influence the timing and level of fixed capital expenditures by
firms did not also have some influence on other types of corporate expenditure, such as R&D. In the
absence of supportive framework conditions, there may be very little that individual science policies can
achieve.
6.
This paper provides an overview of cross-country differences in innovation and discusses the
extent to which they can be accounted for by particular policies. The analysis focuses on economy-wide
framework conditions and policies, as well as a small number of widely used public policies for innovation
-- fiscal incentives for R&D,1 the promotion of basic research in the non-business sector, the
encouragement of collaborative research, protection for intellectual property rights and education and
labour market policies to improve the availability of human resources for science and technology.2 The
effectiveness of these policies is examined using new cross-country empirical estimates of the determinants
of business sector research and development expenditures and also of patenting. The principal focus is on
the business sector, both because it accounts for the largest single share of innovation activities in most
OECD countries, and because it is expenditures in this sector which have been found to have the most
direct long-run influences on economic growth (OECD, 2003a). The analyses of R&D and patenting are
complemented by a separate cross-section analysis using data from the Third European Community
Innovation Survey (CIS3) to identify the principal influences on the proportion of successful innovators
and the share of turnover accounted for by new products.
7.
The remainder of the paper is as follows. Section 2 provides a short overview of some of the key
cross-country differences in innovation indicators and policies for OECD economies, and discusses the
extent to which they are connected to each other. The effectiveness of the key science-related policies and
institutions is discussed in Section 3, and the importance of different framework conditions and framework
policies is discussed in Section 4.
8.
The summary paper is complemented by a series of annexes outlining the work referred to in
greater detail. An overview of the existing literature about the effectiveness of selected public policies to
support innovation is provided in Annex 2. A detailed econometric analysis of the determinants of R&D
and patenting and the occupational labour market for scientists and engineers is contained in Annex 3. This
makes use of a detailed panel data set for 19 OECD countries over the period from 1982 to 2001. The
factors determining business sector demand for researchers and the wages they receive are explored in
detail because of their significant effects on innovation expenditures and potential endogeneity to the other
factors that also affect innovation. A separate econometric analysis of the principal policy influences on the
eventual commercial introduction of innovations, as recorded in the CIS3, is contained in Annex 4. This
analysis draws on cross-sectional data for 1998-2000 for a sample of 16 European economies.
1.2

Main conclusions

9.
The empirical analyses in the paper point to a number of clear conclusions. These are
summarised below, as well as in Table 1.1 and Figures 1.1-1.2. The main analytical findings from the
empirical analysis are that:
•

There is a clear role for framework conditions, framework policies and specific science policies
in supporting innovation, both independently and in interaction with each other.

•

There is a positive empirical relationship between all the different stages of the innovation
process -- research, development, patenting and implementation. Cross-country differences in
R&D are significantly positively correlated with subsequent cross-country differences in
patenting levels and the successful introduction of innovative products.
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•

Policies that raise the absorptive capacity of the economy (the capacity to understand and make
use of new knowledge) have dual benefits, not only helping to stimulate new innovative
activities, but also helping to maximise the benefits to be gained from the existing stock of
knowledge.

•

It is important to take account of potential policy trade-offs in evaluating the effectiveness of
specific policies. Some policies that offer benefits for innovation also have costs that could
adversely affect innovation.
[Table 1.1 Long-run effects of a one standard deviation increase in policy and framework
factors]

10.

The most important findings concerning framework policies are:
•

Reducing the strength of anti-competitive product market regulations provides a significant
stimulus to business sector expenditure on R&D, reflecting higher incentives to innovate. Rigid
regulations are also found to adversely affect the level of patenting and the proportion of firms
who are successful innovators. A low level of restrictions on foreign direct investment is a
helpful means of improving cross-border knowledge transfers.

•

Ensuring stable macroeconomic conditions and low real interest rates helps to encourage the
growth of innovation activity, all else being equal.

•

The availability of internal and external finance is an important determinant of innovation
expenditures, both at the research stage and during commercial development. Improved corporate
profitability and higher stock market capitalisation both have a positive effect on innovation
expenditures. This implies that a wide range of additional policies could have an important
indirect effect on research activities.

11.

The main findings for the science polices considered are that:
•

Policies and conditions that help to make knowledge more accessible can be very effective. Two
examples stand out in the analysis in this paper -- the ability to obtain an enhanced understanding
of ideas developed in other countries by accessing the foreign knowledge stock, and greater
collaboration between the business and the non-business sectors. A package of measures to raise
the availability of human resources for science and technology could, collectively, be very
effective.

•

Expanding research activities in public research organisations helps to support business sector
research activities, although these benefits can be mitigated if it also acts to push up the wage
costs of researchers in the business sector. Achieving a significant expansion in business and
non-business research activities simultaneously will be difficult, unless accompanied by
measures to raise the supply of human resources for science and technology. Even then, such a
rise in research activities may be feasible only if spread out in time.

•

Fiscal incentives can be effective, especially when firms face financial constraints, but their
overall impact on innovation appears comparatively small. Tax reliefs for private R&D are found
to provide a stronger stimulus, on average, than direct government subsidies. Account should also
be taken of the potential costs of any fiscal offsets that might be needed if fiscal incentives for
R&D were to be raised significantly, and the scope for activities to be re-labelled as R&D in
order to qualify for support.
5
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•

The case for further strengthening of intellectual property rights for patent holders in OECD
countries appears weak, especially in those that already have comparatively strong patent
protection.3 The evidence suggests that it will lead to more patenting, but have almost no effect
on R&D expenditures. It could also result in a lower level of labour efficiency in the business
sector. Excessively strong intellectual property rights can be counterproductive, reducing, but not
eliminating, the benefits of enhanced product market competition.

12.
The analysis in the paper also highlights the potential importance for innovation performance of
policies that affect the location of internationally mobile researchers and research activities. Comparatively
little quantitative analysis has been undertaken about the determinants of either the migration of highly
skilled researchers or the determinants of the international location of R&D facilities. The increasing role
that both play in the diffusion of knowledge across national borders, and in determining the availability of
resources for innovation in home and host countries, suggests that an improved understanding of location
choices would be worthwhile.
13.
A further point that should be emphasised is the need for patience when considering innovation
policies. Many of the concepts involved and many of the objectives of policy are difficult to measure, and
the time taken for the level of innovation activities to change substantially can be lengthy. The difficulties
of predicting the sources of new ideas, and the frequent uncertainty of their commercial applications at the
time of discovery suggests that policies should be directed, as far as possible, to creating a favourable
research environment. Information about the existing body of knowledge has to be available and accessible
to potential users, and the skills and incentives required to make best use of it have to exist.
14.
The overall impact of different policies and institutions on R&D and patenting is shown in
Table 1.1, which reports the impact of a one standard deviation change in each factor, evaluated at the
sample mean.4 Figures 1.1 and 1.2 use the estimated equations to provide an indication of the extent to
which particular factors account for the cross-country dispersion of R&D intensity in 2000, and the
differences in the growth rate of R&D intensity between 1991 and 2000.5 During this period there was little
change in OECD business sector R&D as a share of OECD GDP.6
15.
The main message from Figure 1.1 is that cross-country differences in the level of R&D intensity
are closely correlated with the estimated cross-country differences in science policies and institutions.
Framework conditions and policies are equally, and sometimes more, important for some countries,
especially those that are comparatively open to external trade. Figure 1.2 suggests that framework
conditions and policies are relatively more important than science policies and institutions for determining
cross-country differences in the rate of growth of R&D over time.
[Figure 1.1 Contribution of science policies and framework conditions to cross-country
differences in business R&D intensity, 2000]
[Figure 1.2 Contribution of science policies and framework conditions to growth in R&D
intensity, 1991-2000]
16.
It is also clear from the Figures that country-specific factors can play an important role in
determining national innovation performance. Such idiosyncrasies imply that framework and science
policies can differ in their effectiveness across countries. This is something that cannot be captured fully in
an empirical approach of the kind used in this paper. It suggests that country-specific policy
recommendations should seek to take account of differences in the characteristics of national innovation
systems, and the efficacy of policy delivery, as well as the average differences in particular policies and
institutions brought out in the econometric analysis.7
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2.

Cross-country differences in innovative activity

2.1

What is innovation?

17.
Formally, innovation is considered to be the successful development and application of new
knowledge.8 As such, innovation is distinct from invention. This strict definition emphasises that
innovation requires much more than greater inputs into the research process. Fixed capital investments are
often necessary to be able to produce and utilise new products and processes, as are workforce training and
organisational restructuring. In practice, it is convenient to view innovation as a process ranging from
initial research (R&D) through to the development of prototypes and the registration of inventions
(patents) and eventual commercial applications. This process is rarely linear. Many ideas may not come to
fruition. Patents may be taken out on inventions arising from outside the formal R&D process. Commercial
innovations can include many ideas, such as designs and trademarks which are not reflected in either
patents or R&D. But in practice, the empirical work for this paper suggests that there are positive linkages
between each stage of the innovation process. So policies that affect R&D also have an impact, in years to
come, on the level of patenting and the commercial introduction of innovative products.
18.
The remainder of this section provides a short overview of cross-country differences in a number
of key indicators of innovative activity, together with an indication of how they have changed over time. A
detailed account of recent science policy initiatives can be found in OECD (2004b).
2.2

Research and development

19.
The share of R&D expenditures in GDP is one of the most widely used indicators to compare the
research activities of different countries. The principal focus of this paper is on R&D performed by the
business sector. Not only does this represent the single largest share of national R&D, but it is also the
major source of the cross-country dispersion in aggregate R&D expenditures. Figure 2.1 shows one
measure of business R&D intensity, based on the ratio of business sector R&D to GDP. On average across
OECD countries, about 1.4% of GDP was spent on business performed R&D in 2001. The countries with
the highest R&D intensities were Sweden, Finland, Japan, the United States and Switzerland; those with
the lowest were the economies of southern Europe.
[Figure 2.1 Business sector R&D intensity]
20.
Business R&D intensity rose in most countries between the early 1980s and the late 1990s. The
growth rate was especially strong in Finland, Sweden, Iceland and Denmark. On the other hand, negative
or slow growth was observed in several countries that started with a relatively high R&D intensity at the
beginning of the 1980s. Figure 2.2 indicates that there has been little convergence in cross-country
business R&D intensity between 1981 and 2001. On average, business R&D intensity grew faster in the
1980s than since 1990.
[Figure 2.2 Convergence in business sector R&D intensity]
21.
There is a positive cross-country correlation between the shares of business and non-business
R&D in GDP. Figure 2.3 shows the average shares of business and non-business R&D in GDP over 19962000. The correlation between the two series highlights the possibility that there may be particular
institutional or structural features in many economies which tend to either stimulate or hold back both
kinds of investment in R&D. There are a few countries where the GDP share of non-business R&D is
larger than, or of a similar magnitude to, business R&D; examples include Portugal, Australia, Iceland,
Spain and Italy.
[Figure 2.3 Business and non-business R&D intensity, 1996-2000]
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22.
The evolution of non-business R&D intensity over time is shown in Figure 2.4. In the OECD as a
whole, non-business R&D intensity was close to 0.7% of GDP in 2001, approximately half the size of
business sector R&D. In most countries the share of non-business R&D in GDP in 2001 was little different
from the share in the early 1980s. The growth of non-business R&D slowed sharply in the late 1980s and
early 1990s, helped by reduced defence-related expenditures in some countries, but has since recovered,
driven by an expansion of R&D undertaken in the education sector.9
[Figure 2.4 Non-business R&D intensity]
23.
A key component of R&D spending, and a key input in the innovation process, is R&D
personnel, especially researchers.10 The share of business researchers in economy-wide dependent
employment is shown in Figure 2.5. On average in 2001, about ½ per cent of dependent employees worked
in the business R&D sector, just under two-thirds of whom were researchers. The ranking of countries in
Figure 2.5 is broadly similar to that based on business R&D intensity, even though wage expenditures
account for only around one-half of all business sector expenditure on R&D. Countries which had high
growth rates in the share of researchers over the period shown also had high growth rates of R&D
intensity.
[Figure 2.5 Business sector researchers]
24.
R&D-related indicators are an imperfect measure of innovative performance. Many other types
of expenditure help to lead to successful commercial development of innovations, including fixed
investment and training. Information on these other sources of spending is available for a subset of
European countries from the Community Innovation Survey. This shows that intramural R&D accounts for
a small fraction of total innovation spending, especially in small firms and in service sectors (Figure 2.6).11
A further limitation of R&D data is that they may not reflect the productivity of the resources used,
particularly if returns to scale are not constant and/or market competition is imperfect. The limitations of
input measures as proxies for innovation underline the importance of looking at direct output measures.
[Figure 2.6 Composition of innovation spending]
2.3

Patents

25.
The most commonly used measure of innovation output is patents. These can be purely domestic
patents, patents taken out in the larger regional market, or patents that are taken out in several countries.
The latter, referred to as patent families, are likely to have a higher (and more uniform) value since the
patentee is willing to take on the additional costs and delay related to the extension of protection to other
countries.12 However they may exclude a significant part of valuable innovation output. Different measures
of patents can thus provide useful information and two are used in the econometric work in the paper.
26.
Figure 2.7 shows a measure of domestic (or regional) patents per million of working-age
population for each country.13 Patents per capita have clearly increased in all countries over the past two
decades. The comparison of levels is affected by differences in procedures and standards across patenting
offices. For example, in Japan, a different patent application had (until recently) to be submitted for each
claim; in other countries multiple claims can be made in each application.14 This helps to explain the much
larger level of patenting applications in Japan. Countries with the highest patents per capita are typically
ones with high levels of business R&D intensity. An exception is Iceland, which appears to have a low
patenting propensity relative to its R&D spending.
[Figure 2.7 Total patents per million of working age population]
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27.
The OECD indicator of triadic patents is one specific type of patent family, covering patents that
have been applied for at the European Patent Office and Japanese Patent Office and applied for and granted
at the United States Patent and Trademark Office (OECD, 2004a). This shows a similar picture to the
previous measure of patenting (Figure 2.8), although, as would be expected, the levels of patenting are
lower in all countries. Triadic patents per million of working-age population averaged 62 in 1999. Again,
with the exception of Iceland, the countries with the highest patents per capita are those who have the
highest business R&D intensity. Triadic patents per million US$ spent on R&D at 2000 prices, are shown
in Figure 2.9. This is one possible indicator of the efficiency of R&D expenditures. Switzerland, the
Netherlands and Germany are the three countries with the three highest ratios of patenting to R&D
expenditure.
[Figure 2.8 Triadic patents per million of working age population]
[Figure 2.9 Triadic patents per million of business R&D spending]
2.4

Evidence from the European Community Innovation Survey

28.
Patents capture only a part of innovation output. Many inventions are not patented. Companies
can, and frequently do, choose to keep commercially sensitive information secret. Other inventions can be
protected by trademarks, design registrations and copyrights. The propensity to patent for any given level
of inventions may also vary according to the costs of patenting. Using information from the Community
Innovation Survey (CIS3), Figure 2.10 shows for a subset of European countries that the use of patent
applications as a means of protection is small relative to the total use made of protection methods.15 This is
especially true in services and for small firms, suggesting that indicators based on patents will tend to
underestimate innovation for these categories. An additional limitation is that patents are only an
intermediate measure of research output; many may never be implemented commercially. So it is also
useful for assessments of innovation performance to examine data on the actual implementation of
innovations. The CIS3 provides this for a subset of sixteen European countries.16
[Figure 2.10 Choice of protection method]
29.
Innovation is defined in the CIS as the successful introduction of a new or significantly improved
product or process. Two different indicators of this can be constructed. The first measures the share of
firms who are successful innovators; the second measures the share of new products in turnover.
Figures 2.11 and 2.12 show the values of these indicators for the period 1998-2000. In Figure 2.11, the
proportion of successful innovative firms is compared with the proportion of firms having engaged in
spending on intramural (intra-company) R&D. There does not appear to be a strong cross-country
correlation between innovative success and intramural R&D.
[Figure 2.11 Comparison of countries’ innovative performance by various measures, 1998-2000]
[Figure 2.12 Share of new products in turnover]
30.
The share of new products in turnover provides a further measure of innovation performance
(Figure 2.12). This indicator embodies information about the number of innovations per successful firm,
but may also reflect differences in market structure, intensity of competition and the diffusion of
innovations. It is interesting to note that the ranking of some countries shifts radically compared with the
ranking based on the proportion of successful innovative firms. As discussed below, cross-country
differences in this measure of innovation have little correlation with those on the other measures of
innovation.
31.
The CIS also provides information about the relative importance of true innovations and
imitations for the subset of product innovations. A “true” innovation is the introduction of a product which
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is new both to the enterprise and to the market. Imitation refers to the introduction of products which are
new only to the enterprise, not to the market. On average 45% of successful product innovators are
imitators (Figure 2.13). While true innovation is likely to be the eventual driver of long-term productivity
growth, the rate of diffusion and imitation have a key effect on the speed at which new knowledge spreads
to the whole economy. The countries with the highest proportion of successful product innovators also
have a high diffusion rate, as proxied by the extent of imitation.
[Figure 2.13 Pure innovation and imitation]
2.5

How closely related are individual innovation indicators?

32.
A preliminary exercise to the broader empirical analysis is to understand the possible linkages
between different measures of innovation and to establish whether there are clear differences in the relative
performance of countries when evaluated using different indicators of innovation. The ranking of different
countries according to their R&D intensity, the share of R&D personnel in total dependent employment
and triadic patents per million of working age population is reported in Table 2.1.17
[Table 2.1 Comparison of innovation performance by various criteria, 2001]
33.
Both business and non-business R&D intensity make significant contributions to cross-country
differences in aggregate R&D intensity, with the former especially important. The correlation between
total R&D intensity and business R&D intensity is almost one, compared with 0.73 for non-business R&D
intensity. The ranking of countries according to their shares of scientists and R&D employees in total
dependent employment, and according to the number of triadic patent applications per capita also appear
closely related, with one or two exceptions. After taking a simple average of the rankings by total R&D
intensity, the scientists share and triadic patents, the average ranking of countries is not very different from
the simple ranking based on total R&D intensity.
34.
Although it should be kept in mind that this way of presenting the information is only a
qualitative representation and does not take account of the scale of differences between countries, the basic
message is also found in the econometric analysis undertaken of cross-country differences in patenting per
capita. This shows that there is a strong positive association between R&D intensity, both in the business
and non-business sector, and subsequent levels of patenting.18
35.
A comparison between R&D, patenting and survey-based measures of innovative activity is
reported in Table 2.2, using the subset of European countries participating in the CIS. Four indicators of
innovation spending and methods of protecting innovations are used -- the proportions of firms engaged in
R&D or who have made a patent application, and the proportions of firms who have made at least one type
of innovation expenditure and made use of at least one means of protecting their innovation.19 The rank
correlations between economy-wide R&D and patenting and the survey measures of their use is high. But
the correlation between economy-wide R&D and the survey indicator of all types of innovation spending is
much lower, reflecting the importance of other types of innovation spending.
[Table 2.2 Comparison of macroeconomic indicators and survey-based indicators of innovation
performance, 1998-2000]
36.
The rank correlation of the proportion of successful innovators with economy-wide R&D
intensity is about 40%, but increases to 60% when the CIS indicator of aggregate innovation spending is
used. However, the rank correlation of the share of new products in turnover with the proportion of
successful innovators is close to zero. So the factors that affect the chances of making a successful
innovation may not be the same as those affecting the commercial value of that innovation. The share of
new products in turnover is only weakly correlated with the other CIS3 indicators of innovation.
10
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3.

The influence of specific science policies on innovation

3.1

Do fiscal incentives for R&D work?

37.
All OECD countries provide fiscal incentives to encourage private sector innovative activity,
either through direct government funding of private sector R&D, or via tax incentives for private sector
R&D expenditures. Specific programmes may also be established to provide financial support to particular
types of firms, such as small businesses, that are believed to face capital market constraints. Direct
government funding allows public subsidies to be used to finance research activities that are thought to
offer high social, but low private, rates of return. It may also be a more effective means than tax reliefs for
supporting young firms that have relatively little taxable income and face borrowing difficulties. The use
of tax incentives broadens the range of different market-driven research activities that may be undertaken,
and may be less prone to capture than direct funding schemes, but it also increases the possibility that
research efforts will be duplicated unnecessarily, or that research of little social value will be undertaken.
Both direct funding and tax incentives can also involve deadweight losses.
38.
An increasing number of countries have some form of special tax treatment for expenditure on
R&D. Existing work at the OECD has developed a comparative cross-country measure of the generosity of
tax incentives for R&D known as the ‘B-index” (OECD, 2003b). This index is intended to represent the
present value of pre-tax income necessary to cover the initial cost of R&D investment and to pay corporate
income tax. The index is calculated for representative large and small firms using information on the
depreciation allowances, tax credits and other specific allowances in national tax systems. The amount of
tax subsidy per unit of R&D is given by 1 minus the B-index.20 One limitation of this measure is that no
account is taken of possible cross-country differences in the extent to which available tax reliefs are
applied for by innovating firms.21 It should also be noted that a summary measure of this kind may not
capture fully all the cross-country differences in the design of tax reliefs (OECD, 2003b).
39.
Cross-country differences in the use of tax incentives and direct fiscal subsidies for private R&D
in the latter half of the 1990s are shown in Figure 3.1. It is of interest to note that many of the countries
with the highest R&D intensities had comparatively low levels of tax incentives during this period.
Changes in the mix of direct government funding and tax incentives between the first half of the 1980s and
the latter half of the 1990s are shown in Figure 3.2.22 During this period the use of direct grants to
institutions and individual firms became less important in almost all of the economies shown, with the
exception of Finland, Switzerland, Spain and Portugal. Government funding represented a little over onefifth of business R&D expenditure in the OECD as a whole in 1981; by 2001 this proportion had declined
by almost two-thirds. Two key factors behind this change have been a reduction in direct support for
defence-related research and the need in many countries for budgetary consolidation.
[Figure 3.1 The state of tax and subsidisation policies]
[Figure 3.2 Changes in tax and subsidisation policies]
40.
Evaluating the effectiveness of government fiscal incentives is difficult. Judgements are required
about whether the supported research would still have been successful, or even undertaken at all, if funding
had not been available, and also about the additional private sector resources that the funding has
generated. Account also needs to be taken of the wider spillover benefits that any supported research may
have for subsequent researchers. A significant proportion of direct funding of R&D by government is for
wider socio-economic purposes, such as defence, space missions and health-related research.23 Such
expenditures may have few direct spillover benefits for other research activities, but still be of high social
value. The indirect benefits that do result may occur at too long a lag to be picked up in an econometric
analysis. Evaluation of such programmes is especially difficult, given the difficulties that sometimes arise
in identifying the sums of money involved and the extent to which outcomes are kept secret.
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41.
Although the take-up and wider costs of tax incentives may be harder to monitor than the take-up
of direct grants, existing empirical evidence does suggest that tax incentives help to raise the level of
innovative activity undertaken compared to what might otherwise have happened.24 But there is little
consensus about the effectiveness of direct subsidies and specific funding schemes for companies.25
Studies using country-level or industry-level data have been found to be more likely to report evidence of
positive effects from fiscal incentives than studies with micro-econometric data, possibly because the
higher level of aggregation is more likely to capture any wider inter-sectoral spillover benefits from the
supported research.
42.
The empirical work undertaken on cross-country differences in R&D and patenting in this paper
suggests the effect of subsidies on innovative activity depends on initial conditions.26 Holding all other
factors constant, higher direct subsidies are found to have a small positive effect on R&D, especially when
the corporate profit share is low. On such occasions, the availability of funding from the government can
help to alleviate potential financial constraints. At other times, higher subsidies are found to reduce
innovative activity. As reported in Table 1.1, when evaluated at the sample mean, a one standard deviation
rise in subsidies (approximately 0.04% of GDP for the average country) is estimated to have only a small
positive effect on the real level of R&D expenditure, while reducing the level of patenting by close to
3%.27 A possible explanation for the latter result is that some types of research undertaken directly for the
government are more likely to be kept secret rather than made publicly available through patenting.28
43.
More generous tax reliefs for R&D are more frequently found to have a positive impact on the
amounts of both R&D and patenting than higher levels of direct funding. However, their importance is
found to vary considerably according to the remaining factors that are controlled for in any regression. In a
simple baseline model of the kind used in a number of recent empirical studies, a permanent 10% reduction
in the B-index (sample mean value = 0.95) is estimated to raise the level of R&D spending by over 8%.29
After additional control variables are included and account is taken of the wider effects of policy changes,
the impact of the reduction falls to less than 5%.
44.
Further evidence that public funding can help to support innovation is found in the empirical
work using the data from the European Community Innovation Survey.30 The findings suggest that public
funding has a significant positive correlation with the proportion of firms that are innovators and also with
the share of turnover accounted for by new products. An increase of one percentage point in the proportion
of firms receiving public funding is found to correspond to a rise of 0.4 percentage points in the proportion
of innovating firms who are successful and a rise of 0.7 percentage points in the share of new innovative
products in turnover.
45.
As few details are available in the CIS about the types of public funding received, it is not
possible to tell whether the principal benefits are associated with direct fiscal support or tax incentives, or
whether support intended to help firms bring products to the market is more important than incentives for
them to undertake research. The positive impact found from public funding appears to be robust to
alternative estimation techniques, and also to the inclusion of controls for firm size. However, it cannot be
excluded that the observed effects come about because governments persistently fund firms with a proven
record for successful research.
46.
Thus the empirical analyses in this paper provide some support for the use of fiscal incentives to
support innovation. Taken together, the results imply that recent changes in the mix of public funding for
private R&D, with reduced use of grants and a more extensive use of tax incentives, should have provided
a positive stimulus to private sector R&D in the OECD as a whole, other things being equal.
47.
The importance of scientists and engineers for the innovation process suggests that it might be
worthwhile to undertake further analysis of the relative merits of directing tax incentives at R&D
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employment rather than aggregate R&D expenditure. Although this is beyond the scope of the present
paper, tax incentives of this kind are used in the Netherlands, and this may provide a useful case study for
further analysis of this issue.31
48.
The effects of fiscal incentives found in the econometric work for this paper are partial effects. A
complete evaluation of fiscal support schemes would also need to consider that all of the incentives for
R&D involve budgetary costs for the public sector. These need to be balanced by offsetting changes in
other fiscal instruments which will also have economic effects. Even if fiscal instruments are effective, the
wider question remains as to whether the gains from supporting innovation are greater than the potential
gains from supporting other activities, or the (deadweight) costs of raising the necessary revenues.
3.2

What are the benefits from expanding non-business sector R&D and collaborative research?

49.
Basic research performed in universities and other public research organisations (PROs) has long
been an important source of significant scientific and technological advances. Such research is often
undertaken with little or no idea of the potential commercial applications, or the length of time that might
be required for commercialisation, making it necessary for it to be supported by public funding.
Universities also play an important role in the supply of human resources for science and technology.
50.
Although detailed studies of individual innovations reveal the important role played by such
public research, the long and variable lags between discovery and development can at times make it
difficult for econometric studies to identify any significant effects. Company surveys, such as the CIS, also
suggest that a relatively small proportion of firms regard universities and other public research
organisations as an important information source. However, this could reflect a lack of awareness about the
research being undertaken and about the opportunities available for collaboration, rather than a sign that
contacts with universities and key research personnel are not highly valued.
51.
There is some empirical evidence suggesting that co-operation between public research
organisations and industries can stimulate private sector R&D, but that the benefits need not be felt by all
types of firms. Those in industries where the frontier technology is rapidly changing often value specialist
advice and inputs from PROs more than others. Geographical proximity has also been shown to matter for
knowledge transfers, possibly because of the enhanced opportunities to transfer tacit as well as codified
knowledge.32
52.
In addition to supporting the generation of new knowledge, science policies also seek to
encourage the dissemination of new knowledge from the public sector to the private sector. Examples of
such policies include moves to encourage public research organisations to make more active use of their
intellectual property, and measures to promote the development of research partnerships between industry
and PROs. Funding structures have also been changed in many countries, with less emphasis being given
to funding of institutions and more to competition for funding to undertake either specific projects or work
in certain research fields. Such measures are intended to help improve the diffusion of knowledge to the
private sector, although they are not without potential costs. For example, firms without collaborative
agreements may find it harder to access knowledge than before. Equally, a more active management of
IPRs may slow the speed at which details of new research findings are placed in the public domain
-- patenting takes longer than presenting research at conferences -- and also may raise the costs of using
knowledge.
53.
The econometric work for this paper indicates that research in the non-business sector is an
important component of innovation, both directly, as reflected in patenting, and indirectly through its wider
effects on private sector activities. Even though an expansion in public sector research can help to push up
wage costs for the business sector, this is more than offset by a positive impact on the labour efficiency of
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business sector researchers. An increase of 1 standard deviation in the share of non-business R&D in GDP
(an increase of 0.06 percentage points for the average economy) raises business sector R&D by over 7%
and total patenting by close to 4%.
54.
A decomposition of the factors accounting for cross-country differences in R&D intensity also
indicates the scale of the potential gains that might result from a higher level of R&D in the non-business
sector. In two economies, Sweden and Finland, an above-average share of non-business R&D in GDP is
estimated to raise business sector R&D intensity by around 25% above the OECD average (a change
equivalent to just under 0.4% of GDP). In contrast, a below average share of non-business R&D in GDP is
estimated to reduce business sector R&D intensity by around 25% below the OECD average in Spain and
Ireland.
55.
One indicator of the extent of research collaboration between business and public research
organisations is the share of non-business R&D expenditure financed by industry. This has edged up
steadily over time in almost all countries, as shown in Figure 3.3. The empirical work suggests that higher
funding shares provide an additional stimulus to private sector innovation, over and above the direct effects
from higher R&D spending in the non-business sector. This is especially so when the level of funding by
business is a comparatively low level of the internal funds that companies have to finance their own
expenditures. Evaluated at the sample mean, an increase of 1 standard deviation in the share of nonbusiness R&D funded by the private sector (an increase of 1.4 percentage points for the average economy)
will eventually raise business sector R&D by over 8% and total patenting by close to 2½ per cent.
[Figure 3.3 Business funding of non-business sector R&D]
56.
The evidence from the analytical work using the European CIS suggests that enhanced
collaboration with the public sector also raises the share of turnover accounted for by new products,
although it does not have a significant impact on the proportion of firms who are successful innovators.
One interpretation of these findings is that the principal benefits from collaboration may be enjoyed by the
firms who collaborate, rather than by the business sector as a whole.
57.
These findings shed new light on one surprising result in the analysis for the OECD Growth
Study (OECD, 2003a); higher levels of public sector R&D were found to have a negative impact on
growth after controlling for the effect of business sector R&D. The analysis in this paper shows that
business sector R&D will already embody many of the effects that come from public sector R&D.
3.3

Should intellectual property rights be strengthened further?

58.
Legal protection for the intellectual property rights of innovators is widely seen as an important
means of stimulating innovation. Yet judgements over the appropriate strength of IP protection are finely
balanced, and evidence of the efficacy of IP policies is far from clear. The general tendency of IP policy in
most countries is to offer ever greater protection for the rights of IP holders. This is especially so for
patents. Legislative changes have made patent rights easier to enforce, broadened the range of innovations
that can be patented and lengthened the period over which patents may be granted. These changes have
been complemented by the moves to encourage more active management of intellectual property by
universities and other public research organisations.
59.
There has been a gradual convergence over time in the strength of IP protection in most OECD
countries, as can be seen from Figure 3.4.33 Countries with a comparatively weak level of protection in the
mid-1980s have typically done the most since then to strengthen the rights of IP holders. By 2000, the
United States, Austria and Germany were the three countries with the highest index scores.
[Figure 3.4 Convergence in intellectual property rights (Park index)]
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60.
In the absence of formal protection, many inventors may choose to reveal nothing about their
inventions. Enhanced protection of intellectual property rights (IPRs) is intended to foster innovation by
providing incentives for inventors to undertake research and subsequently disclose information about their
inventions. Disclosure of information about new research is beneficial, not least because it may prevent
unnecessary duplication of research efforts. In return for disclosure, IP mechanisms such as patents and
copyright allow inventors to have exclusive use of their innovations for a fixed period, after which it
becomes freely available to all potential users. But the social costs of such protection can be high; for
example, patent holders, if they so choose, have monopoly rights to the use of inventions during the
lifetime of the patent. Thus the net impact of enhanced IP protection is ambiguous. Patent holders can enter
into licensing agreements with potential users, but even these can have deadweight costs unless perfect
price discrimination is possible.34 Compulsory licensing may also be imposed at times, especially when an
innovation has high social, but limited private, benefits. Again, care is needed to ensure that incentives to
innovate are not adversely affected.
61.
The design of intellectual property systems becomes especially difficult in fields where the
research process is cumulative. New inventions often build on a number of existing ideas. Strong
protection for the innovators of first generation products can easily be counterproductive if it limits access
to necessary knowledge or research tools for follow-on innovators, or allows patenting to be used as a
strategic barrier to potential competitors. Such concerns are particularly acute in fields such as
biotechnology and information technology. The difficulties of predicting the source of new ideas provides
one reason why it may be preferable for the costs of entry into the innovation process to be kept to a
minimum.
62.
Strong IP protection also poses challenges for competition policy. Commercial agreements such
as cross-licensing arrangements and “patent pools” are common in industries in which a large number of
patented inventions have to be used to develop new products. Potential entrants without patents may find it
difficult to join such agreements. It is difficult to determine whether this represents anti-competitive
behaviour by patent holders or simply an efficient (and legal) exercise of intellectual property rights.
63.
The overall picture that emerges from the extant empirical literature is that the relationship
between the IP system, patenting and innovative activity is a complex one. Some studies have found
evidence that cross-country differences in patenting are positively related to cross-country differences in
the strength of IP protection. Others have suggested that the benefits of stronger IP protection are positive
only when IP protection is initially weak. Company surveys indicate that patenting is the most important
means of IP protection in only a few industries, such as pharmaceuticals and scientific equipment. A
majority of companies in other industries make use of alternative protection methods, such as secrecy and
lead-time. However, such methods may be less likely to favour the diffusion of knowledge than patents.
64.
The main conclusion that emerges from the econometric estimates in this paper is that stronger IP
protection has a substantial positive effect on patenting, but only a limited effect on R&D. Evaluated at the
sample mean, an increase of 1 standard deviation in the IPR index is estimated to raise the number of
patents by 8% and R&D expenditure by between 1-1½ per cent. In both cases the amount of research
activity per researcher is slightly lower than it was before the change, implying that stronger IPRs can
reduce the labour efficiency of researchers. The empirical work also suggests that there may be important
interactions between the IPR index and some measures of product market competition, with stronger IP
protection offsetting some of the beneficial effects of enhanced competition. However, the magnitude of
these effects is difficult to pin down precisely. As most OECD economies now offer strong protection for
many kinds of intellectual property, remaining differences typically account for only a small fraction of
cross-country differences in R&D intensity.
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65.
Taken in conjunction with existing research, the evidence from the analysis in this paper suggests
that there are benefits from having protection for IP rights. This does not imply that such rights should be
increased without limit, especially if they reduce the beneficial effects of product market competition.
Stronger patent regimes help to direct innovation towards patentable activities; such activities need not
offer the greatest benefits for society as a whole.
3.4

How important are education and labour market policies?

66.
Education and labour market policies are key influences on the availability of human resources
for science and technology and hence on the level of innovative activity that takes place. Skilled
researchers play a dual role in the innovation process, helping in the discovery of new inventions as well as
in maximising the benefits that can be obtained from existing knowledge. However, at any point in time
there is only a limited supply of trained scientists and engineers available to perform R&D related
activities. It takes time for potential new researchers to acquire the necessary human capital and many
existing graduates choose to work in other professions, or migrate elsewhere.
67.
This raises two issues for innovation policies and policy targets.35 Many countries currently have
specific targets that imply a significant expansion in national R&D expenditures as a share of GDP over
the coming years. These are unlikely to be met, and the increased expenditure be used effectively, without
substantial increases in the numbers of researchers employed.36 A second issue is that an increase in
innovative activities in one part of the economy may have adverse consequences for the level of innovation
in other parts. One example is provided by increased public funding for public research organisations. If
this results in a higher demand for researchers and the short-run supply of researchers is fixed, wages will
rise and the real resources available for innovation in the private sector may be reduced.
68.
The econometric work in this paper demonstrates the importance of skilled researchers for all
stages of the innovation process. In particular, the evidence on the determinants of R&D suggests that a
higher share of scientists and engineers in total employment helps to raise national absorptive capacity
-- the extent to which productive use can be made of new ideas resulting from the diffusion of knowledge
developed in other countries. Evaluated at the sample mean, the estimates imply that a rise of 1 standard
deviation in the share of scientists and engineers in total dependent employment (roughly equivalent to a
rise of 0.07% of total employment) is associated with a rise of 12% in business R&D expenditure.
Evidence obtained from the European CIS data also shows that the proportion of firms who are successful
innovators is significantly negatively correlated across countries and sectors with the proportion of firms
who report a lack of qualified personnel.
69.
In a detailed accounting exercise using the estimated coefficients from the R&D model and data
for the year 2000, deviations in national R&D intensities from the OECD average are shown to be
positively correlated with deviations in the share of scientists from the OECD average. In four countries,
the United States, Japan, Sweden and Finland, the above-average employment share of scientists is
sufficient to ensure that R&D intensity is 40% or more above the OECD average.37 This is a partial effect;
raising the level of scientists and engineers in the business sector may have offsetting effects elsewhere.
For example, the accounting exercise confirms that there are few countries that benefit significantly from
both an above average share of non-business R&D in GDP and an above average share of private sector
researchers in total employment. This emphasises the importance of taking a further step to explore the
factors that influence the availability of scientists for the private sector.
70.
The relationships estimated for the employment and wages of business sector researchers enable
preliminary assessments to be made of the interactions between the demand and supply of researchers as
business R&D spending and public policies change.38 Among the key findings are that the demand for
researchers is negatively related to their real wages, with the price elasticity estimated to be between –0.6
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and –0.7%, and that the wages of researchers respond positively to changes in average economy-wide
wages. The findings imply that the supply of skilled researchers may be responsive to changes in relative
wages, at least in the long run. A separate finding is that in the short run, labour demand is less sensitive to
the economic cycle than is total expenditure on R&D, suggesting that the main effects of changing cyclical
conditions are on the non-labour inputs used in the research process.
71.
Taken together, the econometric results confirm that an expansion in publicly funded and
performed R&D will raise the real wages of researchers employed in the private sector. A rise of one
standard deviation in the share of non-business R&D in GDP (an increase of 0.06% of GDP for the average
economy) is found to raise the real wages of researchers by between 1-3%, depending on the specification
of the particular model used.
72.
Finally, the estimated wage equations provide indirect evidence of the extent to which the
availability of skilled researchers may be affected by international labour mobility. An increase of 1% in
the real wages of researchers in the United States is found to lead to an increase of between ½-1 per cent in
researchers’ wages in other countries as well. This results in a small reduction in the level of innovative
activities because of the decline in the number of researchers employed induced by higher real wages.
4.

How important are framework factors for innovation?

73.
The OECD Growth Study identified a number of important framework conditions and policy
settings that could help to support private sector fixed capital investment. These included macroeconomic
stability, well developed financial markets, pro-competitive regulations in labour and product markets and
openness to international trade. Similar factors may also help to determine knowledge capital.
4.1

The macroeconomic framework

74.
Enhanced macroeconomic stability allows firms to plan more effectively for the long-term.
Strong and stable rates of output growth also provide favourable conditions for firms seeking to introduce
new products or to undertake significant organisational changes. Further benefits may arise if the
macroeconomic framework helps to maintain low and stable rates of inflation and limit cyclical pressures
on the level (and volatility) of real interest rates.
75.
The estimated R&D specification demonstrates the clear importance of macroeconomic factors
for understanding the evolution of business R&D expenditure. Strong output growth and low inflation are
both found to have a positive influence on the rate of growth of R&D, suggesting that a stability-oriented
macroeconomic framework provides a business environment that is conducive to innovation. Factors
which help to lower the level of real interest rates can also help to stimulate innovation because of the
impact this has on the user cost of R&D capital. Evaluated at the sample mean, the estimated parameters of
the model imply that a 1 standard deviation reduction in real interest rates (a change of just over
1½ percentage points) will raise R&D expenditure by almost 5%, and the total level of patents by close to
3%.
76.
While theoretical models raise the possibility that the timing or the level of innovation could be
affected by uncertainty over future economic conditions, the empirical work for this study was
inconclusive. No significant effects were found when (backward-looking) measures of output and inflation
volatility were added to the R&D model.
4.2

Financial factors

77.
A growing number of empirical studies have shown that the scale of financial market
development and well-functioning financial systems can have an important impact on long-run economic
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growth. In particular, they can help to ease the external financial constraints faced by firms who want to
make long-term investments. Evidence of both these effects was found in the OECD Growth Study
(OECD, 2003).
78.
Other studies suggest that similar issues arise for investment in research and development. R&D
projects are inherently more risky than others, given their long and uncertain payback period, and the
likelihood of asymmetric information between prospective borrowers and lenders is high. External
investors will require a premium to compensate for the agency costs arising from the risks of adverse
selection and moral hazard. In these circumstances the availability of adequate internal finance, as reflected
in profitability and cash-flow, is likely to be an especially important source of finance for expenditure on
innovative activities. In the absence of sufficient cash-flow, some projects may never go ahead at all.
79.
The likelihood of financial constraints is especially high for (potential) new entrants into the
research process, since they have no history of successful research and often only limited means of internal
finance. The possibility that this may lead to under-investment in R&D has led to policy programmes
targeting fiscal support directly at small firms, and also to measures designed to encourage the
development of venture capital markets. The effectiveness of such programmes appears mixed, although
some studies suggest that public funding can act as a mark of quality for private investors, reducing the
marginal cost of external funds for supported firms.
80.
Cross-country differences in financial development and profits are shown in Figure 4.1. Changes
over time in the share of equity financing in an aggregated measure of financial development39 are shown
in Figure 4.2. In almost all countries equity financing has become more important relative to credit
financing over time.
[Figure 4.1 Financial factors]
[Figure 4.2 Evolution of the share of equity financing in financial development]
81.
The econometric analysis in this paper suggests that the scale of financial development, stock
market capitalisation and the share of corporate profits in GDP all have significant positive effects on R&D
expenditures. However the impact from greater financial market development on R&D is found to lessen
when the corporate profit share is high, indicating that a greater availability of internal finance is likely to
reduce the need to obtain external finance. Stock market capitalisation is found to have an additional
significant positive effect on patenting in addition to the effects it has through research and development,
suggesting that equity-based financial systems may provide more favourable conditions for firms seeking
to raise external finance for innovation.40 Financial liquidity, as reflected in the profit share and changes in
tax incentives for R&D, is also found to have a significant effect on the hiring of researchers in the
business sector.
82.
Taking all these diverse influences together, a one standard deviation rise in the profit share of
GDP is estimated to raise the level of R&D expenditure by over 5%, and total patents by over 4%. A rise
of 1 standard deviation in the ratio of stock market capitalisation to GDP (equivalent to an increase of 2627% of GDP for the average country) is estimated to raise R&D by almost 6%, and total patents by 10%.
Perhaps surprisingly, an increase in the ratio of private sector credit to GDP is found to have a small
negative impact on both R&D and patenting. It is not immediately clear what generates this result.
However it is consistent with the evidence found when using the CIS3 data. This suggested that the
proportion of firms citing a lack of finance as a constraint on innovation has a positive cross-country
association with the ratio of private sector credit to GDP.
83.
While the effects on innovation from changes in profits and stock market capitalisation appear
sizeable, in practice these factors account for only a small proportion of cross-country differences in R&D
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intensity in many countries when evaluated using data for the year 2000. When all the financial factors are
combined together, Switzerland, the United Kingdom and Norway are the three countries which are found
to have the most favourable financing conditions; in all three, financial factors are estimated to raise R&D
intensity by more than 10% above the OECD average.41 Austria and Denmark are the two countries found
to have the least favourable combination of financial factors, with these lowering R&D intensity by over
10% relative to the OECD average.
84.
Additional evidence of the potential importance of financing constraints is obtained in the
empirical analysis using the European CIS, with a lack of private financing found to have a significant
negative relationship with the share of turnover accounted for by new products. An increase of
1 percentage point in the proportion of firms citing the lack of financing as an impediment to innovation
reduces the share of new products in turnover by just over 1½ percentage points, although it does not have
a clear effect on the proportion of firms who are successful innovators. This evidence suggests that
financing difficulties do not necessarily stop innovations from occurring, but may hamper the scale of their
commercial development. Small firms in the manufacturing sector appear more likely to report financing
difficulties than do medium-sized and large firms, and all firms in service industries.
85.
The importance of the financial variables for innovation highlights the possibility that other
policies may have an indirect impact on innovation through their impact on profitability or financial
development. Analysis of this is beyond the scope of the present paper. But it does reinforce the
importance of the need for a full analysis of the costs and benefits of specific tax incentives for R&D by
taking into account the alternative uses to which the funds might be put.
4.3

Product and labour market regulations

86.
The expected impact of changes in product and labour market regulations is theoretically
ambiguous. Dynamic models of product market competition and innovation often suggest that there is a
hump-shaped relationship between them. When competition is growing from a low level, incumbent firms
have incentives to innovate to try and escape from competition and potential competitors have incentives to
innovate to catch-up or surpass the technologies of incumbent firms. But at high levels of competition the
expected rents to be earned from further innovation may be sufficiently low to eliminate any incentive for
incumbents to make further innovations. The aggregate level of innovation could even decline if potential
entrants judge that it is no longer worthwhile to invest in frontier technologies. The strength of protection
for IP rights can also affect this trade-off since it affects the speed at which information about frontier
technologies is diffused from incumbents to competitors. An indicator of cross-country differences in
product market regulation in non-manufacturing industries, and changes over time, is shown in
Figure 4.3.42
[Figure 4.3 PMR index]
87.
Employment protection can also have dual effects. It can help to create mismatches between the
demand and supply of researchers, potentially adding to wage pressures, and slow necessary workplace
reorganisations needed to implement new innovations. But it can also be an advantage for certain types of
innovation, especially process innovations, by reducing turnover and thereby allowing firms to make better
use of the specific competencies of their workforce.
88.
The econometric work in this paper suggests that less stringent product market regulations
primarily help to raise R&D intensity, whereas reduced employment protection mainly boosts patenting.43
The explanation for the latter effect is provided by the work on the CIS3 data which suggests that process
innovations are less likely to be patented, and also that more stringent employment protection raises the
share of process innovations in total innovation. Evaluated at the sample mean, a one standard deviation
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decline in the stringency of product market regulations (equivalent to a change of 0.84 in the index for an
average country) is estimated to raise R&D expenditure by almost 9%, and the total level of patents by
over 4%. A one standard deviation decline in the strength of employment protection is estimated to raise
R&D expenditure by less than 1%, but to raise total patents by just over 6½ per cent. The latter result
reflects two separate effects; weaker EPL raises patenting directly for any given level of R&D, and also
reduces the real wages of researchers slightly, helping to raise employment and, consequently, absorptive
capacity.
89.
Differences in the stringency of regulations can also result in national R&D intensities deviating
markedly from the OECD average level. The estimated long-run relationship for R&D suggests that the
low level of product market regulation in Australia, the United Kingdom and United States helps to raise
their R&D intensity by 10% or more above the OECD average. In contrast, heavy regulation reduces R&D
intensity in Ireland, Italy and Portugal, by over 8% relative to the OECD average.
90.
The analysis using the CIS survey data provides a mixed picture of the potential effects of
regulations. The number of firms who report that rigid regulations and standards are an impediment to
innovation is found to be negatively correlated with the proportion of firms that succeed in introducing
innovations. This is especially so for firms who are introducing new products to the market. Those who are
imitating existing products appear less affected than companies introducing completely new products. In
contrast, the number of firms citing rigid regulations and standards is positively associated with the share
of turnover accounted for by new products, especially in service industries. One interpretation of these
mixed findings is that firms who innovate have market power when anti-competitive regulations are high.
4.4

International openness

91.
Many cross-country studies of economic growth emphasise the importance of the diffusion of
both codified and tacit knowledge across national borders. This can occur in many different ways,
including the transfer of information about new technologies, ideas and working practices through
imported goods and services, from inward direct investment and from international labour mobility.
Equally, national companies can access information abroad through exporting or by establishing affiliates
in other countries. Other things being equal, more open economies will have a greater exposure to the
foreign knowledge stock at any point in time, although they may not be able to benefit from this if they
have only a small domestic research base. A further effect of enhanced openness is that it provides a
stimulus to product market competition. As discussed above, the empirical evidence suggests that this
should be favourable for innovation on average, although theoretical models suggest that this need not
always be the case.
92.
A number of existing studies suggest that the benefits of foreign knowledge diffuse more rapidly
through the direct transmission of ideas rather than through trade in goods and services that embody them.
So the international mobility of skilled researchers and multinational firms may be especially important
channels for knowledge transfer. In many OECD economies the share of business sector R&D funded and
performed by foreign-owned firms is rising steadily over time (OECD, 1999 and 2004). This suggests that
national innovation performance may be affected, in at least some countries, by policies that influence the
location of internationally mobile research activities and the opportunities for national firms to benefit
from the knowledge they can bring.
93.
The empirical work in this paper highlights a number of different effects from greater openness
on innovation. The most important effects are found to come from a measure of the foreign knowledge
stock, constructed as a weighted average of business sector R&D stocks in each country’s trading
partners.44 This is shown to have a significant positive effect on the level of domestic R&D expenditure, an
effect enhanced when absorptive capacity, as measured by the share of scientists and engineers in total
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employment, is high. The interaction of the foreign knowledge stock with a size-adjusted measure of trade
openness is also found to have a significant impact on labour efficiency in the model of the occupational
labour market for researchers. Evaluated at the sample mean, an increase of 1 standard deviation in the
ratio of the foreign R&D stock to domestic GDP is estimated to raise domestic R&D by almost 13%, and
total domestic patents by close to 6%, suggesting that the rate of knowledge diffusion across international
borders is an important determinant of national innovation efforts.
94.
The positive effects of diffusion are offset partially by a finding of significant negative effects
from openness itself, whether measured using the ratio of exports and imports to GDP, or by import
penetration. These two findings suggest that greater openness helps to make new knowledge accessible,
but reduces the ability to undertake domestic innovation. The accounting decomposition of the findings in
the estimated R&D equation suggests that the countries who receive the greatest benefits from
international openness are Ireland, the Netherlands, Switzerland and Belgium.
95.
The potential importance of foreign direct investment (FDI) for innovation is explored in two
ways in the paper. The cross-country indicator developed by the OECD to quantify the barriers facing
potential inward investors was included in the estimated models for both R&D and patents. Cross-country
differences in the level of restrictions and their evolution over time are shown in Figure 4.4. It was not
possible to identify any significant effects from the FDI measure in the R&D equation. However, in the
patents model, restrictions on FDI were found to have an important negative effect. Evaluated at the
sample mean, a decrease of 1 standard deviation in the FDI indicator (a relaxation of barriers to
investment) is estimated to raise total patents by 13%.
[Figure 4.4 Index of FDI restrictions]
96.
A more direct test of the potential benefits from the activities of the foreign affiliates of
multinational companies is provided in a separate stand-alone analysis for a smaller sample of OECD
countries over a shorter time period (1992-2001). After controlling for fixed country effects and common
time effects across countries, the growth in the level of R&D expenditures undertaken by the foreign
affiliates of US-owned parent companies is found to have a significant positive effect on the rate of growth
of business sector R&D in the host country. A second finding is that the growth of the level of R&D
expenditures undertaken by foreign-owned affiliates in the United States has a significant negative effect
on the rate of growth of business sector R&D in the home country.45 The coefficient on the inward R&D
term is greater than that on the outward R&D term, implying that if inward and outward R&D grow at the
same rate, the net effect will be to enhance the rate of growth of business sector R&D in all countries.
97.
These findings are preliminary and from a relatively short sample period. They do not provide
conclusive evidence that foreign direct investment has a permanent effect on national R&D intensities. But
they do indicate that inward FDI is one means by which knowledge is diffused to host economies and that
outward FDI is a means of sourcing technologies and knowledge from elsewhere, relocating some research
activities that might previously have taken place in the home economy.
98.
The importance of international spillovers does not imply that countries would be better off by
simply using the research of others rather than attempting to maximise their own innovation efforts. If all
countries adopted such a view, global welfare would clearly be adversely affected. But even for individual
countries there would be a cost. The empirical results in the paper show that absorptive capacity matters
for maximising the benefits from using the stock of international knowledge. In the absence of trained
scientists and engineers, whether in the private sector or in public research organisations, the extent of
international spillovers would be greatly reduced. This provides one indication of the potential
complementarities between science policies and the stimulus to innovation provided by favourable
framework conditions.
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4.5

The real exchange rate

99.
A growing number of empirical studies have shown that movements in exchange rates can have a
significant impact on fixed investment. This occurs through a number of channels, including the product
market competition that firms face from foreign companies and the location decisions of internationally
mobile companies. Exchange rate movements also affect profitability, depending on the share of total
revenues derived by exporting, the ratio of imported inputs in production and the extent to which firms
choose to absorb currency fluctuations in their profit margins.
100.
The impact of exchange rate movements on R&D activities has not been widely examined in the
existing empirical literature on innovation, although a small number of papers have suggested that they can
have significant effects. Many of the potential effects can operate in different directions. Greater
competition following an exchange rate appreciation could stimulate innovation by domestic firms in order
to try and escape competition by improving product quality or variety. But it could equally well provide an
incentive for some firms to move operations abroad because of changes in the relative costs of producing
in different locations. Others may simply try and retain their market share (in volume terms) by lowering
their profit margins, thus reducing the finance available for R&D.
101.
As the regression models already include a number of controls for profitability and market
competition, the inclusion of separate exchange rate terms is more likely to capture potential location
influences than anything else. The empirical results find a significant negative impact from both changes
and the level of the real exchange rate in the R&D model. Evaluated at the sample mean, an increase of 1
standard deviation in the real exchange rate is estimated to eventually lower R&D expenditure by just over
3% and total patenting by just under 2%, approximately two-thirds of the effects induced by a 1 standard
deviation rise in real interest rates.
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NOTES

1.

In this paper the term fiscal incentives represents all direct financial measures that have a specific
budgetary cost for government. These include both direct public spending on private R&D as well as tax
reliefs for R&D.

2.

These policies are employed in many countries. They are also the ones for which it is easiest to obtain
broadly comparable cross-country data over time. The exclusion of other policies from the analytical work
should not be taken as a sign that they do not matter for innovation.

3.

As discussed elsewhere in the paper, patent protection has many dimensions. The aggregate index used in
the empirical analyses does not enable distinct conclusions to be drawn for different dimensions of patent
protection, such as the enforcement of patent rights and the types of activities that are patentable.

4.

The use of average within-country sample standard deviations is necessary because of the scale of
differences in some factors across countries and the feasible extent to which some policies may be
changed. Calculations with the cross-country standard deviation, whether evaluated using the full sample
of observations or a cross-section at a particular point in time, can be especially problematic when using
indicator variables whose upper or lower limit is bounded.

5.

Figure 1.1 shows the contribution of each of the main influences to the percentage point deviation in R&D
intensity from the OECD average in 2000. These calculations should be seen as illustrative of the principal
influences rather than precise estimates as they abstract from some of the parameters in the estimated
equations and may also be sensitive to the choice of time period. The OECD average refers to the
geometric average of the countries included in the sample.

6.

The countries shown in Figures 1.1 and 1.2, and also in many of the other Figures in this paper, are those
for which sufficient data exist over time to enable them to be included in the panel data sets used in the
empirical work.

7.

Cross-country differences in industrial structure and average firm size may also be important in
understanding differences in R&D intensities. The analysis in Annex 4 using CIS3 data highlights a
number of differences between innovation performance in manufacturing and services and innovation in
large and small firms. But the share of value added accounted for by high-tech industries was found to be
insignificant in the empirical analysis of aggregate business sector R&D, once other factors are taken into
account.

8.

A more detailed definition of innovation and research activities can be found in OECD (1997). Innovations
can be organisational as well as technological; only the latter is considered in this paper.

9.

In some countries there may be differences in the sectoral classification of particular research institutions.

10.

R&D personnel include, in addition to researchers, technicians and support staff.

11.

The figure compares the frequency of intramural R&D spending with the frequency of other types of
innovation spending. The frequency of a type of spending is defined as the ratio of the proportion of firms
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undertaking that type of spending to the sum of the proportions of firms undertaking each type of
innovation spending. A firm can undertake simultaneously various types of innovation spending.
12.

Moreover, comparability across countries is enhanced by the fact that the patent numbers are less likely to
be affected by the specific characteristics of national patent offices.

13.

For the European countries, the measure of patents is based on patents applied for at the European Patent
Office (EPO). This may understate the level of purely national patents, as some of these are unlikely to go
to the EPO.

14.

The claim defines the monopoly rights that the applicant is attempting to obtain for the invention. Further
details are given in OECD (2004a).

15.

The frequency of the use of a particular mode of protection is defined as the ratio of the proportion of firms
using that mode of protection to the sum of the proportions of firms using each mode of protection. A firm
can make use of several modes of protection at a time.

16.

Care has to be taken when interpreting cross-country comparisons made with the aggregated data in CIS, as
there are differences in the sample sizes used in the respective national components of the survey, as well
as in the national response rates. This issue is discussed further in Annex 4 of the paper.

17.

An implicit assumption made here and in much of the wide range of literature on innovation policies is that
more R&D expenditure is better than less. In principle this need not always be the case, especially if there
is unnecessary duplication of research efforts. Equally, patents need not be of equal value to each other.
What is important is to obtain the maximum benefits from the resources being used in the research process.

18.

This evidence is discussed in Section 3 of Annex 3 in the supporting documentation.

19.

Innovation expenditures include investment and training expenditures necessary for the introduction of
innovations, as well as R&D. Protection methods also include secrecy, lead-time, product complexity,
trademarks, copyrights and design registration.

20.
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depreciation allowances and tax credits and υ the marginal rate of corporation tax.

21.

This may help to explain why Spain, which has the most generous tax measures for R&D undertaken by a
representative firm, also has one of the lowest levels of R&D intensity in the countries shown.

22.

This uses data up to the end of 2000. Since that time a number of the countries shown have introduced new
tax reliefs for R&D and in some others government funding for R&D has risen slightly (OECD, 2004). The
countries with the largest reductions in the B-index between 2000 and 2004 were Norway, Spain, Portugal,
Japan and the United Kingdom.

23.

On average in 2001, a little over one-quarter of total government budget appropriations or outlays for R&D
were committed to defence research (approximately 0.2% of OECD GDP) and just under one-fifth were
devoted to health research.

24.

Interpretation of such results needs to bear in mind the possibility that the existence of tax reliefs raises the
incentive to report expenditures as R&D.

25.

This is discussed in greater detail in Section 2 of Annex 2 in the supporting documentation.
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26.

These studies are described in Annex 3 of the supporting documentation

27.

Table 2.2 is a simplified version of Table A3.8 in Annex 3 of the supporting documentation.

28.

It may also be the case on occasion that a condition for public financial report is that the resulting research
activities, and research tools, are made freely available to others.

29.

This change implies that the amount of tax subsidy per unit of R&D would have risen from 0.05 (1-0.95) to
0.145. Assuming that all business sector R&D benefited from this subsidy, then with an average business
sector R&D intensity of 1.4% of GDP this change would involve a potential budgetary cost of up to 0.13%
of GDP.

30.

This is discussed in detail Section 5 of Annex 4 in the supporting documentation.

31.

This is discussed further in Section 2 of Annex 2 in the supporting documentation.

32.

These studies are discussed in more detail in Section 3 of Annex 2 in the supporting documentation.

33.

The data in this chart are based on updated estimates of the index of intellectual property rights originally
published in Ginarte and Park (1997). The index is based on a weighted average of country scores for a
number of criteria - the extent of coverage, membership in international patent agreements, duration of
protection, provisions for loss of protection and enforcement mechanisms. The index reflects the rights of
patent holders; it is not necessarily reflective of the rights of the holders of other types of intellectual
property, such as copyrights and trademarks.

34.

These issues are discussed further in Section 4 of Annex 2 in the supporting documentation.

35.

These issues are discussed further in Section 6 of Annex 2 in the supporting documentation.

36.

It is also possible that they can be met through significant growth in the real wages of scientists and
engineers. In this case there would be little change in the real resources devoted to R&D.

37.

This estimate includes the direct impact of a higher number of scientists and also the indirect impact of
such a change on national absorptive capacity – defined here in terms of the benefits received from the
diffusion of knowledge from other countries.

38.

A more complete account of the empirical work is in Section 4 of Annex 3 in the supporting
documentation.

39.

The term ‘financial development’ is used to describe the sum of stock market capitalisation plus credit
provided to the private sector by deposit money banks. Both are expressed as a proportion of GDP.

40.

Measures of venture capital were not included in the empirical work, reflecting the relatively short time
span over which they are available. However, the work using the CIS3 data suggests that cross-country
differences in the provision of venture capital are significantly negatively correlated with the number of
firms citing finance as an obstacle to innovation.

41.

The effects for Norway stem in part from the inclusion of oil profits in total corporate profits.

42.

The empirical analysis of R&D and patenting uses the non-manufacturing indicators as a measure of the
strength of economy-wide product market regulations. For the analysis of the CIS use is made of a surveybased measure based on the proportion of firms in different sectors citing rigid regulations and standards as
an obstacle to innovation. These two different measures are significantly correlated with each other.
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43.

The variable is the employment protection indicator used recently in the OECD empirical work on labour
force participation.

44.

The weights on each partner country are based on the ratio of bilateral imports from that partner country
scaled by GDP in the partner country.

45.

These effects also hold when the United States is included in the sample. In this case the relevant variables
are the total R&D of all foreign affiliates from the sample countries in the United States and the total R&D
of all US-owned foreign affiliates in the sample countries.
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