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Abstract

We investigate cross country differences in patent propensity in the European Union using
the European Patent Office database and the database on European firms AMADEUS. We
ask how much of the differences in patent propensity at the aggregate level can be accounted
for by a more disaggregate analysis. First, we find that the large and persistent cross country
differences cannot be explained by the sectoral composition only: patent propensity differs
substantially even within sectors. Second, country effects play an important role in deter-
mining the probability that a firm engages in innovative activity, even after controlling for
firms characteristics; on the contrary, they are less relevant for the amount of innovative
output of those firms that do engage in patenting. This indicates that some countries might
be more conducive for firms to undertake innovation activity, but that, once this is done,
innovative firms are less sensitive to the home country effect.
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1 Introduction

There is a widespread consensus that, among industrialized countries, innovation is the main
engine of growth. In the policy debate, the need to foster the innovation capacity is always
cited as the main channel to increase growth prospects. This is for example a central pillar
of the Lisbon strategy to improve the performance of the European economies, which have
lagged behind the US especially in terms of innovation activity. Even within Europe, there are
large cross country differences in innovation performance. This paper aims at assessing such
differences and at investigating their causes.

We use patent data from the European Patent Office (EPO) for the 15 countries of the Euro-
pean Union (EU15). After the seminal contribution of Schmookler (1972), who compiled many
time series of patents by industry for a time span of a century, it has become clear that patent
statistics, even though subject to issues of interpretation, provide a unique source of systematic
information about the innovative process. Correspondingly, we use patent counts to measure
innovative output. Compared to other measures of innovation, such as those obtained form firm
surveys, patents have the advantage of being a clearly and unambiguously defined indicator of
innovative output. However, at least two caveats should be kept in mind. First, patents are only
one aspect of innovation activity. For instance, many process or incremental innovations are not
worth to be patented; also, firms can use alternative modes of intellectual property protection,
such as secrecy and continuous innovation.! Accordingly, not all the innovative activity flows
in a patent. Nonetheless, previous research suggests that patents are strictly correlated with
the total innovative output. For example, using US data, Pakes and Griliches (1984) find a
strong relationship between R&D and the number of patents across firms and industry. Cre-
pon, Duguet and Mairesse (1998) show that, for French firms, R&D expenditure, the number
of patents and the share of sales coming from innovative products are positively correlated. A
second issue is that not all patents have the same value or innovative content. However, as a first
approximation, it is reasonable to use simple patent counts as a measure of innovative output.?

Our main objective is to determine how much of the cross country differences in patenting
activity are due to some “aggregate” country attribute, such as the education of the labor
force, material and immaterial infrastructures etc.?, and how much can be explained by a more

disaggregated analysis. To answer this question, we proceed in three steps. First, we study

! Griliches (1990) states: “Not all inventions are patentable, not all inventions are patented, and the inventions
that are patented differ greatly in terms of quality”.

2Hall, Jaffe and Trajtenberg (2001) propose the use of patent citations as a measure of the value of a patent,
a possibility that we plan to exploit in future work.

3See Furman, Porter and Stern (2002) for an analysis of the determinants of the national innovative capacity
at the aggregate level.



patent activity at the country level, analyzing the evolution of patent propensity (PP) indicators,
such as patents over population. Second, we consider to what extent such divergencies are due
to differences in sectoral specialization patterns. Third, we analyze PP at the level of the firm.
In fact, firm characteristics can impact the overall PP at the country level: if small firms are less
likely to patent, then a size structure tilted toward the small size could reduce the aggregate PP.
By using firm data, we will be able to assess if cross country differences in propensities survive
after controlling for individual firms’ attributes.

We find that countries do differ substantially in their PP: in 2000 the number of patents
per 100,000 inhabitants ranged from 0.26 for Portugal to 27 for Finland. These differences are
persistent, even if some evidence of catching up emerges over the period 1980-2000. Also, we
find that they are attributable to differences in both intensity (the amount of investment in
innovation activity) and efficiency (measured by the number of patents per researcher).

Sectoral composition plays a minor role in determining cross countries differences in PP:
most of the differences survive when keeping sectoral composition constant. This implies that
the problem of the laggard countries can only partially be explained by the fact that they are
specialized in productions with a lower PP. Rather, they tend to have a lower propensity in all
sectors.

To study PP at the firm level, we merge the information on patents from the EPO to that
on individual firms from AMADEUS, a large database of around 200,000 medium and large Eu-
ropean companies with information on financial records and employment. We show that, while
not representative of the whole economy, firms in the AMADEUS database offer a satisfactory
picture of patenting behavior. Given that only a small fraction of firms are engaged in patenting,
we use an Heckman selection model that distinguishes between the decision to actually engage
in patenting activity and the number of patents, conditional on being engaged. Our goal is to
determine if the country effects, measured by the country dummies in the regressions, explain
less of the cross country variability when accounting for firm characteristics. We find that this
is actually the case, but with a difference between the two stages of the regression. In the
first stage, i.e. the decision to undertake innovation activity, the dummies remain significant
even after controlling for firm characteristics; the effects instead basically vanishes in the second
stage, i.e. in the regression of patent intensity for firms that have at least one patent. This
evidence indicates that country effects are most relevant to determine the likelihood that a firm
invests in innovation; conditional on doing so, the country of residence plays less of a role for the
amount of innovative output produced. One interpretation is that firms that pass the patenting

threshold are more internationally oriented and less sensitive to home country effects. We also



find that firm size has a positive impact on the likelihood to patent, while PP, defined in terms
of patents per employees, seems to be decreasing with firm size (the elasticity is far below one).

In terms of policy, our results imply that moving towards a size structure with larger firms
would increase the number of firms engaged in innovation activity but not necessarily the average
PP. Therefore, policies that would help firms to pass the patenting threshold, for example
through tax incentives, grants or technical assistance for newly patenting firms, could have a
large impact on country level patent activity, generating an incentive to undertake more R&D
activities.

The rest of the paper is organized as follows. Section 2 contains the country level analysis,
while Section 3 the sectoral one. In section 4 we introduce the firm database and undertake the
econometric investigation of PP at the level of the firm; we conclude the section with a brief

discussion of the results and of their main implications in terms of innovation policy.

2 Country Analysis

In this section we examine the innovative performances of the EU-15 countries (Austria, Belgium,
Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, the Netherlands,
Portugal, Spain, Sweden and the UK) in terms of patent applications at the EPO. The main
objective of this section is to give a picture of the patenting performance of EU countries at the
level of the aggregate economy, regardless of sectoral composition and market structure. We will
investigate differences in PP across countries, defined here as patents over population, and their
evolution over time; we will then move on to analyze the role of differences in the intensity of
the innovation effort at the country level (how much countries differ in R&D expenditures) and

of its efficiency (how much they differ in terms of number of patents per unit of R&D input).

2.1 Cross country differences in PP

Our data on patents come directly from the filings at the EPO. The EPO was established with
the aim of increasing cooperation among European countries in terms of intellectual property
rights, by means of a centralized patenting procedure and harmonized rules. A patent granted
by the EPO is a bundle of property rights potentially effective in every country that agreed to
sign the European Patent Convention, established in 1973. This has enormously simplified the
application procedures, guaranteeing homogeneity in the patent examination process and lower
costs for an applicant who is seeking protection in more than one country.

When an inventor (an individual, a corporation or a public institution) wants to protect



her innovation with a European patent, the procedure requires to fill an application; after that,
the examination procedure starts. After 18 months the application is published, even if the
patent has not been granted yet. The duration of the examination phase is not homogeneous:
on average, it is much longer at the EPO than at the U.S. patent office. We use data provided
directly by the EPO about patent applications, no matter if they were granted or not. We are
mainly interested in measuring innovative activity of countries, industries and firms, and for this
reason we take a patent application as a signal of the presence of some innovative output. We
use the so called “priority date” as the date to identify patents in time: this is the date in which
the first patent application occurred, and therefore closer to the date in which the innovation
took place. Often a patent has more than one proprietor: in those cases, as the order of the
names matters, we attribute the whole patent to the first name/country that appears in the
application. Unfortunately the EPO does not provide any information about the nature of the
patenting subject; it is therefore not possible to distinguish individuals from corporations or
public institutions, to ascertain if countries differ in the mix of patenting subjects.

Since its foundation, in 1978, the number of patent applications at the EPO grew at a yearly
average rate of 9% until 1995 and then at 14% afterwards, from 24,045 applications in 1980
to 107,758 in 2000. This sustained rate of growth is not confined to Europe: indeed, since
the mid-eighties, a substantial increase in the number of applications has been recorded at the
U.S. Patent Office (Hall, 2004).# However, the growth is stronger in Europe, suggesting that, in
addition to an international trend, the applications at the EPO reflect the growing importance of
European patents as a tool for intellectual property protection in a progressively more integrated
Furopean economy.

The share of patents assigned to EU members has declined over time, as Japan and the U.S.
started to seek protection for their innovations into the European market (FigureI). The same
phenomenon emerged in the U.S. in the Fighties, again reflecting a progressive integration of the
markets for intellectual property rights. Table 1l reports the share of applications of each EU-15
country on the total number of applications of these countries from 1978 to 2000. Germany has
been by far the country with the highest share: alone, it accounts for between 40 and 49% of
the total applications; France is the second major contributor, with a share ranging from 15 to
20%, followed by the UK and Italy. At the other extreme, Greece, Ireland, Luxembourg, Spain
and Portugal each accounted on average for less than 1% of the total. Of course, these numbers
strongly depend on the size of the economy and therefore should not be interpreted in terms of
PP.

4The reasons of the “patent explosion” is the topic of an ongoing debate, started by the seminal contribution
of Kortum and Lerner (1998).



In terms of time patterns, there is a clear tendency for countries with low initial shares to
increase their contribution, suggesting that a process of convergence might be at work; at the
same time, countries with a high initial value tend to maintain or only slightly decrease their
share; a clear exception is the UK, whose contribution went from well above 15% to around 10%
in the latest years.

Figure 2| reports the evolution of the PP, defined as the ratio of the number of patents to
the population (in 100,000). For clarity, we split between low (Belgium, Greece, Ireland, Italy,
Portugal, Spain, UK) and high (Austria, Denmark, Finland, Germany, France, Luxembourg,
Netherlands, Sweden) propensity countries, defined as above or below the median in 2000. The
figure shows that PP differs greatly across countries: in 2000 the mean is 11.5 patents for 100,000
inhabitants and the distribution ranges from a minimum of 0.26 for Portugal and 0.37 for Greece
to a maximum of 25 for Sweden and 27 for Finland. This indicates that the differences of Table
1 are not only due to country size.

Within the high propensity group, there is no evidence of convergence: Austria, Denmark
and France start at the bottom of the range and, by 2000, record a more pronounced gap with
respect to the leading countries (Germany, Luxembourg and Sweden). The most spectacular
growth is recorded by Finland, that starts out at the bottom of the distribution but, thanks
mostly to the high growth rate recorded in the 90s, ends up at the top.

A similar pattern emerges for the low propensity country. The laggards (Greece, Portugal
and Spain) are characterized by markedly lower values both at the beginning and at the end of
the period with respect to the UK, Belgium, Italy and Ireland. Even in this group there is a fast
growing country, Ireland, which records a remarkable growth since the mid nineties. Belgium is
characterized by a steady growth while Italy has a more uneven profile, flat from the late 80s
to the mid nineties and increasing afterwards. The UK shows a flat profile from the late 80s to
the late 90s, which explains the marked reduction in its share of patents seen above.

To better assess if there is some evidence of catching up, Figure 3 plots the average annual
growth rate in PP against the initial value.® The figure shows that there is indeed a catching up
process at work: countries that started out with very low levels (Greece, Ireland, Portugal and
Spain) do show higher growth rates (in the rage of 15-20%); however, their initial values are so
low that they contribute to a limited amount to convergence: for example, Portugal goes from
0.01 to 0.22 patents per 100,000 inhabitants, growing at a remarkable annual rate of 23%; still,
it records a very high distance from the EU15 average in 2000 (10.9). For the other countries,

®We have computed the initial and the final values using an average over three years (1981-84 and 1998-
2000) to smooth out high frequency variations that, particularly for small countries, could add some noise to the
calculations.



the evidence is less marked: Italy, Belgium and Denmark, that have lower initial values, record
growth rates only marginally above the mean.

This evidence suggests that there are consistent differences in PP among countries and that
such differences are persistent. While some tendency to converge emerges, both the very low
initial values of the laggard countries and the modest differences in growth rates for those in the
intermediate levels imply that dispersion is still very high in 2000: in fact, there is a difference
of a factor of 100 between the lowest and the highest propensity country and the coefficient of
variation between 1980 and 2000 has only decreased from 1 to 0.8.

2.2 Efficiency and intensity of innovation activity

The analysis so far has been based on the patents to population ratio. This statistic does not
take into account the fact that countries might differ in the rate of participation to the labor
market: if only employed people contribute to the innovation process, then the use of population
might give a questionable picture of the PP at the country level. In reality, this is not likely to
be a major issue, given that the ratio of employment to population varies much less than PP.
To show that this is the case, in Figure l4/ we report the ratio of patents to total employment for
year 2000. The ranking is basically the same as with population, as are the differences across
countries. This indicates that PP can be analyzed with either indicators; given that in the next
sections we will be using sectoral and firm level data, for which PP can only be defined in terms
of employment, in what follows we use the number of patents over employment as the indicator
of PP.

One major determinant of PP is the amount of investment in R&D: European countries are
characterized by very different investment rate in R&D. Figure |5 plots PP and the share of
GDP devoted to R&D. Variations in R&D investments are substantial, ranging from slightly
more than 0.5% of GDP for Greece and Portugal to around 3.5% for Finland and Sweden. The
relation is strongly positive: countries that invest more in R&D do patent more. Therefore,
R&D investment explains a substantial proportion of the cross country variations in PP.

While R&D intensity is clearly an important determinant of PP, the variability of the latter
is more pronounced than that of the former. A second source of variation in propensity across
countries is the “efficiency” of the innovation process, ie. the rate of patenting for unit of
investment. We investigate the role of each of these components using the share of workers
involved in R&D over total employment as a measure of intensity and the number of patents for
researchers for efficiency. Figure [6 reports these variables for the year 2000. If countries differ

mostly in their innovation intensity, then cross country gaps when measured in terms of patent



per researcher should be substantially narrower than for overall PP. Clearly, the graph shows
that there are large differences in PP even when this is computed in terms of R&D personnel.
This indicates that another important determinant of cross country variation is the efficiency
of the research process. Countries differ markedly also in the share of R&D personnel, but to
a lesser extent: the ratio between the highest and the lowest value is around 30 for efficiency,
against 5 for intensity.

To get a more precise indication of the role of efficiency and intensity, define p; = P;/L;,
prS = Pj/Rj and r; = R;/Lj, where P; is the number of patents of country j, L employment
and R the number of researchers. Let p and 7 be the corresponding values at the EU-15 level.

Then, the deviation of PP from the EU-15 average can be decomposed as:

pi—p _ P =T
D P
(pRES _ pRES); (r; — 7)pRES (p?ES — pRES)(r; — 7)
g — + — + 2] (1)
D p P

The first term in the second line represents the deviation of PP from the EU-15 mean
due to the difference in efficiency, the second in intensity and the third is a cross term which
is positive when deviations of efficiency and intensity have the same sign. Results from this
decomposition are reported in Table 2. In general, both effects are important for explaining
cross country differences. Efficiency plays a more prominent role for Belgium, Spain, Greece
and Portugal (mostly the laggard countries), while intensity is more important for Finland,
whose prominence is only due to this factor, and Sweden. For all other countries both effects are
relevant: for example, Italy’s lower propensity is attributable in fairly equal part to efficiency
(-28%) and intensity (-36%), as is the case for Germany (51% due to efficiency and 29% to
intensity). The cross terms is positive in 10 cases out of 15, indicating that countries with a
higher efficiency also tend to have a higher intensity and vice versa. The noticeable exceptions
are Belgium, Denmark and France, where an efficiency far below the mean is accompanied with
a substantially stronger intensity: these countries seem to compensate a lower productivity of
the innovation activity with a higher effort.

We have controlled for the robustness of our results using R&D expenditure (Figure [7).
According to this indicator, Germany and the Netherlands have the lower cost of patent pro-
duction, while Spain, Greece and Portugal the highest. The ranking is basically unchanged with
respect to the number of researchers. We are therefore confident that the conclusions above are

robust with respect to the different measures of innovative inputs.



3 Sectoral analysis

Having established that countries differ systematically and persistently in PP, we now move one
step further in investigating the causes. One possibility is that differences are attributable to
specialization patterns. It is well known that EU countries differ substantially in the sectoral
composition of the economy, with Mediterranean countries more specialized in traditional, low
tech sectors than northern FKuropean ones. Given that different sectors are characterized by
different levels of innovation opportunities (Pavitt 1984), and therefore of PP, sectoral special-
ization could then be an important source of cross country differences.

To analyze the role of sectoral specialization, we restrict our attention to manufacturing,
because we were able to attribute patents only to manufacturing sectors. Upon application for
protection, patents are assigned a code which helps examiners and lawyers in grant and litigation
processes. According to the International Patent Classification (IPC), patents are classified in
terms of the technological field and not by the sector in which the firm-inventor operates. We
use the IPC-ISIC concordance table developed by Verspagen et al. (1994) to link each patent
to the industrial sector in which innovation took place, which clearly maps patent product or
process categories into the economic sectors responsible for their creation.®

Table 3 reports the number of patents per 1,000 employees for each manufacturing sector
for the EU-15 countries, excluding Greece and Luxembourg due to data availability. In the last
column we report the total for the area; all other entries are expressed as ratio to this total,
so that a value above one indicates that the PP of a country in that sector is larger than the
aggregate and vice versa.

In terms of sectoral propensity, the column for the total of the area shows that low tech sectors
have a lower PP, with less than 0.5 patents per 10,000 employees. The highest propensity is in
office machinery and computers (10 patents per 1,000 employees), followed by pharmaceutical
(7.6) and precision instruments (6.9). Between the lowest (textile and leather) and the highest
(computers) there is a difference of a factor of 60, which indicates that sectoral specialization
could actually play an important role in explaining cross country differences in PP.

If sectoral specialization were the main driver of cross country differences in PP but, within
sectors, countries had fairly similar propensities, then the entries in the table should be around

1. This is clearly not the case: on the contrary, the table shows that there are clear country

50ther concordance tables are available, like the OECD Technology Concordance table (OTC), developed by
Johnson (2002). While the OTC table allows a more disaggregate industrial classification, it generates, for each
patent, a series of couples of sectors where, with a certain probability, the patent was generated and used. Since
we are only interested in the production of patents, we stick to the simpler IPC-ISIC concordance table developed
by Verspagen et al. (1994).



patterns: countries with a low overall propensity also tend to replicate the same pattern within
each sector and vice versa for high propensity countries. In particular Finland, Germany, the
Netherlands and Sweden are characterized by values almost always larger than 1. On the other
side, Italy has a sectoral PP uniformly close to 0.5, with no value larger than 1; interestingly, the
distance from the EU aggregate is lower for the traditional sectors (textile and leather, wood)
and for motor vehicles; it is highest for pharmaceutical and communication equipment. Spain
and particularly Portugal have very low values across the board, again with no sector with a PP
that matches the area averages.

The cross-sectoral dispersion within each country is another indicator of the relevance of
an overall country effect. If sectoral propensities are very dispersed within countries, then we
would find support for a Marshallian view of the innovation process: countries specialize in
some productions in which they are relatively more efficient compared to other productions.
The dispersion varies significantly across countries: the outlier is Ireland, due to an abnormal
value in the motor vehicles sector; Finland also shows a high degree of dispersion, driven mostly
by the high relative propensity in the various machinery sub-sectors. This country seems to fit
the specialization story. Dispersion is lower for the other countries; the five biggest economies all
have values between 0.3 and 0.4. The relatively low dispersion lends further support to a general
country effect on propensity, independent from specialization patterns. In fact, differences in
PP remain strong even at a fairly disaggregated sectoral level.

Some further insights can be gained by considering dispersion of sectoral PP across countries.
The coefficient of variation varies significantly across sectors. A clear pattern does not emerge,
but overall the correlation between dispersion and average PP is positive (0.35), indicating that
dispersion is higher in sectors with a high PP. This suggests that cross country differences are
more marked in high tech sectors.

The analysis so far indicates that country patterns might be a more prominent factor in
explaining differences in PP than sectoral specialization. To properly assess this assertion, we
undertake a shift and share decomposition, similar to the one of the previous section. More
precisely, define as before p; as the total number of patents over total employment for country j,
pi;j as the number of patents over employment in sector 7 and country j, w;; as the share of sector
i employment over total employment and the barred variables as the corresponding values at the
EU-15 level. Then we decompose the deviation in country-levels PP from the EU-15 aggregate
in a component due to the within sector propensity (first term in equation 2/ below), one due to

sectoral specialization (second term) and the interaction term (third term) as follows:
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Results from this decomposition are reported in Table 4. For most countries, the main deter-
minant of deviation from the average is the within sector propensity. This explains most of the
deviation for Finland, Germany, Italy, the Netherlands, Portugal, Spain, Sweden and the UK,
indicating that differences in PP are explained only marginally by the sectoral composition. The
main exception is Ireland, which shows a large contribution of the sectoral composition: indeed,
employment data show a strong specialization of this country in the electrical and communi-
cation machinery and computer industry. Ireland has also a large negative contribution from
the interaction term, indicating that, even if specialized in high propensity sectors, the PP is
lower than the average. Italy’s PP is almost half of the EU-15 aggregate. Of this, only 10% is
explained by the sectoral composition effect. From this respect, Italy is different from Portugal
and Spain, for which, in addition to a lower propensity within sector, also sectoral composition
plays an important role.

This analysis shows that sectoral composition plays a less important role in determining
PP across countries. The more relevant differences come from the different propensity within
sectors, indicating that countries tend to differ in systematic ways even when comparing the
same sectors. In the next section we investigate how much of these differences can be accounted

for by differences in industrial structures.

4 Firm Level Analysis

4.1 Data

In the light of the results depicted in the previous section, in this paragraph we bring the
analysis to a further degree of disaggregation, considering PP at the firm level. We will try to
ascertain how much of the differences in PP across countries are attributable to some general
characteristics of each country and how much to the fact that the industrial structures are
different across them. For example, it is known that firm size structures differ substantially across
European countries even within sectors (Pagano and Schivardi 2003). If PP differs according
to firm size, then different size structures might be responsible for the different PPs discussed

in the previous sections. Stated differently, we will try do determine if such differences persist
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even after controlling for firms attributes.”

The firm level data come from AMADEUS (Analyze Major Database from European Sources),
a database collected by Bureau van Dijk. AMADEUS contains balance sheet data for 200,000
non financial companies from 36 European countries. Balance sheet data are standardized ac-
cording to the best accounting practices. To be included in this database, firms must satisfy at
least one of the following criteria: (i) operating revenues of at least 10 million euros; (ii) total
assets of at least 20 million euros; (iii) more than 100 employees. These are necessary but not
sufficient criteria for inclusion: in fact, the representativeness of the sample varies from country
to country. As a general rule, these criteria imply that the sample is tilted toward medium and
large size firms, which makes the average company in AMADEUS more likely to be engaged in
patenting activity than the average one in the population.

As before, we restrict our analysis to the EU-15 countries. The release of AMADEUS we use
contains data from 1999 to 2004 for 115,686 companies in these countries. We only keep firms
with unconsolidated balance sheet data, for two reasons: first, many multinational corporations
have the headquarters in one country but may file the patents through their subsidiaries in
other countries (mainly located in Germany and in the Netherlands); second, we want to avoid
imputing the consolidated employees or sales from the affiliated firms in different countries to
the one where the headquarters are located.

Assigning to each firm its patents requires extreme care, as the EPO database contains only
the names of the applicants. These can be individual, public organizations or corporations, but
the EPO does not provide a direct way to categorize them. For firms, the only information avail-
able is the name, address and country: we choose as firm identifier the couple (name, country),
as this information is present also in AMADEUS. Unfortunately, the names reported in the EPO
database are not always the exact spelling of the official names. To maximize the number of
matches, we have proceeded in 3 steps, each performed recursively on the firms of each country.
First, we simply matched the entire company name, after having removed all non letter char-
acters; second, among those not combined yet, we have matched the first 15 characters of the
company names; third, for the remaining firms, we used SOUNDEX, an algorithm that produces
matches for strings using a weighting scheme, according to which each component of the string is
assigned a certain weight and matches are produced accordingly. The last two steps resulted in

some incorrect matches; therefore, we have inspected all these matches one by one. Eventually,

TA recent literature has stressed the role of local externalizes for innovative performance. According to this
literature, geographical clusters of firms would be the most appropriate unit of analysis for the innovation process
than single firms (Audretsch and Feldman 2004). For example, Paci and Pigliaru (2002) show that regional
innovation propensity depends on that of the surrounding regions. Spatial clustering could then be a further
element explaining cross country difference in PP. We confine these issues to future work.
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we found 4,654 AMADEUS companies with at least one patent in the EPO database. Given
that we have controlled each match, this procedure is unlikely to produce wrong attributions;
on the contrary, most likely some firms which did apply for a patent might have not been iden-
tified, so that we should expect some degree of under-representation of patenting companies.
Unfortunately, given that the EPO database does not report the legal status of the applicant, it
is not possible to count how many applications are attributable to firms and therefore to come
up with an estimate of the degree of under-representation.

Due to lags in updating, the EPO data on patents are reliable up to 2000. We therefore
select this year for the analysis that follows. We have a total of 74,438 firms, 1,856 of which have
at least one patent application in that year. A serious concern is the representativeness of the
AMADEUS database, both in general and especially in terms of PP. The database might give
distorted PP for two reasons. On one side, the database is tilted toward large firms, that have
a higher PP (Bound et al. 1984; Cohen et al., 1987); moreover, the firm coverage is different
across countries, thus making cross country comparisons problematic. On the other side, the
fact that the matching procedure is not likely to identify all applying firms implies a downward
bias in PP, which is likely to be uniform across countries.

Table |5 reports a comparison of the AMADEUS data with the population ones in terms of
firms and employment. The coverage of AMADEUS is low in terms of firms: around 1% or less
of the total number of firms are present. It is much higher in terms of employment, often above
30%, given that the firms in the database are larger than the average in the population. In fact,
the average size of AMADEUS firms ranges from 151 for Belgium to 1,123 for Germany, against
a population value for the whole area of 6.3. This difference is due to the fact that AMADEUS
excludes basically all very small firms, that constitute the bulk of number of firms but not
of employment (Bartelsman, Scarpetta and Schivardi 2005). Employment coverage is lower
for Austria, Germany, the Netherlands and Portugal, all below 10%. Notwithstanding these
shortcomings, the database is fairly representative of the sectoral composition of the economy:
the share of manufacturing employment is in fact close to the corresponding population one
for all countries. Most importantly, the PP in AMADEUS is very similar to the population
one (last two columns): the total for the area is the same (0,52 patents per 1,000 employees);
the values are also very similar for most countries and the country ranking is almost identical.
The main differences are Ireland, for which the patent propensity in AMADEUS is substantially
lower than the population one, arguably because the National Account data are incomplete in
terms of employment (see the note to the table); Finland and especially Germany, for which

the population propensity is lower than the AMADEUS one. For the latter, the reason is that
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the AMADEUS size cutoff is particularly high for this country: the average German firm in
AMADEUS is five time as large as the one for the EU-15 aggregate, while the ratio is 2 for
the population average. Despite these differences, the AMADEUS data give an overall picture
that is close enough to the actual one to make the analysis of cross country differences in PP
possible.

We have done some further data cleaning. In sectoral terms, we have excluded agriculture
and public services (ateco 1-10 and ateco 76-99); we have also dropped those sectors that, in
2000, had less than 10 patents applications in total, ie. retail trade (ateco 52), hotels and
restaurants (55), transport and storage (61-63), insurance (66), real estate and renting (70-71).
We have also excluded Philips and Unilever and all their subsidiaries, as we were not able to
attribute the large number of patents of these companies to the various subsidiaries. After this
procedure, we were left with 52,652 observations. Table 6 reports descriptive statistics of the
regression variables for firm observations included in the regressions, separately for each country
and distinguishing between firm with and without one patent application in 2000. For the EU-
15 aggregate, patenting firms are substantially larger than non patenting ones both in terms of
employment and total assets; the same holds for almost all countries. No clear patterns instead
emerge for operating revenues per employees or for the ratio between intangible and fixed assets.
The average number of patents for patenting firms is 8, with a maximum of 31 for Germany. PP
conditional on patenting is one order of magnitude larger than when considering all firms. This
clearly indicates that PP indicators are based on the contribution of a relatively small number
of firms that, on average, patent substantially above the EU15 average. In terms of number of
observations, Greece, Ireland, Luxembourg and Portugal have 3 or less patenting firms, so that

the results for these countries are statistically weak.

4.2 Testing Strategy

Our econometric model evaluates how firm characteristics can affect the likelihood of patenting,
both in terms of firm PP and of patent count. In particular, we want to ascertain if the role
of country dummies changes after controlling for firm characteristics: we will ask if laggard
countries are characterized by the prevalence of firms with features not conducive to patenting
(for example size) or by firms that patent less in the same conditions.

The dependent variable exhibits a massive presence of zeros, as we observe the number of
patents only for patenting firms. In order to account for this issue, we use a sample selection
framework, in which a firm first decides if to apply for any patent at all, and then, conditional on

having decided to apply, how many patents to apply for. We use this modelling strategy because
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there is widespread evidence that many firms do not engage in R&D activity (see for example the
Community Innovation Survey, run by Eurostat). In fact, it seems plausible that the decision to
engage in innovative activity is governed by a different process from that determining how much
activity to undertake, conditional on being engaged. For example, managers without scientific
training might be less prone to set up a research unit but, once this is done, they might become
accustomed with the innovation process and behave accordingly.

The natural framework to model this process is Heckman (1979) selection model. Ideally,
we would need a further variable determining if the firm is engaged in patenting activity, such
as a specific question in a survey or the R&D expenditure. Unfortunately, we do not have
this information in our data. We will therefore use the zero patent application outcome as an
indicator that the firm is not engaged in patenting. One should keep in mind that this might
also signal that a firm has been engaged in the activity, for example because the research project
failed. We have no way to determine how relevant this possibility is; it should be noted that, by
considering applications and not grants, we are not misclassifying cases in which the firm does
apply but the patent is denied by the EPO. In any case, results should be interpreted keeping
this caveat in mind.

Let p be a random variable denoting our variable of interest (the PP or the number of
patents) and z an indicator variable that takes value 1 if the firm applies for at least one patent.

The statistical model can be expressed as:

{ pi = Xiff +u; 3)

z; = 1[wjd + v; > 0]

where x and w are observable firms’ characteristics and p is observed if and only if z=1. The
first stage is probit model
Pr(z=1)=G(wd) (4)

with G (z) = [°__ ¢ (v) dv and ¢ (-) is the standard normal density. The second stage is an OLS
regression in which p is, alternatively, the patents/employees ratio (PP) or the log of patent
count, augmented with the Mills ratio obtained from the first stage regression.

We will include as explanatory variables country dummies, 28 two digit level sector dummies
and the firm information obtainable from AMADEUS. We assume that PP depends on size,
firms’ efficiency (measured by operating revenues over turnover) and asset composition (the
ratio between intangible and fixed assets). As an exclusion restriction, we use a dummy which is
equal to 1 if the firm ever applied for a patent before year 2000. This modelling strategy can be

rationalized by assuming that there exists a fixed cost when deciding to file the first application.
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For example, a firm might have to learn the current regulation and filing procedures. We
therefore assume that, if a firm has already applied for a patent in the past, it has a lower cost
of learning the application procedures this year; at the same time, conditional on filing at least
one application in the current year, it has learned such procedures, so that the past application
dummy should not influence the current number of applications.

Table 7 reports the results of the first stage regression of the Heckman procedure. The
excluded country is Germany: in fact, this is the country with the highest patent per firm (Table
5), so that the country dummies can readily be interpreted as distance from the “leader”. We
report the marginal effects of the coefficients, so that each country dummy coefficient indicates
the percentage difference from Germany in the probability that a firm applies.

The first column reports the estimates of a model with only the country and sector dummies.
As expected, all dummies have a negative sign and are significant at conventional levels, with
the exception of Austria and Luxembourg, confirming that the German firms included in our
sample have the highest probability to patent. This could of course be a consequence of the
different sampling rules applied by AMADEUS. Still, the effects are sizeable, between 0.2 and
0.5%, compared with a predicted probability of patenting at the sample mean of the observations
of 0.4 and an actual one of 2.4%. The distance is higher for Italy and Spain, in line with the
previous analysis; it is also substantial for France, the Netherlands and the UK (0.4%). The
dummy for previous applications has a very large value (16%) and is highly significant.

In the next two columns we include firm specific controls. Model 2 includes the log of
employment, the log of operating revenue over total assets and the ratio of intangible to fixed
assets. All variables have the expected sign: larger, more profitable firms and those with a
larger share of intangible assets are more likely to apply. The country dummies remain mostly
significant, but with a smaller magnitudes in absolute value. A similar conclusion is reached in
Model 3, that adds a quadratic in size. According to this specification, the probability of having
at least one patent application is non monotone in size: it first declines and then increases.
However, the decreasing portion is rather narrow: the probability of applying for a patent
reaches a minimum at 14 employees, which is around the 10" percentile of the size distribution.
Similar results are obtained in the last model, where size is measured by total assets: also in
this case we obtain a non monotone effect of size when including the quadratic.

As stated above, the country comparisons are likely to be influenced by differences in selection
rules across countries, even if Table [5 was reassuring in this respect. However, even if there were
large effects on the levels of the estimates, it should not be so on their changes when we include

firm characteristics. Indeed, it turns out that, even with firms’ controls, most of the country
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dummies remain statistically significant and sizeable in magnitude. To give a better appreciation
of the country effects, in the top panel of figure |8 we report the estimates of the coefficients
on the country dummies for the specification of Model 1, with no firm controls, and of Model
3, with the quadratic in employment. The graph clearly shows that, when controlling for firm
characteristics, the differences with German firms in the probability of patenting decrease for all
countries; at the same time, the drop is limited: the sum of the coefficients on country dummies
goes from -5.1% to -3.7%. This indicates that, even after controlling for firm characteristics, the
country effect still plays an important role in explaining the patenting probability.

We now turn to the second stage of the analysis, i.e. the PP conditional on having at least
one application. We first consider the log of the number of applications as the dependent variable
and use the same regressors as in the previous table, with the exclusion of the previous patents
dummy. Results are reported in Table 8. Again, we begin with a specification with only the
country and sector dummies. The coefficient of country dummies are negative and significant
for all countries with the exception of the Netherlands and the 4 countries with few observations
mentioned above. The values are on average -0.5, indicating that German firms tend to patent
50% more than those of the other countries. Compared to the first stage, the cross country
variation is less pronounced: estimates for most countries are between -0.6 and -0.4; moreover,
the country patterns seen so far do not emerge as clearly in this case: for example, the propensity
of Italian firms is only marginally lower than that of the Finnish or Swedish ones, and higher
that the Austrians’.

In Model 2 we insert the firms’ controls: the log of employment and of the operating rev-
enues over total asset and the share of intangible assets. The coefficient on size is positive but
substantially smaller than 1 (0.16 with a s.e. of 0.04), indicating that, conditional on having at
least one patent, the propensity to patent decreases with firm size; more profitable firms have
a higher PP while the coefficient of the share of intangibles is not significantly different from
zero. Model 3 also includes a quadratic in size. Interestingly, also in this case we obtain a non
monotonic effect of size: the linear term is positive and the quadratic negative. The minimum is
reached at 48 employees, which is the 32¢" percentile of the size distribution. Again, the results
are very similar when we use total assets as an alternative measure of firm size. In nearly all
the specifications the Mills ratio is significant, indicating that selection is indeed an issue.

In terms of the country dummies, it turns out that adding the firm characteristics significantly
reduces their impact: the estimates are all substantially smaller in absolute values and, when
including employment, not significant anymore for Belgium, Finland and Sweden; the sum of

the coefficient drops (in absolute value) from -7.5 to -4.4 in Model 2. The estimates are further
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reduced when we include the quadratic in size: the cumulative value drops to -2.7, one third
of the specification without firm characteristics, and the coefficient is not significant also for
Austria. Figure 8, second panel reports the estimates of the country dummies for Model 1 (no
firm characteristics) and 3 (quadratic in size): clearly, the drop is much more substantial than
in the case of the probability of having at least one patent. This evidence therefore indicates
that, conditional on patenting, country differences are substantially reduced when controlling
for firm characteristics.

Table 9 reports the results for the second stage when the dependent variable is the ratio
of patents over thousands employees. When we include no controls (Model 1), contrary to the
other estimates, the country dummies are mostly positive and only statistically significant in
three cases. This indicates that, for patenting firms, once we normalize the number of patents in
terms of firm employment, the cross country differences basically disappear. When controlling
for size, signs switch for some countries, but remain mostly statistically insignificant. This is the
case throughout the board: this confirms that patenting firms are fairly similar when comparing
their PP. This conclusion is also apparent from the last panel of Figure 8, which shows small

and variable estimates for country effects.

4.3 Discussion

The analysis of the firm data offers some interesting insights on patenting activity. First of all, in
general, the role of country does become less important after controlling for firm characteristics.
This means that cross country differences are not due simply to the fact that some countries
have an overall more favorable environment for innovation, but also they have different industrial
structures.

Second, if we distinguish between engaging in patent activity at all and PP conditional on
being engaged, the country effect is more relevant for the first stage: in some countries firms
are more likely to engage in innovative activity, even after controlling for firm characteristics.
Instead, conditional on engaging, the country effect is less relevant to explain the amount of
patent activity that occurs at the level of the firm; moreover, the differences become substantially
smaller when controlling for firm characteristics. These findings suggest that there is some sort of
threshold that determines if a firm engages in patent activity and that this threshold is different
across countries. This is an important determinant of differences in patenting activity. Given
that large firms are likely to patent in any country, it indicates that small and medium sized
firms are less likely to patent in laggard countries: this is particularly important for Southern

European countries, that exhibit a higher share of small firms (Pagano and Schivardi 2003).
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Once the firm has passed the patenting threshold, the nationality seems to be less relevant to
determine the amount of innovation produced. One interpretation is that patenting firms are
more internationally oriented and less sensitive to home country effects. Stated differently, after
controlling for firms’ characteristics, firms are fairly similar across countries in terms of patenting
behavior.

Third, as far as the firms’ characteristics are concerned, our findings contribute to the classic
debate on firm size and innovation (Schumpeter 1942).% Tt is well-known that firm size increases
the probability that a firm engages in innovation activity (Bound et al, 1984; Cohen et al,
1987). This fact is confirmed by our results. Conditional on innovating, the role of size is
more complex. When we only allow for a linear relation between size and patents, the elasticity
is below 1 and, correspondingly, PP decreases with size. This is in line with what found by
Bound et al (1984) and Acs and Audretsch (1990), according to which the amount of patents
per R&D expenditure declines with size. When we allow for a nonlinear relation between size
and patenting activity, we find it to be non monotone: the propensity first declines and then
increases with size. One possible interpretation is that, while large firms do enjoy advantages of
scale and scope in innovating, there is also an important role for small, young, innovative firms
that bring new products to the markets.

The policy implications of our findings are twofold. First, countries with a size structure
with a prevalence of small firms might suffer from the fact that they are less likely to engage in
patenting activity. Policies that induce such firms to grow would then increase their innovation
output. At the same time, given that we find a less clear cut relation between PP and size
for patenting firms, it is not clear that increasing further the size of large firms would result
in an increase in patents.? Second, the evidence suggests that, even after controlling for firms’
characteristics, the probability of engaging in patenting activity differs across countries. This
indicates that policies that help firms to pass the patenting threshold, for example through tax
incentives, grants or technical assistance for newly patenting firms, could have a large impact
on country level patent activity. Moreover, given that patents area a mean of recovering R&D
expenditures by granting temporary monopoly profits, increasing the PP would potentially

increase the returns to innovation and therefore the incentives to undertake R&D activities.

8See Scherer (1991) and Cohen and Klepper (1991) for an overview of this debate.
9Taken literally, our results with the quadratic in size for patenting firms would suggest that a policy that
alms at maximizing patents should reduce the number of medium size firms, in the range of 20-40 employees.
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Table 2: Decomposition of PP

Country Total Efficiency Intensity Cross term

AT -18.7 1.2 -19.7 -0.2
BE -36.0 -49.1 25.7 -12.6
DE 94.8 51.4 28.6 14.7
DK -0.8 -27.1 36.1 -9.8
ES -88.4 -82.7 -32.5 26.9
FI 136.5 3.6 128.2 4.7
FR 4.4 -22.4 34.4 -7.7
GB -40.1 -10.5 -33.1 3.5
GR -96.1 -94.4 -30.3 28.6
1E -59.6 -44.8 -26.9 12.0
IT -53.9 -28.0 -36.0 10.1
LU 38.7 -3.5 43.6 -1.5
NL 54.8 39.5 11.0 4.3
PT -97.9 -95.2 -56.1 53.4
SE 101.2 23.8 62.5 14.9

Note: “Total” is the percentage difference in PP with respect to the EU15 average,
three terms of the decomposition are defined in equation (1)).
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Table 4: Patent Propensity decomposition: sectoral propensity and composition.

Country  Total Sectoral Sectoral Interaction
propensity

AT -14.5 -1.3 -1.7 -11.5
BE -34.8 -10.3 -7.6 -16.9
DE 61.3 50.4 10.3 0.5
DK -5.7 -24 -1.1 -2.3
ES -88.1 -83.5 -25.4 20.8
FI 104.8 107.6 8.8 -11.6
FR 3.7 0.1 6.6 -3.1
GB -29.1 -30.2 2.0 -0.9
IE -58.3 -17.0 68.4 -109.8
IT -57.6 -53.7 -9.9 6.0
NL 131.9 130.2 3.1 -14
PT -98.2 -96.5 -43.6 41.9
SE 80.2 66.4 16.1 -2.2

Note: “Total” is the percentage difference in PP with respect to the EU15 average,
three terms of the decomposition are defined in equation (2).
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Figure 1: Trend in patent applications at the EPO.
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Figure 3: Convergence in Patent Propensity.
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Figure 4: Patents per thousands workers in 2000.
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Sources: patents data are from the EPO; employment data from the OECD Main Science and Technology
Indicators database.
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Figure 5: Patents and R&D intensity.
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Sources: patents data are from the EPO; R&D to GDP ratio data from the OECD Main Science and Technology
Indicators database.
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Figure 6: Patents and R&D personnel in 2000.
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Source: patents data are from the EPO; employment and R&D personnel data from the OECD Main Science and
Technology Indicators database.
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Figure 7: Unit cost of a patent, in terms of R&D expenditure.
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Sources: patents data are from the EPO; R&D expenditures data from the OECD Main Science and Technology
Indicators database.
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Figure 8: Country Dummies Estimates: probit estimates (first panel) and patent propensity
(log of the number of patents in the second panel and patents per thousand employees in the
third).
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