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Abstract: This study aims to add to the stock of literature devoted to cross-country 

comparisons of innovative activity. Drawing the theoretical guidance from the topical 

concept of National Innovation Systems, it endeavors to answer the following research 

questions: first, is there any evident heterogeneity in terms of innovative performance 

across manufacturing sectors even within the club of advanced and knowledge-based 

economies? And second, could those possible differences be explained in terms 

country-specific factors that manifest themselves in industry-specific innovative 

efficiency economy-wide? In order to investigate these questions, patent statistics is 

used to proxy the innovation output at the industry level and a simple research 

methodology is proposed. As a result of empirical estimation, European technological 

frontier is built using the estimated “country innovation premiums” in each of 18 

manufacturing sectors. The empirical results strongly suggest that the efficiency of 

innovative performance in manufacturing sectors is by no means randomly distributed 

across countries, i.e. certain country-specific patterns exist. Three groups of countries 

can be distinguished in the sample: leaders, followers and laggards, and the leader 

countries (Sweden, Finland, and Germany) innovatively outperform the laggards in 

nearly every manufacturing sector. The conclusions are straightforward: evident, but 

indistinguishable country-specific factors matter for innovation, and this fact brings 

forward the discussion on the virtuous (or vicious) impact of institutions. The policy 

implications are in order: first, innovation inputs are necessary, but probably not 

sufficient ingredients of technological success, and it is institutions that matter as well. 

Second, as leaders and laggards are found even within the relatively homogenous 

European Union, there is a place for innovation policy differentiation. 
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SECTION 1: INTRODUCTION 
 

Undoubtedly, innovation lies at the heart of economic growth. The major OECD countries are 

considered as knowledge-based economies that create, accumulate and transform knowledge into 

technological change, and, consequently, into economic development. Therefore, differences in 

innovation performance across countries can partly explain variations in economic performance, 

making innovation-related discussion increasingly popular among economists and policymakers.  

Theories of innovation and technological change have gradually enlarged their focus, becoming 

more and more complicated in their nature. Starting from the early heroic perception of 

entrepreneurial activity by Schumpeter (1934), the scale of discussion slowly expanded first to 

the market and the industry where the firm operates (Schmookler, 1966), and then to the whole 

national setting of institutions and macroeconomic conditions described by the concept of 

National Innovation Systems  (Freeman, 1987; Lundvall, 1992; Nelson, 1993; Edquist, 1997). 

The latter is a modern conceptual framework originated from heterodox economics that 

prescribes that the innovation success of the country is by no means the result of linear process, 

but the outcome of complex interaction between firms, universities, governments, etc. Moreover, 

this interaction is heavily influenced by institutional environment since factors like education, 

S&T policies, intellectual property protection or even cultural conditions that may encourage or 

hinder the innovative performance of particular sectors in the national economy. 

The NIS approach can be considered as a conceptual tool for benchmarking and analysis of 

national innovative performance of countries, and it has been fruitfully put into practice by 

empirical studies at the cross-country level (Furman et.al 2002; Gans and Stern, 2003; Fu and 

Yang, 2009). Making use of patent statistics, these studies investigate the differences in 

innovative performance across countries, emphasizing the importance of institutional setting: 

successful countries are those that have been able to enable institutions where they are needed 

(Nelson, 2008).   

The aim of the present paper is to contribute to this stock of literature by attempting to trace the 

impact of country-specific factors from a perspective of industrial sectors. The discussion is 

moved towards more disaggregated level in order to answer the following research questions:  

 First, is there any evident heterogeneity in terms of innovative performance across 

manufacturing sectors even within the club of advanced and knowledge-based 

economies? Can we observe differences in innovativeness even from the industry 

perspective and are those differences in line with previous findings at the country level? 
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 Second, could those possible differences be explained in terms country-specific factors as 

institutional environment? As better institutional setting of a country should manifest 

itself in the increased innovative efficiency economy-wide, are there any country-specific 

patterns at the industry level? In other words, if the country is efficient in one industry in 

terms of innovation, are there odds that it will appear to be efficient in other industries, 

showing that those sectors are affected by common environment? 

In order to investigate these questions, patent statistics is chosen as the indicator of innovative 

output produced by manufacturing sectors, and the unique dataset that consists of 11 European 

countries, 18 industries and 1991-2005 time period is constructed. The research methodology 

proposed is the following: first, to discuss the descriptive statistics that stem from the dataset 

built; second, to apply a simple pooled OLS model and estimate average “country premiums” 

based on the coefficients of country dummies; third, to rank the countries according to their 

relative innovative performance in each of 18 manufacturing sectors. The resulting picture 

should shed the light on the innovative efficiency of countries from the industry-level 

perspective.  

The remainder of this paper is constructed as follows: Section 2 digests the relevant literature on 

the concept of National Innovation Systems, empirical studies on cross-country comparisons and 

patent statistics as innovation indicator; Section 3 discusses the dataset and the method applied; 

Section 4 presents the empirical results and the policy implications; Section 5 concludes.  

 

SECTION 2: THEORETICAL BACKGROUND 
 

2.1 The NIS approach: origins and theory  

Although the national innovation systems (NIS) approach was introduced in 1980’s (Freeman, 

1987; Dosi et. al 1988) and became a topical issue in 1990’s (Lundvall, 1992; Nelson, 1993; 

Edquist, 1997), it probably has its roots deep in history. For instance, the founding father of 

economics, Adam Smith (1776), discussed knowledge creation within his analysis of the division 

of labor, and German economist Friedrich List (1841) emphasized the importance of national 

infrastructure and institutions that encourage education and learning in his works on national 

systems of production. However, the modern sense of the innovation system is not directly built 

on any of these contributions, but its origins could be found in the inquiries of heterodox 

innovation scholars. As neoclassical economic theory was criticized for being unable to 
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incorporate institutional setting into its models (Nelson, 1981; Nelson and Winter, 1977), the 

NIS approach partly appeared as solution to this debate.  

The modern NIS concept is well-rooted into heterodox evolutionary economic theory, which 

emphasizes that important sources of knowledge are embodied in the minds of people and in the 

routines that firms conduct (Nelson and Winter, 1982). Innovative activities are therefore not of 

a strictly linear and consequential nature (moving from the research laboratory to market via 

production plant), but a result of interactions of various actors like companies, researchers, 

customers, universities, etc. It should be emphasized that the NIS framework is much wider than 

the concept of inter-industry knowledge and technology flows (Archibugi et. al, 1998): it 

includes flows that are not intersectoral and flows that occur different types of organizations.   

Moreover, innovation process may be highly influenced by surrounding environment where 

economic agents operate, i.e. by the institutional framework of an economic system. Such a view 

on innovation process serves as a starting platform for a more systemic approach to innovation: 

as innovation is non-linear and sophisticated process, on should account for its main actors as 

well as institutional endowments where this process takes place. 

During the decades of research, many definitions of the National Innovation System have been 

proposed, but all of them contain the important aspects mentioned above (OECD, 1997): 

 “ .. the network of institutions in the public and private sectors whose activities and 

interactions initiate, import, modify and diffuse new technologies.” (Freeman, 1987); 

 “ .. the elements and relationships which interact in the production, diffusion and use of 

new, and economically useful, knowledge ... and are either located within or rooted 

inside the borders of a nation state.” (Lundvall, 1992) 

 “... a set of institutions whose interactions determine the innovative performance ... of 

national firms.”  (Nelson, 1993); 

 "… all important economic, social, political, organizational, and other factors that 

influence the development, diffusion, and use of innovations" (Edquist, 1997). 

Since systems are made of different interconnected and interdependent components, and those 

interrelationships matter for innovation performance, one should consider the elements of the 

National Innovation Systems: organizations and institutions. 

Organizations represent a wide range of business and public entities that can be defined as 

“structured systems that have been built in order to carry out a certain array of tasks” (Balzat, 

2002) and perceived as main “inhabitants” of the national innovation system. They are firms, 
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public laboratories and universities that engage into research & development activities and 

deliver innovative output in form of new-to-the-world products, technologies, patents or 

scientific articles.  

Institutions can be defined as “the rules of the game in a society” (North, 1990), or “the formal 

norms providing framework for the interaction of the members in a society” (Balzat, 2002). The 

taxonomy of institutions is complicated: for instance, in the NIS literature, Edquist (1997) 

distinguishes between formal and informal, “soft” and “hard”, economic and political, “basic” 

and “supporting” institutions. They are laws, regulations, rules of conduct, contracts, moral 

norms, educational practices, etc. Lundvall (1992; 2002) argues that the learning processes of 

organizations are shaped by the institutional environment as it determines how people learn and 

organize their search for new knowledge: the quality of education system, the labor and financial 

market conditions influence the firms’ processes of interactive learning and innovation.  

Therefore, the quality of institutional set-up in a given country may amplify or hamper 

innovative capabilities of economic agents (for example, poor intellectual property rights 

protection may decrease the incentive to apply for patents) and therefore exercise a great impact 

on the prospects of economic growth.  

It should be taken into account that institutional environment is highly country-specific and path-

dependent, and, therefore, hardly transferable from one country to another. While capital easily 

flows through national borders, locations obviously matter for public institutions and 

governmental regulations. The latter fact explains why the NIS concept is highly topical in the 

age of globalization. Moreover, it provides a rationale to focus on the main drivers of innovation 

separated by the national borders and endeavors to investigate the differences across countries, 

controlling for size and industrial structure. Therefore, the NIS approach could be considered as 

a conceptual framework for benchmarking, comparison and analysis of the innovative 

performance of countries. As Balzat (2002b, p.11) argues, it is “a means to learn about the 

impact of organizations and institutions on national innovative activity understood as the result 

of interactive processes determined by various actors and framework conditions.” 

2.2 Recent trends in cross-country comparisons 

Although the large number of elements that constitute the NIS make this approach “highly 

dialectical” (Lunvall, 2004), the large number of studies conducted on the topic of cross-country 

differences shows that theory can be fruitfully put into practice. While the majority of papers on 

the NIS concept during the 1980’s and 1990’s aimed at constructing a fundamental theoretical 

framework for subsequent discussion (Lundvall, 1992; Nelson, 1993, Edquist, 1997) and made a 

great contribution to the spread of the NIS approach, a more recent strand of literature originated 
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in the late 1990’s focused on evaluation, comparison and benchmarking of the national 

innovative performance.  

Perhaps, one of the most important contributions was made by Furman et.al (2002) with their 

empirical investigation based on the concept of “national innovative capacity”, “the ability of a 

country – as both a political and economic entity – to produce and commercialize the flow of 

new-to-the-world technologies over the long term”
1
, which is actually a mere synthesis of three 

theoretical blocks: endogenous theory of economic growth (Romer, 1990; Jones, 1995), theory 

of international competitiveness (Porter, 1990) and the NIS concept well-described above.  The 

authors argue that a country’s national innovative capacity is shaped by a set of factors of a 

particular origin, including common innovation structure (i.e., S&T policies, quality of education 

and the stock of useful knowledge), specific innovation environments (i.e., a variety of industrial 

cluster-specific conditions of sort identified by Porter (1990)), and linkages between the common 

innovative structure and the clusters such as venture capital markets and university networks. 

Once put into a single knowledge production framework (Griliches, 1979), these groups of 

factors enter the regression model as complementary independent variables while patent data is 

used as a proxy for innovative output. Analyzing a sample of 17 OECD countries over the period 

1976-1996, the authors conclude that inputs like R&D expenditures or number of researchers 

explain a large part of variation in patenting across countries. As far as other variables are 

concerned, share of R&D funded by business sector, share of GDP spend on education, level of 

GDP per capita, openness to international trade, share of research performed by Higher 

Education sector and the quality of IP protection appear to be significant determinants of 

innovative productivity. Furthermore, the authors analyze the trends in national innovative 

capacity by computing a predicted value for countries US patenting per capita and find that 

simulation results are in line with historical data on OECD countries: the United States, 

Switzerland, Japan, Germany and Sweden are the leaders, Denmark, Finland, Norway, France 

and the UK build up the middle “tier” while Italy, Spain and New Zealand lag behind.  

Building on the same methodology, Gans and Stern (2003) conduct a detailed empirical 

investigation of a panel of 29 OECD countries from 1980 to 2000 and calculate an Innovation 

Index that can be interpreted as “the expected number of international patent applications per 

million persons given a country’s current configuration of national policies and resource 

commitments”
2
. The authors find that over the two decades traced, the countries constitute three 

stable groups: leaders (the US, Switzerland, Japan and Sweden), followers (Denmark, Finland, 

                                                           
1
 Furman et.al, 2002, p. 900 

2
 Gans and Stern (2003), p.23 
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France and Germany) and laggards (Italy and Spain). The report by Gans and Stern (2003) was 

continuously updated (Gans and Hayes, 2004; 2005; 2006; 2007), and the results of initial study 

were largely confirmed. 

Another strand of literature, although similar in spirit to the approach exercised by Furman et.al 

(2002), aims at decomposing the national innovation performance into two distinct concepts: 

basic patenting capacity and patenting efficiency (Fu & Yang, 2009). The reason for such a 

differentiation lies in a fact that the innovation performance of a country depends not only on the 

amounts of innovative inputs such as R&D expenditures or the number of researchers, but also 

on the ability to manage the innovation process and convert inputs into valuable innovation 

outputs. Therefore, when analyzing innovation performance, it is important to distinguish 

between the contribution of innovation inputs per se, and the efficiency with which those inputs 

are transformed into innovation outputs. Applying non-parametric Data Envelopment Analysis 

(DEA), Wang and Huang (2007) assess the patenting efficiency of 30 countries and find that 

only less than a half of them are fully efficient in patent production. Fu and Yang (2009) 

acknowledge the inability of DEA approach to account for statistical noise in the estimation of 

innovative efficiency and provide the first attempt to incorporate Stochastic Frontier Analysis 

into the evaluation of cross-country innovative activities. Using a sample of 21 OECD countries 

covering a time period from 1990 to 2002, the authors not only confirm that aggregate R&D 

expenditures and manpower are important determinants of basic patenting capacity but suggest 

that patenting efficiency is positively influenced by the degree of IP protection, level of GDP per 

capita and a share of research funded by the private sector as well as the higher education sector. 

When benchmarking national patenting capacities and patenting efficiency, Fu and Yang (2009) 

report that Japan, the US, Finland, Germany, Sweden and France are the top countries in terms 

of the estimated number of patents per million inhabitants, while  Sweden, Canada, the US, 

Finland and Denmark appear to be the most efficient in patenting. 

Although the NIS approach is able to describe innovation processes within national boundaries, 

it has been criticized for the difficulty of evaluation of innovative performance due to the 

complexity of interrelations and size (Balzat, 2002). For instance, Carlsson et al. (2002) conclude 

that since a national innovation system consists of several parts, it may be beneficial to analyze 

each of those parts separately, and then assemble the whole picture from separate results: 

“Measuring the performance of a system seems to be a great deal easier if the level of analysis is 

a product, industry or a group of industries”. This is exactly the issue to be tackled in this paper. 

We aim to contribute to the existent stock of literature by investigating cross-country differences 
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in national innovation systems and move the discussion to the industry perspective, which may 

result in finer-grained rankings of innovative performance.  

2.3 Patent statistics as innovation indicator 

Before attempting to measure the innovative performance, one should note that it is a very 

elusive concept, and measuring innovation is not an easy task. The reason is straightforward: 

knowledge, which is the aim and the result of research effort, is an intangible asset that cannot be 

expressed in numbers and codified systemically. Various indicators have been proposed to gauge 

innovation outputs, but each of them has its own drawbacks (Nagaoka et al. 2010). For instance, 

Total Factor Productivity (TFP) is highly influenced by factors not related to innovation such as 

the stage of the business cycle and overall economic environment. Questionnaires that contain 

information on innovation sales are filed by companies themselves and, therefore, suffer from 

self-reporting bias, and asking for opinion of experts is obviously subjective. Nevertheless, 

among these numerous ways to assess innovation there is one indicator that clearly stands out of 

others. 

Patent statistics has attracted the attention of researchers mostly by the fact that so far it has been 

the only source of standardized information on new technology that is collected in a systematic 

way over a long time period. The availability of patent data is growing rapidly with the 

development of new databases and the advent of powerful computers and software. Moreover, 

unlike other innovation proxies, patents are directly related to inventions since patent systems 

require new applications to contain some degree of non-obviousness and novelty. Finally, the 

gradual harmonization of patenting standards across countries calls for international comparisons 

(Danguy et al. 2010). 

Nevertheless, statistics based on patent data and its applicability has been criticized and 

challenged for years (Schmookler, 1957; Grilliches, 1990). Studies showed that it is not free of 

drawbacks and biases, and the caveats should be in order.  

One of the first and the most frequently-quoted scholars of patent statistics, Zvi Griliches (1990), 

once brilliantly summarized the main pitfalls associated with patents, meaning that patent counts 

by no means directly correspond to the number of inventions: 

“Not all inventions are patentable, not all inventions are patented, and the inventions that are 

patented differ greatly in ‘’quality’’, in the magnitude of inventive output associated with them.’’ 

The fact that not all inventions are patentable implies that some inventions do not meet the 

general requirements of patentability of a national patent system. For example, in order for an 
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invention to be patentable, the European patent laws require that this invention needs to be novel, 

non-obvious, industrially applicable, involve an inventive step, and be of a patentable subject 

matter
3
. The latter excludes from patenting such substances as scientific theories, mathematical 

formulas, aesthetic creations, computer programs and business methods. Of course, this means 

that the use of patent-based indicators is limited to manufacturing industries, and services are left 

out of scope. 

The fact that the inventions that are patented differ in quality implies that the distribution of 

economic value of patents is skewed since inventions can be significantly heterogeneous in terms 

of their inventive step. The lion’s share of patents reflects minor technological improvements, 

and only a small fraction represents major scientific breakthroughs. This skewness property has 

been extensively scrutinized by many authors including Pakes and Schankerman (1984), Pakes 

(1986) and Griliches (1990). Griliches (1990; p.1702), for instance, concludes that such a shape 

of the patent value distribution “leads to the rather pessimistic implications for the use of patent 

counts…”  

Scholars of innovation for years have been looking for ways to mitigate the effect of skewness. 

For instance, one could weight patents according to the number of times each patent is cited in 

subsequent patent documents, i.e., use citations as an index of economic importance of patents 

(Trajtenberg et.al 1990). An alternative is to consider secondary filings, i.e. filings for renewal of 

existent patents and prolongation of their period of validity (examples are Schankerman and 

Pakes (1986) and van Pottelsberghe and van Zeebroeck (2008)). The rationale here is that 

inventors will seek to extend only those patents that have proved to be of sufficient economic 

importance.  

Another method (the one that is applied in this paper) is to consider only valuable patents by 

imposing an external threshold of value, i.e. to take patents that were filed internationally. Since 

patenting procedure is expensive and time-consuming, one could expect that only valuable 

patents will be filed at the European Patent Office (EPO, an organization that is supra-national to 

national patent offices in Europe), or at the United States Patent and Trademark Office 

(USPTO), or be triadic, i.e. filed simultaneously at the EPO, the USPTO, and the JPO (Japan 

Patent Office). One should note that international patenting indicators nevertheless suffer from 

so-called “home bias” since the inventor’s choice of patent office is heavily influenced by her 

geographic location. Companies based in Europe rely on the EPO stronger than their non-

                                                           
3
 Guidelines for the examination in  the EPO: http://www.epo.org/law-practice/legal-

texts/html/guiex/e/index.htm 

http://www.epo.org/law-practice/legal-texts/html/guiex/e/index.htm
http://www.epo.org/law-practice/legal-texts/html/guiex/e/index.htm
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European counterparts, while firms situated in the American continent favor the USPTO for 

obvious reasons (Danguy et al., 2010). Triadic patents are less subject to geographical biases, but 

the recent tremendous increase in triadic patent counts may be explained purely by a greater 

willingness of the firms to “go triadic” and protect the inventions all over the world due 

increased international competition (Danguy et al., 2010). Therefore, even these techniques have 

their limits. In this paper we are following the best practice available (Danguy et al., 2010), and 

compare European countries in terms of international patenting (i.e., patents granted by the 

USPTO) thus attempting to avoid a “home bias”. 

The fact that not all inventions are patented means that patent statistics obviously is not able to 

capture non-patented inventions, which may account for more than 50% of the inventions made 

(de Rassenfosse, 2009), the fact that obviously decreases the value of patent statistics in the 

context of NIS discussion. Research activity exercised by economic agents leads to inventions 

that may result in patent applications. The decision to apply for patent protection is a totally 

voluntary action and is heavily influenced by many factors. Moreover, investment protection is 

not the only function of patents: patent applications can be used as a tool for competitive rivalry 

(to exclude a competitor from a particular technological field), for communication purposes (to 

unveil the invention’s potential to investors), or negotiations with collaborators (Pammolli and 

Rossi, 2005). The studies that have been carried out resulted in a robust conclusion that the uses 

of patents vary significantly across sectors.  

Before the well-refined patent statistics at industrial level appeared with the advent of new 

databases (Godinho and Rebelo 2006), researchers mainly had to focus on business surveys or 

use the samples of firms. Mansfield (1986) investigated a random sample of 100 firms in the US, 

and concluded that patent protection as a mechanism for appropriating the return from R&D 

expenditures is considered important in Pharmaceuticals, Chemicals and Petroleum industry. He 

found that 65% of inventions in Pharmaceuticals would have not been developed in the absence 

of patents, while in other sectors that percentage is significantly lower due to alternative 

strategies of returns appropriation (such as secrecy and lead time) used by incumbent firms. 

In a so-called “Yale survey” exercised by Levin et al. (1987), top managers of more than 600 US 

firms were questioned about the importance of patents as a means of appropriation. The authors 

found that companies generally do not treat patents as very important instruments, except for the 

entities that operated in pharmaceuticals, biotechnologies, petroleum and refining. The results 

were confirmed more than a decade later by the “Carnegie Mellon Survey” by Cohen et.al 

(2000) that focused on similar, but slightly larger sample US firms.  
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More recently, Godinho and Rebelo (2006) analyzed the variance of patenting propensities 

across different industrial sectors in 10 countries applying OECD Technology Concordance 

database. Using the brand new sectorial level data, the authors confirmed that there exists 

significant heterogeneity in patent practices across sectors and concluded that in general, sectors 

that are R&D-intensive are also patent-intensive, but there are some notable exceptions such as 

the aircraft or aerospace sectors, which are characterized by low R&D productivity. 

Nevertheless, the inter-sectorial differences appeared to be robust across countries, suggesting 

that the reliance on patent protection is deeply linked to the specific characteristics of technology 

and research process, the nature of market and the patterns of competition (Pammolli and Rossi , 

2005), Malerba and Orsenigo, 2000) rather than to the nature of patent system. This fact calls for 

international comparisons of particular industries: although it is hard to compare pharmaceutical 

industry with motor vehicles industry based on the patent output within one country, one could 

compare pharmaceutical industries across countries. This preposition lies exactly within the 

scope of our analysis.  

 
 

SECTION 3: RESEARCH METHODOLOGY 

3.1 Data 

The empirical investigation presented in this paper is based on the unique dataset compiled from 

the following open sources: first, patent data is obtained from OECD Main Science and 

Technology database; second, industrial employment and value added data are obtained from 

OECD Structural Analysis (STAN) database; third, business R&D expenditures at the industry 

level are obtained from OECD Analytical Business Enterprise R&D (ANBERD) database; 

fourth, variables that proxy for institutional setting are obtained from IMD World 

Competitiveness Online database and the paper by Park, (2008); finally, the openness to 

international trade variable is calculated using OECD MEI database.  

The panel dataset covers 18 industrial sectors in 11 European countries (see the list in the 

Appendix I) over the time period from 1991 to 2005. The choice of industrial sectors is 

determined by the data availability on the different levels of aggregation: for example, tobacco 

sector was merged with food and beverages sector due to the missing data for the majority of 

countries. The time frame is also shaped by the data constraints: 1991 is the earliest possible year 

for which industry R&D expenditures are fully presented in ANBERD database (for obvious 

reasons, Germany misses R&D expenditures data up to 1991), and 2005 is the last year for 

which timeline truncation of USPTO granted patents is not obvious. The choice of countries is 
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underlied by two reasons. First, we attempt to impose ceteris paribus condition: these 11 

advanced European countries are relatively homogenous (as compared to the rest of the world) in 

terms of welfare, innovation environment and cultural tradition, and the presence of possible 

country-specific patterns of innovation will indicate a non-obvious finding. Secondly, by 

considering a sample of only European countries and comparing them in terms of patenting 

abroad we avoid the “home bias” mentioned in the previous section.  

3.1.1 Dependent variable: USPTO patents granted 

There exist a number of possible alternatives of simple patent counts, each with its own 

advantages and disadvantages. Therefore, one should choose patent indicators carefully in order 

to mitigate potential negative effects. We use counts of patents granted at the USPTO as our 

dependent variable instead of national filings due to the highly skewed distribution of patent 

value discussed earlier. When comparing USPTO grants with another widely applied variable, 

number of applications to the EPO, it is important to note that not all patent applications 

eventually become patents, which means that USPTO grants are less numerous but exhibit a 

greater economic importance in general.  

There are many ways to construct a patent indicator (see OECD, 2009 for discussion), and 

therefore, one should carefully consider all potential advantages and disadvantages of patent 

statistics before attempting to count patents. In the current paper, the selection of patent data was 

made fully according to recommendations of OECD Patent Statistics Manual that was published 

in 2009 in order to encourage research activities based on patent statistics. For instance, every 

patent document contains several dates that reflect the time of invention and the strategic 

behavior of applicant (Dernis et. al 2001): the priority date, the application date, the publication 

date and the grant date. OECD claims that “in order to reflect inventive performance, it is 

recommended to use the priority date
4
 to compile patent statistics”

5
 since priority date is the 

closest to the date of invention. Furthermore, a patent document contains information on the 

inventor’s country of origin, applicant’s country of origin, and the country where first filing was 

made (priority country). OECD recommends using the inventor’s country of residence when 

compiling patent data in order to investigate innovation performance, and the present paper 

follows this recommendation.  

It is important to note that since no patent data on the industry level are openly available, patent 

indicators for industrial sectors are constructed manually. The most crucial obstacle in matching 

patent data with economic industry-level data is the classification problem. On the one hand, an 

                                                           
4
 “The first date of filing of a patent application, anywhere in the world, to protect an invention 

5
 OECD Patent Statistics Manual (2009), p.  62 
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important aspect of STAN database is the standard industry list provided for all countries in 

order to encourage and facilitate international comparisons. This list refers to United Nations’ 

International Standard Industrial Classification of All Economic Activities (ISIC, Revision 3) 

and uses the sector of activity of producing organization as the classification criteria. On the 

other hand, patents are not characterized by the ISIC scheme, but ranked by the codes of the 

International Patent Classification (IPC) that indicate various technological fields to which 

patents belong. Matching between IPC codes and ISIC classes is made according to the 

concordance matrix provided by Schmoch et.al. (2003). The authors took a random sample of 

3000 European firms classified by ISIC industry classes and investigated their patent output. The 

technology-based fields of patents (IPC codes) were therefore empirically matched to industrial 

sectors on a fractional basis, providing comparable patent statistics at the industry level
67

. 

Finally, in order to account for the size of the countries (and, therefore, industries), we divide 

patent counts in each industry by the employment statistics of that industry in a given year. The 

resulting dependent variable is the number of US patent counts per 1000 industrial employees.  

3.1.2 Independent variables 

A set of explanatory variables consists of three blocks: variables that proxy for the research 

inputs at the industry level; variables that proxy for the country-specific setting, and additional 

vectors of country and time dummies. 

The most important independent variable is sectorial business R&D expenditures as a control for 

the industry’s innovation efforts. The variable is expressed in current prices in US dollars 

adjusted for Purchasing Power Parity. Similarly to the dependent variable, R&D expenditures are 

scaled by industrial employment of the industry in order to account for size. The resulting 

variable is business R&D expenditure per 1000 industrial employees. The variable is expressed 

in current US dollars (USD) adjusted for purchasing power parity (PPP). Again, R&D 

expenditures are divided by industrial employment resulting in R&D expenditures per 1000 

industrial employees. It is important to add that another variable that is widely considered as a 

key input that affect patent production (Porter and Stern, 1999 and Fu and Yang, 2009), number 

of qualified scientists and engineers, is not included into the model since it is highly correlated 

                                                           
6
 The concordance matrix by Schmoch et al. (2003) is provided in the Appendix II.  IPC codes are aggregated into 

44 more broad technological fields first, and these technological fields are matched with 44 industrial sectors. Note 

that technological fields contribute to several industrial sectors at once since nearly every patented technology can 

be applied in different industries. 
7
 One should note that Schmoch’s matrix is not the only way to conduct ISIC-IPC matching, and other concordance 

tables exist. We apply the matrix provided by Schmoch et.al. (2003) for the following reasons: it is one of the most 

recent; it is based on European data; it has been recently successfully applied by several prominent authors (see 

Danguy et al. (2010) and de Rassenfosse (2010)). 
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with business R&D expenditure as wages, salaries and bonuses of researchers are included into 

R&D expenditure statistics and therefore result in double counting. 

In order to account for the relative size of the industries (i.e., for the contribution of each 

particular industry to the total size of the national economy), we use a variable that represents the 

amount of Value Added produced by the industry as a share of the total Value Added produced 

by the entire manufacturing sector. In this case, we would like to capture possible country 

specialization in specific technologies: for example, Finland is known as being strongly 

specialized in information technology sector.  

As suggested by the NIS conceptual framework, the innovation performance of an industry 

depends not only on direct innovative inputs such as R&D expenditures, but is influenced by 

institutional and other system factors. These factors may amplify the innovative efforts as well as 

reduce their efficiency. The choice of the variables that take those factors into account is 

suggested by the relevant literature. 

Apart from the physical quantity of researchers, the quality of the labor force matters (Furman et. 

al 2002; Fu and Yang, 2009). Since education can broadly affect R&D productivity in the whole 

economy, we include public spending on education per capita measured in current US dollars 

adjusted for Purchasing Power Parity as a proxy for the intensity of human capital. We expect 

that the higher is the level of educational expenditure, the more skilled is the personal hired by 

firms and other organizations across the economy, and, therefore, the more innovative output is 

produced.   

Financial market environment is claimed to be important when it comes to funding innovation 

activities, especially in the hi-tech part of the economy and is usually proxied with the indicators 

of venture capital availability (Furman et al., 2002). However, since the data set investigated in 

this paper contains low-tech (food, textiles and wood) and medium-tech (mineral products, 

furniture, basic metals, etc.) industries, the financial variable of our choice is a country’s whole 

financial market capitalization as a percentage of its own GDP since venture capital funding is 

mainly associated with high-technological industries.  

The degree of openness to international trade and therefore, to global competition, is another 

macroeconomic factor that may have an effect on national innovative performance (Furman et al, 

2002). There are several reasons: first, openness to trade may increase the incentive to innovate 

through the “market augmentation through exporting” as a larger market will increase the 

opportunities to appropriate the returns from R&D; second, domestic innovation activities may 
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benefit from knowledge spillovers (Fu and Yung, 2009). Therefore, the measure of openness to 

international trade is included as a country’s sum of total exports and imports divided by its 

GDP.  

Finally, we also include two variables representing the quality of legal environment that may 

encourage innovation efforts of organizations. The first variable is the index that measures the 

strength of the national intellectual property (IP) system developed by Ginarte and Park (1997) 

and later updated by Park (2008). We include this variable since countries with the higher degree 

of intellectual property protection are expected to have more firms opting for patent application 

(Danguy, 2009). The second variable is the index that is based on IMD Executive Opinion 

Survey
8
 and represents the degree of how the development and application of technology are 

supported by the legal environment.  The index is measured on a 1-10 Likert scale. 

Further details and the descriptive statistics on the data employed in this study are presented in 

the Appendix III. It must be emphasized that the list of the variables employed is by no means 

full and able to account for the whole vast variety of aspects of the national innovation systems. 

However, since the main purpose of the paper is not to explicitly evaluate the determinants of the 

innovation performance but to investigate the differences across national innovation systems at 

the industry level, we claim that the country dummies in this case will capture the remaining 

country-specific effects. 

3.2 The Method Applied 

In order to evaluate the innovative performance of industrial sectors across countries, we divide 

the analysis into three stages.  

We start with descriptive statistics and investigate the stylized facts in the patterns of innovative 

activity of countries and industries. On this step, we aim to confirm a significant heterogeneity in 

terms of patenting, research and development practices and R&D efficiency across countries, 

industries and over time.   

On the second step, we aim at ranking the countries in each of 18 industries according to their 

innovation performance. For this purpose, a simple pooled OLS model with robust standard 

errors based on the concept of Knowledge Production Function (KPF) formulated by Griliches 

(1979) is utilized. 

                                                           
8
 This is an annual survey “in which leading executives rank their perceptions of countries’ circumstances along a 

variety of dimensions relevant to international competitiveness” (Furman et.al 2002) 
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A seminal contribution made by Griliches (1979) helped to conceptualize knowledge generation 

activity as production process with its own inputs and outputs. Later studies (Griliches, 1990; 

Pakes and Griliches, 1984) showed that innovation is a result of deliberate research effort 

exercised by economic agents and there is a statistically significant relationship between inputs 

and outputs of the knowledge production function.  

An indicator that proxies for innovative output can be represented by patent counts, and controls 

for innovative inputs are compelled from three blocks: (i) research efforts exercised by 

organizations within the industry; (ii) variables that proxy for the institutional and 

macroeconomic environment; (iii) auxiliary country and time dummies. At the industry level, the 

regression model can be specified as follows
9
: 

                                                                    

                                                 

                       IFF INDUSTRY == 1…18. 

Where 

              is a log of patent counts per thousand industrial employees (patent counts 

scaled by industrial employment) in industry i, country j and year t; 

            is a log of business R&D expenditures per thousand industrial employees 

(R&D expenditures scaled by industrial employment) in industry i, country j and year t; 

                is a log of Value Added of industry i in country j as a share of total 

Value Added in country j at year t; 

           is a log of openness to international trade measure calculated as a sum of 

exports and imports divided by GDP of a country j at year t; 

           is a log of financial market capitalization of a country j as a share of its GDP 

at year t; 

              is a log of public spending on education per capita in a country j at year t; 

         is an index that measures how the development and application of technology 

are supported by the legal environment in a country j at year t; 

       is a Ginarte-Park index of patent rights hat measures the strength of the national 

intellectual property (IP) system in a country j at year t; 

                                                           
9
 Note that while research effort and value added variables are industry-specific and vary across countries, industries 

and over time, the variables that proxy for institutional environment are strongly country-specific.  
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               and             are the corresponding vectors of country and time 

dummies; 

       is iid statistical error. 

All variables except indices are enter the model in a log form except the indices in order to 

facilitate the interpretation of the index coefficients). While time dummies control for temporal 

effects such as the stage of the business cycle, country dummies are included in order to account 

for country-specific effects that institutional setting and additional variables failed to capture. 

The coefficients of country dummies thus can be interpreted as an average “innovation 

premium” (or “innovation penalty”) for locating the industry in particular country. These 

coefficients are expected to answer the question: if the amount of innovation inputs as well as 

certain macroeconomic and institutional conditions for the industry are held constant, what will 

be the “residual” innovative efficiency associated with country-specific factors?  

A way to test the differences across countries is to include an intercept into the regression 

equation and then drop one of the country dummies. In this case, the remaining country dummies 

will show the extent to which other industries are more (or less) efficient in patenting relative to 

the “reference” country’s industry
10

. The reference country is arbitrarily chosen as Italy for all 

the 18 industries. 

The third step is to make use of those country dummy coefficients and to rank the countries 

according to their innovative performance in particular industries and draw conclusions about the 

differences in national innovation systems from the industrial perspective. 

Since the whole econometric investigation will amount to 18 regressions (one overall regression 

for each of 18 industries in the sample), the detailed discussion of estimation procedure will be 

presented for 4 industries, each of them representing a category of OECD technological 

classification based on R&D intensity: low technology (Manufacture of food products; beverages 

and tobacco products), medium-to-low technology (Manufacture of basic metals), medium to 

high technology (Manufacture of chemicals and chemical products) and high technology 

(pharmaceuticals).  

 

 

                                                           
10

 This procedure is described in Mathieu and Pottelberghe (2010) 
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SECTION 4: EMPIRICAL RESULTS 
 

The empirical results are presented in three parts. The first part contains merely descriptive 

results that discuss the patterns in patenting practices across countries, industries and over time. 

On this stage, we aim to confirm the heterogeneity in innovative performance and draw 

preliminary conclusions about the differences in national innovation systems. The second and the 

third parts are devoted to ranking the countries according to their innovative performance in 18 

different industries. The results obtained are followed by discussion and policy implications.  

4.1 Cross-country innovative performance at the country level: descriptive statistics 

To start the empirical investigation, we try to make use of patent data constructed via IPC-ISIC 

Concordance Matrix and present the descriptive statistics across countries and industries over the 

sample period. 

Table 1 contains information on three variables of interest, US patents granted per thousand 

employees (“patent intensity”), R&D expenditures per thousand employees (“R&D intensity”) 

and US patents granted per million R&D expenditures (“R&D efficiency”) distributed across 11 

countries in the sample and three equal time periods. Two points should be noticed. 

 

 

Firstly, there are evident cross-country differences in terms of all three variables presented in the 

table, suggesting that the heterogeneity in innovative performance at the national level exists. In 

line with the previous literature on country benchmarking, the countries of Northern Europe 

show higher patent intensity (WIPO, 2007) and R&D intensity (Mathieu and Pottelsberghe, 

2008) compared to their Southern counterparts such as Italy and Spain. This fact calls for a 

1991-95 1996-00 2001-05 1991-95 1996-00 2001-05 1991-95 1996-00 2001-05

Belgium 4.38 6.80 6.53 5 497 003 7 176 800 9 541 392 0.80 0.95 0.68

Denmark 1.85 3.48 3.59 2 646 774 4 238 886 6 320 601 0.70 0.82 0.57

Finland 3.25 7.39 20.90 4 121 279 5 636 381 9 240 534 0.79 1.31 2.26

France 2.14 2.98 3.08 7 772 962 9 364 108 11 500 000 0.28 0.32 0.27

Germany 1.89 3.70 3.57 4 571 814 6 011 703 7 165 593 0.41 0.61 0.50

Italy 0.80 1.21 1.07 3 242 485 2 686 393 2 621 350 0.25 0.45 0.41

Netherlands 2.41 3.65 3.81 5 396 360 10 200 000 15 400 000 0.45 0.36 0.25

Norway 1.99 3.45 6.90 4 228 380 4 245 824 5 535 235 0.47 0.81 1.25

Spain 0.20 0.34 0.37 1 848 036 2 201 761 2 979 337 0.11 0.15 0.12

Sweden 2.85 5.84 3.76 6 728 638 8 623 098 12 300 000 0.42 0.68 0.31

UK 1.53 2.17 2.07 5 444 302 6 634 411 8 842 263 0.28 0.33 0.23

Coef. of variation 0.54 0.59 1.11 0.37 0.43 0.47 0.51 0.55 1.01

Mean 2.12 3.73 5.06 4 681 639 6 092 670 8 313 300 0.45 0.62 0.62

Median 1.99 3.48 3.59 4 571 814 6 011 703 8 842 263 0.42 0.61 0.41

Table 1. Country differences in patent intensity, R&D intensity and R&D efficiency

Country
US grants per 1000 employees R&D expenditures per 1000 employees US grants  per million R&D 

Source: Own calculations
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closer look at the national innovative capacity since those differences appear to be significant 

even across the countries that unanimously belong to the “advanced” club. 

Secondly, the average patent intensity and R&D intensity increases over the sample of countries, 

emphasizing that patenting experienced a surge during the last decades. This surge can be 

explained by the changes in patent regimes and organization of research as well as by the rise of 

patent- and R&D-intensive ICT-based industries (OECD, 2004). Table 2 describes the 

differences in patent intensity, R&D intensity and R&D efficiency across 18 industries over the 

same time periods. Apart from confirming the heterogeneity in patenting practices across 

different industries found by the relevant literature (Godinho and Rebello, 2006), it shows that 

the surge in patenting across countries is mainly associated with two high-technological 

industries of Office, accounting and Computing Machinery and Radio, television and 

communication equipment. One, therefore, could wonder whether the outstanding patenting 

performance of, for example, Finland (reported in the Table 1) is an artifact of the specialization 

in patent-intensive industries or a result of superior national innovation system. The empirical 

evidence presented in the next section suggests that the specialization hypothesis is only a part of 

the story.  

4.2 Cross-country innovative performance at the industry level: regression analysis 

The estimation procedure for each industry consists of 4 consequent and similar regressions, and 

each of these contains additional covariates. The first regression includes country dummies, time 

dummies and R&D expenditures variable. The second adds Value Added Share variable. The 

third includes Openness, Financial market capitalization and Educational spending variables. 

The fourth regression contains all possible variables including the Likert-scale indices. In that 

way, the robustness of results is checked. 

The regression analyses for 4 industries are presented in the Appendix IV
11

. The evidence on 

explanatory variables is mixed. First, both the value and the significance of the R&D variable 

coefficient increase as technological complexity of the industry concerned rises. The coefficient 

is not significant for Food industry, significant but has a low impact on Basic Metals and 

Chemicals industries, and the highest and the most significant for Pharmaceuticals. This is totally 

expected since Pharmaceutical industry is well-known for its heavy reliance on R&D in 

innovation process.  

 

                                                           
11

 The whole empirical investigation of 18 industries is not presented in this paper, but can be provided by the 
author upon a request: msavin@kth.se 

msavin@kth.se
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1991-95 1996-00 2001-05 1991-95 1996-00 2001-05 1991-95 1996-00 2001-05

Food Products, 

Beverages and 

Tobacco

0.16 0.23 0.14 594 665 737 708 1 047 469 0.28 0.31 0.13

Textiles, Textile 

products, Leather 

and Footwear

0.08 0.14 0.12 233 353 402 804 698 731 0.36 0.34 0.17

Wood, Pulp, 

Paper, Printing 

and Publishing

0.09 0.11 0.08 253 836 359 725 472 071 0.34 0.31 0.16

Coke, Petroleum 

products and 

Nuclear Fuel

2.78 4.19 3.35 5 138 613 4 938 327 4 977 384 0.54 0.85 0.67

Chemicals excl. 

pharmaceuticals
3.00 4.28 3.00 5 800 468 6 604 888 8 546 107 0.52 0.65 0.35

Pharmaceuticals 6.17 8.30 4.79 20 400 000 30 300 000 39 700 000 0.30 0.27 0.12
Rubber and 

Plastic products
0.45 0.57 0.41 1 079 061 1 624 621 1 908 912 0.42 0.35 0.22

Non-metallic 

mineral products
0.32 0.44 0.38 606 565 825 384 972 099 0.53 0.54 0.39

Basic metals 0.45 0.71 0.61 1 469 978 1 646 717 2 108 611 0.31 0.43 0.29
Fabricated metal 

products
0.21 0.26 0.19 417 241 448 367 616 790 0.51 0.58 0.32

Machinery and 

equipment
0.92 1.27 1.01 2 174 695 2 998 003 4 019 075 0.42 0.42 0.25

Office, accounting 

and computing 

machinery

14.52 32.53 63.79 11 900 000 17 800 000 29 500 000 1.22 1.83 2.16

Electrical 

machinery and 

apparatus, NEC

0.56 0.88 0.85 4 222 540 3 284 975 4 380 529 0.13 0.27 0.19

Radio, television 

and 

communication 

equipment

3.35 6.05 6.32 13 900 000 17 600 000 24 300 000 0.24 0.34 0.26

Medical, 

precision and 

optical 

instruments

2.29 3.18 2.56 5 075 047 6 632 456 9 271 533 0.45 0.48 0.28

Motor vehicles, 

trailers and semi-

trailers

1.74 2.37 2.13 4 117 109 5 395 503 7 127 145 0.42 0.44 0.30

Other transport 

equipment
0.80 1.30 1.11 6 423 567 7 612 141 9 388 969 0.13 0.17 0.12

Furniture, 

manufacturing 

and recycling, 

NEC

0.20 0.27 0.21 428 204 435 978 605 913 0.46 0.61 0.34

Coef. of variation 1.65 2.03 2.92 1.19 1.32 1.36 0.56 0.72 1.24

Mean 2.12 3.73 5.06 4 679 719 6 091 533 8 313 408 0.42 0.51 0.37

Median 0.68 1.08 0.93 3 145 902 3 141 489 4 199 802 0.42 0.43 0.27

Source: Own calculations

Industry
US grants per 1000 employees R&D expenditures per 1000 employees US grants  per million R&D 

Table 2. Industry differences in patent intensity, R&D intensity and R&D efficiency
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Second, Value Added Share variable appears to be a determinant of innovation performance in 

three industries out of four in this subsample. However, its impact is considered as negative in 

Basic Metals and Pharmaceutical industries, meaning that innovative efficiency of an industry is 

not associated with the contribution of this industry to the total manufacturing output of the 

country. In other words, for example, a country with a small pharmaceutical cluster (such as 

Finland) may be more efficient in patenting compared to a pharmaceutical giant as the United 

Kingdom. 

Third, most of the country-specific covariates enter the model with insignificant coefficients and 

change the coefficients of country dummies in a marginal way. However, one should not treat 

them as not significant determinants of innovative performance: since time dummies capture the 

effect of variation in time, country dummies that seem to exhibit a strong influence on innovative 

performance may “absorb” too much of the country-specific variation in the data. Therefore, the 

country-specific explanatory variables should be considered as crude and imperfect proxies for 

institutional setting and macroeconomic environment.  

Finally and the most importantly, the majority of country dummies are significant for all 

industries and specifications, suggesting that there exists strong heterogeneity in patenting 

efficiency across a sample of European countries (if the coefficient of a country dummy is not 

significant, it means that there is no difference between this country and the reference country in 

terms of patenting efficiency). The coefficients of country dummies are highly robust across 

regression composition within the same industry, meaning that the country rankings remain 

stable regardless the changes in model specification. Therefore, the empirical estimation 

procedure suggests that countries can be ranked according to the value of dummy coefficients. 

4.3 Cross-country innovative performance at the industry level: results 

The result of running separate regressions for each of 18 industries is presented in the Table 3, 

which is the main empirical result of the paper. The table consists of 18 country rankings where 

the first position indicates the leader of the technological frontier in the particular industry based 

on the coefficient of country dummy, and the 11
th

 position is attributed to the least efficient 

country. The industries are divided into 4 sub-groups according to OECD technological 

classification.  
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The empirical results not only confirm the stylized fact that even those countries that are 

considered as “knowledge-based economies” differ in innovative performance, but brings the 

discussion to the new level. The industry-level perspective applied in the present paper shows 

that the efficiency of sectorial innovative performance is by no means distributed randomly, and 

there exist certain country-specific patterns. For example, Sweden occupies the European 

technological frontier 8 times out of 18 while Spain always remains in the bottom of the ranking.  

In order to distinguish between the groups of countries, a simple k-means clustering procedure is 

applied: firstly, the average position of the country is calculated (i.e., since Spain occupies the 

last 11
th

 position in each industry, its average position is (11*18)/18 = 11); secondly, a partition 

of 11 countries into 3 clusters (leaders, followers and laggards) is made, where each observation 

belongs to the cluster with the nearest mean (see the additional table in the Appendix V). The 

resulting partition is presented in the Table 4. Countries that belong to the leading cluster, the 

following cluster and the lagging cluster are marked with green, blue and red color respectively. 

FOOD TEXT WOOD COKE RUB MIN BASM MET CHEM MACH ELECTR MOTOR OTHER FUR PHARM MED OFFICE RADIO

1 SW SW BEL* BEL GER SW FIN SW SW SW GER FIN SW FR FR SW BEL FIN

2 DEN GER GER NE SW NE NE GER DEN FIN SW DEN GER NOR DEN FIN NE GER

3 BEL NE SW* GER FR GER SW NOR NOR NE NE NOR BEL GER SW NE FIN FR

4 NE NOR FR SW NE FIN GER FIN FIN NOR FIN GER FR FIN* FIN BEL SW SW

5 FIN DEN DEN* FIN BEL BEL DEN FR FR GER FR FR FIN DEN* UK DEN GER NE

6 GER FIN NE* UK NOR DEN FR NE GER BEL UK SW NE SW* GER GER NOR BEL

7 UK FR FIN* FR DEN FR NOR DEN UK FR DEN UK UK UK* NOR NOR DEN UK

8 FR UK UK* NOR FIN NOR BEL* BEL NE* UK NOR* NE DEN IT NE FR UK NOR

9 NOR* BEL IT IT UK UK UK UK BEL* DEN BEL* IT IT NE* BEL* UK FR DEN

10 IT IT NOR* DEN IT IT IT IT IT IT IT BEL NOR BEL IT IT IT IT

11 ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES

Table 3. Cross-country differences in industry-specific innovation performance I
LOTE MLTE MHTE HTE

Note: BEL-Belgium; DEN-Denmark; FIN-Finland; FR-France; GER-Germany; IT-Italy; NE-Netherlands; NOR-Norway; ES-Spain; SW-Sweden; UK - 

United Kingdom. LOTE, MLTE, MHTE and HTE stand for low technology, medium-to-low technology, medium-to-high technology and high 

technology correspomdingly. "*" sign denotes positions obtained from insignificant dummy coefficients                                              

№
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The leading group consists of Sweden, Germany and Finland: together, they occupy the 

technological frontier 13 times out of 18 and constitute the innovation locomotive of Europe, 

especially in the medium-technology areas. Interestingly, Finland, a country that is known for 

being heavily specialized in hi-tech sectors, shows solid innovative efficiency in medium-low 

and medium-high industries as well. Five countries belong to the group of followers: they are 

Denmark, Belgium, Netherlands, France and Norway, they appear on top only 5 times, and their 

scores are mainly scattered in the middle rankings. The laggard group includes the United 

Kingdom, Italy and Spain. They build up the bottom of the ranking and largely obtain the last 

positions. It is important to note that Spain occupies the 11
th

 place 18 times out of 18, casting 

doubts on being considered as a knowledge-based economy. These cross-country results are 

largely in line with the literature on cross-country benchmarking (Furman et.al 2002, Gans and 

Stern, 2003, Fu and Yang, 2009) discussed earlier. 

As far as comparative advantages of countries are concerned, the evidence is mixed. In the 

leaders club, Sweden performs equally efficient in all the industries, while Finland and Germany 

seem to outperform each other in high and low technology sectors respectively. The laggards 

perform poorly economy-wide with one notable exception: the UK stands on the 5
th

 place in 

Pharmaceutical industry. Unfortunately, little can be said about the performance of the follower 

countries as their positions range from the 1
st
 to the 10

th
. This topic is left for further research. 

The most important finding that should be emphasized results from the direct comparison 

between the country rankings of leaders and laggards on the Figure 1. The radar diagram 

FOOD TEXT WOODCOKE RUB MIN BASM MET CHEM MACH ELECTR MOTOR OTHER FUR PHARM MED OFFICE RADIO

1 SW SW BEL* BEL GER SW FIN SW SW SW GER FIN SW FR FR SW BEL FIN

2 DEN GER GER NE SW NE NE GER DEN FIN SW DEN GER NOR DEN FIN NE GER

3 BEL NE SW* GER FR GER SW NOR NOR NE NE NOR BEL GER SW NE FIN FR

4 NE NOR FR SW NE FIN GER FIN FIN NOR FIN GER FR FIN* FIN BEL SW SW

5 FIN DEN DEN* FIN BEL BEL DEN FR FR GER FR FR FIN DEN* UK DEN GER NE

6 GER FIN NE* UK NOR DEN FR NE GER BEL UK SW NE SW* GER GER NOR BEL

7 UK FR FIN* FR DEN FR NOR DEN UK FR DEN UK UK UK* NOR NOR DEN UK

8 FR UK UK* NOR FIN NOR BEL* BEL NE* UK NOR* NE DEN IT NE FR UK NOR

9 NOR* BEL IT DEN UK UK UK UK BEL* DEN BEL* IT IT NE* BEL* UK FR DEN

10 IT IT NOR* IT IT IT IT IT IT IT IT BEL NOR BEL IT IT IT IT

11 ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES

Note: Green colour denotes leaders, blue colour denotes followers, red colour denotes laggards; "*" sign denotes positions obtained from 

insignificant dummy coefficients     

Table 4. Cross-country differences in industry-specific innovation performance II

№
LOTE MLTE MHTE HTE
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expresses the positions of 6 countries in terms of the distance from the center point (i.e., the 

closer to the point, the higher is the ranking of the country in a particular industry).  

 

 

It is evident that the three leader countries outperform the three laggard countries in nearly every 

manufacturing industry (the only exception is the advantage of the UK over Germany in 

Pharmaceuticals), meaning that even in such a homogenous sample of advanced economies some 

countries exhibit economy-wide “innovation premium” over others. This finding supports the 

hypothesis of country-specific factors that, apart from industry-specific inputs, shape the national 

success in technological change. 

To conclude, it is important to emphasize that the empirical results in this paper should be 

considered with a sound degree of generality as the research methodology is not free from 

possible pitfalls and biases starting from the quality of patent data and ending with the crudeness 

of econometric technique applied in this study. However, the “snapshot” of the innovative 

performance made from the industry perspective could provide researchers and policymakers 

with some important implications. 
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4.4 Discussion and policy implications 

The picture that emerges from this paper generally confirms the impact of the country-specific 

factors in the National Innovation Systems. These factors seem to manifest themselves in highly 

stable cross-country rankings of sectorial innovative performance. This finding suggests that 

macroeconomic innovative success of the country is by no means coined in a single industry or 

in a cluster of them, but in the whole system of innovation. 

Since country dimension is important for sectorial innovative efficiency, the institutional context 

must be emphasized. Even though it is impossible to say exactly what kind of country-specific 

factors influence the industrial sectors, whether they are of economic, politic or social nature, but 

their impact is evident economy-wide and thus should not be neglected in the future studies. In 

the words of R. Nelson (1993), “nationhood matters and has a pervasive influence”. An 

institutional environment of an economy includes myriad of different parts, but these parts 

altogether influence the ability to of a country accumulate knowledge, introduce new 

technologies, and to develop and grow. The institutional setting has been found as crucial in the 

preceding contributions, and the present paper, although being vague in its findings, fits into this 

theorizing from the industrial perspective. 

Moreover, the present paper provides the policymakers with the clear incentive: even within 

such a homogenous club of advanced countries like the core members of the European Union, 

the permanent process of policy reevaluation should take place. Since leaders, followers and 

laggards are clearly identified across European countries, the European innovation policy should 

not only distinguish between old and new members (Ulnicane, 2006), but be more country-

specific in its nature. For example, as it is suggested by the recent study by Guan and Chen 

(2012), the policy strategies of innovation leaders, followers and laggards shall be differentiated. 

While leaders should focus on increasing innovation inputs (what, however, may be difficult as 

Sweden and Finland are considered as the most R&D-intensive countries of Europe), followers 

and laggards should concentrate on improving the efficiency of knowledge production, bringing 

back the discussion on the virtuous impact of institutions.  

 

 

SECTION 5: CONCLUSION 

5.1. Summary 

This study aims to add to the stock of literature devoted to cross-country comparisons of 

innovative activity. Drawing inspiration and theoretical guidance from the topical concept of 

National Innovation Systems, it endeavors to answer the following research questions: first, is 
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there any evident heterogeneity in terms of innovative performance across manufacturing sectors 

even within the club of advanced and knowledge-based economies? And second, could those 

possible differences be explained in terms country-specific factors that manifest themselves in 

industry-specific innovative efficiency? 

In order to investigate these questions, patent statistics is used to proxy the innovation output at 

the industry level. The patent indicator is carefully chosen and constructed according to the 

caveats discussed by the relevant literature and OECD recommendations. A simple research 

methodology is suggested: on the first step, to discuss the stylized facts that stem from the 

descriptive statistics of patenting performance; on the second step, to apply a crude econometric 

technique to estimate the average relevant “innovation premiums/penalties” that are obtained 

from the coefficients of country dummies; on the third step, rank the countries in terms of 

innovative performance in manufacturing industries. 

From the descriptive statistics it is evident that cross-country differences in patenting 

performance exist even within the homogenous sample of European countries. Moreover, 

variation of patenting across manufacturing sectors is higher than across countries, suggesting 

that the macroeconomic success in patenting can be an artifact of the country’s industry 

structure. 

On the second step, European technological frontier is built using the estimated “innovation 

premiums”. The empirical results strongly suggest that the efficiency of innovative performance 

in manufacturing sectors is by no means randomly distributed across countries, i.e. certain 

country-specific patterns exist. 3 groups of countries can be distinguished in the sample: leaders, 

followers and laggards, and the leading economies of Sweden, Finland and Germany outperform 

their lagging counterparts, the UK, Italy and Spain nearly in every manufacturing sector. The 

conclusions are straightforward: evident, but indistinguishable country-specific factors matter for 

innovation, meaning that the institutional setting is an important pillar of technological change. 

The policy implications are in order: first, innovation inputs are necessary, but probably not 

sufficient ingredients of technological success; second, even within the relatively homogenous 

European Union, there is a place for policy differentiation. 

5.2 Limitations & Further Research 

A number of limitations of the conceptual and analytical frameworks of the present study should 

provide the fertile ground for further research. First, although the conceptual basis of the 

National Innovation System and Knowledge Production Function allow modeling the process of 
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innovation at the industry level, it still remains a greatly simplified “snapshot” of reality and is 

stifled with important practical complexities.  

For example, the model omits the important part of the heterodox economic theory – the 

dynamics of knowledge production is not taken into account. Obviously, the emphasis should be 

put on temporal system evolution through the interactions of technologies and institutions.  

Future empirical studies could find the ways to incorporate the time dimension, and then make 

use of such variables like patent or R&D stocks and draw conclusions about catch-up or 

divergence in the innovative performance of different industries. 

Secondly, the empirical investigation in this paper is able to provide the researchers only with 

relative country rankings, the fact that puts certain constraints on the explanatory power of the 

model. Being able to tell that “country A performs better than country B compared to country C” 

is not equal to the exact measurement of innovative capabilities. Therefore, more reliable 

indicators of innovative success should be developed, and this obstacle should be overcome by 

the future research.  

Thirdly, the empirical part of the paper, although being able to put the strong emphasis on the 

importance of the country-specific dimension in the analysis of innovative activity at the industry 

level, still cannot distinguish between the institutional factors that amplify the research efforts of 

economic agents. However, taking into account the increasing interest to the concept of National 

Innovation Systems and the constant flow of better and finer grained data, the stylized facts 

presented in this paper could be considered as a small step towards the contributions of higher 

quality from the industry-level perspective. 
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APPENDIX I 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

Abbr. Country Abbr. ISIC Rev.3 Industry definition Tech. classification*

BEL Belgium FOOD 15-16
Manufacture of food products, beverages and tobacco 

products
LOTE

DEN Denmark TEXT 17-19

Manufacture of textiles, wearing apparek; dressubg and 

dyeing of fur; Tanning and dressing of leather; manufacture of 

luggage, handbags, saddlery, harness and footwear

LOTE

FIN Finland WOOD 20-22

Manufacture of wood, wood products and cork, except 

furniture; manufacture of articles of straw and plaiting 

materials; manufacture of paper and paper products; 

publishing, printing and reproduction of recorded media

LOTE

FR France COKE 23 Manufacture of coke, refined petroleum products and nuclear MLTE

GER Germany CHEM 24 less 2423 Manufacture of chemicals and chemical products MHTE

IT Italy PHARM 2423 Pharmaceuticals and medicinal chemicals HITECH

NE Netherlands RUB 25 Manufacture of rubber and plastics products MLTE

NOR Norway MIN 26 Manufacture of other non-metallic products MLTE

ES Spain BASM 27 Manufacture of basic metals MLTE

SW Sweden MET 28
Manufacture of fabricated metal products, except machinery 

and equipment
MLTE

UK UK MACH 29 Manufacture of machinery and equipment n.e.c. MLTE

OFFIC 30 Manufacture of office, accounting and computing machinery HITECH

ELECTS 31 Manufacture of electrical machinery and computing machinery MHTE

RADIO 32
Manufacture of radio, television and communication 

equipment
HITECH

MED 33
Manufacture of medical, precision and optical instruments, 

watches and clocks
HITECH

MOTOR 34 Manufacture of motor vehicles, trailers and semi-trailers MHTE

OTHER 35 Manufacture of other transport equipment MHTE

FUR 36 Manufacture of furniture; manufacturing and recycling n.e.c. MHTE

Note: * OECD Technological Classification based on R&D Intensity
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APPENDIX II IPC-ISIC CONCORDANCE MATRIX 
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1 2 3 4 5 6 
Food, beverages 1 67 0 3 0 0 0 
Tobacco products 2 0 72 0 0 0 0 
Textiles 3 0 2 9 21 0 3 
Wearing apparel 4 0 0 1 8 2 0 
Leather articles 5 0 0 1 2 20 0 
Wood products 6 0 0 0 0 0 22 
Paper 7 0 5 12 11 1 2 
Publishing, printing 8 0 0 0 0 0 0 
Petroleum products, nuclear fuel 9 0 0 1 0 0 0 
Basic chemical 10 9 5 27 3 0 12 
Pesticides, agro-chemical products 11 1 0 0 0 0 0 
Paints, varnishes 12 0 0 0 0 0 0 
Pharmaceuticals 13 10 0 5 2 1 2 
Soaps, detergents, toilet preparations 14 6 0 8 26 0 5 
Other chemicals 15 3 0 12 0 3 10 
Man-made fibres 16 0 3 5 3 1 0 
Rubber and plastics products 17 0 0 0 5 2 3 
Non-metallic (mineral) products 18 0 0 3 0 0 3 
Basic metals 19 0 0 0 2 0 2 
Fabricated metal products 20 0 0 2 0 0 5 
Energy machinery 21 0 0 0 0 0 5 
Non-specific purpose machinery 22 0 0 2 0 0 3 
Agricultural and forestry machinery 23 0 0 0 0 0 0 
Machine-tools 24 0 0 0 0 0 15 
Special purpose machinery 25 2 11 2 0 0 5 
Weapons and ammunition 26 0 0 0 0 0 0 
Domestic appliances 27 0 0 0 0 0 0 
Office machinery and computers 28 0 0 2 0 0 2 
Electric motors, generators, transformers 29 0 0 0 0 0 0 
Electric distribution, control, wire, cable 30 0 0 0 0 0 0 
Accumulators, battery 31 0 0 0 0 0 0 
Lightening equipment 32 0 2 0 0 0 0 
Other electrical equipment 33 0 0 0 0 1 0 
Electronic components 34 0 0 0 0 0 0 
Signal transmission, telecommunications 35 0 2 0 3 1 0 
Television and radio receivers, audiovisual 36 0 0 0 0 0 0 
Medical equipment 37 0 0 1 3 0 0 
Measuring instruments 38 0 0 0 0 0 0 
Industrial process control equipment 39 0 0 0 0 1 0 
Optical intruments 40 0 0 0 0 0 0 
Watches, clocks 41 0 0 0 0 0 0 
Motor vehicles 42 0 0 1 0 0 0 
Other transport equipment 43 0 0 1 0 12 0 
Furniture, customer goods 44 0 0 0 14 57 0 
Total  100 100 100 100 100 100 

NOTE: Each patent in technological field corresponds to several industries simultaneously; for the 

concordance of IPC classes and technological fields, see Schmoch et al. (2003) 
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APPENDIX II                                              IPC-ISIC CONCORDANCE MATRIX 
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7 8 9 10 11 12 
Food, beverages 1 1  0 2 3 1 
Tobacco products 2 0  0 0 0 0 
Textiles 3 1  0 1 0 1 
Wearing apparel 4 0  0 0 0 0 
Leather articles 5 0  0 0 0 0 
Wood products 6 0  0 0 0 0 
Paper 7 20  0 1 0 1 
Publishing, printing 8 9  0 0 0 0 
Petroleum products, nuclear fuel 9 1  59 8 2 2 
Basic chemical 10 18  9 43 37 34 
Pesticides, agro-chemical products 11 0  0 0 8 0 
Paints, varnishes 12 1  0 1 1 9 
Pharmaceuticals 13 3  2 16 39 7 
Soaps, detergents, toilet preparations 14 6  0 2 4 1 
Other chemicals 15 10  3 6 2 9 
Man-made fibres 16 1  0 1 0 0 
Rubber and plastics products 17 0  0 3 0 3 
Non-metallic (mineral) products 18 2  0 2 0 2 
Basic metals 19 0  2 2 0 1 
Fabricated metal products 20 0  2 1 0 1 
Energy machinery 21 0  1 0 0 0 
Non-specific purpose machinery 22 0  1 1 0 1 
Agricultural and forestry machinery 23 0  0 0 0 0 
Machine-tools 24 0  0 0 0 0 
Special purpose machinery 25 5  7 1 0 3 
Weapons and ammunition 26 0  0 0 0 0 
Domestic appliances 27 0  0 0 0 0 
Office machinery and computers 28 10  1 1 0 14 
Electric motors, generators, transformers 29 0  0 0 0 0 
Electric distribution, control, wire, cable 30 0  1 0 0 0 
Accumulators, battery 31 0  0 0 0 0 
Lightening equipment 32 0  0 0 0 0 
Other electrical equipment 33 0  0 0 0 0 
Electronic components 34 1  0 0 0 0 
Signal transmission, telecommunications 35 1  1 1 0 1 
Television and radio receivers, audiovisual 36 1  0 0 0 0 
Medical equipment 37 0  0 0 1 0 
Measuring instruments 38 1  3 0 0 2 
Industrial process control equipment 39 0  1 0 0 0 
Optical intruments 40 4  1 0 0 1 
Watches, clocks 41 0  0 0 0 0 
Motor vehicles 42 0  1 1 0 1 
Other transport equipment 43 0  2 3 0 1 
Furniture, customer goods 44 1  0 0 0 2 
Total  100 100 100 100 100 100 

 

NOTE: Each patent in technological field corresponds to several industries simultaneously; for the 

concordance of IPC classes and technological fields, see Schmoch et al. (2003) 
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APPENDIX II IPC-ISIC CONCORDANCE MATRIX 
 

 
         In

d
u

st
ri

al
 

se
ct

o
rs

 (
IS

IC
) 

Technological Fields (IPC) 

 P
h

ar
m

ac
eu

ti
ca

l 

So
ap

s,
 

d
et

er
ge

n
ts

, t
o

ile
t 

p
re

p
ar

at
io

n
s 

 O
th

er
 c

h
em

ic
al

s 

 M
an

-m
ad

e 
fi

b
re

s 

R
u

b
b

er
 a

n
d

 

p
la

st
ic

s 
p

ro
d

u
ct

s 

N
o

n
-m

et
al

lic
 

p
ro

d
u

ct
s 

 B
as

ic
 m

et
al

s 

13 14 15 16 17 18 19 
Food, beverages 1 6 22 3 3 4 1 0 
Tobacco products 2 0 0 0 0 0 0 0 
Textiles 3 0 0 0 7 0 1 1 
Wearing apparel 4 0 0 0 0 1 0 0 
Leather articles 5 0 0 0 0 0 0 0 
Wood products 6 0 0 0 0 0 1 0 
Paper 7 0 0 0 7 5 2 0 
Publishing, printing 8 1 0 0 0 1 0 0 
Petroleum products, nuclear fuel 9 1 0 12 4 1 3 1 
Basic chemical 10 11 8 15 30 6 16 7 
Pesticides, agro-chemical products 11 1 0 0 0 0 0 0 
Paints, varnishes 12 0 1 1 0 0 2 0 
Pharmaceuticals 13 66 5 3 4 3 3 0 
Soaps, detergents, toilet preparations 14 8 48 4 1 7 1 0 
Other chemicals 15 3 15 22 9 2 4 1 
Man-made fibres 16 0 0 0 21 0 1 0 
Rubber and plastics products 17 0 0 1 3 24 4 2 
Non-metallic (mineral) products 18 0 0 1 0 1 27 4 
Basic metals 19 0 0 2 0 3 5 34 
Fabricated metal products 20 0 0 1 1 7 4 3 
Energy machinery 21 0 0 0 0 1 1 2 
Non-specific purpose machinery 22 0 0 0 1 2 2 5 
Agricultural and forestry machinery 23 0 0 0 0 0 0 0 
Machine-tools 24 0 0 0 0 1 2 4 
Special purpose machinery 25 0 0 1 2 7 1 11 
Weapons and ammunition 26 0 0 0 0 0 0 0 
Domestic appliances 27 0 0 0 0 0 0 0 
Office machinery and computers 28 0 0 9 0 1 2 4 
Electric motors, generators, transformers 29 0 0 0 0 0 0 0 
Electric distribution, control, wire, cable 30 0 0 1 0 2 0 1 
Accumulators, battery 31 0 0 0 0 0 0 0 
Lightening equipment 32 0 0 0 0 1 1 1 
Other electrical equipment 33 0 0 0 0 0 0 0 
Electronic components 34 0 0 1 0 1 2 4 
Signal transmission, telecommunications 35 0 0 1 0 2 4 3 
Television and radio receivers, audiovisual 36 0 0 0 0 0 0 0 
Medical equipment 37 1 0 1 0 1 0 0 
Measuring instruments 38 1 0 0 0 1 0 0 
Industrial process control equipment 39 0 0 0 0 1 0 0 
Optical intruments 40 0 0 14 0 2 2 1 
Watches, clocks 41 0 0 0 0 0 0 0 
Motor vehicles 42 0 0 1 1 6 3 5 
Other transport equipment 43 0 0 2 1 2 4 4 
Furniture, customer goods 44 0 0 0 0 1 1 0 
Total  100 100 100 100 100 100 100 

 
 
 

NOTE: Each patent in technological field corresponds to several industries simultaneously; for the 

concordance of IPC classes and technological fields, see Schmoch et al. (2003) 
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20 21 22 23 24 25 26 27 
Food, beverages 1 1 0 1 2 0 2 0 4 
Tobacco products 2 0 0 0 0 0 0 0 0 
Textiles 3 0 0 0 0 0 1 1 0 
Wearing apparel 4 0 0 1 0 0 0 0 0 
Leather articles 5 0 1 0 0 0 0 0 0 
Wood products 6 1 0 0 0 0 0 0 0 
Paper 7 1 0 1 1 0 3 0 0 
Publishing, printing 8 0 0 0 0 0 0 0 0 
Petroleum products, nuclear fuel 9 0 0 2 0 1 5 1 1 
Basic chemical 10 2 1 12 6 3 6 3 3 
Pesticides, agro-chemical products 11 0 0 0 2 0 0 0 0 
Paints, varnishes 12 1 0 0 1 0 1 0 0 
Pharmaceuticals 13 2 1 3 7 1 2 0 1 
Soaps, detergents, toilet preparations 14 2 0 1 0 0 2 0 7 
Other chemicals 15 1 0 2 0 1 3 8 1 
Man-made fibres 16 0 0 0 0 0 1 0 0 
Rubber and plastics products 17 6 3 2 0 1 1 0 0 
Non-metallic (mineral) products 18 2 1 2 0 1 1 4 2 
Basic metals 19 5 1 3 1 8 4 0 1 
Fabricated metal products 20 30 4 5 1 5 2 26 2 
Energy machinery 21 3 14 5 1 5 2 3 1 
Non-specific purpose machinery 22 3 7 18 0 3 2 0 2 
Agricultural and forestry machinery 23 0 1 0 63 0 0 0 0 
Machine-tools 24 4 1 1 0 20 3 0 0 
Special purpose machinery 25 2 5 8 2 11 40 2 1 
Weapons and ammunition 26 0 0 0 0 0 0 13 0 
Domestic appliances 27 1 1 1 0 0 0 0 35 
Office machinery and computers 28 5 3 5 0 4 8 2 4 
Electric motors, generators, transformers 29 1 1 0 0 0 0 0 0 
Electric distribution, control, wire, cable 30 1 5 2 0 4 1 0 1 
Accumulators, battery 31 0 0 0 0 0 0 0 0 
Lightening equipment 32 2 1 0 0 1 0 0 4 
Other electrical equipment 33 0 0 0 0 0 0 0 1 
Electronic components 34 1 1 1 1 3 1 2 2 
Signal transmission, telecommunications 35 2 2 2 0 3 1 3 9 
Television and radio receivers, audiovisual 36 0 0 0 0 0 0 1 5 
Medical equipment 37 0 1 1 0 0 1 1 1 
Measuring instruments 38 0 1 1 0 1 1 5 1 
Industrial process control equipment 39 0 2 1 0 1 0 1 1 
Optical intruments 40 0 0 0 0 2 1 0 0 
Watches, clocks 41 0 0 0 0 1 0 0 0 
Motor vehicles 42 15 38 12 3 12 2 7 4 
Other transport equipment 43 2 6 3 1 7 2 21 2 
Furniture, customer goods 44 1 1 1 6 0 0 0 2 
Total  100 100 100 100 100 100 100 100 

 
 
 

NOTE: Each patent in technological field corresponds to several industries simultaneously; for 

the concordance of IPC classes and technological fields, see Schmoch et al. (2003) 
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30 31 32 33 34 35 36 
Food, beverages 1 0 0 0 0 0 0 0 
Tobacco products 2 0 0 0 0 0 0 0 
Textiles 3 0 1 1 0 1 0 0 
Wearing apparel 4 0 0 0 0 0 0 0 
Leather articles 5 0 0 0 0 0 0 0 
Wood products 6 0 0 0 0 0 0 0 
Paper 7 0 0 0 0 0 0 0 
Publishing, printing 8 0 1 0 0 0 0 0 
Petroleum products, nuclear fuel 9 0 1 0 0 0 0 0 
Basic chemical 10 0 8 3 3 2 0 1 
Pesticides, agro-chemical products 11 0 0 0 0 0 0 0 
Paints, varnishes 12 0 0 0 0 0 0 0 
Pharmaceuticals 13 0 1 0 0 0 0 0 
Soaps, detergents, toilet preparations 14 0 1 0 0 0 0 0 
Other chemicals 15 0 1 2 0 0 0 0 
Man-made fibres 16 0 0 0 0 0 0 0 
Rubber and plastics products 17 0 0 1 0 0 0 0 
Non-metallic (mineral) products 18 0 3 1 2 2 0 0 
Basic metals 19 2 3 0 1 2 1 0 
Fabricated metal products 20 3 1 0 2 0 0 0 
Energy machinery 21 2 2 0 2 1 0 0 
Non-specific purpose machinery 22 5 1 1 7 2 0 0 
Agricultural and forestry machinery 23 0 0 0 0 0 0 0 
Machine-tools 24 0 0 0 1 0 0 0 
Special purpose machinery 25 0 0 0 2 6 0 1 
Weapons and ammunition 26 0 0 0 0 0 0 0 
Domestic appliances 27 1 1 0 1 0 0 3 
Office machinery and computers 28 14 8 4 20 31 21 25 
Electric motors, generators, transformers 29 1 1 0 2 0 0 0 
Electric distribution, control, wire, cable 30 13 5 2 4 2 1 1 
Accumulators, battery 31 0 13 2 0 0 0 0 
Lightening equipment 32 5 0 41 6 3 1 2 
Other electrical equipment 33 1 0 0 2 3 0 1 
Electronic components 34 23 3 3 6 20 7 5 
Signal transmission, telecommunications 35 7 29 18 12 14 52 29 
Television and radio receivers, audiovisual 36 1 4 1 3 3 5 23 
Medical equipment 37 0 0 1 0 0 0 1 
Measuring instruments 38 1 0 0 2 1 2 1 
Industrial process control equipment 39 2 0 0 1 0 0 0 
Optical intruments 40 0 1 1 0 1 0 4 
Watches, clocks 41 0 0 0 0 0 0 0 
Motor vehicles 42 15 7 8 14 3 4 2 
Other transport equipment 43 1 1 4 6 2 1 1 
Furniture, customer goods 44 0 0 3 0 0 0 0 
Total  100 100 100 100 100 100 100 

 
 
 

NOTE: Each patent in technological field corresponds to several industries simultaneously; for the 

concordance of IPC classes and technological fields, see Schmoch et al. (2003) 
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37 38 39 40 41 42 43 44 
Food, beverages 1 1 1 0 1 0 0 1 3 
Tobacco products 2 0 0 0 0 0 0 0 0 
Textiles 3 0 0 0 0 0 0 0 0 
Wearing apparel 4 0 0 0 0 0 0 0 0 
Leather articles 5 0 0 0 0 0 0 0 2 
Wood products 6 0 0 0 0 0 0 0 0 
Paper 7 4 0 0 0 0 0 0 0 
Publishing, printing 8 0 0 0 2 0 0 0 0 
Petroleum products, nuclear fuel 9 0 1 0 0 0 0 1 0 
Basic chemical 10 3 4 1 6 0 1 1 1 
Pesticides, agro-chemical products 11 0 0 0 0 0 0 0 0 
Paints, varnishes 12 1 0 0 0 0 0 0 0 
Pharmaceuticals 13 16 11 1 3 0 0 0 1 
Soaps, detergents, toilet preparations 14 10 0 0 0 0 0 0 5 
Other chemicals 15 1 1 0 4 0 1 0 0 
Man-made fibres 16 0 0 0 1 0 0 0 0 
Rubber and plastics products 17 1 1 1 1 0 3 1 1 
Non-metallic (mineral) products 18 0 2 1 5 0 1 0 1 
Basic metals 19 0 2 0 5 0 1 0 1 
Fabricated metal products 20 0 1 2 1 0 4 5 6 
Energy machinery 21 0 2 4 0 0 5 5 1 
Non-specific purpose machinery 22 1 2 3 0 0 1 8 1 
Agricultural and forestry machinery 23 0 0 0 0 0 1 0 0 
Machine-tools 24 0 0 1 0 0 0 0 0 
Special purpose machinery 25 0 3 4 1 0 2 3 6 
Weapons and ammunition 26 0 1 0 0 0 0 0 0 
Domestic appliances 27 1 0 3 0 0 0 0 2 
Office machinery and computers 28 2 11 18 19 22 3 7 1 
Electric motors, generators, transformers 29 0 0 1 0 0 0 0 0 
Electric distribution, control, wire, cable 30 1 1 9 1 0 1 0 0 
Accumulators, battery 31 0 0 0 0 0 0 0 0 
Lightening equipment 32 1 1 1 1 0 1 0 0 
Other electrical equipment 33 0 1 1 0 0 0 0 0 
Electronic components 34 1 5 5 5 2 2 0 1 
Signal transmission, telecommunications 35 2 9 7 15 3 1 2 1 
Television and radio receivers, audiovisual 36 0 1 2 3 1 0 2 1 
Medical equipment 37 49 4 1 1 0 0 0 2 
Measuring instruments 38 2 10 3 2 2 0 0 1 
Industrial process control equipment 39 0 3 8 0 2 2 0 0 
Optical intruments 40 1 3 2 18 0 0 0 0 
Watches, clocks 41 0 1 0 1 61 0 0 1 
Motor vehicles 42 0 10 14 2 2 60 7 3 
Other transport equipment 43 1 6 5 2 1 5 53 1 
Furniture, customer goods 44 1 0 0 0 0 1 2 55 
Total  100 100 100 100 100 100 100 100 

 
 
 

NOTE: Each patent in technological field corresponds to several industries simultaneously; for the 

concordance of IPC classes and technological fields, see Schmoch et al. (2003) 
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Variable Full variable name Definition Source Obs. Mean Std. Dev. Min Max

USPAT Patents per thousand employees

Patents granted in United States to the 

establishments in industry i , country j 

divided by industrial employment in 

industry i , country j

OECD  

MSTD
2970 3.634 16.708 0.002 392.5

RD
R&D expenditures per thousand 

employees (mil. USD)

Business R&D expenditures in PPP-

adjusted USD, constant prices, in industry 

i , country j divided by industrial 

employment in industry i , country j

OECD 

ANBERD
2970 6.36 13.5 0.0 23.4

VASHARE Value Added Share
Value Added of industry I in country j  as 

a share of total Value Added in country j

OECD 

STAN
2970 5.57 4.47 0.02 31.71

OPEN Openness to international trade

Openness to international trade measured 

as a sum of exports and imports divided by 

GDP of a country j and multiplied by 100

OECD MEI 2970 54.23 26.80 20 161

MARK
Financial market capitalization 

share

Market capitalization is measured as total 

market capitalization divided by GDP of a 

country j and mulplied by 100

IMD WCO 2970 71.58 43.80 17.56 268.33

EDSPEND Educational spending
Public spending on education in PPP-

adjusted USD per capita
IMD WCO 2970 1643 699 572 3801

TECH
Support of legal environment to 

application of new technologies

Average survey response by executives on 

a 1-10 scale
IMD WCO 2970 6.46 0.95 4.34 8.68

GP Index of patent rights Ginarte-Park Index of patent rights Park (2008) 2970 4.38 0.32 3.20 5.13
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Regression Results 1

Regression # 1 2 3 4

Country Dummies *** *** *** ***

Belgium 1.08 1.10 0.98 1.03
(9.41) (9.9) (2.43) (2.51)

Denmark 1.13 1.18 1.10 1.11
(9.88) (10.39) (4.18) (4.08)

Finland 0.97 0.94 0.87 0.85
(7.48) (6.22) (3.68) (3.28)

France 0.53 0.55 0.51 0.50
(5.86) (6.33) (3.73) (3.4)

Germany 0.79 0.77 0.74 0.75
(-20.18) (15.29) (6.33) (6.16)

Italy REF REF REF REF

Netherlands 1.02 1.07 0.96 0.98
(6.96) (7.52) (2.63) (2.63)

Norway 0.22 0.27 0.21 0.17
(2.09) (2.35) (0.84) (0.66)

Spain  -1.24 -1.21 -1.21 -1.25
(-14.95) (-12.49) (-11.62) (-10.92)

Sweden 1.26 1.23 1.14 1.13
(13.39) (10.55) (5.1) (4.77)

UK 0.68 0.70 0.64 0.59
(7.09) (7.67) (5.14) (4.07)

Explanatory variables

RD 0.02 0.04  0.04  0.03
(0.42) (0.51) (0.5) (0.37)

VASHARE -0.11 -0.11 -0.10
(-0.73) (-0.72) (-0.67)

OPEN 0.07 0.07
(0.25) (0.08)

MARK 0.03 0.02
(0.81) (1.14)

EDSPEND 0.02 0.04
(0.24) (0.49)

TECH 0.00
(-0.02)

GP -0.08
(-1.21)

Time Dummies Yes Yes Yes Yes

Constant Yes Yes Yes Yes

Number of obs 165 165 165 165

Prob > F 0.00 0.00 0.00 0.00

R-squared 0.96 0.96 0.95 0.95
Note: Robust standard errors for country dummies are reported between 

patentheses.

Industry: Manufacture of food products, beverages and tobacco products

Dependent Variable: log US patent grants per 1000 industrial employees

Regression Results 2

Regression # 1 2 3 4

Country Dummies *** *** *** ***

Belgium -0.01 0.25 0.54 0.60
(-0.07) (1.77) (1.44) (2.51)

Denmark 0.88 0.65 0.78 0.84
(11.15) (10.39) (3.49) (4.08)

Finland 1.06 1.16 1.27 1.35
(8.79) (10.14) (6.51) (3.28)

France 0.72 0.70 0.74 0.79
(5.93) (6.34) (5.40) (3.4)

Germany 0.92 0.96 1.05 1.08
(14.31) (15.25) (8.64) (6.16)

Italy REF REF REF REF

Netherlands 1.06 1.01 1.26 1.33
(8.84) (8.56) (4.13) (2.63)

Norway 0.26 0.52 0.62 0.70
(2.04) (3.38) ( 2.89) (2.60)

Spain -1.79 -1.61 -1.61 -1.58
(-30.83) (-18.94) (-16.92) (-10.92)

Sweden 0.96 1.11 1.22 1.30
(7.93) (9.01) (5.82) (4.77)

UK 0.55 0.46 0.51 0.57
(9.91) (7.03) (5.20)  (4.56)

Explanatory variables

RD 0.09 0.10 0.10 0.10
(1.50) (1.95) (1.99) (1.78)

VASHARE -0.38 -0.37 -0.37
(-2.87) (-2.66) (-2.65)

OPEN -0.22 -0.24
(-0.88) (-0.94)

MARK -0.01 -0.02
(-0.30) (-0.53)

EDSPEND 0.03 0.03
(0.58) (0.46)

TECH -0.01
(-0.39)

GP 0.04
(0.73)

Time Dummies Yes Yes Yes Yes

Constant Yes Yes Yes Yes

Number of obs 165 165 165 165

Prob > F 0.00 0.00 0.00 0.00

R-squared 0.96 0.96 0.97 0.97
Note: Robust standard errors for country dummies are reported between 

patentheses.

Industry: Manufacture of basic metals

Dependent Variable: log US patent grants per 1000 industrial employees
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Regression Results 3

Dependent Variable: log US patent grants per 1000 industrial employees

Regression # 1 2 3 4

Country Dummies *** *** *** ***

Belgium 0.39 -0.09 0.20 0.19
(5.65) (-0.45 ) (0.53) (0.51)

Denmark 1.07 1.10 1.26 1.25
(25.14) (22.46) (7.84) (7.67)

Finland 0.96 0.91 1.06 1.05
(18.53) (16.99) (7.14) (6.84)

France 0.89 0.78 0.87 0.86
(12.87) (10.17) (7.55) (7.34)

Germany 0.59 0.35 0.44 0.43
(9.83) (3.18) (2.85) (2.78)

Italy REF REF REF REF

Netherlands 0.46 -0.02 0.23 0.23
(6.11) (-0.08) (0.71) (0.69)

Norway 0.97 1.04 1.19 1.18
(14.15) (12.97) ( 8.03) (7.77)

Spain -1.41 -1.56 -1.57 -1.56
(-36.65) (-20.12) (-20.63) (-18.97)

Sweden 1.23 1.22 1.39 1.39
(28.47) (27.67) ( 8.87) ( 8.73)

UK 0.40 0.19 0.28 0.29
(8.33) (2.21) (2.44)  (2.41)

Explanatory variables

RD 0.10 0.10 0.09 0.09
(2.34) (2.29) (1.87) (1.99)

VASHARE 0.46 0.47 0.46
(2.43) (2.47) (2.39)

OPEN -0.18 -0.18
(-0.98) (-0.93)

MARK -0.03 -0.05
(-1.40) (-1.73)

EDSPEND -0.01 -0.03
(-0.27) (-0.59)

TECH 0.01
(0.68)

GP 0.04
(0.355)

Time Dummies Yes Yes Yes Yes

Constant Yes Yes Yes Yes

Number of obs 165 165 165 165

Prob > F 0.00 0.00 0.00 0.00

R-squared 0.98 0.98 0.98 0.98

Industry: Manufacture of chemicals, chemical products

Note: Robust standard errors for country dummies are reported between 

patentheses.

Regression Results 4

Industry: Manufacture of pharmaceuticals

Dependent Variable: log US patent grants per 1000 industrial employees

Regression # 1 2 3 4

Country Dummies *** *** *** ***

Belgium 0.56 0.83 0.25 0.26
(5.32) (8.87) (0.84) (0.88)

Denmark 0.82 1.17 1.01 1.05
(8.07) (12.24) (5.66) (5.82)

Finland 1.31 0.86 0.73 0.81
(18.51) (6.96) (4.67) (4.85)

France 1.05 1.16 1.15 1.18
(7.96) (10.23) (10.75) (11.03)

Germany 1.04 0.95 0.76 0.77
(17.42) (13.19) (8.10) (8.37)

Italy REF REF REF REF

Netherlands 1.04 0.95 0.51 0.55
(12.35) (10.96) (2.31) (2.50)

Norway 0.90 0.72 0.60 0.69
(14.88) (8.49) (4.22) (4.44)

Spain -0.91 -0.91 -0.94 -0.90
(-11.13) (-14.81) (-15.17) (-12.52)

Sweden 0.66 1.02 0.88 0.95
( 4.84) ( 8.41) (4.96) (5.24)

UK 0.62 0.73 0.71 0.80
(4.58) (6.07) (6.42)  (6.71)

Explanatory variables

RD 0.21 0.20 0.19 0.19
(2.79) (3.17) (3.08) (3.04)

VASHARE -0.47 -0.45 -0.44
(-4.82) (-4.47) (-4.53)

OPEN 0.48 0.49
(2.31) (2.35)

MARK -0.02 -0.07
(-0.82) (-1.62)

EDSPEND -0.19 -0.22
(-3.09) (-3.33)

TECH 0.00
(0.10)

GP 0.11
(1.94)

Time Dummies Yes Yes Yes Yes

Constant Yes Yes Yes Yes

Number of obs 165 165 165 165

Prob > F 0.00 0.00 0.00 0.00

R-squared 0.96 0.96 0.97 0.97
Note: Robust standard errors for country dummies are reported between 

patentheses.
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