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Introduction

The results of research and development work have lately become particularly desirable assets. The
needs and demands of the real economic domain spur enterprises, and partly the world of science as
well, to direct their resources towards research which finds applications. This behaviour changes the
structure of investment expenditure (with a great shift towards investments in intangible assets), of
planned and targeted scientific research (including industrial research) carried out in large and usually
interdisciplinary teams, of the expectations for commercial application of the obtained results, etc.

The products of knowledge are often a source of innovation (i.e. the products are economically
used, including improved or innovative engineering, processing or organisational solutions); hence
they influence the operational effectiveness of businesses and the structural changes in the economy.
The strength of this influence varies depending on the nature of innovation.

The theory of economy tries to grasp the logic of the changes by expressing them as general
statements, usually deprived of any application value (i.e. of little use to economic policy) or as rules
with a local significance. Both are formulated with the use of two methodological categories: induction
and deduction. This paper employs methods based on observations and general conclusions derived
from the observations. An attempt to identify the presumed rules by using a specific methodology of
economic process measurement is a deterministic functional dependence.

This work touches on the current of research into the potential of employing patent statistics in
research on development in science, engineering and innovation, as well as on structural changes of
economy (see Science and Engineering..., 2010; Scheu, Veetkind, Verbandt, Molina, Absalom, Forster,
2006; Magerman, van Looy, Song, 2006; Griliches, 1990, et al.).

This paper formulates two main research goals. The first is to identify the branches of economy
which demonstrate the highest and lowest patent activity; the other is to determine a pattern of
interrelation between the number of patents obtained in a specific economic branch and changes in
the share of that sector in the generated gross value added in the economy.

The aforementioned main goals, as well as other ones defined in the methodology part of the book,
are achieved with the use of proprietary concordance tables (see Annex No. 1 and 2). The concept of
the proposed research approach is based on the functional dependence f.IPC—NACE, i.e. assignment
of the International Patent Classification (IPC) to the Statistical Classification of Economic Activities
in the European Community (NACE).

International comparative studies are frequently carried out using various economic classifications

(Triplett, 1993). Regional public statistics organisations and executive agendas of the European



Commission list patent activity in their report according to conventional (in the economic sense)
sectors and branches of the economy. The definitions of these sectors and branches are largely
simplified and superficial. These traits, however, are also found in other scientific attempts to represent
the IPC as NACE.

Thus, despite their cognitive value, the aforementioned main research goals aimed to aid
a fragmentary discovery of certain regularities, should be considered as secondary and extra work in
this book. Two concordance tables (see Annex No. 1 and 2) which can be applied in various economic
research are the basic added value and an important contribution to the development of methods for
measuring economic processes. One of the values is examinating interdependence (a fragment) of
industrial innovative activity and its relation to the changes in generating gross value added (GVA)
in the economy. The map of assigning categories to both classifications, presented in the book, gains
proportional value with access to quality raw data; hence it becomes a more useful research tool.

Empirical verification of the proposed approach uses statistics of patents awarded between 1995
and 2009 to entities registered in Poland, Ireland, Spain and Hungary. (Chapter IV explains the
criteria for sample selection).

Repositories of patent statistical data made public (public statistics, databases of regional patent
offices) fail to ensure precise exploration of their resources (due to the weakness of data exploration
tools)'. Hence a commercial database was used, i.e. Thomson Innovation by Thomson Reuters.

The nature of this work and of the employed research procedure necessitates the use and verification
of its feasibility in empirical research. As a result, two research hypotheses were formulated, i.e.
assumptions based on a certain probability which stems from the latest knowledge and research
experience.

Productivity is among the most important determinants of economic growth, payroll growth
and general social prosperity. One of the components of productivity is changes in technology
and manufacturing technology (Solow, 1957; Uzawa, 1965; Denison, 1967; Romer, 1990; Barro,
Sala-i-Martin, 1995; Francesco, Piantab, 2008). Hence: (1) the changes in the real economy should,
to a certain extent, represent patent activity which in turn is the emanation of engineering changes.

In the economic perspective, the development of information and communication technologies
is a potent accelerator of production processes. The special role of the ICT in the economy is that IT
affects the development of nearly all technologies used in specific economic branches and they also
contribute to increasing productivity of all factors engaged in the production process (Wierzbotowski,
2006; Welsum, Vickery, 2005). Hence it is assumed that (2) among all patent classification sections,
electricity is the most exploited area in the context of awarded patent protection.

The adopted goals are achieved and research hypotheses verified in the following chapters of this
book, which consists of an introduction, four highly interrelated chapters, conclusions and annexes
which constitute a necessary complement of this discourse.

The first chapter is an argument for the use of patent statistics in research on innovation. Patent
documentation is a rich source of information about the directions of ongoing research programmes,
invention activity and the innovative and competitive potential of the economy and its entities.

Chapter I stresses the high quality of the data which allows its aggregation at any level: micro-, meso-

1 See: http://worldwide.espacenet.com



and macroeconomic, as well as on an international level. This is why patent activity is an important
component of all algorithms for measuring the innovation level of economy and its entities (including
various indexes and international rankings).

Chapter I, in its opening part, extends the argument of the previous chapter and shifts to present
the significance of statistical classifications in scientific research. The classifications are the basis for the
generation and collection of data and information; their use, processing and interpretation followed by
inference creates knowledge. The way of conducting scientific research changes with the development
in the IT structure of digital repositories®. Discovering knowledge with the use of distributed
databases and the integration of generally accepted statistical classifications involves searching for
distinct patterns and rules which were previously unknown. This study lays the structure of a research
process on, for instance, assuming feasibility to integrate two different economic classifications, i.e.
the Statistical Classification of Economic Activities in the European Community (NACE) and the
International Patent Classification (IPC). Hence Chapter II contains a synthetic description of those
classifications solely from the perspective of their subsequent use in the next chapter.

Chapter III, which concentrates on methodology, articulates the main goals and partial research.
It also presents the method and the algorithm used in the research on determining the potential
presence of an interdependence pattern between the patent activity of economic branches and changes
in their share in the generated GVA. Annex No. 1, 2 and 3 correspond to that chapter as integral parts
of the presented procedure.

The final section of this book is the empirical verification of the proposed research method.
Patent statistics based on approx. 15 thousand records (awarded patents) from the commercial patent
database by Thomson Reuters for the years 1995-2009 form the original material (raw data) in the
study. During the analysis, apart from the derived general and partial conclusions, questions are

formulated which set the directions for further examination by the authors.

2 Present method of scientific research: formulation of hypothesis — research design and performance — analysis of
results — evaluation of hypothesis. The new method: formulation of hypothesis — search of data to test the hypothesis
— analysis of results — evaluation of hypothesis.




Chapter I
Patent activity in research on innovation

1.1. Patent as a measure of engineering innovations
1.1.1. Patent

A patent is the right for explicit use of a specific invention. Irrespective of the technical field, a patent is
granted to inventions which: are new?, have the inventive step?, and are fit for industrial application’.
The patent is considered to be one of the sternest intellectual property rights. It is a formal right
officially granted by a national or regional patent office (Ozegalska-Trybalska, 2009).

At the time of creating an invention, its creator — or other entities under special circumstances (i.e.
an employer or contracting authority) — acquires the subjective right of the opportunity for applying
for legal protection. Based on the granted patent, the patent holder acquires the right of explicit use of
the invention. This right is transferable and inheritable.

Inventions are patented in the following categories: (1) method, (2) process, (3) apparatus, (4) use.
The creations not eligible for patenting include: (1) discoveries, scientific theories and mathematical
methods; (2) aesthetic creations; (3) schemes, rules and methods of performing mental acts, playing
games or doing business; (4) creations with an unfeasibility for use which can be demonstrated in light
of generally accepted and acknowledged rules of science; (5) computer programmes; (6) presentations
of information.

Depending on the territorial jurisdiction in which an invention is to be protected, the patent can
be obtained in the following manner:

1) under a domestic procedure by an application for the invention at the Polish Patent Office, followed

by a formal inspection of the application correctness and paying applicable administrative fees

3 The novelty of an invention is evaluated on a global level. The new feature of an invention is construed so that an invention
(engineering/technological solution) is considered to be new if it is not a part of the state of the art. Everything that has been disclosed
to public knowledge before the date, in reference to which priority for the granted patent is determined, and in any form of disclosure,
including: by written or oral description, by application, exposure or disclosure in any other manner is the state of the art.

4 An invention has the inventive step if the said invention is not apparent to those skilled in the state of the art.

5 An invention is fit for industrial application if it can be used in any industrial activity, including agriculture.



collected by the PPO; the patent granted by domestic procedure (i.e. national patent) is valid only

in the territory under protection (i.e. of a single state only);

2) under a European patent procedure by a single application at the European Patent Office in
accordance with the provisions of the European Patent Convention; once granted, the European
patent protects the applicable invention in the countries identified in the application (a bundle of
nationally enforceable patents);

3) under the Patent Cooperation Treaty (PCT) by a single ‘international’ application at: the Polish
Patent Office, the European Patent Office or directly with the International Bureau of the World
Intellectual Property Organization (IB WIPO). Under the two latter circumstances, an application
can only be filed provided that a prior application was made under the domestic procedure.

If two persons apply for the protection of the same or similar solution, the patent protection is
granted to the applicant whose application came first (i.e. has an earlier date of priority). The date
which defines the priority of a solution is the date of filing at a patent office a complete documentation
of the invention applied for protection, or the date of the first application of a solution in a foreign
patent office in a state under the Paris Convention.

Patents are a result of: research and development; capacities and motivation of R&D teams (creative
work, talent, imagination, creativity and invention); continuous search for improved use of limited
resources (time, financial and material capital, or the state of the art). If generated by a managing
entity, patents are utilised as intangible assets in the process of producing subsequent goods and
services. If patents have an innovation capacity, they may contribute to: higher productivity, rate of
sales, and the rate of competitive growth, both in the regional and global perspective. The benefit of
monopoly which results from the priority in marketing of a new product is intended to return the
costs incurred by developing an innovation, and it should also prompt such activity in the future.
The risk of quick imitation or copying by competitors definitely requires establishing a system for the
protection of intellectual property rights.

An effective system of protecting intellectual rights should favour increased expenditure on
research and development, and increase innovation of the economy and its entities on an international
scale, fostering an increased competitive position and a higher rate of economic growth. Engineering
(industrial) intellectual property is especially important for economic growth and development. Not
only does the process of their creation result in new products, but it also expands knowledge in the
theory and practice of economic growth, management, and production processing.

By principle, a system for protecting intangible property rights should form a secure and creative
space for the civilisation process, including economic growth. If the effectiveness of this system is
poor or non-existent, the ownership title for intangible property is only conditioned by economic
concerns (i.e. expenditure, risk, and marketing priority) and it becomes ineffective in confrontation
with the market. An economic entity with the original (economically substantiated) property right
is incapable on its own of stopping other economic entities from succumbing to the temptation of
imitation.

Legal protection warranted by specialist organisations favours protection of an idea embodied in

an invention; first and foremost it increases the probability of promptly exceeding the threshold of



innovation profitability. Innovation activity is characterised by high fixed costs incurred for R&D,

high level of uncertainty and financial risk. The following is expected in exchange:

1) increased effectiveness of the management process (including increased productivity of production
factors);

2) increased international competitive advantage (i.e. increased reliability of economic turnover).
Institutional solutions in the form of protection of intangible property, tax incentives for

innovative business, and education for pro-innovation behaviour and the intellectual property culture

are economic movers and preconditions for increasing competitive capacities of the economy and its

entities.

1.1.2. Patent databases

The two main characteristics which are generally used for describing and measuring what is generally
construed as innovation are: expenditures for research and development, and patent applications
and/or granted patents (The Community Innovation..., 2006; Oslo Manual..., 2005; Decision (...)
No. 1608/2003/EC..., Frascati Manual..., 2002; The Measurement of Scientific..., 1994, et al.). An
important merit of patents and collections of patent information (i.e. databases) is their long-term
availability (for even tens of years). This makes them tremendously useful in scientific research. The
contents of patent databases and the wide time frames of their description allow for data aggregation
on any level. In the case of research on innovation on the micro-, meso- and macroeconomic levels,
patent databases enable one to describe the following traits of innovative activity:

1) the level of novelty of the products of research and development activity (R&D);

2) types of developed innovations and technological competencies;

3) sources of innovation;

4) dissemination of knowledge and technology.

The level of novelty of the products of research and development activity. Patent applications
have been used in the research process for many years (see Griliches, 1990; Jafte, Fogarty, Banks, 1998;
Lanjouw, Pakes, Putnam, 1998; Johnson, 2002; Popp, 2005). A strict correlation between R&D activity,
patents and their effect on stimulating further R&D work is highlighted. Not all patent applications
end in one being granted. The difference between applications and granted patents can be used as

a measure of R&D effectiveness.

Types of developed innovations and technological competencies of an entity. Each patent
provides a detailed description of the invention and is classified in a specific class, group and subgroup
of the International Patent Classification (see Chapter II). A hierarchical arrangement of the system
favours examinations of patent applications for the criteria of novelty and inventive step; it also allows
for precisely researching technological trends, both on the microeconomic (i.e. the innovations
developed in specific corporations) and macroeconomic level (i.e. identification of technological

advantages of the economy).



Sources of innovation. In 2010, the United States Patent and Trademark Office granted 219,614
patents, with 107,792 patents of US origin and 111,822 from abroad. The structure of granting
this category of exclusive rights among U.S. residents was as follows (Patenting..., 2011, p. Al-1):
corporations (88.3% of grants), private persons (10.8%), U.S. federal government (0.9%); foreign
entities: corporations (95.6%), private persons (4.2%), government administration (0.2%). The largest
number of patents in 2010 was granted under USPTO’s proceedings to:

1) International Business Machines Corporation (5,866 patents);

2) Samsung Electronics Co., Ltd. (4,518);

3) Microsoft Corporation (3,086);

4) Canon Kabushiki Kaisha (2,551);

5) Panasonic Corporation (2,443);

6) Toshiba Corporation (2,212);

7) Sony Corporation (2,130);

8) other: Intel Corporation, LG Electronics INC., Hewlett-Packard Development Company, L.P,,
Hitachi, LTD, Seiko Epson Corporation, Fujitsu Limited, General Electric Company, Ricoh
Company, LTD., Cisco Technology, INC., Fujifilm Corporation (range: 1700 to 1000).

The available data concerning patent applications to the European Patent Office (see Science,
technology..., 2009, 2010) reveals the following structure of patent activity by the applying entities:
enterprise sector (86% of all applications), private persons (6.6%), government administration (1.1%),

private non-profit sector (1.7%), university education sector (1.5%), other (3.1%).

Dissemination of knowledge and technology can occur with the use of patents, non-patented
inventions, licences, shared know-how, trademarks, projects and designs. For at least 20 years there
have been attempts at measuring the diffusion of knowledge and technology with the use of patent
databases, market transactions, or the search for connections between technical innovation producers
and their users (see Jaffe, 1986; Coe, Helpman, 1995; Lanjouw, Pakes, Putnam, 1998; Jones, Williams,
1998; Stoneman, 2002, Verspagen, 2005). The measurement methodologies which have been developed
so far put stress on various aspects of the diffusion process; the process of improving measurement of
the knowledge and technology dissemination power is still far from completion.

Hence patent databases can be used in various ways. The number of granted patents for an
enterprise, sector or regional economic branch and/or a country reflects the technological dynamics.
Investigation in the rate of change, and seeking interdependencies within patent classes and groups
can help discover the directions and dynamics of technological changes. The study uses patent
statistics as an element of the algorithm for searching the interdependence pattern between industrial
patent activity and changes in its share in GDP generation.

Flaws of patents as innovation characteristics are well known. Many new or improved solutions
are not claimed, whereas others are simultaneously protected by many patents and/or other forms of
protection. Many patents have no technological or economic value; while others are very valuable in
those terms (cf. Oslo Manual..., 2005, p. 25).

The chief international patent databases maintained and made available by various organisations

include:
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1) European Patent Register and Espacenet — databases maintained by the European Patent Office;
2) Patentscope — database maintained by the World Intellectual Property Organization;
3) DEPATISnet — database and a news service of the German patent system;
4) USPTO (USA) - a full-text database of applications and granted patents;
5) Thomson Innovation —a commercial database which allows exploring vast structured collections
of applications and granted patents.
Other, frequently thematic databases include: Cippix® (chemistry); Delphion (integrates the
databases of USPTO, EPO and WIPO); GenomeQuest (biology) and “JP-NETe”; KPA Search In
KIPRIS - Free Services; LexisNexis; MicroPatent®.

1.2. Patent activity in the international innovation rankings

The main characteristics (indexes) used in building international innovation ratings are: the number
of doctorate graduates, the number of scientific publications, the number of scientific centres, the
amount of expenditure for R&D and the patent activity (claims and granted patents). All of these are
generally collected and processed by national and regional organisations of public statistics. They are
considered to be traditional forms of innovation measurement.

Patent activity is a significant component of all algorithms for measurement of the innovation
level of the economy and its entities. It greatly reflects the capacity of enterprises to transform
accumulated knowledge into improved or novel technical solutions. Hence the international indexes
of economic effects measurement tend to use the statistics of patent claims and/or granted patents.
This is substantiated and reflected by the approach recommended by the Organization for Economic
Co-operation and Development and the European Commission in successive editions devoted
to methods of gathering and interpreting datasets on innovation (see Oslo Manual..., 1992, 2005;
The OECD Innovation Strategy..., 2010).

1.2.1. The Global Innovation Index

Since 2007, INSEAD The Business School for the World eLab’ has been publishing the Global
Innovation Index (GII). It consists of two sub-indexes: The Innovation Input Sub-Index and The
Innovation Output Sub-Index. Each one is made of several components. The first sub-index includes:
(1) institutions, (2) human capital and research, (3) infrastructure, (4) market sophistication, and
(5) business sophistication. The other sub-index covers: (6) knowledge and technology outputs and
(7) creative outputs. Each component is made of several subcomponents, and the latter in turn are

built on the basis of composite indicators (The Global Innovation Index..., 2011, p. 8).

The component (5) business sophistication level consists of three subcomponents: (5.1) knowledge

workers, (5.2) innovation linkages, and (5.3) knowledge absorption. The section on innovation

6 See more: http://www.piug.org/vendors.php
7 See http://about.insead.edu
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Figure 1. Patent activity within the architecture of the Global Innovation Index (GII)
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Source: The Global Innovation Index 2011. Accelerating Growth and Development (2011), ed. S. Dutta, INSEAD, p. 9.

linkages includes a composite quantitative indicator within the PCT patent filing proceedings (in

total applications) in cooperation with a foreign inventor (partner)®.

The component (6) scientific outputs comprise three subcomponents: (6.1) knowledge creation,
(6.2) knowledge impact and (6.3) knowledge diftfusion. The first part which concerns the “production”
of knowledge has the following measures introduced based on patent statistics:

1) the number of patent applications by residents under the domestic procedure;
2) the number of patent applications under the international filing procedure.

The 2011 GII Report includes 125 countries which represent 93.2% of the global population and

98% of the global GDP.

1.2.2. The International Innovation Index

In 2009, the Boston Consulting Group/National Association of Manufacturers published for the
first time The BCG/NAM International Innovation Index. The index is also a ranking of U.S. regions
(states) and a ranking of countries. The index structure is based on two components: innovation

inputs and innovation performance. The first component includes: (1) fiscal policy, (2) other policies,

8 The regulations for the PCT procedure are listed e.g. in the publication of the Polish Patent Office of 2007 titled The Patent
Cooperation Treaty (PCT). Consolidated text of the Regulations for the Patent Cooperation Treaty and in PCT Administrative
Instructions issued in 2006.
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(3) innovation environment. The other index component encompasses: (4) R&D results, (5) business

performance and (6) public impact of innovation.

Figure 2. Patent activity within the architecture of the International Innovation Index (The BCG/NAM Index)
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Source: The Innovation Imperative in Manufacturing: How the United States Can Restore Its Edge (2009), Boston Consulting
Group/National Association of Manufacturers, Boston, p. 9.

The component (4)
(4.2)

(4.4) commercialisation of innovation. The part concerning the creation of intellectual property

R&D results — has four subcomponents: (4.1) R&D investments,

intellectual property generation, (4.3) publication and knowledge transfer, and

includes a composite index of the number of patent applications.

1.2.3. The European Community Innovation Index

The ranking has been prepared for nearly 10 years by the Maastricht Economic and social Research
and training centre on Innovation and Technology (UNU-MERIT) and with the participation of the

2011).

The structure of the Innovation Union Scoreboard (IUS) is based on three main indicator groups

European Commission (Innovation Union Scoreboard. ..,

which are further developed within 8 topical dimensions and preconditions of innovation. Patent

activity is researched in the second group, “Firm activity”, under the topic “Intellectual assests”.
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The detailed indicators here are:

1) the number of PCT (Patent Cooperation Treaty) patent applications received by the European

Patent Office;

2) the number of PCT (Patent Cooperation Treaty) patent applications in climate change mitigation
and health care received by the European Patent Office (EPO).

Table 1. Comparison of the partial indicators used in the innovation research methodology in The European Innovation

European Innovation
Scoreboard (EIS), 2009
Main type/innovation

dimension/indicator

Innovation Union Scoreboard
(1US), 2010
Main type/innovation
dimension/indicator

Firm activity

Comments

Scoreboard (up to 2009) and Innovation Union Scoreboard (from 2010) in the second main group, “Firm activity”

Data source

Reference year - the
last years of use of
the Innovation Union
Scoreboard 2010

Firm investments

indicator no.
3.2.5

2.1.1. Business R&D expenditures | 2.1.1. R&D expenditures in the Identical Eurostat 2005-2009
(% of GDP) business sector (as % of GDP)
2.1.2.IT expenditures (% of - EIS 2009 - - -
GDP) currently not
used
2.1.3. Non-R&D innovation 2.1.2 Non-R&D innovation Identical Eurostat 2004, 2006, 2008
expenditures (% of turnover) expenditures (as % of turnover)
- Linkages & entrepreneurship
2.2.1. SMEs innovating in-house | 2.2.1. SMEs innovating in-house | Identical Eurostat 2004, 2006, 2008
(% of SMEs) (% of SMEs)
2.2.2. Innovative SMEs 2.2.2. Innovative SMEs Identical Eurostat 2004, 2006, 2008
collaborating with others (% of | collaborating with others as %
SMEs) of SMEs
2.2.3. Firm renewal (SME entries | — EIS 2009 - - -
plus exits) (% of SMEs) currently not
used
2.2.4. Public-private co- 2.2.3. Public-private co- Identical CWTS/ 2004-2008
publications per million publications per million Thomson
population population Reuters
Throughputs Intellectual assets
2.3.1. EPO patents per million - EIS 2009 - - -
population currently not
used
- 2.3.1. PCT patents applications New indicator | Eurostat 2003-2007
per billion GDP (in PPS€)
- 2.3.2. PCT patent applications New indicator | OECD/ 2003-2007
in societal challenges per billion Eurostat
GDP (in PPS€) (climate change
mitigration, health)
2.3.2. Community trademarks 2.3.3. Community trademarks Different OHIM/ 2005-2009
per million population per billion GDP (in PPS€) denominator Eurostat
2.3.3. Community designs per 2.3.4. Community designs per Different OHIM/ 2005-2009
million population billion GDP (in PPS€) denominator Eurostat
2.3.4. Technology Balance of - Revenues - =
Payments flows (% of GDP) accounted
by I'US 2010,

Source: Hollanders H., Tarantola S. (2011), Innovation Union Scoreboard 2010 - Methodology report, MERIT (Maastricht
University) and Joint Research Centre (JRC), Unit G3, p. 5.
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A new formula for the aforementioned characteristics was introduced in 2010. Both are cited as the
number of patent applications per 1 billion of the Gross Domestic Product in Purchasing Power Parity
Euros. OECD and Eurostat datasets are the main source of raw data for calculating the indicators.

Before 2009, the patent applications and granted patents were calculated per 1 million inhabitants.
The change in the structure of the aforementioned indicators provides a better representation of the

interdependency between patent activity and changes in the real economy activity.
1.2.4. The Global Innovation Index

The innovation ranking made by the Economist Intelligence Unit (A new ranking..., 2009) is based on
two pillars: Innovation Output and Innovation Input. The first pillar covers mainly the patent statistics
in the portion of the granted patents from the European Patent Office (EPO), the Japanese Patent
Office (JPO) and the US Patent and Trademark Office (USPTO).

The value included in the index is an arithmetic mean of the granted patents per 1 million
inhabitants in a 4-year period; example: the period covered the years 2002-2005 in the (first)
2007 index, and 2004-2007 in the 2009 index.

The Innovation Input pillar encompasses a very wide economic, social and political context, as
well as the direct determinants of innovation, e.g. qualifications of workforce, quality of local research

infrastructure and quality of education.
1.3. Patent activity in meso- and microeconomic research

Innovation and innovation capacity of economic systems, domestic economies and enterprises
have been one of the main research problems of economic sciences for the last two decades. As the
integration processes progress, this package of research is completed with the problem of innovation
in the economy of regions’.

Subsection 1.2 presents the use of patent statistics in the rankings of innovation on the
macroeconomic level. This section also focuses on patents and their application in the research of

innovation on the meso- and microeconomic levels.
1.3.1. Role of innovation in regional development and measurement of innovation

Innovation as a stimulant of productivity is a component of the paradigm of endogenous development
and the contemporary model of regional development policy.

The authors of the endogenous development concept assume that the development processes are
based on internal accumulation of capital and knowledge within countries and regions (see Myrdal,
1957; Kaldor, 1966). This assumption strongly corresponds to the neoclassical model of growth
developed by Solow and Swan, which proposes an automatic convergence of development processes

in specific economies which enter the identical path of growth in the stationary state (Barro,

9 The concept or a region has a very wide set of connotations. This work construes the term region' as a territorial unit with a certain
autonomy within a country, where decisions are made which affect the course of development processes.
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Sala-I-Martin, 1995). Other researchers are sceptical towards the concept of spontaneous decrease

of economic disproportions. Krugman (1998) argues that there is a set of forces (negative external

effects, immobile factors, and other) which can lead to economic concentration resulting in the
centre-peripheries structure.

Endogenous development can progress in accordance with two main scenarios:

1) creation of a new endogenous asset in the region (by: expenditure on education, science, R&D,
privatisation of public utility enterprises, opening to external capital);

2) modernisation of regional endogenous assets (by: intensification of promotion activities,
improvement of communication and tourism infrastructure, increase in workforce productivity
within traditional economic divisions of the region).

Initiation of these processes helps increase the chance for a stable, sustainable and long-term
development of regional economy and its entities.

As a formality another important goal of regional policy should be stressed, aside from
a productivity increase, i.e. elimination of differences. This goal is achieved by following the paradigm
of exogenous (induced or top-down) development which stresses the importance of external
factors (e.g. interventions by governments and third-party business investments) in the generation
of development movers stimulating the regions, inter alia within their innovation. The paradigm
emphasises the necessity of inducing the first stimulus which triggers the development process. This
approach implies that systematic redistribution of resources towards problem areas is necessary to
prevent their marginalisation (see Szul, 2007).

Contemporary policy of regional development uses the output of neoclassical theories and
demand theories to a similar extent. A new trend is a strong emphasis on the need for accumulating
knowledge resources and its output in the region'. A great importance for the process is imparted by:
1) the sector of small and medium enterprises whose prime attributes include flexibility and

innovation capacity;

2) regional development policy aimed at development of education and promotion of enterprise
innovation activity;

3) the sector of large enterprises which is capable of incurring large expenses on R&D that conditions
the creation internationally competitive innovations.

Hence even the best designed exogenous instruments for supporting regional development will
fail if the regional endogenous physical and social resources cannot be activated (the endogenous
concept of regional development).

The regional differences in the inventive step activity result from the nature of endogenous traits
and available resources, the intensity of R&D activities in specific economic branches of the region,
and the dimension of applying the regional innovation policy (regional innovation systems and
strategies).

The regional perspective of innovation is a new trend in social research. It emerged, for instance,
as a response to the demand of the local government administration and regional innovation support
organisations also to create and implement regional innovation support programmes. The research

in innovation in the European Union is related to the development of the Community policy of

10 As confirmed by the provisions of the regional development strategies in the EU, including Poland.
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regional development and the need to measure the effect of the policy on regional economies. In
successive years, the research was also determined by the cohesion policy and the Lisbon strategy.
The methodological facilities developed so far, e.g. for measuring and assessing the effect of public
intervention on regional development potential will certainly be developed and employed in the
forthcoming years. The new long-term financial perspective of the EU will bring new R&D challenges
and a necessity for continuous control of results in this domain'’.

The research on innovation of regions continuously evolves, both for the number of indexes
in use and the number of investigated regions. For example, the Regional Innovation Scoreboard
(RIS) of 2002 used 7 indicators and covered 148 regions; in 2003, this increased to 13 indicators (and
173 regions). After the EU expansion in 2004, the number of employed and analysed regional-level
indexes was limited to 7 (due to the lack of data concerning new member states). The years after have
revealed a clear improvement'.

Research carried out in 2002 and 2003, for the EU15 group®, used high-tech sector statistics of
patent applications™ (EPO filings). The research of 2006 temporarily omitted the characteristics for
the EU25 group® (Regional Innovation Scoreboard..., 2009, p. 28).

The current research into regional innovation (of the EU) again uses patent applications. The
research considers the number of PCT patent applications received by the European Patent Office’.
This variable is given the highest importance in the algorithm of the RIS Summary Innovation Index
(a 13.8% share in the Index).

Table 2. List of regional statistics in the Eurostat Science and Technology division: patent applications (EPO) on the
regional level

Indicators of regional science and technology statistics

(part: Patent applications to the EPO by priority year at the regional
level) from

Patent applications to the EPO by priority year at the regional level pat_ep_rtot dataset 1977 2007
Patent applications to the EPO by priority year at the regional level by pat_ep_ripc dataset 1977 2007
IPC section and classes

High-tech patent applications to the EPO by priority year at the regional | pat_ep_rtec dataset 1977 2007
level

ICT patent applications to the EPO by priority year at the regional level | pat_ep_rict dataset 1977 2007
Biotechnology patent applications to the EPO by priority at the regional | pat_ep_rbio dataset 1977 2007
level

Source: Eurostat, http://epp.eurostat.ec.europa.eu/portal/page/portal/statistics/search_database, 1.10.2011.

11 The new building stage of the European Research Area — a homogenous market for knowledge, research and innovation
(see http://ec.europa.eu/research/consultations/era/consultation_en.htm).

12 A result of the harmonisation, standardisation and implementation of the Community law standards in public statistics.

13 EUI5 - 15 member states of the European Community before the enlargement of May 2004.

14 As an example, Eurostat includes the following NACE classification division numbers in the high technology sector: 24.4; 30;
32-33; 35.3 (Science, technology..., 2009, p. 186).

15 EU25 - 25 member states of the European Community after the enlargement of May 2004. 27 member states from January 2007
(UE27).

16 See: Eurostat — Data Navigation Tree: Database/General and regional statistics/Regional statistics/Regional science and
technology statistics (reg_sct)/European patent applications to EPO (reg_pat)/Patent applications to the EPO by priority year at the
regional level (pat_ep_rtot).
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The Eurostat data repository for patent statistics contains the following selection criteria:

1) high-tech sector patents (total);

2) computer equipment and other automatic equipment used in business;
3) genetic engineering;

4) aviation;

5) communication technologies;

6) semiconductors;

7) lasers;

8) consumer electronics;

9) business electronics.

Apart from patent statistical data, the European “Science and Technology” regional statistics also
includes the following modules: research and development; the Community Innovation Surveys (CIS)
database employed in successive years for the European Innovation Scoreboard / Innovation Union
Scoreboard; high tech sector with industries which intensely use knowledge and human resources in
science and technology (HRST)".

The increase in the significance of economies on the regional level and in the significance of
the European regional development policy followed by decentralisation within individual states
subject the regional statistics to frequent modifications. The modifications involve improvement
and implementation of new methods and tools for gathering and processing data from the area. The
problems which have been intensely exploited and transposed to the regional level in recent years are:
1) IT and communication technologies (A Guide for Information Society..., 2005);

2) biotechnology (A Framework for Biotechnology..., 2005);
3) knowledge management (Measuring Knowledge. .., 2003);
4) impact of global processes (Handbook on Economic..., 2005).

The methodological work carried out under the OECD are intended to design and continue the
development of a new generation model of indicators which accounts for a systemic approach to
the processes of creation, diffusion and implementation of knowledge in economic practice (input,
throughput and output indicators). The operators of data repositories meet the new methodological

guidelines by, e.g. designing new tools for patent statistics'®.
1.3.2. Patent statistics in the measurement of business innovation

In order to gain knowledge about innovation of industrial enterprises in the European Union, as
a part of the international research programme called “Community Innovation Survey” (CIS),
national statistical offices assess the innovation level of businesses employing more than 9 persons.
The methodological aspect of the research is inspired by the guidelines of the Oslo Manual
(2005). The indicators employed in the CIS research are aggregated in 12 thematic groups; one of

them being “Innovation activity and expenditure on product and process innovation”. The group

17 The innovation statistics is regulated by, e.g. The Commission Regulation (EC) No. 1450/2004 of 13 August 2004 implementing
Decision No. 1608/2003/EC of the European Parliament and the Council concerning production and development of the Community
statistics on innovation.

18 E.g. the PATSTAT repository (Worldwide Patent Statistical Database, EPO) managed by the European Patent Office (EPO).



includes a survey question about the purchase of licences or patents and other patented inventions
(The Community..., 2010). The previous Community Innovation Survey 2006-2008 included a query on
patent applications (Community..., 2009).
The surveys by the Central Statistical Office in the area of innovation in Poland are carried out
within two main programmes:
1) the annual survey of innovation and R&D in science and industry, “Science and Technology”; this
research employs patent databases to present the following detailed statistics (CSO, 2011):
e foreign patent applications filed in Poland and granted patents by countries;
e patent applications and granted patents by technology sections pursuant to the IPC;
e patents granted to Polish residents in the United States;
e patent applications and granted patents in biotechnology;
o foreign patent applications filed with the Polish Patent Office and granted patents by selected
countries;
2) regular survey of enterprise innovation (in industry and services), based on international
methodological guidelines by the OECD and Eurostat as applied in the Community Innovation
Survey; the research does not employ patent statistics (CSO, 2010).

%%

Patent statistics and its use in economic research is not a widely popular subject. The main research

areas (apart from research on innovation) which use patent statistics include:

1) comparative studies (Pohulak-Zotedowska, 2009; Liberda, 2008; Cohen, Merrill, 2003, Martinez,
Guellec, 2003; Jaffe, Trajtenberg, 1996; Jaffe, Henderson, Trajtenberg, 1993; Pakes, 1985);

2) investigating changes in engineering and technology (Popp, 2005);

3) research methodology (Lanjouw, Pakes, Putnam, 1998; Jaffe, Fogarty, Banks, 1998; Griliches,
1990).

1.4. Selected application examples of patent statistics

Patent documentation is a rich source of information about the directions of ongoing research
programmes, invention activity and the innovative and competitive potential of the economy and
its entities. The final part of this chapter presents two examples of patent statistics application in
socio-economic studies. The first example is related to the proposed use of the IPC to describe the
development of an information society; the other one is a case study of a global enterprise, International

Business Machines.
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1.4.1. Methodology of measuring the information society

Despite numerous controversies related to describing the information society (Bendyk, 1999;
Doktorowicz, 2002; Mattelart, 2004; van Welsum, 2005; et al.), the majority of definitions reveal
a common theme. That is, information and communication technology (ICT). The OECD manual
(2009) highlights very clearly the ICT as a basic element of a quantitative (statistical) model description
of the information society. The OECD guidelines (2009) are a result of many years of conceptual work
by Schmookler (1966), Scherer (1982), Evenson and Putnam (1988), and Griliches (1990).

The methodology of measuring the information society uses a selection of IPC subclasses and
subgroups which define the ICT sector (OECD, 2009). Table 3 lists these subclasses and subgroups.
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Table 3. ICT sector mapping with IPC

Telecommunications
GO1S Radio navigation
GO08C Transmission systems for measured values, control or similar
signals
G09C Ciphering apparatus
HO1P, HO1Q Waveguides, resonators, aerials

H015003-025, H01S003-043, H015003-06, H01S003-085,
H015003-0915, H01S003-0941, H01S003-103, H01S003-133,
H015003-18, H01S003-19, H01S003-25, H01S005

Laser conductors

HO03B-D Generation of oscillations, modulation, demodulation
HO3H Impedance circuits, resonators
HO3M Coding, decoding
HO04B Transmission
HO04J Multiplex communication
HO04K Secret communication
H04L Transmission of digital information
H04M Telephonic communication
H04Q Selecting, relays
Consumer electronics
G11B Information storage based on relative movement between
arecord carrier and transducer
HO3F, HO3G Amplifiers, control of amplification
HO03J] Tuning resonant circuits
HO04H Broadcast communication
HO04N Pictorial communication, television
HO04R Acoustic electromechanical transducers
H04S Stereophonic systems
Computers and office appliances
B07C Postal sorting
B41] Typewriters
B41K Stamping devices
GO2F Devices for the control of the intensity, colour, or direction of
light
G03G Electrography
GO5F Systems for regulating electric or magnetic variables
G06 Computing, calculating, counting
G07 Checking-devices
G09G Arrangements or circuits for control of indicating devices
using static means to present variable information
GI10L Speech analysis or synthesis
G11C Static stores
HO03K, HO3L Pulse technique, automatic control, synchronisation or

stabilisation

Other

GO01B, G01C, G01D, GO1F, G01G, G01H, G01]J, GO1K, GOIL,
GO01M, GOIN, GO1P, GO1R, GO1V, GOIW

Measurements, testing

G02B006 Optical waveguides

GO05B Control or regulating systems

G08G Traffic control systems

G09B Educational or demonstration appliances
HO1B Cables, conductors

H01J011, H01J013, H01J015, H01J017, H01J019, HO1J021,
H01J023, H01J025, H01J027, H01J029, H01J031, H01J033,
H01J040, H01J041, H01j043, HO1J045

Electric discharge tubes or discharge lamps

HOIL

Semiconductor devices

Source: OECD, (2009), Guide To Measuring The Information Society, 2009, p. 39.
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The nature and objectives of this work do not allow extensive side themes, so the reader is
encouraged to refer to the indicated sources, and/or to study the following chapters of this book. This

will help to thoroughly understand the contents of Table 3.
1.4.2. Patent activity of International Business Machines

IBM is a classic example of a global corporation. It has over 90 subsidiaries. The majority have an
international range of operations (covering 170 countries). IBM is not a homogenous corporation
and runs several businesses in different sectors. One of them is an extensive patenting business,
demonstrated by the highest number of patent applications and granted patents in the world. Apart
from this activity, active management of its patent portfolio is equally important to IBM. Table 4 lists

the number of patents granted to IBM Corporation between 1998 and 2009.

Table 4. Number of patents granted to IBM Corporation

The total number of patents granted to IBM Corporation (including all subsidiaries, S) and the share of the
subsidiaries S in the total number of granted patents

1998 2,959 13 2,716 6 243 7
1999 3,120 39 2,820 8 300 31
2000 3,256 57 2,953 9 303 48
2001 3,810 69 3,477 9 333 60
2002 3,929 328 3,348 4 581 324
2003 3,958 346 3,467 9 491 337
2004 3,929 503 3,297 12 632 491
2005 3,549 384 2,998 12 551 372
2006 4,300 371 3,691 26 609 345
2007 3,982 609 3,188 31 794 578
2008 4,369 36 4,219 22 150 14
2009 5,084 21 4,922 13 162 8
Total 46,245 2,776 41,096 161 5,149 2,615

Source: T. Sierotowicz, Wyksztalcanie wielowymiarowej strategii rozwoju innowacji w korporacji globalnej na przyktadzie
przedsiebiorstw International Business Machines (Development of a multidimensional innovation development strategy in
a global corporation on the example of businesses owned by International Business Machines), unpublished doctoral thesis.

Between 1998 and 2009 46,245 patents were recorded as granted to IBM Corporation, including
2,776 patents granted to its subsidiaries. The number includes 5,149 patents registered by WIPO and
EPO, with 2,615 patents granted to the subsidiaries. The presented calculations show that the highest
number of granted patents was registered at USPTO - a total of 41,096, including 161 patents by the

subsidiaries.

The analysis of all granted patents shows a certain pattern in the patents granted to IBM. There are
two leading sections of the IPC in each year of the investigated period: G - Physics and H - Electricity.
The preceding examples are intended to show only some of the possibilities of using the patent

classification and statistics in research and scientific description.
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Figure 3. Tree of the main intellectual property development areas at IBM Corporation

Innovation development strategy of the IBM Corporation
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Source: T. Sierotowicz, Wyksztatcanie wielowymiarowej strategii rozwoju innowacji w korporacji globalnej na przyktadzie
przedsigbiorstw International Business Machines (Development of a multidimensional innovation development strategy in
a global corporation on the example of businesses owned by International Business Machines), unpublished doctoral thesis.

The remainder of this book continues this dissertation and argumentation, albeit with a different

research approach and a different mode of employing the designed measurement tool.



Chapter 11
Preconditions for building the
methodology for measuring patent
activity of economic branches

2.1. International economic classifications, data repositories and
their use in scientific research

The research in the course of economic processes, including analyses required for the state economic
policy, are preconditioned by, for example, the availability and quality of the sets of certain economic
objects (issues)”. The modern course of global processes stimulates certain needs with respect to
international exchange of socio-economic information. This requires domestic and international
organisations to harmonise and standardise economic classification systems to ensure integrity and
comparability of global, national and regional data; while the pace of changes in specific domains
necessitates regular, periodic revisions of current economic classifications.
Currently the basic catalogue of international economic classification includes:
1) ISIC - International Standard Industrial Classification of all Economic Activities;
2) CPC - Central Product Classification;
both under the supervision of the UN;
and their European counterparts:
3) NACE - Statistical classification of economic activities in the European Community - which
forms the basis of the Polish Classification of Activities (PKD - Polska Klasyfikacja Dziatalnosci);
4) CPA - Classification of Products by Activity — the basis of the Polish Classification of Goods and
Services (PKWiU - Polska Klasyfikacja Wyrobow i Ustug);
other, i.e.:
5) IPC - International Patent Classification;

19 The problems of statistics of science, technology and innovation as an instrument of state policy are synthesised by Jan Kozlowski
in the report Statystyka nauki, techniki i innowacji w krajach UE i OECD. Stan i problemy rozwoju (The statistics of science,
technology and innovation in EU and OECD countries. The status and problems of development), see:
http://dlafirmy.info.pl/articlesFiles/raport__statystyka_nauki_techniki_i_innowacji.pdf, 1.11.2011.
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6) International Classification for Industrial Designs (the Locarno Agreement - the Locarno
Classification);
7) International Classification of the Figurative Elements of Marks (the Vienna Agreement - the

Vienna Classification);

The classifications are the basis for the generation and collection of data?® and information?, i.e.
factual databases. The use, processing, interpretation, together with inference create knowledge (cf.
Brdulak, 2005; Katuszynska 2005; Babrowski, Bonner, 2003; Skyrme, 1999).

The technological advancement in the IT infrastructure of data repositories is an important
component of social development and increase in the competitiveness of science and the economy. The
repositories are strong accelerators of growth in the intensity and effectiveness of scientific research.
By accessing diverse objects, frequently extensive collections of sources, and integrating distributed
databases, they facilitate access to and productive use of their resources.

Lately, data mining has been one of the most dynamically and intensely developed IT fields in this
area. It is defined as the discovery of new and previously unknown, potentially useful, comprehensive
and correct patterns in very large data volumes (Fayyad, Piatetsky-Shapiro, 1996; Han, Fu, Wang
et al.,, 1996). This phenomenon is a response to the increasing demand for effective processing of
data gathered in various repositories (i.e. databases of public and commercial statistical organisations,
databases of research centres and corporate databases).

In the scientific aspect, the purpose of data exploration is to assist in (cf. Witten, Frank, Hall,
2011):

1) the discovery of previously unknown dependencies and relations between data;
2) making generalisations;

3) establishing accuracy;

4) predicting the course of processes, including social and economic processes.

Exploration of data sets uses various models of knowledge creation from the patterns existing in
the data. This includes, for example: regular and periodic rules (Ozden, Ramaswamy, Silberschatz,
1998); sequence patterns (Agrawal, Srikant, 1994); cluster analysis (Everitt, Landau, Leese 2001); and
temporal courses, singularities and exceptions. The knowledge discovered in the data is an added
value. It improves the quality of the data itself and affects the course of the decision process based on
the data. Morzy (1999) lists the following examples of classes in the data mining methods:

1) discovery of associations;

2) discovery of sequence patterns;

3) clustering;

4) discovery of similarities in temporal courses;
5) detection of changes and deviations.

Discovery of associations involves searching for associations between the occurrence of groups
of elements in specific data sets (i.e. the potential of combining singular objects into units and the

dependencies in databases). The general mathematic notation of the method is:

20 Data (raw, unprocessed) - is the simplest object outside of a specific context.
21 Information - data within a context; has content and meaning.
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Data:

e I={i,i,..i} - the set of objects;

e Transaction T: a set of objects where T S I

e Database D: the set of transactions

e Transaction T includes X, where X € Lif XS T

e The rule of association: the implication of X = Y, where X, Y C I

e The rule X = Y has a confidence ¢% in the database D if ¢% of the transactions which belong to

D and contain X also contains Y
e The rule X = Y has the support s in the database D if s% of the transactions in D contains X U Y

Discovery of the temporal patterns of behaviours, e.g. searching for sequences of stock quotations,
behaviour of customers of insurance companies or patent applications. The general mathematic
notation of the method can be:

Data:

e I={i,i,..i} - theset of objects;

e Transaction T a set of objects where T'C I

e Sequence: the list of transactions of a single entity
e Sequence database D: the set of sequences.

The purpose of this class of methods is to find a finite set of object classes (clusters) in databases
with similar characteristics. The objects can be separate, complete, and can also form hierarchical
and overlapping structures. The clustering process can follow two cycles: the external cycle follows
the number of possible clusters and the internal cycle tries to find an optimum division of objects into
clusters.

Discovery of similarities in temporal courses is a search for similarities in the temporal courses
which describe certain processes.

Detection of changes and deviations is generally applied in the analysis of large volumes of
multidimensional data. The purpose of such analysis is to identify the nature and directions of trends,
and to identify the changes in processes which generate the data. The complementary goal here is to
find differences between actual and expected data values.

Discovery of knowledge with the use of distributed databases and the integration of generally
accepted statistical classifications (public statistics) involves searching for distinct patterns and rules
which were previously unknown and which are potentially useful for supporting the decision-making
process in economic policy and for a better description and interpretation of hidden contents of
a database. However, the raw data stored in databases with complex models of data processing cannot
be accepted as scientific knowledge. It only becomes such knowledge if a completed analysis of data
sets is a coherent stage of the entire complex research process. The mental construct and its resulting
research approach still remain the most important stage of the process. This work lays the structure of
the research process on, inter alia, the assumption of the feasibility to integrate two different economic
classifications:

1) Statistical Classification of Economic Activities in the European Community, NACE;

2) International Patent Classification, IPC.



2.2. Statistical Classification of Economic Activities in the
European Community

The processes of deepening economic integration within the European Communities, including
the ongoing creation of the community market, required unified statistical standards applicable
for collection, transmission and publishing of domestic and community statistics. The information
was (is) necessary in the following areas of the community policy: structural, competition, industry,
agriculture or monetary policy. The response to this demand was the Council Regulation passed in
1990 on the statistical classification of economic activities in the European Community (Council
Regulation..., No. 3037/90).

The Regulation formed a unified basis for statistical classification of economic activities, ensuring
comparability between classificatio