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«innovative industrial potential». The second factor is related to GDP, protection of IP abroad,
funding of science and IP revenues. It can be conditionally attributed to the productive
power of science. The number of research personnel also correlates with these indicators.
This study confirms the inextricable relationship between the indices of the innovative state
of science and industry, whose characteristics include R&D funding, export of high-tech
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“‘Uncmumym mennopuzuxu um. C. C. Kymamenaose CO PAH

Poccuiickaa @edepayus, Hosocubupck
SHncmuniym 5KOHOMUKU U OP2AHU3AYUL
npomwviiunernoeo npoussoocmea CO PAH
Poccuiickaa @edepayus, Hogocubupck

AnHoTanus. Ha ocHOBe aHanm3a craTucTHuecKux AaHHBIX 40 cTpaH, 0TOOpaHHBIX
IO JI0JIE B HKCTIOPTE BBICOKOTEXHOJIOTHYHON MPOAYKIINH, BBISIBIICHA 1 000CHOBAHA CBA3b
TMOKa3aTeNnel Mo HHTEIIeKTyanbHoi coocTBeHHOCTH (VIC) ¢ nHIEeKCaMH, XapaKTepU3yIOIIMU
3¢ PeKTUBHOCTH pabOTHI HAIMOHAIBHOW MHHOBAIIMOHHOM CUCTEMBI U COCTOSIHHE €€
CyOBEKTOB — HayKH M IIPOMBIIINICHHOCTH. BBISIBIIEHO 1Ba (pakTOpa: MEpBbIil CBSI3aH
C IPOMBIIICHHOCTBIO U MOKET OBITh Ha3BaH «MHHOBAIIMOHHBIN MPOMBINIICHHBIN
MOTEHIMAI»; BTopoii cs3aH ¢ BBII, 3amuToii IC 3a pybexoM, puHaHCHPOBaHHEM HayKU
u poxoaamu ot C. Ero Mo>kHO yCIIOBHO OTHECTH K «IIPOU3BOAUTEIBLHOM CHIIE HAYKWY.
C 3TUMU [TOKA3aTeNIIMU KOPPEIUPYET TAKXKE YUCIEHHOCTD UCCIIEA0BATEIbCKOIO IEPCOHANIA.
JanHoe uccienoBanye NOATBEPKIAET HEPA3PLIBHYIO CBA3b MHIEKCOB HHHOBALILOHHOIO
COCTOSIHUSI HAyKU U IPOMBIIIJICHHOCTH, CPEIH MOKa3aTesneil KOTOPhIX (PMHAHCUPOBAHHE
HUOKP, sxcnopT BBICOKOTEXHOJIOTHYHON npoayknuu, MC u npou3BOaACTBO
METa/uI000padaThIBAIOIIET0 000PYIOBaHHS.

KuarwueBble ciioBa: UHTCJIJICKTYyaJIbHas CO6CTBCHHOCTL, IIaTCHTHAaA CTaTUCTHKA,
KOMMEpLIHain3anus PIHHOBa].IPIﬁ, HU3MCPUTCIIA UHHOBAITUOHHOI'O PA3BUTHA, CTaTUCTUYECKUI
aHaJIn3.

Crarbs MOATOTOBIICHA B paMKax TOCYAapCTBEHHOTO 3aaHusl 1Mo mpoekTy 5.6.1.5 (0260—
2021-0002) «MHTETpaIus U B3aUMOACHCTBHE ME30OKOHOMHYECKUX CHCTEM W PHIHKOB
B Poccum 1 ee BOCTOUHBIX pernoHax: METOIOJIOTHS, aHAJIH3, IPOTHOZUPOBAHUECY.

Hayunas cneuuansHocTs: 08.00.00 — s3xoHOMHUYECKHE HAYKHU.

Introduction

Over the past half century, a key factor in
the development of economic systems has been
presented by innovations, which have determined
the qualitative changes in interaction of science,
business, and state. In the post-industrial
economy, these main subjects of the national
innovation system (NIS) — the state, science,
and business — become closer and their functions
intersect; and according to the triple helix model,
representatives of science occupy a dominant
position in the system of innovative development
(Etzkowitz, 2008; Leydesdorft, 2005).

In innovative economy, science acquires
the features of productive power; universities
carry out applied research, create engineering
centers and small innovative enterprises, and
receive income from the transfer of knowledge
and intellectual property rights to industry.
Business creates scientific departments and
finance research, receives income from the high-
tech productions.

Thus, accelerated commercialization of
innovations takes place, and rapidly developing
and highly profitable market of intellectual
property (IP), production and export of high-tech
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products (hi-tech) are the results of this process.
Accordingly, there should be a link between
high-tech export performance and IP market.

Therefore, the successful commercializa-
tion of inventions and new technologies re-
quires the close level of «innovative develop-
ment» of industry and science.

Is it possible to measure the level of inno-
vative development of industry and science?

Systems for measuring the innovative
development of industry and science

Currently, in literature and economic theo-
ry there are a significant number of methods for
assessing innovative development, primarily
on the basis of global innovation indices (The
Global Innovation Index, 2012) and intellectual
property!, but is it possible to distinguish the
factors related to industry and science among
them?

Intellectual property of the country (i. e.,
IP owned by the residents, individuals, and legal
entities) is associated with all subjects of NIS and
their state: the level of high-tech industry devel-
opment, the level of human capital development,
legislative and monetary policy of the country,
funding of research and even with national char-
acteristics of economy (Chulok, 2006; Acs, Au-
dretsch, 1989; WIPO website, Global Innovation
Index, 2012). Indices related to IP are included
in all official statistical statements characteriz-
ing the level of economy, science, industry, and
labor resources development.

The index associated with intellectual
property, its types and dynamics is objective
and accurate. Information on IP, patent appli-
cations and patents in each country, which is
a member of the World Intellectual Property
Organization (WIPO) is reliable, open, accessi-
ble, and uniform. A patent is an open document
containing information about the authors, right
holders, territory of protection, filing date,
technical field of invention, its analogues, and
application text.

The generally accepted clause in foreign
sources is that patent statistics provides the
measurement of innovative activities (Acs, Au-
dretsch, 1989). The number of patents obtained
almost directly depends on the volume of in-
vestments in R&D of industrial enterprises

(Griliches, 1990). Such dependence allows us
to reasonably speak about a certain objective
indicator of the technological level of a com-
pany or even a country, which correlates very
well with R&D expenses and the number of
patents owned by the company (state).

A comparison of patent indicators and in-
dicators of R&D costs can serve as one of the
indicators of the economic efficiency of the lat-
ter (Belousova, 2016).

An analysis based on the number of pat-
ents yields the results that coincide with other
more or less direct dimensions of innovation
(European Commission, 2007; European Com-
mission, 2005) by the European Commission,
which makes it possible to consider the growth
rate of patents as an effective indicator of
changes in innovative dominance. In addition,
the use of data from WIPO, the European Pat-
ent Office and national patent offices for com-
parative analysis has become common practice
both in political documents [9, 10] of the EU
and in academic studies (Smith, 2004; Fager-
berg, Feldman, Srholec, 2011).

The data on applications for inventions
and the number of patents for inventions are
most widely used in economic studies.

The number of patents is one of the com-
ponents of «technological capital» (Fagerberg,
Feldman, Srholec, 2011; Innovation: a Europe—
United States...) and is used to compare tech-
nological capabilities and development of the
USA and Europe: two world regions that have
comparable political weight. To assess techno-
logical potential and innovation in general, it is
proposed to use investments in R&D and other
indicators related to knowledge dissemination
and use. Based on factor analysis, J. Fager-
berg has substantiated the relationship of such
indicators as the number of scientific papers,
international patents, and business investment
in R&D, suggesting the presence of a certain
factor, which he called «technological capital»
(Fagerberg, Feldman, Srholec, 2011). At that,
state investments in R&D practically do not
correlate with the above indicators.

The indicators of the effectiveness of IP
commercialization are the rating ones for the
universities (for example, the rating agency
CWUR draws attention to the number of inter-
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national patent applications made on behalf of
the university).

On the other hand, the total number of pat-
ents for inventions is an important indicator,
but it cannot be the only measure of innova-
tion (Smith, 2004). Patenting is used in some
technological fields (chemistry, biotechnology)
more widely than in others. Many inventors
protect the inventions which will never enter
the market with patents; on the other hand,
many innovations that have entered the market
are not patented. Therefore, although patents
provide complete information on certain issues
of technological activity, it is necessary to use
other IP indicators to assess the level of eco-
nomic development.

Choice of indicators

To justify the choice of IP indicators, we
have analyzed the relationship between IP data
and the stages of innovation commercializa-
tion. While inventions may appear in univer-
sities and research institutes, other objects of
industrial property, such as trademarks and
industrial designs, are protected primarily by
industrial enterprises. The stages of innovation
commercialization are related to the character-
istics of the resulting IP and right holders in the
following manner (Table 1):

at the stage of fundamental and explor-
atory research, IP is protected in the form of
know-how or invention, the right holder is a
university (research institute);

in applied works, inventions are protected,
the right holders are R&D executors, industrial
enterprises;

at the stage of export, inventions are also
protected abroad.

Other objects of industrial property (in-
dustrial designs and trademarks) appear at
mass production, and expansion of the territory
of their protection indicates an access to the in-
ternational markets.

Receipts from mass production and export
are used to finance new R&D: this is how the
«flywheel of innovation» spins.

In addition, depending on the type of
R&D, the number of inventions related to one
innovation is growing; with expansion of pro-
duction, the number of trademarks (TM) and
industrial designs is growing, and the cost of
intellectual property items is increasing (a Pro-
Licensing Era?).

This ratio of commercialization stages and
IP characteristics allows using the IP structure as
an indicator of the state of research at each stage,
characteristic of the innovative level of NIS sub-
jects, and intensity of their interaction (Table 1).

Table 1. The scheme of a change in the structure and characteristics
of intellectual property at various stages of commercialization of innovations
in the post-industrial structure

I 1T 11T v A% VI
Innovation Research, Research, Development | Pilot batch Mass Export
stage basic (orient- applied production
ed) research research
Type of IP Know-how, Invention Invention Invention TM, indus- Invention,
invention trial designs industrial
designs, TM
Territory of National National National National, National, National,
protection abroad abroad abroad
Right holders | Research in- Research Business Business Business Business
stitutes, uni- institutes,
versities, state | universities,
business
Funding State State and Business Business Business Business
business and state
Compiled by the authors.
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Inventions are the basis for the creation of
innovations, as well as creation of trademarks
(TM) and industrial designs, accompanying
the process of commercialization which char-
acterizes intensity of this process. Significant
material and human resources are required to
create an invention, and TM and industrial de-
signs practically do not bear the material or in-
tellectual costs for their creation.

Therefore, inventions, trademarks and in-
dustrial designs can be a characteristic of the
level of development of all NIS elements: sci-
ence, industry, education, society (human capi-
tal), institutions, and infrastructure.

In addition to the IP data, it is possible to
evaluate the innovative state of science by the
number of researchers and funding by business.

How to evaluate the innovative state of in-
dustry? The main criterion for developed high-
tech industry is the export of products with a
high share of added value.

As it was shown in (Perepechko, 2014;
WIPO website), the production of metalwork-
ing equipment, or machine-tool construction
is an important indicator of industrial and
high-tech development. Occupying only a few
percent of the share of manufactured goods,
machine-tool construction is fundamental to
the development of all industries. It provides
the main production base, which includes
production facilities, qualified personnel, and
industrial culture (Heinrich, 2001). Machine-
tool industry determines the scientific and
technological progress in the modern world,
it is capital intensive, and requires the use of
highly qualified labor resources; therefore it
is localized mainly in industrially advanced
countries. Machine-tool construction data are
also reliable, as there are analytical reviews of
machine-tool companies, for instance, Gardner
Business Media, Inc.! publishes annual reviews
on machine-tool construction.

Therefore, to assess the innovative poten-
tial of industry, it is proposed to add an indi-
cator related to production and export of metal-
working equipment. Metalworking equipment
(MWE) is one of the important components
of high-tech export: its production, export and
import can also characterize the innovative de-
velopment of industry. According to Gardner

Business Media, Inc, any significant export of
high-tech products, production of MWE and
IP ownership are carried out by 3—4 dozen of
countries. The same countries implement ex-
port and import of MWE.

The leaders in MWE production in 2015
were China, Japan, Germany and the USA. The
remaining countries produce less than a half of
the total MWE. In BRIC countries, MWE im-
port prevails over its export. The indicators of
MWE production and export can be a charac-
teristic of the state of high-tech industry and
can be related to the IP market. Further, this
was confirmed by a strong correlation between
the production of MWE, high-tech export, and
IP data (Table 2).

Forty countries were selected to check
the hypothesis concerning the relationship be-
tween innovative indicators of industry and
science, and IP indices. They were selected ac-
cording to one criterion: high-tech export. This
criterion was chosen because it completes the
process of commercialization and is a measure
of innovation success.

If countries are ranked by the share in
the export of high-tech manufacturing sector
(high-tech), then it turns out that 40 first coun-
tries export almost 100 percent of the world
high-tech products (Yagolnitser, Perepetchko,
2017; Chulok, 2006).

This number includes the same countries
as the countries that produce, export, and im-
port metalworking equipment and possess IP.
Further, for these 40 countries, according to
Appendix A, the pair correlation coefficients
(Pearson) are calculated.

Results

The indicators used in this study, 13 in to-
tal:

GDP;

export of high-tech products;

the number of resident applications for in-
ventions to the National Patent Office (NPO);

the number of resident applications for in-
ventions filed abroad;

the number of resident applications for in-
dustrial designs to NPO;

the number of resident applications for in-
dustrial designs filed abroad;
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the number of resident applications for
TM to NPO;

the number of resident applications for TM
filed abroad;

total funding of science;

funding of science by business;

production of metalworking equip-
ment;

receipt from IP;

payments for IP.

The obtained correlation coefficients are
presented in Table 2.

Then the factor analysis was performed,
and two factors were identified. The first is re-
lated to industry and may be called «innova-
tive industrial potential», the second is related
to GDP, IP protection abroad, science funding
and IP receipt. It can be conditionally attribut-
ed to scientific business: the productive power
of science. Factor loads are given in Table 3.

Thus, the data on the IP objects can be
indicators of the innovative level of industry:
these are the data on inventions, TM, industrial
designs of the National Patent Office (NPO),

Table 2. Correlation coefficients between indicators of innovative lev-
el of science and industry according to the data for 2016*

1 2 3 4 5 6 7 8 9 10| 11| 12|13
Export of high-tech products | 1.00
Applications for in-
ventions to NPO 0.1 1.00
Applications for inven-
tions filed abroad 04610401 1.00
Applications for TM to NPO | 0.87|0.97 | 0.17 | 1.00
Applications for TM
filed abroad 0.5710.39 | 0.66 | 0.30 | 1.00
Applications for indus-
trial designs to NPO 0.880.96 | 0.17 { 0.99 | 0.33 | 1.00
Applications for industri-—| o 561 39 | 0,68 | 0.29 0.96 | 0.32 | 1.00
al designs filed abroad ‘ ‘ ‘ ' ’ ‘ ‘
GDP 0.66 | 0.67 [ 0.79 | 0.54 | 0.71 | 0.50 | 0.66 | 1.00
Science expenses 0.61 |1 0.60 {0.86|0.44|0.71 | 0.41 | 0.67 { 0.98 | 1.00
MWE production 0.86|0.85|0.59 (0.76 | 0.58 | 0.80 | 0.62 | 0.60 | 0.57 | 1.00
Science funding by business | 0.66 | 0.67 | 0.86 | 0.50 | 0.69 | 0.48 | 0.66 | 0.98 | 0.99 | 0.64 | 1.00
Payments for IP 0.36 [ 0.28 | 0.46 | 0.20 | 0.38 | 0.18 | 0.34 | 0.47 | 0.49 | 0.26 | 0.48 | 1.00
Receipt from IP 0.27]0.21 [ 0.85|0.02 | 0.64 | 0.01 | 0.59 | 0.80 | 0.86 | 0.24 | 0.83 | 0.57 | 1.00

Calculated by the authors based on data of the World Bank, WIPO, UNESCO and Gardner Business Media.

*Note: the following notations are accepted here:

1. - Export of high-tech products in US dollars;

2. - Number of applications for inventions to NPO, it.;

3. = Number of applications for inventions filed abroad, it.;

4. - Number of applications for TM to NPO, it.;

5. = Number of applications for TM filed abroad, it.;

6. - Number of applications for industrial designs to NPO;

7. = Number of applications for industrial designs filed abroad;
8. - GDP in US dollars;

9. - Science expenses - by all sources, in US dollars;

10. - Production of metalworking equipment (MWE) - in millions of US dollars, in 2015;
11. - Science funding by business in US dollars;

12. - Payments for IP - in US dollars;

13. - Receipt from IP - in US dollars.
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Table 3. Results of factor analysis by 40 countries and 13 indicators

Factor 1 Factor 2

Export of high-tech products 0.877 0.378
Applications for inventions to NPO 0.943 0.278
Applications for inventions filed abroad 0.135 0.910
Applications for TM to NPO 0.979 0.087
Applications for TM filed abroad 0.273 0.788
Applications for industrial designs to NPO 0.990 0.072
Applications for industrial designs filed abroad 0.281 0.757
GDP 0.432 0.846
Science expenses 0.340 0.899
MWE production 0.809 0.400
Science funding by business 0.414 0.870
Payments for IP 0.111 0.575
Receipt from IP -0.098 0.957
Number of observations 40 40

Calculated by the authors.

high-tech exports, and MWE production. The
R&D expenses are related to the protection of
IP abroad, receipts from IP, and GDP.

As it follows from Table 1, the number of
IP objects should be associated with produc-
tion and export of high-tech products. Indeed,
applications for IP objects are in good cor-
relation with the export of high-tech products
(Table 2).

As for the relationship between science
funding and the number of applications for
inventions in the NPO, the correlation coeffi-
cient is not very high and is equal to 0.6. Even
a weaker dependence of science funding (full
funding from all sources) on the number of
inventions in the NPO for a separate sample
of countries is noted in (Arkhipova, Karpov,
2014). But IP protection abroad is highly cor-
related with GDP, R&D expenses, and science
funding by business.

Receipts from IP correlate with R&D ex-
penses (World Bank data of 2016, in dollars),
the correlation coefficient is 0.86.

Production of metalworking equipment
(MWE) is associated with the export of high-
tech products and applications for all IP objects
of residents to the NPO.

In addition to the above indicators, a cor-
relation analysis was performed on patents for
inventions obtained in 2016 by the residents in
the NPO for information and communication
technologies (according to WIPO!), these are
technologies from number 2 to number 8 in the
WIPO classification, and according to the num-
ber of researchers.

There is a strong correlation between the
patents in the field of information and commu-
nications technology (ICT), the total number of
applications to the NPO and applications filed
abroad, the costs of R&D, and receipt from IP
(Table 4).

The number of research staff per 1 million
people is highly correlated with R&D funding
as a share of GDP (with a correlation coeffi-
cient of 0.89). The absolute number of research
staff correlates with other indicators of the «in-
novative potential of industry» (Table 5).

This study confirms the inextricable link
between indicators of innovative development,
namely, the export of high-tech products, IP
and industrial production of metalworking
equipment.

IP data also correlate with value added in
industry (Fig. 1 and 2.)
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Table 4. Correlation coefficients between patents in the field of ICT, R&D funding and receipts from IP

2 Iel
\ e [ k,& N 50 a,
Peltz oz S | SE LSS5 5y |4 s
=R (93 S3S| o S5 |23=|IE= , < N §
=< |28 S 2 8| 8 S3S |83 2o[8= 8 5 S 2 2
SF |3 S ST €5 = =3 =23 ° 3 ° 2 = 9 =
=9 |83 S 3.3 3R ST [S3 23T 3 ® 23 o S =
SRS 8| 82|88 El2s] ¢ QN | 2 s
S RT2RTR RS | RS (R T ElRS 8 NS S
53 1252853 2| RS |25 88T 3 S| 3= >
HS S 8<TSE| -8B | SR |8 vsg =» =3 | a8 <
1T 0.68 0.75 0.83 0.58 0.55 0.56 0.54 0.94 0.68 0.97 0.74
patents
Calculated by the authors based on the data of the World Bank, WIPO, UNESCO, and Gardner Business Media.
Table 5. Correlation coefficients between the number of research staff and in-
dicators on IP, high-tech export and MWE production in 2016
Export of Nurr'zbelf of Numb?r of Nu'mb?r of ap- '
. applications | applica- | plications for Science MWE
high-tech . . ; . . - ICT patents
voducts for inventions | tions for | industrial de- | expenses | production
p to NPO | TM to NPO | signs to NPO
Research
staff 0.83 0.87 0.76 0.74 0.88 0.78 0.92

Calculated by the authors based on data of the World Bank, WIPO, UNESCO and Gardner Business Media.
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Calculated by the authors based on data of the World Bank and WIPO.

Fig. 1. Correlation between the value added in industry and applications of residents
for inventions to the NPO in 2010

The correlation coefficient between the
value added in industry and applications of res-
idents for inventions to the NPO in 44 «innova-
tively advanced» countries that are at the top of
the list by the share of high-tech export in 2010
is 0.86 (Fig. 1). The correlation coefficient for
the value added in industry and resident” appli-

cations for TM for all countries in 2010 is 0.91
(Fig. 2).

If we analyze which indicators are the
cause, and which are the consequence, then it
is obvious that the growth of industrial pro-
duction causes an increase in applications for
TM, industrial designs, and not vice versa.
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Calculated by the authors based on data of the World Bank and WIPO.
Fig. 2. Correlation between the value added in industry and applications of residents

for trademarks to the NPO in 2010
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Fig. 3. Dynamics of protection of IP objects in

China (residents to the NPO). According to WIPO

- applications for TM; —applications for inventions; —applications for industrial designs

Number, items / Year, China.

As for the relationship between inven-
tions and industrial production, here the caus-
al relation is not so obvious. What is primary?
Whether the impact of innovation leads to an
increase in industrial production (TM), or the
developing industry (TM) stimulates science
and innovation?

Let us consider the diagrams of TM and in-
vention protection in the countries where the tran-

sition to an innovative structure took place in a few
decades: China, South Korea, and Japan (Fig. 3-5).

Using the example of China, it is easy to
track that at the beginning of the innovation
spurt, there is an increase in TM associated
with the development of industry, which stim-
ulates the financing of scientific research and
the growth of applications for inventions and
industrial designs (Fig. 3).
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In China, Japan and South Korea, this
trend is repeated: at first there was an increase
in TM, and then there was an increase in inven-
tions (Fig. 3-5).

Thus, the dynamics of TM protection
within the country and abroad can be an indi-
cator of the development of industrial produc-
tion. Accordingly, among the indicators on IP,

the resident applications for TM are important
because they are associated with the develop-
ment of industry.

Conclusions

The relationship of IP indicators with in-
dices characterizing the effectiveness of the
national innovation system and the state of its
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subjects (science and industry) has been iden-
tified and statistically justified based on the
correlation analysis of statistical data for 40
countries, selected by the share of high-tech
products in export, taking into account the
patterns of evolution of the characteristics of
industrial property (IP) objects in the process
of commercialization, in addition to the Global
Innovation Indices and other systems for mea-
suring innovative potential.

Export of high-tech products is an in-
dicator of NIS performance and is in a fairly
strong correlation with the number of resident
applications for inventions, trademarks and in-
dustrial designs.

In this work, the data on production and ex-
port of metalworking equipment are examined
as the state indicators for the high-tech industry.
A strong correlation between the MWE produc-
tion, high-tech exports, and IP data was found.

To assess the innovative potential of in-
dustry, it is proposed to take into account the
indicator associated with production and ex-
port of metalworking equipment.

Two factors were identified using a sta-
tistical analysis. The first is related to indus-
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