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ABSTRACT

We investigate the innovational determinants of “Patent Applications” in Europe. We use
data from the European Innovation Scoreboard-EIS of the European Commission for 36
countries in the period 2010- 2019. We use Panel Data with Fixed Effects, Panel Data with
Random Effects, Pooled OLS, WLS and Dynamic Panel. We found that the variables that have a
deeper positive association with “Patent Applications” are “Human Resources” and
“Intellectual Assets”, while the variables that show a more intense negative relation with Patent
Applications are “Employment Share in Manufacturing” and “Total Entrepreneurial Activity”.
A cluster analysis with the k-Means algorithm optimized with the Silhouette Coefficient has been
realized. The results show the presence of two clusters. A network analysis with the distance of
Manhattan has been performed and we find three different complex network structures. Finally,
a comparison is made among eight machine learning algorithms for the prediction of the future
value of the “Patent Applications”. We found that PNN-Probabilistic Neural Network is the best
performing algorithm. Using PNN the results show that the mean future value of “Patent
Applications” in the estimated countries is expected to decrease of -0.1%.

Keywords: Innovation, and Invention: Processes and Incentives; Management of Technological
Innovation and R&D; Diffusion Processes; Open Innovation.
JEL Classification: 030; 031, 032; 033; O36.

INTRODUCTION-RESEARCH QUESTION

In the following article we analyze the issues related to industrial patents in Europe. The
analysis presented is essentially of a metric nature. The choice of analytical methodologies was
due to the need to identify the presence of econometric relationships in the multivariate model,
to verify the existence of clusters and network structures and to predict the future trend of the
variable for the countries consideredusing machine learning algorithms.

The choice of the theme, namely patents, is essential in the current socio-political and
international economic context. In fact, the knowledge economy, cognitive capitalism, the
information society have created a very strong competition among countries to have more and
more patents. In this sense, twoblocs of countries are substantially geographically opposed: on
the one hand the United States and on theother the Asian countries with China, Japan, and South
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Korea. The role of Europe, on the other hand, appears to be completely marginal and the old
continent seems truly backward in the competition of knowledge, in the tech-war that inevitably
involves China and the USA, on various fronts, such as for example on the issue of micro-chips.

The same econometric analysis carried out in the article shows how even investment in
human capital is not enough to increase the registration of patents because obviously without
large companies operating in high-tech sectors it is very difficult to carry out patenting activities.
It follows that the entrepreneurial structure of European industry, apart from a few
geographically determined exceptions, appears to be largely backward and lacks the necessary
capacity to compete on an equal footing with the US and China. It is therefore necessary to
intervene with economic policies and with a reform of economic institutions to also give
incentives to companies that propose patents and make sure that the connection between the
public-private research system and profit-oriented companies is more stringent and oriented to
the creation of new patents. The ingenuity of Europeans and their ability to profit from scientific
and technological works seem truly far behind in knowledge-intensive areas in respect to more
competitive countries and technological powers such as the US and China.

LITERATURE REVIEW

Below is a brief analysis of the literature that serves to frame the issues relating to the
role of patents in promoting technological innovation, research and development and economic
growth. Obviously at this juncture it was decided to avoid mentioning the age-old question
relating to the hypothesis of free patenting, as there are in fact some economists who have railed
against copyright (Boldrin, 2002). On the contrary, we have assumed that patent rights play a
role in promoting technological innovation and economic growth, while also highlighting how
any further restrictions in patent law could have socially adverse effects such as those related to
growth of income inequality. (Barragan-Ocafia, 2019) refer to the use of industrial patenting in
the biotechnology sector with reference to the following countries namely: Chile, Mexico,
Argentina, Brazil, and Cuba. The analyzed period is between 1999 and 2015. The authors are
particularly wondered if it exists if it exists A relationship between research in research and
development as a percentage of GDP and the value of industrial patents at national level. The
results show that there is a positive relationship between research in research and development as
a percentage of GDP and the number of industrial patents in the biotechnology sector. (YASAR,
2020) analyze the presence of a relationship between expenditure on research and development,
industrial patents, and the impact on the export of high-tech products. The authors used data from
52 countries in the period between 2007 and 2018. The results show that the 1% growth in the
number of patent applications increases exports of high-tech products by 0.01%. (Daizadeh,
2021) identify the presence of a long-term relationship between trademarks and patents using
data between 1977 and 2016. The results show that trademarks and patents are cointegrated and
have the same attributes in terms of distribution, seasonal variations, and short-term cross-
periodicity. (Sen, 2011) consider the role of patent applications in the medical sector in India.
At present the number of Indian patent applications in the medical sector are growing. However,
the number of Indian patent applications is approximately 17% of the total worldwide value. The
authors expect a significant growth in Indian patent applications and expect production in terms
of value equivalent to an amount of 50 billion dollars by 2025. (Ervits, 2020) analyze the
various forms of technological innovation distinguishing between individual inventionsand
organizational inventions or inventions made within organizations such as universities or
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companies. The author considers both developing countries and developed countries in the period
between 2013 and 2015. The results show that the countries in which individual patenting is
more widespread have anoverall reduced level of economic development. On the contrary, the
countries in which the organizations carry out the innovations have a higher level of economic
progress. Individual patenting is simply considered as a sign of the presence of untapped
innovative potential. (Link, 2021) analyze the relationship between the increase in research and
development spending and the increase in the number of license applications. The author verifies
that the 10% increase in expenditure in terms of R&D creates growth between 1.52 and 2.04% of
the applications appliances per 100 scientists. (Zhao, 2019) analyzes the relationship between
investment cuts in public universities and the impact on the production of patents by the
universities themselves. The author shows that divestment by public universities led to a
reduction in the number of patents and to a reduction in the salary for researchers and staff.
(Boeing, 2019) apply a qualitative indicator to measure the level of the quality of the license in
China by distinguishing the citations in foreign, domestic, and self-citations. The authors verify
that using foreign citations, the quality of the license in China is approximately 1/3 of the
corresponding value for other countries. However, using domestic citations and self-citations is a
higher value for the quality of the license. However, the authors conclude that domestic and self-
citations should not be used as these can generate false results and attribute to the quality of
Chinese licenses a value higher than the real one especially in an international comparison.
(Silva, 2017) analyze the relationship between industrial property patents and academic patents
in Brazil. The authors verify that most patents in the high -intensity sectors of scientific research
are owned by the university with a value of approximately 66.1% while the component owned by
non -university entities is 33.9%

Xu, 2021 analyze the relationship between the presence of members of the Communist Party on
the board of Chinese companies and patent applications. The authors show that the presence of
Chinese Communist Party members on the board of Chinese companies tends to increase the
likelihood of patent infringement and reduces the number of patent applications. (Kabulova,
2020) consider the negative impact that technological innovations have in the financial sector
through the development of new patents. The authors point out that to resist this destructive trend
it is necessary for companies operating in the finance sector to make abundant investments in
technology to defend themselves from the destructive competition of fintech startups. (Ferreira,
2020) highlight the relationship between environmental patents and economic growth at the
country level. (Luan, 2019) analyze the relationship between the recognition of patents produced
by universities and the gross domestic product on a regional basis. The authors verify that the
gross domestic product calculated on a regional basis has a positive impact on the production of
patents from university productseven if the inverse relationship is not verified. Furthermore, the
impact of regional GDP on the ability of universities to apply for patents tends to be higher in
Beijing and in the southern regions than in other regions of China. (Mensah, 2019) show the role
of eco-patents in reducing CO2 emissions in OECD countries. (Lu, 2019) refer to the role that
restrictions on patent law play in promoting economic growth and income inequality.
Furthermore, it is necessary to consider the presence of gender discrimination found in the USA
in the obtaining and conservation of patents (Jensen, 2018).

The Econometric Model for the Estimation of the Economic and Innovational Determinantsof
Patents

An econometric analysis is proposed below to investigate the relationships existing
between industrial patents and some variables that are part of the European Innovation
Scoreboard-EIS of the European Commission. The aim is to verify, in the context of the
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multivariate analysis, which are the elements that positively or negatively affect the
determination of industrial patents. In particular, the following econometric models have been
used: Dynamic Panel, Pooled OLS, Panel Data with Fixed Effects, Panel Data with Random
Effects, WLS. The data analyzed refer to 36 European countries for a period between 2010 and
20109.

In particular we have estimated the following equation:
Patent Applications it

e =al+bl(Employment share manufacturing)it

e + b2(Foreign Controlled Enterprises share of value Added) it

+ b3(Human Resources)it + b4(Intellectual Assets)it

+ b5(Knowledge Intensive Services Exports)it + b6 (Linkages)it

+ b7(New Doctorate Graduates)it

+ 8 (Opportunity Driven Entrepreneurship)it

+ 9 (Private Co Funding of Public R and D Expenditures)it

+ b10(R and D Expenditue Business Sector) it + b11(Tertiary Education)it
+ b12(Total Entrepreneurial Activity)it + b13 ( Trade Mark Applications)it
+ b14(Turn Ove share SMEs)it i =364t= [2010: 2019].

Specifically, we found that the variable Patent Applications is positively associated with:

Human Resources (Leogrande, 2021): is a variable consisting of the sum of the
following sub-variables, namely “New Doctorate Graduates” (Leogrande, 2022), “Population
Aged 25-34 With Tertiary Education”, “Lifelong Learning” (Costantiello, 2022). There is a
positive relationship between the value of the Patent Applications variable and the value of the
"Human Resources™ variable. This relationship can be better understood considering that the
development of human capital is necessary to develop Patent Applications. In fact, patents are
the result of the creativity, ingenuity, and technical-scientific ability of human capital, applied to
technological innovations, inventions and research anddevelopment. It follows that if a country
intends to increase its patent production capacity, then it can invest in the development of
human capital. In this sense, it is also possible to create institutional relations between
companies, university research institutions and private research bodies, to generate positive
effects in terms of patenting and the possibility of industrialization of patents.

Intellectual Assets: Intellectual assets (Costantiello, 2021) is a variable consisting of the
following sub-variables, namely “PCT Patent Applications”, “Trademark Applications”, “Design
Applications” (Leogrande, 2021), There is a positive relationship between the value of Patent
Applications and the value of Intellectual Assets. This relationship is since patents are defined,
within the European Innovation Scoreboard-EIS database, as a component of Intellectual Assets.
However, it is obvious that the possibility of developing patents also depends on the ability of an
economic system to develop “Design Applications” and “Trademark Applications” as well. In
fact, these components are the product of a similar creativity and ingenuity applied to
technological innovation and research and development. It follows that if a country wants to
increase its ability to produce patents it must also invest significantly in “Design Applications”
and “Trademark Applications”.
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Turnover Share SMEs:
turnover of small and medium-sized enterprises or enterprises that have a number of employees
between 10 and 249 people. There is a positive relationship between the development of patents
and the growth of the turnover of small and medium-sized enterprises. new products and
services. A dynamic economy, oriented towards the knowledge economy, which therefore
generates Countries are: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czechia, Denmark,
Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Israel, Italy, Latvia,
Lithuania, Luxembourg, Malta, Montenegro, Netherlands, Norway, Poland, Portugal, Romania,
Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey, Ukraine, UK see table 1.
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is a variable that takes into consideration the value of the

Table 1
ESTIMATIONS OF THE VALUE OF PATENT APPLICATIONS USING VARIABLES FROM THE
EUROPEAN INNOVATION SCOREBOARD-EIS

Patent . Fixed Random
A40 | application Dynamic Panel | Pooled OLS Effects Effects WLS Average
S
Coefficient P- CoefficienP- Coefgl_ment Coefficient P- Coeflf:)lf:lent
Value Value Value Value Value
Constat -0,167732 0,8516 %)93;3 0,0646 0,122 0 233-51488
97 061 259 '
Employmen * - F%k - Fk - K% - *%
AL2 t -0,309482 | *| 05140 | , | 0,324 | . | 0,3677 | . | 0,499 | , | -0,4031978
share * 46 907 54 8
Manufacturi
ng
Foreign' * - F%k - - K% - *%
controlled -0,220997 | .| 0,532 | . | 0,115 | ** | 0,1234 | . | 0,203 | , | -0,1433578
A20 enterprises 58 415 68 651
share of
value
added
*
Human | 04406 | ** | 0,427 | ** | 0,4316 | ** | 0,484 | **
A3 resources 0,437229 - 67 * 791 * 89 * 696 * 0,4444144
*
Intellectual «| 04131 | ** | 0,351 | ** | 0,3650 | ** | 0,416 | **
A29 assets 0,356362 - 32 - 286 - 05 * 17 - 0,380391
Knowledge- “1 01592 | ** | 0,166 | ** | 01613 | ** | 0,171 | **
A3l mten_swe 0,133296 . 65 * 165 * 29 * 232 * 0,1582574
services
exports
. *| 0,0778 | ** | 0,068 | ., | 0,0726 | ,, | 0,065 | **
A33 Linkages 0,114188 * 794 * 5645 235 7994 | * 0,07981096
New * - *k - sk - *k - *k
A37 doctorate -0,131717 | *| 0,298 | , | 0,133 | ., | 0,321 | , | 0,255 | , | -0,1365616
graduates * 64 389 62 676
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Opportunity- * - ok - - - ok .
A39 driven -0,0371926 | , | 0,0467 | , | 0,022 | * | 0,0272 | ** | 0,025 | ,
entrepreneur 895 4884 749 9872 0,03194652
ship
Private co- * 0.1651 | ** | 0143 | ** | 0.1499 | ** | 0.163 | **
- * 1 ’ ’ ]
A43 pLul?I(ij(I:ang(ZE 0,112665 N 24 « | t33 | = 89 « | eon | x| 01469974
expenditures
R&D *| 0,1345 | ** | 0,144 | ** | 0,1405 | ** | 0,104 | **
A46 | expenditure | O34T 1w| Tq7 |« | go7 | * | 51 | * | o35 | x| 01334914
business
sector
* - - - -
Tertiary * *k *k *ok w
AS3 | qucation | 0147486 01531 | , | 0147 | , | 04504 | , | 0181 | , | -0,1560634
* 21 862 31 417
Total * - o N - N n B -
A55 | Entrepreneu | -0,566507 | *| 04170 | , | 0,439 | ., | 04236 | , | 0,529 | . | -0,4751998
rial Activity * 76 047 13 756
* - *x - *x - Kk - xk
AS6 ,J ra.?f::.%rrlfs -0,118842 | | 0,1579 | , | 0,124 | . | 0,1324 | , | 0,147 | . | -0,1362124
ad 7 353 08 489
*
Turnover ~| 03481 | ** | 0,226 | ** | 0,2494 | ** | 0,341 | **
AS8 | share SMEs | 0286839 L 21 * | 421 | * 69 « | or7 | » | 02903734
A40(- Patent 0,0195703
1) applications

inventions and innovations, recognized through patents, can lead to a greater production capacity
which is therefore translated into greater sales and turnover even for small and medium-sized
enterprises.

Knowledge-Intensive Services Exports:

Considers the export value of knowledge-intensive services as a percentage of total
exports (Leogrande, 2021). This indicator measures the competitiveness of the knowledge-
intensive services sector. This value therefore measures the ability of a country to be competitive
and innovative in the international context through the development of advanced services from
the point of view of knowledge. There is a positive relationship between the export value of
knowledge-intensive services and the development of industrial patents, which is tautological. In
fact, the development of industrial patents is necessary for the development of knowledge-
intensive services that are generally produced because of the innovations and inventions
produced through works of ingenuity and creativity.

Private Co-Funding of Public R&D Expenditures:

Considers the private co-financing of public R&D expenditure as a percentage of GDP. It
is therefore a variable that calculates the value of R&D expenditure that is financed by the
private sector. It therefore contains a measurement of public-private cooperation. This private
expenditure on research and development has the aim of orienting the research carried out in the
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university towards the needs of businesses and industry. There is a positive relationship between
the development of industrial patents and the value of private R&D spending by the public
sector. This relationship is since many patents that are made by companies are produced in
collaboration between private companies and universities and public research centers.

R&D Expenditure Business Sector:

Is a variable that considers R&D expenditure in the business sector as a percentage of
GDP. The variable refers to the ability of private companies to invest in the creation of new
knowledge. This value tends to be very high in some sectors that are closely related to scientific
research such as the pharmaceutical sector, the chemical sector characterized by the fact of
producing goods and services as an output of scientific activity. There is a positive relationship
between the value of industrial patents and the value of private R&D spending. In fact,
companies often invest in research and development with the aim of generating new products and
new services. Therefore, this relationship can also be understood in a quasi-tautological
sense, especially for knowledge-intensive sectors.

Linkages:

Is a variable consisting of the following under variables i.e. innovative SMEs
collaborating with others, Public-Private Co-Publications, Private Co-Funding of Public R&D
Expenditures (Costantiello, 2021). There is a positive relationship between the value of
Linkages and the value of industrial patents. This relationship can be better understood
considering that the technological innovation that leads to the recognition of an industrial patent
is often generated precisely following collaborations and cooperations that take place between
businesses. In fact, companies often collaborate in scientific publications in financing scientific
research. And this collaboration often concerns both public bodies and private entities that
through cooperation can increase the level of innovations and inventions by obtaining industrial
patents.

Furthermore, we found that the variable Patent Application is negatively associated with:
Opportunity-Driven Entrepreneurship:

Is an indicator that refers to the ability of companies to carry out its business in
application of the opportunities offered by the market (Leogrande, 2022). That is, these are
people who do not carry out business activities because they need them or are not entrepreneurs
out of necessity. On the contrary, these are people who before doing businesses already worked
as employees or as freelancers and who have turned into entrepreneurs following the
identification of a set of business opportunities considered profitable. So, it is for example the
case of the employee who puts himself in his own by investing resources to transform into an
entrepreneur by seizing the opportunities of technological transformation. There is a negative
relationship between the value of industrial patents and the value of entrepreneurs for
opportunities. This negative relationship can be better understood considering that the
entrepreneur for opportunities does not invest in research and development, does not accumulate
industrial patents, as regards the contrary investing the resources in the opportunities already
present in the market.
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Trademark Applications:

Is a variable that considers the value of trademark applications requested at the
intellectual property office of the European Union and the World Intellectual- WIPI ownership
office with respect to the gross domestic product. The brands are an important indicator of
technological innovation in the service sector. In addition, brands are also essential because they
allow companies to be recognized by consumers and allow advertising activity effectively. There
IS a negative relationship between the value of brands and the value of industrial patents. This
report may be since generally companies that invest in brands do not necessarily make
technological innovation recognized through patents and vice versa. For example, brands are
widespread in the trade sector where, however, the patent content can be very reduced. On the
contrary, companies that invest a lot in patenting may also not have a brand policy, because they
do not carry out Business to Customers-B2C, but at the contrary, they operate in the context of
Business to Business-B2B.

New Doctorate Graduates:

Is a variable that refers to the presence of new research doctorates per 1000 inhabitants
between the ages of 25 and 34 (Leogrande, 2022). There is a negative relationship betweenthe
value of doctorates and the value of investment in industrial patents. This negative relationship
can be understood considering that also the production of research doctorates is necessary for the
development of industrial patents intended as an output of scientific research. However,
increasing the number of graduate students does not in itself guarantee that there are industries
capable of developing industrial patents. Take for example the case of Italy, where there are many
PhD programs. Yet the number of industrial patents is reduced precisely due to the lack of
companies operating in industrial sectors that require scientific research see table 2.

AVERAGE VALUES OF ECON(-)I—:/tI)IIEeTZRIC ESTIMATION OF PATENT
APPLICATION
Variables Average
Human resources 0,44441
Intellectual assets 0,38039
Turnover share SMEs 0,29037
Knowledge-intensive services exports 0,15826
Private co-funding of public R&D expenditures 0,14700
R&D expenditure business sector 0,13349
Linkages 0,07981
Opportunity-driven entrepreneurship -0,03195
Trademark applications -0,13621
New doctorate graduates -0,13656
Foreign-controlled enterprises share of value added -0,14336
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Tertiary education -0,15606
Employment share Manufacturing -0,40320
Total Entrepreneurial Activity -0,47520

Foreign-Controlled Enterprises Share of Value Added:

Is a variable that considers the turnover achieved by companies that are under foreign control
compared to the total turnover of companies operating at national level. There is a negative
relationship between the value of the turnover achieved by companies with foreign control and the
value of industrial patents. This negative relationship can be better understood considering that
companies often allocate offices abroad to enter new markets or to have lower costs of raw
materials, labor, or intermediate consumables. In other words, generally, even the companies that
invest in research and development tend to keep the scientific research function close to the
headquarters, or in the country of origin. This choice is generally of a strategic nature and consists
in the need to ensure that industrial patents and technological innovation are better protected from
competition and immediately known to management. R&D due to its function tends to be an asset that in
high-tech companies is strictly controlled by industrial management near the decision-making centers.

Tertiary Education:

Considers the percentage of the population aged between 25 and 34 who have completed
tertiary education. There is a negative relationship between the value of the population having a
tertiary qualification and the spread of industrial patents. This relationship can also be better
understood in the light of what was stated in the previous point. In other words,a country that has a
qualified human capital also in terms of tertiary education does not necessarily have the possibility of
developing industrial patents. In fact, the possibility of realizing industrial patents depends above all
on the presence of companies, manufacturers, large industrial groups that need to develop new
patents. These are companies that are not very widespread in Europe,at least not in all countries,
regardless of whether there is a population trained in terms of tertiary education.

Employment Share Manufacturing:

Is the number of employees in the manufacturing sector as a percentage of the total number
of employees. There is a negative relationship between the value of employees in the manufacturing
sector and the value of industrial patents. This relationship is indeed counterfactual. In fact, in
general the manufacturing sector, that is the industry, has a very high capacity to produce industrial
patents. The lack of a positive relationship between industrial patents depends on the type of
industries present in Europe. In particular, the European economies have lost their competitive
capacity towards both the United States and towards Asian countries, especially with reference to
China, Japan, and South Korea. It follows that even if in theory there should be a positive
relationship between the value of manufacturing and the value of industrial patents, in the case of
Europe this relationship is negative, due to the low added value in terms of knowledge of European
industries.

Total Entrepreneurial Activity:

Is a variable that considers the percentage of the population engaged in carrying out an
entrepreneurial activity between the ages of 18 and 64. The variable includes both people who have
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created new businesses and long-time entrepreneurs. There is a negative relationship between the
value of the Total Entrepreneurial Activity-TEA and the value of industrial patents. Again the
relationship appears to be counterfactual. In fact, from the metric analysis it is possible to deduce that
European entrepreneurs increase even where industrial patents decrease. However, this relationship
can best be understood considering that in the European context, companies are not strictly connected
to the systems of technological innovation and scientific research, apart from the exceptions for the
most virtuous countries. This report suggests that the European business system is not really oriented
towards the knowledge economy. In fact, the abundance of small and medium-sized enterprises, the
scarce orientation towards products and technological innovation, and the lack of adequate fruitful
relationships between enterprises and research institutions annihilates the ability of European
enterprises to generate profit through industrial patents figure 1.

Average Values of Econometric Estimation of Patent Application
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Figure 1
AVERAGE VALUES OF ECONOMETRICS ESTIMATION OF PATENT APPLICATION

From a strictly quantitative point of view, it is possible to verify that the variables that
have the greatest positive impact in terms of production of industrial patents are Human
Resources with an average value of 0.44 and Intellectual Assets with an average value of 0.38.
On the contrary, the variables that have the greatest negative impact in terms of industrial
patenting are Employment Share of Manufacturing with a value equal to -0.40 and Total
Entrepreneurial Activity-TEA with an amount equal to -0.47 units. It is necessary to consider
that these relations cannot be considered in absolute value, but on the contrary in a relative
sense, that is, they must be considered in the light of the specific characteristics of the European
economy. In fact, if on the one hand the idea that Human Resources and Intellectual Assets have
a positive impact in terms of industrial patent production is certainly acceptable, on the other
hand the negative relationship that Employment Share of Manufacturing and Total
Entrepreneurial Activity-TEA may seem counterfactual. However, the analysis shows that the
European business sector, due to its qualitative and quantitative characteristics, is not really
connected with the knowledge economy, synthesized by industrial patents. And this scarce
impact of patents in the European business context highlights the gap that is emerging at an
industrial level among Europe, the US and Asia.
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Ranking of Countries and Clusterization with k-Means Algorithm Optimized with the
Silhouette Coefficient

In the following analysis, we try to study the data to identify the presence of any groups,
classifications and clusters that can somehow identify the presence of virtuous European
economic areas in the sense of the production of patents. Israel and Sweden are in first place
by value of Patent Applications in 2021 with an amount equal t0225.24 units, followed by
Finland with an amount equal to 221.19 units and by Switzerland with an amount equal to
192.42. In the middle of the table there are Estonia with an amount equal to 45.99 units, followed
by Spain with an amount equal to 37.55 units and Malta with a value equal to 36.04 units. Bosnia
closes the ranking with an amount equal to 2.84 and Serbia and Montenegro with a value equal
to zero.

It is also possible to create a ranking based on the percentage change in the value of
Patent Applications between 2016 and 2021. In this sense, Cyprus is in first place with a value of
84.67% equal to an amount of 7.09 units, followed by Malta with an amount equal to 72.43%
equal to a value of 15.14 units, and by Latvia with a value equal to 62.59% equal to an amount
of 8.68 units. In the middle of the table there are Luxembourg with a value equal to -2.78%
equal to an amount of -1.39 units, followed by Denmark witha value equal to -6.72% equal to an
amount of -12.33. units, and from the Netherlands with a value equal to -6.99% equal to an
amount of -10.52 units. Bosnia closes the ranking with a change equal to an amount of -51.07%
equal to an amount of -2.96 units, followed by Montenegro with -100.00% equal to an amount of -
17.58 units and by Serbia with an amount equal to -100.00% equal to a value of -8.79 units.

However, to check if there are particularly aggregate details within European countries, a
clusterization with K-means algorithm optimized with the silhouette coefficient is carried out.
The analysis shows the presence of the following clusters, see figure 2 namely:

e Cluster 1: Belgium, United Kingdom, Iceland, Norway, Slovenia, Ireland, Italy, Luxembourg, Spain,
Estonia, Hungary, North Macedonia, Malta, Montenegro, Bosnia, Romania, Serbia, Latvia, Czech
Republic, Ukraine, Cyprus, Lithuania, Portugal, Slovakia, Croatia, Bulgaria, Greece, Poland, Turkey;

o  Cluster 2: Switzerland, Germany, Finland, Switzerland, Israel, Denmark, the Netherlands, Austria, France.
From the point of view of the median, the presence of a clear distinction between cluster 1 and cluster 2 is
evident. In fact, the median of cluster 1 is equal to an amount of 20.8312 units while the median of cluster 2
is equal to a value of 181.009. Therefore, the following ordering of the clusters derives, i.e. C2>C1.
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Figure 2
CLUSTERIZATION WITH K-MEANS ALGORITHM OPTIMIZED WITH SILHOUETTE
COEFFICIENT

Network Analysis with the Distance of Manhattan

A network analysis using the Manhattan distance is analyzed below. The data show the
presence of three complex network structures, that is, consisting of more than two connections.
Particularly:

e  Cyprus has a connection with Greece for a value of 0.098 units, and with Bulgaria for a value of
0.096 units;

e  Greece has a connection with Cyprus for a value of 0.098 units, with Bulgaria for a value of 0.06 units,
with Poland for a value of 0.068 units, and Slovakia for a value of 0.078 units , with Ukraine for a value of
0.093 units;

e Bulgaria has a connection with Greece for a value equal to 0.06 units, with Cyprus for a value equal to
0.096 units, with Ukraine for a value equal to 0.11 with Poland for a value equal to 0.067unit;

e Ukraine has a connection with Bulgaria for a value of 0.11 units, with Slovakia for a value of
0.11 units, with Poland for a value of 0.11 units, with Greece for a value of 0.093 units;

e Slovakia has a connection with Ukraine for a value of 0.11 units, with Poland for a value of 0.094 units,
with Turkey for a value of 0.11 units, with Greece for a value of equal to 0.078 units;

e Poland has a connection with Greece for a value equal to 0.068 units, with Bulgaria for a value equal to
0.067 units, with Ukraine for a value equal to 0.11 units, with Slovakia equal to an amount of 0.094 and
with Turkey equal to 0.089 units;

e Turkey has a connection with Slovakia for a value of 0.11 units, with Greece for a value of 0.11 units, and
with Poland for a value of 0.089 units.

e There is also a connection between Sweden, Finland and Israel. Particularly:

e There is a connection between Sweden and Israel for an approximate value of 0, and between Sweden and
Finland equal to an amount of 0.086 units;

e Finland has a connection with Sweden equal to 0.086 units and with Israel equal to 0.086 units;

o Israel has a connection with Finland for a value of 0.086 units and with Sweden for a value close to zero.

e There is also a connection between Bosnia, Romania, and Serbia. Particularly

e Bosnia has a connection with Romania for a value of 0.087 units;
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e Romania has a connection with Bosnia for a value of 0.087 units and with Serbia for a value of
0.11 units;
e Serbia has a connection with Romania for a value of 0.11 units.

Machine Learning and Predictions of the Future Value of Patent Application

Eight machine learning algorithms are applied below for predicting the future value of
Patent Applications in Europe. The algorithms were trained with 70% of the data, while the
remaining 30% wasused for actual prediction. The algorithms have been classified based on their
ability to maximize R- squared and minimize statistical errors, namely: “Mean Absolute Error”,
“Mean Squared Error”, “Root Mean Squared Error”. The following algorithm order was then
obtained, namely:

e  PNN-Probabilistic Neural Network with a payoff value of 7;

Linear Regression and Polynomial Regression with a payoff value of 11;

Tree Ensemble Regression with a payoff value of 15;

Neural Network with a payoff value of 19;

e Random Forest Regression with a payoff value of 23;

e Gradient Boosted Tree with a payoff value of 27;

o Simple Regression with a value of 31.

e Therefore, through the application of the PNN-Probabilistic Neural Network algorithm, it is possible to
predict the following variations for the following countries in terms of Patent Applications, namely:

e Austria with a variation from an amount of 137.42 units up to a value of 150.25 units or equal toa
variation of 12.84 units equal to an amount of 9.34%;

e Belgium with a variation from an amount of 88.63 units up to a value of 96.96 units or equal toan
amount of 8.32 units equal to a value of 9.39%;

e  Switzerland with a variation from an amount of 192.42 units up to a value of 193.10 units or equalto a
variation of 0.67 units equal to a value of 0.35%;

e  Denmark with a variation from an amount of 171.10 units up to a value of 182.58 units or equalto a value
of 11.48 units equal to a value of 6.71%;

e  Spain with a variation from an amount of 37.55 units up to a value of 35.97 units or equal to anamount of
-1.57 units equal to a value of -4.19%;

e Ireland with a variation from an amount of 49.35 units up to a value of 52.73 units or equal to anamount of
3.38 units or equal to a value of 6.85%;

e Italy with a variation from an amount of 59.10 units up to a value of 48.04 units or equal to avalue of -
11.05 units equal to a value of -18.7%;

e Latvia with a variation from an amount of 22.54 units up to a value of 20.51 units or equal to avalue of -
2.03 units equal to an amount of -9%;

e Norway with a variation from an amount of 87.92 units up to a value of 85.44 units or equal to avalue of -
2.48 units equal to a value of -2.82%;

e United Kingdom with a variation from an amount of 84.13 units up to a value of 85.03 units orequal to
an amount of 0.90 units equal to a value of 1.07%.

CONCLUSIONS

In this article we have investigated the innovational determinants of “Patent Applications” in
Europe. The issue is particularly relevant above all for the issue connected to the tech-war between
China and the USA which has a very important aspect in the recognition of patents, especially with
reference to the various violations that the Chinese often put in place against technological
innovations from the West. . Although it should be emphasized that the Chinese themselves, as
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indicated in the literature, have begun to be very attentive to the quality of the production of patents
using international standards and metrics. We have used data from the European Innovation
Scoreboard-EIS of the European Commission for 36 countries in the period 2010-2019. We have
applied Panel Data with Fixed Effects, Panel Data with Random Effects, Pooled OLS, WLS and
Dynamic Panel. We found that the variables that have a deeper positive association with “Patent
Applications” are “Human Resources” and “Intellectual Assets”, while the variables that show a
more intense negative relation with Patent Applications are “Employment Share in Manufacturing”
and “Total Entrepreneurial Activity”. The econometric results interpreted from a qualitative point of
view highlight the backwardness of the European business system in using patents. European
companies are probably too small to be able to introduce patents and, moreover, even the
development of human capital, however necessary it is, may be insufficient to create the conditions
for patents due to the lack of proposing companies. The result is a type of entrepreneurship that,
rather than producing new knowledge through patents, tends to seize the opportunities present in the
market with little capacity for innovation.

In the following section a cluster analysis with the k-Means algorithm optimized with the
Silhouette

Coefficient has been realized. The results show the presence of two clusters. The most
active countries in the sense of patents are: Switzerland, Germany, Finland, Switzerland, Israel,
Denmark, the Netherlands, Austria, France. These nations are also the richest in per capita terms,
which seems to confirm what is reported in the scientific literature that the regions with the highest
per capita incomes also tend to produce more patents. In the sequent paragraph a network analysis
with the distance of Manhattan has been performed and we find three different complex network
structures. Finally, a comparison is made among eight machine learning algorithms for the
prediction of the future value of the “Patent Applications”. We found that PNN-Probabilistic Neural
Network is the best performing algorithm. Using PNN the results show that the mean future value of
“Patent Applications” in the estimated countries is expected to decrease of -0.1%. Overall, the
analysis shows how the European business system, except for the countries with the highest per
capita income, is not actually capable of generating high levels of technological innovation
recognized as patents. This condition is particularly serious for Europe, which is struggling in the
global technological competition overcome not only by the USA but also by China and other Asian
countries such as Japan and South Korea. Hence the need to reorganize the economic policies of
technological innovation and scientific knowledge in Europe to promote incentives to offer to
companies that want to increase the production of patents also in connection with public and private
research centers.
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