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ABSTRACT

In this article we investigate the determinants of “New Doctorate Graduates” in Europe. We use
datafrom the EIS-European Innovation Scoreboard of the European Commission for 36 countries in the
period 2010-2019 with Pooled OLS, Dynamic Panel, WLS, Panel Data with Fixed Effects and Panel
Data with Random Effects. We found that “New Doctorate Graduates” is positively associated, among
others, with “Human Resources” and “Government Procurement of Advanced Technology Products”
and negatively, associated among others, with “Total Entrepreneurial Activity” and “Innovation Index” .
We apply a clusterization with k-Means algorithm either with the Silhouette Coefficient either with the
Elbow Method and we found that in both cases the optimal number of clusters is three. Furthermore, we
use the Network Analysis with the Distance of Manhattan, and we find the presence of seven network
structures. Finally, we propose a confrontation among ten machine learning algorithms to predict the
value of “New Doctorate Graduates” either with Original Data-OD either with Augmented Data-AD.
Results show that SGD-Stochastic Gradient Descendent is the best predictor for OD while Linear
Regression performs better for AD.

Keywords: Innovation, and Invention: Processes and Incentives; Management of Technological
Innovation and R&D; Diffusion Processes; Open Innovation.
JEL Classification: 030; 031, 032; 033; 036.

INTRODUCTION-RESEARCH QUESTION

The following article analyzes the variables that have an impact in determining the number of
new PhDs in Europe in the context of technological innovation. The analysis is above all quantitative,
metric and has a machine learning approach. PhDs are needed to make countries competitive from the
point of view of technological innovation and research and development. Research doctorates are
necessary to be competitive at national level in the knowledge and information economy.

In this regard, it is necessary to underline that in the context of the technological competition that
juxtaposes the US and China, Europe is far behind. In fact, there are no big players in Europe operating
in the IT sectors. This lack is also due to sociological and institutional factors. From a sociological point
of view, in fact, in Europe there is an abundance of small and medium-sized enterprises and a sort of
prejudice towards large companies especially on those listed on financial markets.

From the point of view of the institutions it is necessary to consider that the European
Commission to defend European free and competitive markets often is hostile in respect to fusions,
mergers, and acquisition of large companies. However, these sociological and institutional limitations
impede thecreation of big corporations that might best be able to give job prospects to PhDs.

Indeed, one of the problems of PhDs is employment. Only part of the PhDs is employed in universities.
The remainder is instead employed in small and medium-sized enterprises and in public institutions.
However, notoriously, small and medium-sized enterprises do not have the necessary organizational
structures to do research and development, and public institutions are far behind in technological
innovation. It follows that much of the skills and technical-scientific knowledge of research doctorates is
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lost due to the lack of productive organizations able to use their abilities for profit and market purposes.
On the other hand, however, there are also problems within the university system for the efficient
organization of research doctorates. In fact, to create knowledge that is in line with the market and with
the general trends of scientific research systems, universities tend to continuously innovate programs
and create new scientific disciplines. However, such efforts are often in vain as the doctorate remains
excessively tied to a type of academic training that prevents doctorates from beinguseful in businesses
and institutions. To solve this problem, universities, alongside the traditional doctorate, also offer
professional doctorates which aim to be closer to the needs of enterprises. Thereare many expectations
regarding the ability of professional doctorates to innovate the university system and the business system
together. However, the ability of research doctorates to be useful also depends on the presence of an
entrepreneurial and industrial system that is pro-actively interested intechnical-scientific knowledge.
Furthermore, it is also necessary to consider that even where there are good opportunities for
cooperation between universities and businesses, the system of public institutions may not necessarilybe
able to encourage such collaborations. There are therefore three elements necessary to ensure thatthe
research doctorate can be useful to an economic-territorial context, namely: a good academic
orientation, an entrepreneurial system attentive to scientific research, and institutions ready topromote
forms of public collaboration.

It is also necessary to consider that there are disciplines, namely STEM subjects, in which there
is a chronic lack of research doctorates compared to both job opportunities and the needs of universities,
institutions and the market. It is therefore necessary that policy makers continue to invest in the
formation of doctoral programs to ensure that universities have the necessary resources to offer high-level
training. However, there is also a need for a broader work of a cultural and value nature that canopen
companies to the participation of doctorates in production processes. Finally, institutions shouldalso be
more careful to make the best use of the human capital produced by research doctorates. Theknowledge
economy will increasingly require the production of research doctorates in new subjects,at the frontier of
science, as happens for example for the various contaminations of artificial intelligence with the various
traditional disciplinary sectors. However, to ensure that these market demands are met, it is necessary
that there are policy makers able to recognize the strategic role of research doctorates in the production
of added value at the country level in universities, companies and in public institutions.

The article continues as follows: the second paragraph presents a brief analysis of the scientific
literature, the third paragraph discusses the econometric results, the fourth paragraph contains
clustering with the k-Means algorithm, the fifth paragraph presents the network analysis, the sixth
paragraph compares ten machine learning algorithms for prediction, the seventh paragraph contains
prediction with Augmented Data and machine learning algorithms, the eighth paragraph concludes.

LITERATURE REVIEW

The following paragraph presents a brief analysis of some bibliographic references necessary to
introduce the topic of the role of research doctorates in the university system and in production systems
with attention to technological innovation and research and development. Refer to the statistics relating
to the relationship between the condition of work and the number ofresearch doctorates in the USA in
the period between 1997 and 2016. The authors verify that approximately 3,124 doctorates were
obtained in the period considered. However, the growth in the number of doctoral degrees was mainly
due to international doctoral students who grew by 156% compared to US doctoral students. From an
ethnic point of view, 85% of doctorates are white or Asian, while Hispanics and blacks are in the
minority. 76% of PhDs received job offers. The salariesof doctorates who have decided to remain in the
academy equal to 59,484.00 dollars, are lower than both the doctorates who entered the industry sector
with a salary of 84,918.00 dollars, in the government with a salary of 69,970 dollars or in educational
institutions with an income of $ 81,428. Consider the reasons that push students to choose a professional
doctorate instead of a traditional academic doctorate or PhD path. The authors also consider the
implications that this choice has froma professional and career promotion point of view. The results
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show that doctoral students choose professional doctorates for reasons that are related to the flexibility
of training programs. Furthermore, professional doctorates present both the possibility of dealing with
theoretical issues and the possibility of tackling practical issues. Finally, professional doctorates are also
able to give greater importance and prospects to the professional career of the participants. (Goodall,
2017) analyze the case of four women who attended the first edition of the Professional Doctorate
program of the University in the Southwest of England. The authors analyze their own story in the
doctoral program evaluating their experience also with other doctoral colleagues. In the STEM
disciplines, students are also increasingly acquiring PhDs (Wickramasinghe, 2020). However, the
number of research doctorates remains below the number required by the market, or which would be
necessary to allow adequate technology transfer and growth in the production of services and products
based on research and development. Furthermore, the continuous investment in science and technology
increases even more the need to produce and share knowledge in the STEM field. The response of
universities to this climate consistsin orienting doctoral programs more and more towards the transfer of
knowledge and the acquisition of new skills with very significant changes in terms of the offer of
research doctorates compared to traditional mainstream proposals. (Cattaneo, 2019) address the issue of
emigration of Italian doctorates abroad. The authors focus on PhDs in the disciplines of Economic
Science, Finance and Business Management inthe period 2008-2010. Doctoral students who tend to go
abroad are those who are both the best and those below the average for research performance. On the
other hand, PhDs that have average research performance tend to stay in Italy. The best-performing
PhDs in terms of research tend to goabroad to top universities to improve their careers. On the other
hand, below-average Italian PhDs who emigrate do not necessarily seek to work in an academic
environment and often choose to work in non-academic institutions simply expressing the need to find
work. The authors conclude the article by contrasting the widespread idea that only high-performing
doctorates choose the path of emigration abroad. (Haapakorpi, 2017) addresses the issue of employment
of workers with a PhD outside the university-academic world. The authors consider the case of Finland.
In fact, universities are no longer able to absorb research doctorates. Many doctorates therefore must
find employment outside the university world. However, the transition from the academic world to the
world of industry and business is made complex by the inefficiencies of the labor market. The analysis is
based on the careerpath of 1183 academics. The results show that there are not many opportunities for
PhDs outside the university world except in corporate roles that are closely related to research and
development. Furthermore, employers who hire doctorates expect them to be able to bring specific
scientific and technological knowledge and to be able to forge relevant relationships with the academic
world. (Subramanian, 2017) analyze the role of the learning environment with a qualitative approach of
doctoral students and postgraduates in the disciplines of dental studies. The authors analyzed a total of
20 participants of which 16 in the last year of the doctorate and 4 postgraduates in dentistry. The
authors asked the interviewees to identify the elements of efficiency and inefficiency in the training
path. The results show that the students identified as effective for learning: intervention planning, patient
treatment methodologies, complexity of clinical cases presented, orientation to clinical research, clinical
training. The students themselves identified the following elements as ineffective in the context of
doctoral and professional learning, namely: absence of an adequate number of clinical cases, excessive
emphasis on research, lack of adequate facilities in dental schools. The authors suggest paying attention
to aspects of the learning environment within doctoral and professional studies to enhance students'
ability to learn effectively. (Wadham, 2017) refer to the professional doctorates introduced to meet the
challenges of the twenty-first century and built trying to meet the needs of the university and of the
profession. Both the university world and the world of professional activities are changing rapidly. The
professional doctorate seeks to offer the skills necessary to be competitive despite the changes. The
authors consider the professional doctorate as the most relevant university innovation among high-level
qualifications and as the most significant output of the liberal approach to the education sector. The

3 1939-4675-28-3-114

Citation Information: Resta, E., Costantiello, A., Anobile, F., Laureti, L., Leogrande, A., (2024). The Impact of New Doctorate Graduates on
Innovation Systems in Europe. International Journal of Entrepreneurship, 28(3),1-22



International Journal of Entrepreneurship Volume 28, Issue 3, 2024

analysis proposed through the dialogue between a research doctor and a doctoral student addresses the
issue of the new challenges of university education and how the professional doctorate can ensure the
achievement of relevant educational objectives. (Hou, 2018) consider the case of modern education in
medical disciplines in China using official data. The authors compare education in medical disciplines
with education in other scientific disciplines. The data used were collected by the Chinese Ministry of
Education in the period between 1998 and 2012. The results show an increase in students. In particular,
the number of PhD students increased 5 times in the period considered. The authors consider the
importance of investing in the development of medical professions with a modern approach to the
university education system. considers the performance of Poland in the field of technological
innovation in connection withcountries that are defined as “Moderate Innovators” based on the use of
the definitions of the European Innovation Scoreboard-EIS of the European Commission. The results of
the analysis showthat Poland's weak performance compared to its peers is also due to the lack of an
adequate number of PhDs. (Valencia-Forrester, 2019) considers the role of Work Integrated Learning-
WILs for PhDs in Australia. Work- Integrated Learning methods are very popular with graduates even if
they are rarely used by PhDs. However, only half of Australian PhDs find space in the high-level
education sector. Research doctorates who fail to enter the university can play a very important role in
supporting the transfer of knowledge to companies and institutions. The author therefore presents a
qualitative comparison of the views of PhDs who attended Griffith University. The results show that
PhDs recognize the growing role of methods related to Work-Integrated Learning WIL as a tool for
increasing the employability of PhDs in the industrial sector. (Anderson, 2019) analyze the case of the
role of doctoral studies formanagement training. The training of PhDs has received little attention from
universities. The analysis seeks to identify methodologies for assessing the quality of the research
doctorate. The authors verify that the value attributed by students to the doctorate differs significantly
from the valueattributed by teachers to the doctorate. In fact, while on the one hand the students in the
evaluation ofthe research doctorate give value to personal, professional, and organizational issues, on the
other hand the teachers in the evaluation of the research doctorate consider above all the methodological
aspects and the epistemological characteristics. Furthermore, the authors emphasize that the
organization of research doctorates tends to be oriented more to the aims of university institutions than
to professional, market and industry needs. The authors suggest expanding the value of the doctorate by
considering not only the needs of teachers but also the needs of students and the demandsof the production
and industrial system.

The Econometric Model

We have estimated the following model for 36 countries using data from the European Innovation
Scoreboard-EIS of the European Commission:

New Doctorate Graduates In Europe

= al+b1(Attractive Research systems)it

+ b2(Basic School Entrepreneurial Education and Training)it

+ b3(Employment MHT Manufacturing KIS Services)it

+ b4(Enterprises Providing ICT Training)it + b5 (Firm Investments)it
+ b6( Foreign Doctorate Students)it

+ b7(Government Procurement of Advanced Technology Products)it
+ b8(Human Resources) it + B9 (Innovation Index)it

+ b10(Innovative Sales Share) it + b11 (Life Long Learning)it

+ b12(Medium and high tech Product Exports)it

+ b13(Most Cited Publications)it
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e +Dbl4(Non R&D Innovation Expenditures)it
e +Db15(Product or Process Innovators)it + b16(Tertiary Education)it
e +Dbl7(Total Entrepreneurial Activity)it+ b18(Venture Capital)it

Where i =36 and t= [2010; 2019]

The European Innovation Scoreboard-EIS defines New Doctorate Graduates as a variable that
considers the number of doctorates in the population between 25 and 34 years old. This variable
analyzes the offer of doctorates in all fields of training. We found that “New Doctorate Graduates” is
positively associated with:

Human Resources:

Is a measure that considers three elements: “New Doctorate Graduates”,“Population Aged 25-34
with Tertiary Education”, and “Lifelong Learning” (Leogrande, 2020). There is therefore a positive
relationship between the “Human Resources” variable and the “New Doctorate Graduates” variable. This
relationship can be better understood considering that the “New Doctorate Graduates” variable is a
constituent component of the “Human Resources” variable. It obviously follows that in countries where
significant investments are made in human resources there is also a significant increase in the value of
the number of people whoacquire doctoral degrees. Investment in human capital is an essential element
to ensure that an economy can be oriented towards technological innovation and research and
development.And in this process a very important role is played by research doctorates who can create
increasingly technologically advanced products and services (Leogrande, 2020).

Government Procurement of Advanced Technology Products

Is a variable that considers the capacity of public procurement to promote technological
innovation through the demand for goods and services. This variable has a range between 1 and 7. The
value is 1 if the purchasechoice of the public administration depends exclusively on the price. The value
is maximum or 7 if the purchases of the public administration depend exclusively on the degree of
technological innovation of the products and services. There is a positive relationship betweenthe value of
the state's ability to express a demand for advanced technological services and products and the
presence of PhDs. This relationship means that if the state uses public spending to purchase
technologically advanced products and services then it also offers a verysignificant incentive for the diffusion of
research doctorates.

Medium and High-Tech Product Exports:

Refers to the export of media and other technology products as a percentage of total exports
(Leogrande, 2020). It is therefore a measure that shows the abilityof the European Union to market its
products and services with a high level of technological innovation and research and development at an
international level. The ability of countries toexport medium and high technology products are also the
most competitive countries from aproduction point of view. Furthermore, exports of medium and high-
tech products also have the potential to generate higher levels of well-paid employment. There is
therefore a positiverelationship between the ability to export medium and high technology products and
the spread of research doctorates. This relationship derives from the fact that the possibility of producing
medium and high technology goods and services also depends on the presence of research doctorates
who also operate within applied industrial research.
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Product or Process Innovators:

Is a variable that refers to the number of small and medium- sized enterprises that have
introduced product and process innovations for the company or forthe market (Leogrande, 2020).In this
regard, a distinction is made between product innovation and processinnovation. Product innovation is
the introduction on the market of a new or improved good based on the capacity of use, the components
and the subsystems used. Process innovation means the reorganization of production activities using
technologies or organizational interventions. This value is reported to the total amount of Small and
Medium Enterprises. The ability of small and medium-sized enterprises to innovate in technology also
indicates the ability of enterprises to be more productive, competitive, and able to generate good
employment. There is a positive relationship between the value of process and product innovations and
the number of PhDs at country level. This relationship indicates that small and medium-sized enterprises
that are engaged in technological innovation need and benefit from the presence of PhDs.

Most-cited Publications:

Is a variable that takes into account 10% of the most cited publications worldwide as a
percentage of the country's total scientific publications (Leogrande, 2020). Theindicator is a measure of
the efficiency of the research system at national level. In fact, wherepublications are cited more than it is
believed that there is a higher quality of research. Thereis therefore a positive relationship between the
number of the most cited publications at international level and the number of research doctorates at
national level. Research doctorates are in fact trained for scientific research and tend to produce
international publications. It therefore follows that the greater the research doctorates, the greater the
scientific publicationsat an international level and the possibility of placing publications in the top 10%
at an international level also increases. Obviously, if there are more PhDs then it is also possible to
deduce that there are more investments in scientific research.

Public-Private co-Publications:

Is an indicator that considers public-private co-publications for millions of inhabitants
(Costantiello, 2021). However, publications from the medical-health sector are excluded from the
analysis. This indicator takes into consideration the relationships existing between the public and the
private sector with the aim of generating scientific publications asoutput. The collaboration between
researchers operating in the private sector, generally operating in applied or industrial research, and
researchers operating in the public sector, generally oriented towards basic research, can increase the
quality of research and generate an important impact in terms of technological innovation at an
industrial level. There is a positive relationship between public-private cooperation in scientific research
and the presence of research doctorates. This positive relationship can best be understood by generally
considering that both researchers working in the private sector and researchers working in the public sector
generally hold doctoral degrees.

Enterprises Providing ICT Training:

Is an indicator that considers the number of companies that invest in the IT training of their staff
(Laureti, 2022) . The indicator is built as a ratio. The numeratoris the number of firms that have provided
training to develop the IT skills of their employeesand the denominator is the total number of firms. IT
skills are very relevant for technological innovation in the digital field within companies. Therefore, if
companies invest in the technological and IT training of their employees, this investment can be
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understood as a signalof the orientation towards innovation of companies at the country level. There is a
positive relationship between the number of companies offering investments in terms of IT training for
employees (Leogrande, 2022) and the presence of research doctorates at national level. This relationship
can be understood considering that the two variables are part of the same phenomenon or the overall
investment that countries make in human resources to be able to generate technologicalinnovation both in
companies, with ICT training (Costantiello, 2021) and in universities, with the training of research
doctorates.

Non-R&D Innovation Expenditure:

Is a variable that takes into consideration the innovationthat is achieved without investments in
research and development as a percentage of turnover. It is a variable considered as a ratio between the
value spent on innovation not deriving fromresearch and development as a percentage of the total value
of the turnover of all companies. There are investments in innovation that do not require research and
development such as investments in equipment and machinery, in the acquisition of patents, and in the
dissemination of new ideas and methodologies relating to production. There is a positive relationship
between investment in technological innovation that does not involve investment in research and
development and the number of research doctorates at national level. This relationship indicates that
even technological innovations that do not have implications in terms of research and development still
require a qualified human capital that recognizes theimplications of innovations in terms of added value
in the broader context of the informationeconomy.

Innovative Sales Share:

Is an indicator that takes into consideration the impact of technological innovations in terms of
sales as a percentage of turnover (Leogrande, 2022). The indicator is calculated based on a ratio. In the
numerator is the sum of the total turnover from new or improved products. The denominator is the total
turnover for all firms. This variable thereforeconsiders the impact of technological innovations in terms
of turnover. The indicator takes into consideration those that are absolute innovations, or innovations
that are such for the market in a broad sense, which also considers relative innovations, or innovations
that are such only for the company. There is a positive relationship between the impact of innovationon
sales and the number of PhDs. This relationship can be better understood considering thatinnovation in
companies is often achieved by qualified human capital with research doctorates.

Foreign Doctorate Students:

Is the number of foreign doctorates as a percentage of total doctorates (Laureti, 2022). This is a
relationship established with the number of PhD students coming from abroad and the total number of
PhD students as the denominator. The indicator is calculated at the country level. The indicator
considers the presence of foreign doctorates as an indicator of knowledge efficiency. The growth of
foreign doctorates allows countries to increase the supply of researchers and increase the human capital
employed in scientific research. Obviously, there is a positive relationship between the value of foreign
doctorates and the number of total research doctorates at country level. It should be noted that the
countries that invest most in the training of PhDs also tend to attract many foreign PhDs withfunding and
scholarships.

Venture Capital:

Is an indicator that considers the expenses in the rich capital as a percentage of the Gross
Domestic Product (Leogrande, 2021). It is an indicator built as a relationship. In the numeratorthere are
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the Venture Capital expenses or as financial investments in the risk capital of companies in terms of
equity (Laureti, 2020). The denominator, on the other hand, is the gross domestic product. Venture
capital operations are generally carried out with reference to the support of start-ups. Investment
activities carried out by business angels must also be included in this category. The growth of venture
capital is an indicator of the dynamism of the financial and entrepreneurial systems in the production of
new companies, above all tech-oriented start-ups. In fact, for companies that introduce new products and
services that are generally very risky, third-party risk capital is the only tool to finance the start-up of the
business. There is a positiverelationship between the value of venture capital and the value of PhDs. It
follows that in countries where there are much more developed financial markets there is also the
possibilityof having greater investments that can support the training courses of research doctorates see
table 1.

Table 1
THE ESTIMATION OF NEW DOCTORATE STUDENTS IN EUROPE
Dynamic : Random Aver
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We also found that “New Doctorate Students” is negatively associated with:

Attractive Research Systems: is an indicator that considers three elements, namely international
scientific publications (Leogrande, 2022), the most cited scientific publications, and the presence of
foreign doctorates (Leogrande, 2022).There is a negative relationship between the attractiveness of the
research system and the presence of PhDs. This relationship turns out to be counterfactual. In fact, one
would expect that with the growing attractiveness of the national research system, the number of
research doctorates will also increase. However, we must alsoconsider that the value of the coefficient of
this variable is equal to -0.1446274 as the averageof the various estimated econometric models.

Basic-School Entrepreneurial Education and Training: is a variable that considers
entrepreneurial training carried out at school level. The indicator measures the level of trainingin business
management of small and medium-sized enterprises that is present in primary and secondary school.
There is a negative relationship between the value of entrepreneurial training present at school level and
the presence of PhDs. This relationship may be since countries that offer business culture training at
school level have a greater capacity to be employed immediately and therefore have less incentives to
study, leading to the acquisitionof tertiary qualifications such as that relating to Ph.D

Employment MHT Manufacturing KIS Services: is the percentage of employment
(Costantiello, 2020) in medium and high-tech companies that use services with a high content of
knowledge. There is a negative relationship between the value of employment in medium and high-tech
manufacturing companies that use services with a high level of knowledge and the number ofdoctorates
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at national level. This relationship appears to be partly counterfactual. In fact, one might think that
employment growth in medium and high-tech manufacturing industries is positively connected with the
number of research doctorates. However, it is possible that thetraining of research doctorates is of little
use to the production needs of companies operating in manufacturing sectors which are also highly
knowledge intensive. The motivation can be found in the fact that PhDs generally have a type of academic
training that does not necessarily meet the productive needs of companies even when they operate in
knowledge-intensive sectors.

Firm Investments: is a variable that considers three indicators, namely: investments inresearch
and development, investments in technological innovation not in research and development, investments
that companies make for the training of employees in IT skills (Costantiello, 2021). There is a negative
relationship between the value of firms' investments in technological innovation and the value of
research doctorates. This negative relationship may seem counterfactual. However, it must be considered
that most of the research doctorates are funded substantially not by the expenditure of companies in
technological innovation, but rather by public expenditure on academic-university research. It follows
therefore that the fact that companies invest in technological innovation does not necessarily imply an
increase in expenditure on university research that can increase the number of research doctorates.

Lifelong Learning: is a variable that considers the percentage of the population aged between25
and 64 who is committed to lifelong learning (Costantiello, 2021).1t is a variable that considers training
and education that are relevant for the acquisition of new skills that can be used in the world of work.
There is a negative relationship between the value of lifelong learning and the value of research
doctorates at national level. That is, the fact that there are people involved in lifelong learning does not
have an impact on the growth in the number of research doctorates. It follows that although lifelong
learning is a desirable fact and brings benefits for innovationand the population, it does not have a
positive impact on the growth of PhDs.

Tertiary Education: is a variable that considers the population aged between 25 and 34 with
tertiary education (Leogrande, 2022).This variable takes into consideration both graduates in scientific
disciplines and graduates in the humanities as technological innovation requires the contribution of
multidisciplinary knowledge. There is a negative relationship between the value of the population with
tertiary education and the number of research doctorates. It follows that the growth of students who have
a tertiary education does not necessarily generatea growth in the number of research doctorates. This
relationship means that specific investments are needed to ensure that more doctoral pathways are
offered for graduates.

Total Entrepreneurial Activity: it is an indicator that considers the percentage of the population
aged between 18 and 64 who owns a business or has founded a business. There isa negative relationship
between the value of the diffusion of entrepreneurship and the numberof PhDs. This relationship can be
better clarified considering that generally small andmedium-sized enterprises and start-ups are created
by people who do not necessarily have educational qualifications. Furthermore, the fact that there are
companies does not necessarily guarantee that they have the capacity to generate technological
innovation and research and development. In fact, generally the enterprises that carry out technological
innovation and research and development are not small and medium-sized enterprises but rather large
enterprises (Costantiello, 2021).

Innovation Index: is the global indicator of technological innovation at the country level
(Leogrande, 2022). There is a negative relationship between the value of the innovation index and the
number of research doctorates. This relationship may appear paradoxical. However, it must be
considered that the growth of the innovation index is not only connected to the presence of research
doctorates. In fact, to make the innovation index grow, it is also necessary that thereare institutions
capable of accompanying and encouraging innovation. Furthermore, innovation also requires an evolved
entrepreneurial system, of medium and large companies,a value of exports of products and services at an
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international level. It follows that if a countrywants to increase the innovation index it is not enough to
invest in research doctorates, it is also necessary to invest in institutions and create the conditions to
create companies that areable to create new products and services based on research and development
(Leogrande, 2022).

Average Value of the Econometric Results to Estimate the Value of New
Doctorate Students in Europe

Tnnovation index |

“Total Entrepreneurial Activity (TEA] |
T Tertiary education |

" iifelong learning |

employment MHT manufacturing KiSS
O ——————
Attractive research sysESmEN|
Venture capital "7
Foreign doctorate students Iﬁ
Innovative sales share (I

Non-R&D innovation expenditure |

Enterprises providing ICT training |}

Medium and high-tech product exports [N
overnment procurement of advanced technology products |

Human resources |}
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Figure 1
AVERAGE VALUE OF THE ECONOMETRIC RESULTS TO ESTIMATE THE VALUE OF NEW DOCTORATE
STUDENTS IN EUROPE

Clusterization with k-Means Algorithms: a Confrontation between the Elbow Methodand the
Silhouette Coefficient

A clustering is carried out below using the k-Means algorithm optimized using the Silhouette
coefficient. Clustering is carried out to verify if there are groupings among the various European
countries in terms of new doctoral students see figure 1. The following clusters are identified below,
namely:

e Cluster 1: Iceland, Luxembourg, Spain, Ireland, Slovakia, Estonia, Norway, Austria, Italy, theNetherlands, Israel,
Belgium, Portugal, Czech Republic;

e Cluster 2: Poland, Cyprus, North Macedonia, Malta, Hungary, Turkey, Bosnia, Montenegro,Latvia, Serbia, Bulgaria,
Lithuania, Greece, Croatia, Romania;

e Cluster 3: Sweden, Denmark, United Kingdom, Switzerland, Germany, Slovenia, Finland,France.

If we look at the median value of the individual clusters, we can verify the following ordering:
C3 =128.72> C1 = 88.51> C2 = 25.25. The analysis from a geographical point of view shows the
dominance of the Scandinavian countries except for Norway and with the addition of Switzerland,
Germany, France, and the UK. In second place are the Iberian Peninsula, Italy, Ireland, and the small
countries of Central Europe. The countries of Eastern Europe close the ranking and are in the last place
for value of “New Doctorate Students”.
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Figure 2
CLUSTERIZATION WITH K-MEANS ALGORITHMS OPTIMIZED WITH THE SILHOUETTE COEFFICIENT

However, to have a counter-proof of the efficiency of the chosen clustering model, see figure 2
comparison wasalso made with the use of the Elbow method. The Elbow method confirms the presence
of three clusters. There is therefore a convergence between the Elbow method and the Silhouette
coefficient in determining the optimal number of clusters using the k-Means algorithm,

Optimal Number of
Clusters with the Elbow

Method

tolds

aist

Figure 3
CLUSTERIZATION WITH THE K-MEANS OPTIMIZED WITH THE ELBOW METHOD

Network Analysis with the use of the Manhattan Distance

A network analysis is carried out below with the use of the Manhattan Distance. In this regard,
four complex network structures and three simplified network structures are identified. There is a complex
network structure between Belgium, Portugal, the Czech Republic, Israel, the Netherlands, Estonia,
Italy. See figure 3 Particularly:

e Belgium has a connection with Portugal for a value of 0.23 units;

e  Portugal has a connection with Belgium for a value of 0.23 units, with the Czech Republic for avalue of 0.33, with Israel
with a value of 0.29;

e The Czech Republic has a connection with Portugal for a value of 0.33 and with Israel for avalue of 0.34;

e |Israel has a connection with Portugal for a value of 0.29, with the Czech Republic for a value 0f0.34, with the Netherlands
12 1939-4675-28-3-114
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for a value of 0.3 and with Italy for a value of equal to 0.3;

e |taly has a connection with Israel for a value of 0.3, with Estonia for a value of 0.24 and withthe Netherlands for a
value of 0.00;

e The Netherlands has a connection with Israel for a value of 0.3, with Italy for a value of 0.00and with Estonia for a
value of 0.24;

e Estonia has a connection with the Netherlands for a value of 0.24 and with Italy for a value 0f0.24.

There is a complex network structure between North Macedonia, Poland, Cyprus, Malta, Turkey,
Bosnia, and Montenegro. Particularly:

e Montenegro has a connection with Bosnia for a value of 0.21;
e Bosnia has a connection with Montenegro for a value equal to 0.21, and with Turkey equal to avalue of 0.25;
e Turkey has a connection with Bosnia for a value of 0.25 and with Turkey for a value of 0.24;

e Malta has a connection with Turkey for a value of 0.24, with Cyprus for a value of 0.33, andwith Poland for a value of
0.33;

e Cyprus has a connection with Malta for a value of 0.33, and with Poland for a value of 0.23;

e Poland has a connection with Malta for a value of 0.33, with Cyprus for a value of 0.23 and withNorth Macedonia for a
value of 0.29;

e North Macedonia has a connection with Poland for a value of 0.29.
There is a complex network structure between Serbia, Greece and Bulgaria, namely:

e Serbia has a connection with Greece for a value of 0.34;
e  Greece has a connection with Serbia for a value of 0.34 and with Bulgaria for a value of 0.29;
e Bulgaria has a connection with Greece for a value of 0.29.

There is a relationship between Bulgaria, Ukraine and Latvia. Particularly:

e Bulgaria has a connection with Ukraine for a value of 0.12 units;
e  Ukraine has a connection with Bulgaria for a value of 0.12 units and with Latvia for a value of 0.31 units;

There are simplified network relationships between the following countries:

e Germany has a connection with Finland for a value of 0.17;
e [ ithuania has a connection with Croatia for a value of 0.33;
e Austria has a connection with Ireland for a value of 0.29.

As is evident from the analysis, the country with the greatest number of connections is Israel.
Furthermore, it is possible to verify that many of the countries that make up cluster 2, which, as
demonstrated in the previous paragraph, are the least efficient cluster, are connected in a complex
network structure. This condition highlights the fact that the countries of cluster 2 that substantiall
coincide with Eastern Europe are closely connected in their evolutionary dynamics of the ‘“New
Doctorate Students” variable. The countries of the cluster of excellence, on the other hand, that is the
countries of cluster 3, appear to be devoid of interconnections measured on the basis of the distance
from Manhattan see figure 4.
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Figure 4
NETWORK ANALYSIS STRUCTURE WITH THE USE OF THE DISTANCE OF MANHATTAN

Machine Learning with Original Data-OD

An analysis is carried out below using a set of algorithms used for prediction through machine
learning. There are ten algorithms that are used in a comparison based on the analysis of the MAE,
RMAE, MSE, and R-Squared. The algorithms have been trained with the use of 80% of the data thathave
been used for training while the remainder is made for prediction. The ranking of the algorithms is
determined as follows:

e SGD-Stochastic Gradient Descendent in first place with a payoff value of 5
e Linear Regression with a payoff value of 7;

e  Gradient Boosting with a payoff value of 13;

e Random Forest with a payoff value of 17;

e Tree and AdaBoost with a payoff value of 21

e kNN with a payoff value of 28;

e  SVM-Support Vector Machine with a payoff value of 32;

e  Constant with a payoff value of 36;

e Neural Network with a payoff value of 40.
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Variation of the value of ""New Doctorate Graduates' with SGD with Original Data-OD

Figure 5
VARIATION OF THE VALUE OF "NEW DOCTORATE GRADUATES" WITH SGD WITH ORIGINAL DATA-
OD. THE SIGN + INDICATES AN INCREASE INTHE VALUE OF NEW DOCTORATE GRADUATES, WHILE
THE SIGN - REPRESENTS A NEGATIVE VARIATION OF THE INVESTIGATED VARIABLE

Therefore, the best performing algorithm in predictive terms is the. By applying the SGD-
Stochastic Gradient Descendent it is possible to predict the growth in the number of “New Doctorate
Graduates” see figure 5 in the following countries, namely:

e Greece with a variation from an amount of 42.56 units up to a value of 62.86 units or equalto a value of 20.31 units
equal to an amount of 47.71%;

e Iceland with a variation from an amount of 42.56 units up to a value of 59.33 units or avariation equal to an amount
of 16.78 units equal to a value of 39.42%;

e Slovenia with a variation from an amount of 88.51 units up to a value of 122.81 units orequal to a value of 34.3 units
equal to a value of 38.75%;

e Latvia with a variation from an amount of 19.58 units up to a value of 24.17 units or equalto a value of 4.59 units
equal to an amount of 23.44%;

e Croatia with a variation from an amount of 42.56 units up to a value of 51.15 units or equalto a value of 8.59 units
equal to a value of 20.19%;

e  Serbia with a variation from an amount of 54.05 units up to a value of 64.61 units or equalto a value of 10.56 units
equal to an amount of 19.54%;

e Bulgaria with a variation from an amount of 42.56 units up to a value of 50.05 units or equalto an amount of 7.49
units equal to a value of 17.6%;

e Israel with a variation from an amount of 70.72 units up to a value of 83.07 units or equal toa value of 12.35 units
equal to an amount of 17.47%;

e Sweden with a variation from an amount of 122.98 units or equal to an amount of 144.27units equal to a variation of
21.29 units equal to a value of 17.31%;
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e  France with a variation from an amount of 100 units up to a value of 114.65 units or equal toa value of 14.65 units
equal to a value of 14.65%;

e Italy with a variation from an amount of 65.53 units up to a value of 73.02 units or equal toa variation of 7.49 units
equal to an amount of 11.43%;

e  Spain with a variation from an amount of 145.95 units up to a value of 157.97 units or equalto a value of 12.01 units
equal to an amount of 8.23%;

e Denmark with a variation from an amount of 134.47 units up to a value of 141.67 units orequal to a variation of 7.21
units equal to a variation of 5.36%;

e Romania with a variation from an amount of 19.58 units up to a value of 20.27 units equalto an amount of 0.69 units
equivalent to a value of 3.52%;

e  Ukraine with a variation from an amount of 25.25 units up to a value of 25.57 units or equalto an amount of 0.32
units equal to a value of 1.25%.

e The Stochastic Gradient Descent-SGD algorithm also provides for the reduction of the future trendof the value of
“New Doctorate Graduates” for the following countries, namely:

e Slovakia with a variation from an amount of 77.02 units up to a value of 75.85 units or equalto a value of -1.18 units
equal to a value of -1.53%;

e Poland with a variation from an amount of 19.58 units up to a value of 19.03 units or equalto a variation of -0.54
units equal to a value of -2.78%;

e Finland with a variation from an amount of 122.98 units up to a value of 119.34 units orequal to a value of -3.64
units equal to a value of -2.96%;

e Austria with a variation from an amount of 100 units up to a value of 95.39 units or equal toa value of -4.61 units
equal to a value of -4.61%;

e Netherlands with a variation from an amount of 77.02 units up to a value of 73.19 units orequal to a value of -3.83
units equal to a value of -4.97%;

¢ North Macedonia with a variation from an amount of 8.09 units up to a value of 7.67 unitsor equal to a value of -
0.42 units equal to a value of -5.21%;

e Germany with a variation from an amount of 134.47 units up to a value of 126.83 units orequal to a value of -7.64
units equal to a value of -5.68%;

e Hungary with a variation from an amount of 31.07 units up to a value of 29.14 units or equalto a variation of -1.93
units equal to a value of -6.2%;

e Switzerland with a variation from an amount of 180.42 units up to a value of 168.35 units orequal to an amount of -
12.07 units equal to a value of -6.69%;

e Estonia with a variation from an amount of 77.02 units up to a value of 70.89 units or equalto a variation equal to a
value of -6.13 units equal to a value of -7.96%;

e  Czech Republic with a variation from an amount of 100 up to a value of 91.62 units or equalto a value of -8.38 units
equal to an amount of -8.38%;

e  Turkey with a variation from an amount of 19.58 units up to a value of 17.93 units or equalto a value of -1.65 units
equal to a value of -8.43%);

e Norway with a variation from an amount of 88.51 units up to a value of 80.49 units or equalto a variation of -8.02
units equal to a value of -9.07%;

e Lithuania with a variation from an amount of 42.56 units up to a value of 38.54 units equalto a variation of -4.02
units equal to a value of -9.44%;

e Malta with a variation from an amount of 19.58 units up to a value of 17.29 units equal to anamount of -2.29 units
equal to a value of -11.69%;

e Ireland with a variation from an amount of 111.49 units up to a value of 97.7 units or equalto a value of -13.79 units
equal to a variation of -12.37%;

e Luxembourg with a variation from an amount of 111.49 units up to a value of 95.87 units orequal to a value of -
15.62 units equal to a value of -14.01%;

e Bosnia with a variation from an amount of 12.56 units or equal to a value of 10.63 units orequal to a variation of -
1.93 units equal to an amount of -15.38%;

e United Kingdom with a variation from an amount of 180.42 units up to a value of 152.13units or equal to a variation
of -28.3 units equal to an amount of -15.68%;

e Portugal with a variation from an amount of 88.51 units up to a value of 74.57 units or equalto a value of -13.95
units equal to a value of -15.76%;

e Belgium with a variation from an amount of 100 units up to a value of 77.48 units or equalto a variation of -22.52
units equal to a value of -22.52%;
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e  Cyprus with a variation from an amount of 31.07 units up to a value of 18.89 units or equalto a variation of -12.18
units equal to a value of -39.19%;

e Montenegro with a variation from an amount of 3.69 units up to a value of -0.24 units orequal to a value of -3.92
units equal to a value of -106.48%.

From a geographical point of view, the value of New Doctorate Graduates appears to be
increasing in the countries of southern Europe except for Portugal, in most Eastern European countries
and in some countries of Northern Europe. However, in most Northern European countries the algorithm
predicts a reduction in the value of the "New Doctorate Graduates” see table 2.

Table 2
PREDICTIONS OF THE VALUE OF “NEW DOCTORATE GRADUATES” IN EUROPE WITH
SGD AND ORIGINAL DATA
Abs % Abs %
Country 2021 SGD Var Var Country 2021 SGD var Var
Greece 42,56 62,86 (20,31 |47,71 Netherlands 77,02 73,19 |-3,83 |-4,97
Iceland 4256 |59,33 |16,78 (39,42 North Macedonia 8,09 7,67 -042 |-521
Slovenia  |88,51 12;"8 34,3 38,75 Germany 13;"4 123(,5’8 -7,64 -5,68
Latvia 1958 (24,17 4,59 23,44 Hungary 31,07 (29,14 |-1,93 -6,2
. . 180,4 |168,3 -
Croatia 42,56 |51,15 8,59 20,19 Switzerland 5 5 12,07 -6,69
Serbia 54,05 |64,61 (10,56 (19,54 Estonia 77,02 70,89 |-6,13 |-7,96
Bulgaria 42,56 |50,05 7,49 17,6 Czechia 100 91,62 |-8,38 |[-8,38
Israel 70,72 83,07 |12,35 |17,47 Turkey 19,58 |17,93 |-1,65 |-8,43
Sweden 128‘52’9 14;1’2 21,29 |17,31 Norway 88,51 80,49 |-8,02 [-9,07
France 100 11; 5 14,65 |14,65 Lithuania 42,56 (38,54 |-4,02 |[-9,44
Italy 65,563 73,02 7,49 11,43 Malta 19,58 (17,29 |-2,29 |-11,69
. 145,9 |157,9 111,4 -
Spain 5 7 12,01 8,23 Ireland 9 97,7 13.79 -12,37
1344 |141,6 111,4 -
Denmark 7 7 7,21 5,36 Luxembourg 9 95,87 1562 -14,01
Romania [19,58 (20,27 [0,69 |352 Bosnia and 12,56 |10,63 |-1,93 |-1538
Herzegovina
Ukraine (2525 (2557 |032 [125 | United Kingdom | ") 155*1 283 |-1568
Slovakia |77,02 |7585 |-1,18 |-1,53 Portugal 88,51 |74,57 13'95 -15,76
Poland 19,58 (19,03 |-0,54 |[-2,78 Belgium 100 77,48 22'52 -22,52
. 1229 [119,3 -
Finland 8 4 -3,64 [-2,96 Cyprus 31,07 18,89 12.18 -39,19
Austria 100 95,39 |-4,61 |-4,61 Montenegro 3,69 -0,24 |-392 1064
8
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Machine Learning with Augmented Data-AD

Subsequently, the prediction data obtained using the original data was added to the time series to obtain
a further prediction with the augmented data. Also in this case, 80% of the data was used for the training
of the algorithm and the remaining 20% was used for the actual prediction. The performance of the
algorithms was achieved through the minimization of statistical errors or MAE, RMSE, MSE and
through the maximization of R-squared. The following algorithm order was therefore obtained, Linear
Regression with a payoff value of 4

SGD-Stochastic Gradient Descendent with a payoff value of 8;
Gradient Boosting with a payoff value of 12;

Random Forest with a payoff value of 16;

AdaBoost with a payoff value of 20;

kNN with a payoff value of 24;

Tree with a payoff value of 28;

SVM with a payoff value of 32;

Constant with a payoff value of 36;

Neural Network with a payoff value of 40.

Therefore, the best performing algorithm is Linear Regression. Through the use of the Linear

Regression algorithm it is possible to predict an increase in the value of the “New Doctorate Graduates”
for the following countries through the application of the increased data, see figure 6 that is:

Cyprus with a variation from 18.89 up to a value of 21.65 units or a variation equal to anamount of 2.76 units
equal to a value of 14.61%;

Malta with a variation from an amount of 17.29 units up to a value of 19.58 units or an amountequal to 2.29 units
equivalent to a value of 13.28%;

Poland with a variation from an amount of 19.03 units up to a value of 20.42 units or equal toan amount of 1.39 units
equal to a value of 7.35%;

Turkey with a variation from an amount of 17.93 units up to a value of 19.21 units or equalto a value of 1.28 units
equal to an amount of 7.18%;

Romania with a variation from an amount of 20.27 units up to a value of 21.25 units or equalto a value of 0.98 units
equal to a value of 4.83%;

Denmark with a variation from an amount of 141.67 units up to a value of 145.94 units orequal to a value of 4.27
units equal to a value of 3.01%;

Ukraine with a variation from an amount of 25.57 units up to a value of 26.23 units or equalto a value of 0.66 units
equal to an amount of 2.59%;

Italy with a variation from an amount of 73.02 units up to a value of 74.88 units or equal to avalue of 1.86 units
equal to a value of 2.55%;

Estonia with a variation from an amount of 70.89 units up to a value of 72.32 units or equalto a value of 1.43 units
equal to an amount of 2.01%;

Greece with a variation from an amount of 62.86 units up to a value of 64.04 units equal toan amount of 1.18 units
equal to a value of 1.88%;

Belgium with a variation from an amount of 77.48 units up to a value of 78.39 units or equalto a value of 1.45 units
equal to a value of 1.87%;

Israel with a variation from an amount of 83.07 units up to a value of 84.58 units or equal toa value of 1.51 units
equal to a value of 1.82%;

Sweden with a variation from an amount of 144.27 units up to a value of 146.89 units or equalto a value of 2.62 units
equal to a value of 1.81%;

Norway with a variation from an amount of 80.49 units up to a value of 81.93 units or equalto a value of 1.44 units
equal to a value of 1.79%;

Finland with a variation from an amount of 119.34 units up to a value of 121.191 units orequal to a value of
1.851 units equal to a value of 1.55%;

France with a variation from an amount of 114.65 units up to a value of 116.32 units or equalto a value of 1.67 units
equal to a value of 1.45%;
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Switzerland with a variation from an amount of 168.35 units up to a value of 170.73 units orequal to a value of 2.38
units equal to a value of 1.41%;

Germany with a variation from an amount of 126.83 units up to a value of 127.52 units orequal to a value of 0.69
units equal to an amount of 0.54%;

Hungary with a variation from an amount of 29.14 units up to a value of 29.28 units or equalto a value of 0.14 units

equal to an amount of 0.48%;

Montenegro with a variation from an amount of -0.24 units up to a value of 2.6 units equal toan amount of 2.85%.

Prediction with Linear Regression as Best Machine
Learning Algorithm with Augmented Data

Figure 6

PREDICTION WITH LINEAR REGRESSION AS BEST MACHINE LEARNING ALGORITHM WITH

AUGMENTED DATA

Through the application of the best performer algorithm or Linear Regression it is possible to predicta
reduction in the value of "New Doctorate Graduates™ in the following countries, see table 3 namely:

Citation Information: Resta, E., Costantiello, A., Anobile, F., Laureti, L., Leogrande, A., (2024). The Impact of New Doctorate Graduates on

United Kingdom with a variation from an amount of 152.13 units up to a value of 151.88 unitsor equal to a value of -
0.24 units equal to a value of -0.16%;

Portugal with a variation from an amount of 74.57 units up to a value of 74.15 units or equalto a value of -0.41 units
equal to a value of -0.55%;

Luxembourg with a variation from an amount of 95.87 units up to a value of 95.10 units orequal to a value of -
0.76 units equal to a value of -0.79%;

Netherlands with a variation from an amount of 73.19 units up to a value of 72.28 units orequal to a value of 0.90
units equal to a value of -1.23%;

Iceland with a variation from an amount of 59.33 units up to a value of 58.52 units or equalto a value of -0.8 units
equal to a value of -1.35%;

Ireland with a variation from an amount of 97.7 units up to a value of 96.22 units or equal toa variation of -1.47
units equal to a value of -1.50%;

Austria with a variation from an amount of 95.39 units up to a value of 93.26 units equal to avalue of -2.1 units equal
to a value of 2.22%;

Slovakia with a variation from an amount of 75.85 units up to a value of 74.02 units equal toan amount of 1.82 units
or equal to a value of 2.40%;

Bulgaria with a variation from an amount of 50.05 units up to a value of 48.80 units or equalto a value of -1.24 units
equal to a value of 2.48%;

North Macedonia with a variation from an amount of 7.67 units up to a value of 7.44 units orequal to a value of -0.22
units equal to a value of 2.93%;
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e Czech Republic with a variation from an amount of 91.62 units up to a value of 88.73 unitsor equal to a variation
of -2.88 units equal to an amount of -3.14;

e  Serbia with a variation from an amount of 64.61 units up to a value of 62.56 units or equal toa value of -2.05 units
equal to a value of -3.17%;

e  Spain with a variation from an amount of 157.97 units up to a value of 151.48 units or equalto a value of -5.49 units
equal to a value of -4.10%j;

e Latvia with a variation from an amount of 24.17 units up to a value of 22.79 units or equal toa value of -1.37 units
equal to a value of -5.67%;

o Croatia with a variation from an amount of 51.15 units up to a value of 47.95 units or equalto a variation of 3.19
units equal to a value of 6.25%;

e Lithuania with a variation from an amount of 38.54 units up to a value of 34.03 units or equalto a value of -4.5 units
equal to an amount of -11.70%;

e Slovenia with a variation from an amount of 122.81 units up to a value of 107.488 units equalto a variation of -15.32
units equal to a value of -12.47%;

e Bosnia with a variation from an amount of 10.63 units up to a value of 9.28 units or equal toa value of -1.34 units
equal to a value of -12.67%.

Table 3
PREDICTION WITH LINEAR REGRESSION AS BEST MACHINE LEARNING ALGORITHM WITH
AUGMENTED DATA
. Linear
Country SGD Lmea_r ADbs % Var Country SGD Regressio Abs % Var
Regression | Var n Var
Mo”f”egr 0,24 2,62 2,86 10%9’0 Hungary 29,14 29,28 0,14 0,49
Cyprus 18,89 21,65 2,76 14,61 United Kingdom 153?'1 151,88 -0,25 -0,16
Malta 17,29 19,59 2,30 13,29 Portugal 74,57 74,16 -0,41 -0,55
Poland 19,03 20,43 1,40 7,35 Luxembourg 95,87 95,11 -0,76 -0,80
Turkey 17,93 19,22 1,29 7,18 Netherlands 73,19 72,28 -0,91 -1,24
Romania 20,27 21,25 0,98 4,84 Iceland 59,33 58,53 -0,80 -1,35
Denmark Y| w4504 |a27 | 301 Ireland 9770 | 96,23 147 | 151
Ukraine 25,57 26,23 0,66 2,60 Austria 95,39 93,26 -2,13 -2,23
Italy 73,02 74,88 1,86 2,55 Slovakia 75,85 74,03 -1,82 -2,40
Estonia 70,89 72,32 1,43 2,02 Bulgaria 50,05 48,80 -1,25 -2,49
North
Greece 62,86 64,04 1,18 1,88 Macedonia 7,67 7,44 -0,23 -2,94
Belgium 77,48 78,94 1,46 1,88 Czechia 91,62 88,74 -2,88 -3,15
Israel 83,07 84,59 1,52 1,83 Serbia 64,61 62,56 -2,05 -3,17
sweden "M% | 14689 |262 | 182 Spain 19 | 15148 | 649 | 411
Norway 80,49 81,94 1,45 1,80 Latvia 24,17 22,80 -1,37 -5,67
Finland 112’3 121,19 1,85 1,55 Croatia 51,15 47,95 -3,20 -6,25
France o | 11632 |167 | 146 Lithuania 3854 | 34,03 451 | -11,70
SW'tge”a“ 153 | 1073 238 | 141 Slovenia 1228 | 10749 |a532 | -1248
Bosnia
126,8 a
Germany 3 127,52 0,69 0,55 nd 10,63 9,28 -1,35 -12,68
Herzegovina
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CONCLUSION

This article has investigated the innovational determinants of the variable “New Doctorate
Students”in Europe. We have used data from the European Innovation Scoreboard-EIS of the European
Commission. We performed a series of econometric models to find the statistical relationships amongthe
variables i.e. Pooled OLS, Dynamic Panel, WLS, Panel Data with Fixed Effects, Panel Data withRandom
Effects. We found that “New Doctorate Graduates™ is positively associated, among others,with “Human
Resources” and “Government Procurement of Advanced Technology Products” and negatively,
associated among others, with “Total Entreprencurial Activity” and “Innovation Index”. Furthermore,
we have applied a clusterization with k-Means algorithm. We find that the optimal number of cluster is
three. The more advanced countries in the sense of “New Doctorate Graduates”are the Scandinavians,
UK, Germany, France, and Switzerland while the Eastern European countriesare the worst. The network
analysis has showed that while countries of the first and second clusters have share essentially a
common framework, the countries in the top cluster i.e. the third, have no network connection at all.
Finally, we propose an analysis among ten machine learning algorithms to predict the value of “New
Doctorate Graduates” either with Original Data-OD either with Augmented Data-AD. We found that the
best predictor for OD is SGD-Stochastic Gradient Descendent while thebest predictor for AD is Linear
Regression. Doctorate programs and Doctorate students are essentialto promote the knowledge economy
and to give the European Union a competitive chance in the SinoAmerican techwar.
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