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ABSTRACT

The article analyses lifelong learning development across EU countries, focusing on disparities in
doctoral education. A cluster analysis methodology is used to identify homogeneous groups of countries
based on various indicators, such as the number of doctoral graduates divided by age and gender and
GDP per capita. The analysis categorises countries into clusters based on similarities, applying the
K-means clustering technique. This method groups countries to highlight differences in lifelong
learning, particularly emphasising economic development. Cluster analysis reveals significant
differences between economically advanced European countries and less developed regions,
particularly in Eastern Europe. The results underline that Western European countries show a higher
number of doctoral graduates, both in total and within the 25-34 age group, compared to Eastern
European nations, where these figures are considerably lower. The study concludes that fostering
lifelong learning is crucial for socio-economic development, and countries must implement strategies
to enhance participation in higher education.
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INTRODUCTION

Lifelong learning has become a central component of modern education systems and a key
factor in economic development, especially within the European Union (EU). As labour
markets and technological advancements evolve rapidly, the ability of individuals to
continuously update their skills and knowledge is crucial for maintaining employability,
fostering personal development, and promoting social inclusion. European countries have
made significant efforts to promote adult education, but participation levels and outcomes
remain heterogeneous across the region [1]. The strategic framework for European cooperation
in education and training, particularly through initiatives like the Europe 2020 strategy,
underscores the importance of enhancing lifelong learning toss achieve sustainable economic
growth and social cohesion [2].

This article aims to explore the development and participation in lifelong learning across
selected EU member states and associated countries. The study focuses on key indicators of
formal and non-formal education, trends in doctoral education, and the relationship between
educational attainment and economic performance. Specifically, the paper investigates how
different countries cluster based on their educational outcomes, using advanced statistical
methods like cluster analysis, and assesses the socio-economic factors that influence
participation rates in lifelong learning and higher education.

Through the use of Eurostat data from 2013 to 2019, this study presents a comparative analysis
of lifelong learning indicators, PhD graduation rates, and GDP per capita across 35 European
countries. The findings will shed light on the disparities between countries in terms of
educational achievements, highlight the economic implications of lifelong learning, and
suggest policy recommendations to enhance participation in adult education. By understanding
the factors that contribute to successful lifelong learning frameworks, this paper aims to
provide insights that can inform policymakers and educators in their efforts to improve
educational systems across Europe.

LITERATURE REVIEW

The strategic framework for European cooperation in education and training, approved in May
2009, included a number of requirements for adult participation in learning, including the need
for at least 15 % of people aged 25-64 to participate in lifelong learning [3]. In 2020, 9,2 % of
EU citizens aged 25-64 were enrolled in some form of education or training, which is 0,9
percentage points less than in 2015 and 1,6 percentage points less than in 2015. Part of the
decline in 2019 can be linked to the COVID-19 pandemic, which is why training programs
have been suspended [4].

The adult learning indicator in the Labour Force Survey refers to participation in formal and
non-formal education and training [5].

Results presented in [3] indicate that Denmark, Finland, and Sweden were the only EU member
states that reported a significantly higher percentage of their adult population engaged in
lifelong learning in the four weeks prior to the survey, ranging from 20.0 to 28.6%. Estonia,
the Netherlands, and Luxembourg were the only other EU countries to have a participation
percentage of over 15 % in 2020. Adult learning rates were less than 4% in Romania, Bulgaria,
Slovakia, Croatia, and Poland, on the other hand. The reference period for participation is four
weeks before the interview.

In addition, as reported in [3], women (10,0 % in 2020) are more likely than men (8,3 %) to
participate in adult learning in the EU. Both men and women had lower participation rates in
2020 than five years earlier. Participation rates for women and men gradually increased until
2019 but decreased in 2020, coinciding with the onset of the COVID-19 outbreak. In all EU
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Member States in 2020, women had higher participation rates than men, except for the Czech
Republic, Germany, Greece and Cyprus (where men had higher rates), while Romania had the
same rate for both sexes.

The Adult Education Survey, together with the data from the Labour Force Survey, which
provides data on participation in education and training in the four weeks preceding the survey
interview, also includes data on education and training [6]. Because the survey assesses
engagement in learning activities over a longer period (12 months before the survey interview), it
is more likely to cover more learning activities, resulting in higher rates of involvement in formal
and non-formal education and training. However, this is not done as often as it should (every
six years since 2016). The last wave of the survey was carried out in 2022, and before that in 2016.

In the 12 months preceding the EU-wide Labour Force Survey [6], men and women had almost
similar rates of participation in education and training. In Cyprus, the Czech Republic, Hungary
and Italy, men were much more likely than women to participate in education and training. In
contrast, the opposite is true in Estonia, Finland, Latvia, Sweden and Lithuania. Younger
individuals (aged 25-34) had more than 20 percentage points higher than those who said they
would participate in the EU in 2016. The participation of older people in education and training
was extremely low in Romania and Greece. Educational achievement is linked to the likelihood of
inclusion in education and training: those with higher education reported the highest participation
rates, while those with lower secondary education reported the lowest participation rates.

In the reference period of 2022, 55 % of persons aged 25-64 reported engaging in lifelong
learning (formal and/or non-formal education), an increase from 54 % in 2017. In 2022, little
more than 11 % of persons aged 25-64 engaged in formal education, reflecting a 2 % rise from
2017. In 2022, 50 % of persons aged 25-64 engaged in non-formal education, maintaining the
same participation percentage as in 2017. In 2022, over half (54 %) of adults aged 25-64
reported participating in informal learning, a decrease from 62 % in 2017 [7].

It is also common knowledge that the European Commission has emphasised for many years
the importance of lifelong learning in achieving Lisbon’s goals, especially in terms of personal
growth and fulfilment. As a result, since 2005, a public debate on the future of social policy
has developed in the European Union. In this context, lifelong learning plays a key role in
building a common European socio-economic paradigm [8].

EU-SILC statistics show a high level of reliability in the literature on adult education and
training [9]. The formal phenomenon of lifelong learning is significantly higher among younger
and more educated employees and significantly lower among workers who have changed jobs
in the last year and work in small enterprises or low-skilled occupations, statistics show for
both men and women. According to estimates for both genders in the full sample, employees
are far more likely to engage in formal lifelong learning for a fixed and fixed-term period.
These two explanatory factors also had the greatest impact on the likelihood of adult
subsequent learning. In fact, lifelong learning remains a key goal for European countries, as
people need to update their skills throughout their working lives to improve employment
prospects and contribute to personal fulfilment, social inclusion, and active citizenship in an
era of rapidly changing technologies. Many countries are changing their institutional
frameworks to ensure that everyone has access to high-quality lifelong learning opportunities
(European Commission, 2010). However, empirical research on the factors of lifelong learning
in European countries is insufficient [9].

METHODOLOGY

The research presented in the paper consists of two parts. First, the trends in the number of
completed PhDs in selected European countries are explored. Data on the number of completed
PhDs per 1000 inhabitants and the number of men and women who received PhDs per 1000
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inhabitants are analysed, with special emphasis on the age group from 25 to 34. Data was
collected from the Eurostat database. Second, the homogeneity of lifelong learning in selected
European countries is analysed.

Cluster analysis is a useful approach for detecting homogeneous groups of units, objects,
instances, or observations. As a result, units in the same cluster share many similarities. Units
belonging to different clusters, on the other hand, have a wide range of features. The choice of
the most acceptable variables for grouping must be determined at the initial stage of the cluster
analysis. The variables used are determined by the theory used and the preferences of the
researchers. However, the ratio of the number of variables to the sample size should be
considered when selecting variables.

The grouping technique determines how clusters are generated. Clustering strategies vary
depending on the optimisation goal, such as minimising variation between units in clusters or
increasing the distance between units in different clusters [10]. Other techniques for grouping
procedures exist, but they can be categorised into hierarchical and non-hierarchical methods [11].

Different distance measurements are used to generate clusters of units in hierarchical cluster
analysis [12]. Clusters are generated by using variations within clusters in non-hierarchical
cluster analysis. Additionally, in hierarchical cluster analysis, the total number of clusters is
determined after the study is completed. However, in non-hierarchical cluster analysis, the final
number of clusters is determined before the cluster analysis begins [12]. Units in hierarchical
cluster analysis do not change their cluster affiliation, but this is a possibility in non-
hierarchical cluster analysis. The stability and validity of the cluster solution are tested at the
end [13]. If multiple clustering algorithms produce comparable results, the cluster solution can
be considered stable. A cluster analysis was carried out with regard to the above factors.

The first phase involves undertaking a descriptive statistical study on the characteristics of 35
European countries. This study aims to understand better the differences between the countries
studied. The analysis of descriptive statistics also serves as a foundation for cluster analysis.

The number of alternate partitions of n units in a k cluster is described by [14] as:

k
Nk =y (-1 (€ ) n

where n is the number of units, £ is the number of clusters. The problem is that even with a
small n and £, the number of alternate partitions is still large. There are 35 European countries in
the analysis, which implies that there are many different divisions. As a result, a non-hierarchical
(partition) clustering technique was chosen to perform cluster analysis. The k-means approach
is also used here because it is efficient in computer science and the most popular among
scientists [15]. As its name implies, the k-mean grouping process deals with observing the
means of clusters. An iterative process of simultaneously moving units to the cluster with the
nearest mean is included in the k-mean grouping algorithm. A new cluster mean is then
determined [ 13]. Obviously, there are several stages in the technique of grouping k-mean values.

In the first stage, the initial solution is determined by taking into account the specified number
of clusters and starting centres or by observing the p-dimensional vector for each set:

x "= (xlwm,xzwm,...,x:) (2)

where x; ™ describes the k-th characteristic of the initial seed of cluster m [13]. Euclidean
square distances can be used to calculate the distance between the ith unit and the initial seed
of the cluster m as stated:

=Yl v G)
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These distances are calculated for all clusters, and the ith unit is assigned to the cluster with the
shortest distance. This allows all units to be assigned to specific clusters. The cluster mean is
performed in the next step by flashing all units associated with a particular cluster. To achieve
this, each of the dimensions of the p attribute is examined:

= (%% %) (4)

Subsequently, the cluster mean X replaces the initial seeds x~™, and the distances between

each unit and each cluster centre are recalculated using equation 3 [13].

As a result, units can “travel” from one cluster to another. This process continues until no units
change their membership in the cluster. The cluster solution is then declared stable, and a final
solution is reached. The contents of the cluster are then discussed and understood in the next stage.

This research uses the statistical program Statistica (version 13.1) to perform cluster analysis.
The final cluster solution is performed by observing the average values of the six variables
used in cluster analysis for units within the cluster. This explains the main properties of the
units in clusters.

The v-fold cross-check strategy was chosen to identify a finite number of clusters in order to
select the optimal number of clusters [16]. The data is initially split into v strata or subsamples
of approximately similar size in a v-fold cross-validation procedure. In the following stages,
each subsample is removed, and the remaining subsamples are used to estimate the value of
the removed subsample. The estimated errors for all summed subsamples are compared with
the errors from previous iterations. Finally, [17] select the solution with the lowest projected
error rate. It has been shown that, in most cases, it is sufficient to extract 10 (v = 10) random
subsamples from the data [16]. As a result, it was placed at the same number in our analysis.

Further restriction is imposed in order to obtain meaningful and interpretive clusters. As a
result, the final cluster count should be somewhere between 2 and 25. If the relevant error
function for a solution with a k£ + 1 cluster is not at least 5 % better than the solution with a k
cluster, the solution with a k cluster is considered final [18].

Cluster analysis has emerged as a valuable tool in educational research, enabling the
identification of distinct student profiles based on various learning behaviours and motivational
factors. For example, cluster analysis has been used to explore how physical education students
regulate their motivation, identifying unique combinations of intrinsic and extrinsic
motivations that influence performance and engagement [19]. The method has been applied to
categorise student behaviours in educational settings, highlighting how unsupervised
techniques can reveal patterns in student engagement and academic performance [20].
Similarly, cluster analysis has been proven useful in examining the impact of external factors,
such as the COVID-19 pandemic, on e-learning, identifying variations in response across
different countries based on development levels [21]. Further research used cluster analysis to
investigate employment trends in knowledge-intensive fields, emphasising gender disparities
in European countries [22].

RESULTS

TREND OF LIFELONG LEARNING DEVELOPMENT IN SELECTED EUROPEAN
COUNTRIES

Total number of completed PhDs per 1000 inhabitants

Table 1 shows the total number of completed PhDs per 1000 inhabitants. From 2013 to 2019,
statistics for 35 European countries (EU member states plus Iceland, Norway, Montenegro,
Macedonia, Serbia and Turkey) were collected from the European Commission’s statistical
database — Eurostat. The highest number of PhD graduates per 1000 inhabitants in 2019 was
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Table 1. Completed PhDs, number per 1000 inhabitants (n.d. — no data).

Country / Year 2013 | 2014 | 2015 |2016 |2017 |2018 |2019
EU — 27 countries (as 0of 2020) | 1.8 1.8 1.9 1.9 1.9 1.9 1.7
EU — 28 countries (2013-2020) | 1.9 1.9 2.0 2.1 2.1 2.1 1.9
Belgium 1.7 1.8 1.9 2.0 2.0 2.1 2.0
Bulgaria 1.2 1.4 1.5 1.5 1.5 1.5 1.4
Czech Republic 1.6 1.7 1.7 1.7 1.7 1.7 1.7
Danish 2.9 3.2 3.3 3.2 3.2 2.9 2.8
Germany 2.7 2.8 2.9 2.8 2.7 2.6 2.7
Estonia 1.2 1.1 1.1 1.2 1.3 1.3 1.3
Ireland 2.1 2.5 2.1 2.4 2.2 2.3 2.5
Greece 1.0 1.1 1.3 1.5 1.5 1.3 1.5
Spain 1.6 1.8 1.9 2.6 3.7 3.2 1.8
France 1.7 1.7 1.8 1.7 1.7 1.7 1.7
Croatia 1.4 1.5 1.6 1.2 1.3 1.3 1.4
Italy 1.5 1.5 1.5 1.4 1.4 1.2 1.2
Cyprus 0.4 0.4 0.6 0.7 0.7 0.8 0.9
Latvia 1.1 0.9 0.9 0.7 0.5 0.5 0.5
Lithuania 1.2 1.1 1.1 0.9 0.9 0.9 0.9
Luxembourg 0.8 1.0 1.3 1.2 1.7 1.5 1.1
Hungary 0.8 0.9 1.0 1.0 1.0 1.0 1.0
Malta 0.4 0.3 0.5 0.5 0.7 0.7 0.5
Netherlands 2.1 2.2 2.3 2.4 2.2 2.2 n.d.
Austria 2.0 2.0 1.9 1.9 2.2 2.3 1.8
Poland 0.6 0.6 0.6 0.6 0.5 0.6 0.7
Portugal 1.9 2.0 1.9 2.0 1.8 2.0 1.9
Romania 1.9 1.4 1.5 0.8 0.7 0.7 0.8
Slovenia 4.0 3.5 3.5 3.8 1.9 1.8 1.9
Slovakia 2.4 2.5 2.2 2.1 2.0 1.7 1.8
Finnish 2.8 2.9 2.9 2.9 2.6 2.6 2.5
Sweden 2.8 2.9 2.9 2.7 2.7 2.3 2.3
Island 1.2 1.9 1.4 1.5 1.3 1.2 1.7
Liechtenstein 2.6 3.7 2.8 5.7 5.6 3.5 5.7
Norway 2.3 2.1 2.0 1.9 2.1 2.1 2.2
Switzerland 3.3 3.5 34 34 3.6 3.6 3.7
United Kingdom 3.0 2.9 3.0 3.1 3.1 3.3 3.3
North Macedonia 0.7 0.6 0.8 0.6 0.6 0.8 0.6
Serbia n.d. 0.8 1.1 1.1 1.7 1.0 0.9
Turkey n.d. 0.4 0.4 0.5 0.5 0.6 0.6

observed in economically advanced Western European countries, with Liechtenstein leading at
5,7, followed by Switzerland (3,7), the United Kingdom (3,3), Denmark (2,8), Germany (2,7),
Ireland (2,5), and Finland (2,5). These figures remained stable between 2013 and 2019. In
contrast, countries such as Cyprus (0.9), Latvia (0,5), Poland (0,5), and Turkey (0,6) recorded
significantly lower rates, lagging the EU average of 1,9 PhDs per 1000 inhabitants during the
same period. The data suggests that PhD attainment is more concentrated in economically and
socially developed nations, with expectations of growth in developing countries as their

education systems improve.
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Total number of completed PhDs per 1000 population aged 25 to 34

To extend the analysis, Table 2 shows the total number of PhD graduates aged 25 to 34 per
1000 population for the period from 2013 to 2019. Data are not available for the European
Union average in 2013 and 2014, the Netherlands in 2019, Romania for the period 2014-2017,
and Serbia and Turkey for 2013. It can be noted that Germany (2,1 per 1000 inhabitants aged
25 to 34), Liechtenstein (2,1 per 1000 inhabitants aged 25 to 34), Switzerland (2,9 per 1000
inhabitants aged 25 to 34) and the United Kingdom (2,0 per 1000 inhabitants aged 25 to 34)
achieved a significantly higher number of PhDs in 2019 compared to other countries and the
European Union average for the period 2013 to 2019 which was 1,4 per 1000 residents from
25 to 34 years old. Indeed, doctoral studies are vital for determining the future career of
scientists in the labour market, and Eastern European researchers are in a somewhat worse
situation than their counterparts from Western Europe and the Nordic countries.

Table 2. Completed PhDs aged 25-34, number per 1000 population (n.d. —no data). Source: Eurostat.

Country / Year 2013 | 2014 | 2015 |2016 |2017 |2018 |[2019
EU — 27 countries (as of 2020) | n.d. n.d. 1.3 1.3 1.3 1.3 1.2
EU — 28 countries (2013-2020) | 1.4 1.3 1.4 1.4 1.4 1.4 1.4
Belgium 1.3 1.4 1.4 1.5 1.5 1.6 1.6
Bulgaria 0.4 0.5 0.5 0.6 0.6 0.6 0.5
Czech Republic 1.1 1.2 1.2 1.1 1.2 1.2 1.1
Danish 2.0 2.3 2.3 2.2 2.2 2.0 2.0
Germany 2.2 2.3 2.3 2.2 2.1 2.1 2.1
Estonia 0.8 0.7 0.6 0.8 0.8 0.8 0.8
Ireland 1.5 1.8 1.4 1.6 1.4 1.4 1.5
Greece 0.5 0.4 0.5 0.7 0.6 0.5 0.6
Spain 0.9 1.0 1.1 1.2 1.2 1.5 1.1
France 1.2 1.2 1.2 1.2 1.4 1.4 1.4
Croatia 0.8 0.8 0.8 0.5 0.6 0.5 0.5
Italy 1.2 1.1 1.2 1.1 1.1 1.0 1.0
Cyprus 0.3 0.3 0.3 0.5 0.4 0.6 0.6
Latvia 0.5 0.5 0.5 0.4 0.2 0.2 0.3
Lithuania 0.8 0.8 0.8 0.6 0.7 0.7 0.6
Luxembourg 0.7 0.8 1.1 1.0 1.3 1.2 1.1
Hungary 0.5 0.6 0.6 0.6 0.6 0.7 0.6
Malta 0.2 0.2 0.2 0.2 0.4 0.3 0.2
Netherlands 1.8 1.9 1.9 2.0 1.9 1.8 n.d.
Austria 1.5 1.5 1.4 1.4 1.4 1.3 1.3
Poland 0.5 0.4 0.5 0.5 0.4 0.5 0.5
Portugal 0.8 0.8 0.7 0.8 0.8 0.8 0.8
Romania 1.1 n.d. n.d. n.d. n.d. 0.4 0.4
Slovenia 2.7 2.0 2.0 4.0 1.2 1.1 1.0
Slovakia 1.8 1.8 1.7 1.6 1.5 1.3 1.3
Finnish 1.2 1.3 1.3 1.3 1.1 1.2 1.1
Sweden 1.6 1.7 1.7 1.6 1.5 1.3 1.3
Island 0.6 0.9 0.6 0.8 0.6 0.5 0.9
Liechtenstein 1.5 1.5 1.5 2.6 2.6 1.5 2.1
Norway 1.2 1.1 0.9 1.0 1.0 1.0 1.1
Switzerland 2.6 2.7 2.6 2.7 2.8 2.8 2.9
United Kingdom 1.9 1.8 1.9 1.9 2.0 2.0 2.0
North Macedonia 0.2 0.2 0.2 0.2 0.2 0.2 0.3
Serbia n.d. 0.3 0.4 0.5 0.5 0.5 0.4
Turkey n.d. 0.2 0.3 0.3 0.3 0.3 0.3
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Total number of male PhDs per 1000 inhabitants

Table 3 shows the number of male graduates per 1000 inhabitants. As for the number of male
graduates per 1000 inhabitants in the period from 2013 to 2019, it can be noted that Cyprus is
recording an increasing trend in the number of male PhDs, in contrast to Italy, Latvia,
Lithuania, Slovenia, Slovakia, Romania which has been recording a decline over the years. The
average of the 28 countries in the European Union for the period 2013-2020 seems to maintain
a stable trend in terms of male graduates at doctoral level over the years (= 1,1 men per 1000
inhabitants). The highest number of PhD graduates was recorded in Belgium (1,2 men per 1000
population), Denmark (1,4 men per 1000 population), Germany (1,5 men per 1000 population),

Table 3. Completed PhDs, number of men per 1000 inhabitants (n.d. — no data). Source: Eurostat.

Country / Year 2013 [ 2014 |2015 |2016 |2017 |2018 |2019
EU — 27 countries (as of 2020) | 0.9 0.9 1.0 1.0 1.0 1.0 0.9
EU — 28 countries (2013-2020) | 1.0 1.0 1.1 1.1 1.1 1.1 1.0
Belgium 1.0 1.0 1.1 1.1 1.1 1.2 1.2
Bulgaria 0.6 0.7 0.7 0.7 0.7 0.7 0.6
Czech Republic 0.9 1.0 0.9 1.0 1.0 1.0 1.0
Danish 1.6 1.7 1.7 1.7 1.6 1.5 1.4
Germany 1.5 1.5 1.6 1.5 1.5 1.4 1.5
Estonia 0.5 0.5 0.5 0.6 0.6 0.7 0.6
Ireland 1.1 1.3 1.1 1.2 1.1 1.1 1.2
Greece 0.6 0.6 0.7 0.8 0.8 0.7 0.8
Spain 0.8 0.9 1.0 1.3 1.8 1.5 0.9
France 1.0 0.9 1.1 1.0 0.9 1.0 1.0
Croatia 0.7 0.7 0.7 0.5 0.6 0.6 0.6
Italy 0.7 0.7 0.7 0.7 0.7 0.6 0.6
Cyprus 0.2 0.2 0.3 0.3 0.3 0.4 0.4
Latvia 0.5 0.4 0.4 0.3 0.2 0.2 0.2
Lithuania 0.5 0.5 0.5 0.4 0.4 0.4 0.4
Luxembourg 0.5 0.6 0.7 0.7 0.9 1.0 0.7
Hungary 0.4 0.5 0.5 0.5 0.5 0.6 0.5
Malta 0.2 0.3 0.2 0.3 0.4 0.3 0.3
Netherlands 1.1 1.2 1.2 1.2 1.2 1.1 n.d.
Austria 1.1 1.1 1.1 1.1 1.2 1.3 1.1
Poland 0.3 0.3 0.3 0.3 0.2 0.3 0.3
Portugal 0.8 0.9 0.9 0.9 0.8 0.9 0.9
Romania 0.9 0.7 0.7 0.4 0.3 0.3 0.4
Slovenia 1.8 1.5 1.5 53 1.0 0.8 0.9
Slovakia 1.2 1.3 1.1 1.0 1.0 0.9 0.9
Finnish 1.4 1.4 1.4 1.4 1.2 1.3 1.2
Sweden 1.5 1.6 1.6 1.5 1.5 1.2 1.3
Island 0.6 0.8 0.7 0.5 0.4 0.5 0.8
Liechtenstein 1.1 2.8 1.5 3.5 3.5 1.9 4.2
Norway 1.2 1.1 1.0 1.0 1.0 1.0 1.1
Switzerland 1.9 2.0 1.9 1.9 2.0 2.0 2.0
United Kingdom 1.6 1.5 1.6 1.7 1.7 1.7 1.7
North Macedonia 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Serbia n.d. 0.4 0.5 0.5 0.7 0.4 0.5
Turkey n.d. 0.2 0.2 0.3 0.2 0.3 0.3

770



Development of lifelong learning in the countries of the European union: k-means cluster ...

Ireland (1,2 men per 1000 population), Austria (1,1 men per 1000 population), Finland (1,2
men per 1000 population), Sweden (1,3 men per 1000 population), Norway (1,1 men per 1000
population), Switzerland (2,0 men per 1000 inhabitants), the United Kingdom (1,7 men per
1000 inhabitants) with a significantly higher number in Liechtenstein (4,2 men per 1000
inhabitants). The data show that there is a significantly lower number of male graduates in
doctoral studies in Cyprus (0,4 men per 1000 population), Latvia (0,2 men per 1000
population), Lithuania (0,4 men per 1000 population), Malta (0,3 men per 1000 population),
Poland (0,3 men per 1000 population), Romania (0,4 men per 1000 population), North
Macedonia (0,3 men per 1000 population), Serbia (0,5 men per 1000 inhabitants) and Turkey
(0,3 men per 1000 inhabitants).

Total number of completed male PhDs per 1000 inhabitants aged 25 to 34

Furthermore, Table 4 presents data on the total number of male doctoral students aged 25 to 34
per 1000 population. It can be noted that the average of the European Union for the 28 countries
for the period 2013 and 2020 is stable, as well as in the Netherlands, Poland, and North
Macedonia. In addition, an increasing trend in the number of PhD holders over the years can be
observed in Belgium, France, and Switzerland, while the opposite is true for Lithuania and Sweden.

Table 4. Completed male PhDs, age 25-34 per 1000 inhabitants (n.d. — no data). Source: Eurostat
(continued on p.772).

Country / Year 2013 | 2014 | 2015 | 2016 |2017 |2018 |2019
EU — 27 countries (as of 2020) | n.d. n.d. 0.7 0.7 0.7 0.7 0.7
EU — 28 countries (2013-2020) | 0.7 0.7 0.7 0.7 0.7 0.7 0.7
Belgium 0.7 0.7 0.8 0.8 0.8 0.9 0.9
Bulgaria 0.2 0.2 0.3 0.3 0.3 0.2 0.2
Czech Republic 0.6 0.7 0.7 0.6 0.7 0.7 0.6
Danish 1.2 1.3 1.3 1.3 1.2 1.1 1.1
Germany 1.2 1.2 1.2 1.2 1.1 1.1 1.1
Estonia 0.3 0.4 0.4 0.4 0.4 0.4 0.4
Ireland 0.8 0.9 0.7 0.8 0.7 0.7 0.8
Greece 0.3 0.2 0.3 0.3 0.3 0.3 0.3
Spain 0.4 0.4 0.5 0.5 0.5 0.7 0.5
France 0.7 0.7 0.7 0.7 0.8 0.8 0.8
Croatia 0.3 0.4 0.3 0.2 0.3 0.2 0.3
Italy 0.6 0.5 0.6 0.5 0.6 0.5 0.5
Cyprus 0.1 0.1 0.1 0.2 0.2 0.3 0.2
Latvia 0.3 0.2 0.2 0.2 0.1 0.1 0.1
Lithuania 0.4 0.4 0.4 0.3 0.3 0.3 0.3
Luxembourg 0.4 0.5 0.6 0.6 0.7 0.7 0.6
Hungary 0.3 0.3 0.3 0.3 0.3 0.4 0.3
Malta 0.1 0.2 0.1 0.1 0.2 0.2 0.1
Netherlands 1.0 1.0 1.0 1.0 1.0 1.0 n.d.
Austria 0.8 0.9 0.8 0.8 0.8 0.8 0.8
Poland 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Portugal 0.4 0.4 0.3 0.3 0.3 0.4 0.4
Romania 0.5 n.d. n.d. n.d. n.d. 0.2 0.2
Slovenia 1.3 0.9 0.9 1.6 0.7 0.5 0.5
Slovakia 0.8 0.9 0.8 0.7 0.7 0.6 0.6
Finnish 0.7 0.7 0.7 0.7 0.6 0.7 0.6
Sweden 1.0 1.0 1.0 1.0 0.9 0.8 0.8
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Table 4. Completed male PhDs, age 25-34 per 1000 inhabitants (n.d. — no data). Source: Eurostat
(continuation from p.771).

Country / Year 2013 | 2014 | 2015 |2016 |2017 |2018 |2019
Island 0.3 0.4 0.4 0.3 0.2 0.2 0.5
Liechtenstein 0.4 0.9 0.9 1.3 1.3 0.6 1.5
Norway 0.7 0.6 0.5 0.5 0.6 0.6 0.6
Switzerland 1.4 1.5 1.5 1.5 1.5 1.6 1.6
United Kingdom 1.0 1.0 1.0 1.1 1.1 1.1 1.1
North Macedonia 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Serbia n.d. 0.1 0.2 0.2 0.2 0.2 0.2
Turkey n.d. 0.1 0.1 0.1 0.1 0.2 0.1

Total number of completed female PhDs per 1000 population

Table 5 represents the total number of female PhD graduates aged 25 to 34 per 1000 population.
It is worth noting that the European Union average for the 27 countries as of 2020 has been
quite stable over time. In addition, the number of individuals with PhDs increased over the
years in Belgium, France, and Switzerland). A positive trend in the analysed period can be
observed in Belgium, Bulgaria, Poland, Switzerland, and Turkey, while Italy, Lithuania, and
Romania recorded the opposite trend.

Table 5. Completed PhDs, number of women per 1000 inhabitants (n.d. — no data). Source:
Eurostat (continued on p.773).

Country / Year 2013 | 2014 |2015 |2016 |2017 |2018 |2019
EU - 27 countries (as of 2020) | 0.9 0.9 0.9 0.9 0.9 0.9 0.8
EU - 28 countries (2013-2020) | 0.9 0.9 1.0 1.0 1.0 1.0 0.9
Belgium 0.7 0.8 0.8 0.9 0.9 0.9 0.9
Bulgaria 0.6 0.7 0.7 0.8 0.8 0.8 0.8
Czech Republic 0.7 0.7 0.7 0.7 0.7 0.8 0.7
Danish 1.3 1.5 1.6 1.6 1.5 1.4 1.4
Germany 1.2 1.3 1.3 1.3 1.2 1.2 1.2
Estonia 0.7 0.6 0.6 0.7 0.8 0.6 0.7
Ireland 1.0 1.2 1.0 1.2 1.1 1.2 1.3
Greece 0.5 0.6 0.6 0.8 0.7 0.6 0.7
Spain 0.8 0.9 1.0 1.3 1.8 1.7 0.9
France 0.8 0.7 0.7 0.7 0.8 0.8 0.8
Croatia 0.8 0.8 0.9 0.6 0.7 0.7 0.8
Italy 0.8 0.8 0.8 0.7 0.7 0.6 0.6
Cyprus 0.2 0.2 0.3 0.4 0.3 0.4 0.5
Latvia 0.6 0.6 0.5 0.4 0.3 0.2 0.3
Lithuania 0.7 0.7 0.7 0.5 0.5 0.5 0.5
Luxembourg 0.3 0.4 0.6 0.5 0.8 0.5 0.5
Hungary 0.4 0.4 0.4 0.5 0.4 0.5 0.5
Malta 0.2 0.1 0.2 0.2 0.4 0.3 0.2
Netherlands 1.0 1.0 1.1 1.2 1.1 1.1 n.d.
Austria 0.9 0.8 0.8 0.8 1.0 1.0 0.8
Poland 0.3 0.3 0.3 0.3 0.3 0.4 0.4
Portugal 1.0 1.1 1.0 1.1 1.0 1.1 1.0
Romania 1.0 0.7 0.8 0.5 0.4 0.4 0.4
Slovenia 2.1 1.9 2.0 8.4 0.9 1.0 1.0
Slovakia 1.2 1.2 1.1 1.1 1.0 0.8 0.9
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Table 5. Completed PhDs, number of women per 1000 inhabitants (n.d. — no data). Source:
Eurostat (continuation from p.772).

Country / Year 2013 | 2014 | 2015 |2016 |2017 |2018 |2019
Finnish 1.4 1.5 1.5 1.5 1.4 1.4 1.3
Sweden 1.3 1.4 1.3 1.2 1.2 1.1 1.0
Island 0.6 1.1 0.8 1.0 0.9 0.7 0.9
Liechtenstein 1.5 0.9 1.3 2.2 2.2 1.5 1.5
Norway 1.1 1.0 1.0 1.0 1.0 1.0 1.1
Switzerland 1.5 1.5 1.5 1.5 1.6 1.6 1.7
United Kingdom 1.4 1.3 1.4 1.4 1.5 1.5 1.6
North Macedonia 0.4 0.3 0.4 0.3 0.4 0.4 0.4
Serbia n.d. 0.4 0.6 0.6 1.0 0.6 0.5
Turkey n.d. 0.2 0.2 0.2 0.2 0.3 0.3

Total number of completed female PhDs per 1000 population from 25 to 34 years

From 2013 to 2019, the number of women’s PhDs increased in Bulgaria, Greece, France,
Hungary, Switzerland, and Turkey, while in Italy and Sweden, the number of women earning
PhDs decreased over time. Between 2013 and 2020, the European Union average of 28
countries seems to have maintained a steady trend in terms of the number of women with
doctorates, as well as in the Czech Republic, Austria and North Macedonia. According to the
data, there are significantly fewer female PhD students in Bulgaria (0,3 women aged 25-34 per
1000 population), Greece (0,3 women aged 25-34 per 1000 population), Croatia (0,3 women
aged 25-34 per 1000 population), Latvia (0,1 women aged 25-34 per 1000 population),
Lithuania (0,3 women aged 25-34 per 1000 population), Hungary (0,3 women aged 25-34 per
1000 population), Malta (0,1 women aged 25-34 per 1000 population), Poland (0,3 women
aged 25-34 per 1000 population), Romania (0,2 women aged 25-34 per 1000 population), North
Macedonia (0,1 women aged 25-34 per 1000 population), Serbia (0,2 women aged 25-34 per
1000 population) and Turkey (0,2 women aged 25-34 per 1000 inhabitants) compared to
Germany (1,1 women aged 25-34 per 1000 inhabitants) and Switzerland (1,3 women aged
25-34 per 1000 inhabitants).

Table 6. Completed PhDs, number of women aged 25-34 per 1000 population (n.d. — no data).
Source: Eurostat (continued on p.774).

Country / Year 2013 | 2014 |[2015 |2016 |2017 |2018 |2019
EU - 27 countries (as of 2020) | n.d. n.d. 0.6 0.7 0.6 0.6 0.6
EU - 28 countries (2013-2020) | 0.6 0.6 0.7 0.7 0.7 0.7 0.6
Belgium 0.6 0.6 0.6 0.8 0.7 0.7 0.7
Bulgaria 0.2 0.2 0.3 0.3 0.3 0.3 0.3
Czech Republic 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Danish 0.8 1.0 1.0 0.9 0.9 0.9 0.9
Germany 1.0 1.1 1.0 1.0 1.0 1.0 1.0
Estonia 0.5 0.3 0.3 0.4 0.5 0.4 0.4
Ireland 0.7 0.9 0.6 0.8 0.7 0.7 0.8
Greece 0.2 0.2 0.2 0.3 0.3 0.3 0.3
Spain 0.5 0.5 0.6 0.7 0.7 0.9 0.6
France 0.5 0.5 0.5 0.5 0.6 0.6 0.6
Croatia 0.4 0.4 0.5 0.3 0.3 0.3 0.3
Italy 0.6 0.6 0.6 0.6 0.6 0.5 0.5
Cyprus 0.2 0.2 0.2 0.3 0.2 0.3 0.3
Latvia 0.2 0.3 0.3 0.2 0.1 0.1 0.1
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Table 6. Completed PhDs, number of women aged 25-34 per 1000 population (n.d. — no data).
Source: Eurostat (continuation from p.773).

Country / Year 2013 | 2014 | 2015 |[2016 |2017 |2018 |2019
Lithuania 0.5 0.4 0.4 0.3 0.4 0.4 0.3
Luxembourg 0.3 0.3 0.5 0.4 0.7 0.5 0.4
Hungary 0.2 0.3 0.3 0.3 0.3 0.3 0.3
Malta 0.1 0.0 0.1 0.1 0.2 0.2 0.1
Netherlands 0.8 0.9 0.9 1.0 0.9 0.9 n.d.
Austria 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Poland 0.3 0.2 0.3 0.3 0.2 0.3 0.3
Portugal 0.4 0.4 0.4 0.5 0.4 0.4 0.4
Romania 0.6 n.d. n.d. n.d. n.d. 0.2 0.2
Slovenia 1.4 1.1 1.1 2.5 0.6 0.6 0.5
Slovakia 1.0 1.0 0.9 0.9 0.7 0.7 0.6
Finnish 0.5 0.6 0.6 0.6 0.5 0.5 0.5
Sweden 0.7 0.7 0.6 0.6 0.6 0.5 0.5
Island 0.3 0.5 0.2 0.4 0.3 0.3 0.4
Liechtenstein 1.1 0.6 0.6 1.3 1.3 0.9 0.6
Norway 0.5 0.5 0.4 0.4 0.4 0.4 0.5
Switzerland 1.1 1.2 1.2 1.2 1.2 1.2 1.3
United Kingdom 0.9 0.8 0.9 0.9 0.9 0.9 0.9
North Macedonia 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Serbia n.d. 0.1 0.2 0.3 0.3 0.3 0.2
Turkey n.d. 0.1 0.1 0.2 0.2 0.2 0.2

ANALYSIS OF THE HOMOGENEITY OF LIFELONG LEARNING IN SELECTED
EUROPEAN COUNTRIES

Description of data

Table 7 provides an overview of the variables used in the analysis, along with their
abbreviations, descriptions, and their measurements. A total of seven variables were used to
determine the number of units with homogeneous characteristics. Data were collected from the
Eurostat database for 2019 for 35 European countries, including the Czech Republic, Ireland,
Spain, France, the Netherlands, Austria, Portugal, Slovenia, Slovakia, Finland, Sweden,
Iceland, Norway, Estonia, Greece, Croatia, Italy, Cyprus, Latvia, Lithuania, Luxembourg,
Hungary, Malta, Poland, Romania, North Macedonia, Serbia, Turkey, Denmark, Germany
(former FRG territory until 1990), Liechtenstein, Switzerland and the United Kingdom.

Table 7. Variable names.

Abbreviation | Description of the variable Measurement

ALL Number of PhD graduates Per 1000 inhabitants

25 34 Number of PhD graduates aged 25 to 34 Per 1000 inhabitants

M ALL Number of male PhD graduates Per 1000 inhabitants

M 25 34 Number of male PhD graduates from 25 to | Per 1000 inhabitants
34 years

F ALL Number of female PhD graduates Per 1000 inhabitants

F 25 34 Number of female PhD graduates aged 25 | Per 1000 inhabitants
to 34

GDP pc GDP per capita Per 1000 inhabitants
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Table 8 presents the variables included in the analysis and their descriptions. Based on these
variables, K-means was used for the grouping procedure.

Table 8. Variable descriptions.

Abbreviation | Variable Description
ALL PhD Graduates (per 1000 The number of individuals who have
inhabitants) completed a PhD normalised per 1000
people in the total population.
25 34 PhD Graduates (per 1000 The number of PhD graduates among
population, aged 25-34 years) people aged 25 to 34 is normalised per
1000 individuals in that age group.
M ALL PhD Graduates (per 1000 The number of men who have
inhabitants, men) completed a PhD normalised per 1000
men in the total population.
M 25 34 PhD Graduates (per 1000 The number of male PhD graduates

population, aged 25-34 years, men) | aged 25 to 34 normalised per 1000
men in that age range.

F ALL PhD Graduates (per 1000 The number of women who have
population, women) completed a PhD normalised per 1000

women in the total population.

F 25 34 PhD Graduates (per 1000 The number of female PhD graduates
population, aged 25-34 years, aged 25 to 34 normalised per 1000
women) women in that age group.

GDP pc GDP per capita GDP per capita in 2019 in EUR

Descriptive analysis

A total of seven variables were used for the analysis, Table 9. It contains the results of descriptive
statistics of variables. It should be noted that the analysis used data from 2019 for 35 European
countries. The median and mean were used as measures for the central tendency. The mean
value of the variables ranges from 0,49 for PhD students in the age group from 25 to 34 years is
1,76 for the total number of PhD graduates for 2019 and the average GDP per capita of 40 775,47.

Furthermore, it can be observed that the mean values for all variables are lower than the mean
values, suggesting that the data is skewed to the right. The coefficient of variation for the
dataset includes a high value of 84,45 for GDP per capita and a lowest value of 46,51 for the
total number of female doctors. Furthermore, the standard deviation ranges for the dataset
range from 0,28 for female PhD graduates within the 25-34 age group and 1,05 for the total
number of PhD students.

The minimum value of data for the observed variable ranges from 0,10 for male doctoral
students in the age group 25-34 years and 1,30 for the total number of female graduates in the
age group 25-34 years, while the minimum value of data for GDP per capita is 6 070,40.

On the other hand, it can be noted that the maximum value of the data ranges from 1,30 for
female graduates aged from 25 to 34 and 5,70 for the total number of graduates in 2019. The
maximum value for GDP per capita is 175814,00. The values for the lower and upper quartiles
are also shown in Table 9.

The Pearson correlation matrix for the six observed variables is shown in Table 10. Scattering
diagrams of the research variables are shown in Figure 1.
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Table 9. Results of descriptive statistics for seven observed variables, n = 35, data from 2019.

Indicator Variable
ALL |25 34 |M_ALL |M 25 34 |F _ALL | F 25 34 | GDP_PC
Average 1.76 | 1.06 0.94 0.57 0.83 0.49 40775.47
Median 1.70 | 1.00 0.90 0.50 0.80 0.50 29555.30
Standard deviation 1.05 | 0.64 0.71 0.39 0.39 0.28 34435.42
Coefficient of variation | 59.77 | 60.42 | 75.85 68.88 46.51 56.77 84.45
Skewness 1.71 0.88 2.96 0.92 0.46 091 2.14
Kurtosis 471 | 0.52 12.48 043 -0.46 0.86 6.11
Minimum 0.50 |0.20 0.20 0.10 0.20 1.30 6070.40
Maximum 570 | 2.90 4.20 1.60 1.70 1.30 175814.00
Lower quartile 090 | 0.50 0.50 0.20 0.50 0.30 17926.80
Upper quartile 2.20 1.40 1.20 0.80 1.10 0.60 51939.00
Table 10. Pearson correlation matrix, 4 = 6 variables, n = 35 European countries.

ALL 25 34 M_ALL M 25 34 | F ALL F 25 34
ALL 1
25 34 0.8474*** | ]
M_ALL 0.9701*** | 0.7708*** | 1
M 25 34 0.8997*** | (.9834*** | (.8525%** | 1
F ALL 0.9066*** | 0.8745%** | (0.7795%** | 0.8685%** | 1
F 25 34 0.7343*** | (0.9627*** | 0.6122%** | (.9091*** | (.8537*** | ]

***statistically significant correlations at the significance level of 1 %
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Figure 1. Scattering diagram of observed variables.
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The correlation matrix presents significant associations between PhD graduation rates across
different demographic groups. Notably, the correlation between PhD graduates in the total
population and those aged 25-34 (r = 0,8474***) suggests a strong alignment between overall
PhD trends and the younger age cohort. A similar pattern is observed between male and female
PhD graduates, with high correlations both in the total population (» = 0,9066***) and within
the 25-34 age group (» = 0,8537***). However, the relatively lower correlation between male
PhD graduates (M_ALL) and female graduates aged 25-34 (r = 0,6122**%*) hints at potential
gender-specific dynamics in the younger cohort, warranting further investigation into gender
disparities. Additionally, the strong correlation between PhD graduates among younger men
and women (7 = 0,9091***) reflects consistent patterns of educational attainment in the 25-34
age group, suggesting that trends in male and female PhD graduation rates within this cohort
are closely related. Overall, these findings highlight both the similarities and nuanced
differences across demographic segments in PhD attainment.

k-Means cluster analysis

Statistical non-hierarchical cluster analysis was used to group the observed countries. A
k-mean grouping algorithm was used. The greatest average distance technique was used to
obtain the first centroids or estimates. The new centroids were calculated using all the analysed
countries assigned to them after all countries were assigned to the nearest centroid. Euclidean
square distances were used as a measure of distance to give more weight to countries that were
farther away from the centroid [23].

This grouping technique has been carried out 50 times. However, it should be noted that before
any calculations, the variables are normalised individually using the built-in data normalisation
feature in the computer software. The minimum and maximum values of the observed
variables, as well as the data, are translated into a predefined range during the normalisation
process. As a result, the accuracy of clustering algorithms increases, thereby improving the
ability to establish high-quality clusters [24].

The rule of thumb [25], cross-checking, the elbow technique, access to information criteria [26],
and kernel matrix [27] are just a few of the ways to find the exact number of clusters. Due to
the limitations of the computer program used (Statistica), the final number of clusters will be
determined using the v-fold cross-check procedure.

The cost sequence graph, shown in Figure 2, reveals that the three-cluster solution is the best.
The cost sequence graph shows the error function for different cluster solutions, which is
defined as the average observation distance in subsamples to the cluster’s assigned hubs [28].
Variations in cluster costs or errors between solutions with two to three clusters are considered
significant. In other words, as the number of clusters increases, the error decreases by more
than 5 % compared to a cluster solution with one cluster less. On the other hand, the error
difference between solutions with two and three clusters is less than 5 %. As a result, a
three-cluster solution was chosen as the best option.

The ANOVA analysis for 3 clusters shows that the null hypothesis is rejected at the 1 % level,
showing that the solution of using 3 groups is appropriate, Table 11.

Table 12 shows the mean values of clusters of research variables, while Figure 3. It shows the
distribution of research variables among clusters.

The mean values of the studied variables in clusters are shown in Figure 3.
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Figure 2. Cost sequence chart.

Table 11. ANOVA analysis, k-mean grouping, 4 = 6 variables, k = 3 clusters, n = 35 European

countries.
Between SS Df Within SS Df F p-value
ALL 28.814 2.000 8.691 32.000 53.044 0.000
25 34 11.424 2.000 2.520 32.000 72.550 0.000
M_ALL 11.143 2.000 6.141 32.000 29.035 0.000
M 25 34 4.239 2.000 0.976 32.000 69.504 0.000
F ALL 4.098 2.000 1.021 32.000 64.221 0.000
F 25 34 1.905 2.000 0.710 32.000 42.944 0.000

Table 12. Average values by cluster, cluster analysis of k-mean values, 4 = 6 variables, n = 35
European countries, 2019.

Cluster 1 Cluster 2 Cluster 3
ALL 2.00 0.96 3.64
25 34 1.24 0.54 2.22
M_ALL 1.04 0.47 2.16
M 25 34 0.67 0.26 1.28
F ALL 0.98 0.51 1.48
F 25 34 0.58 0.27 0.94
Number of cases 14 16 5
age, % 40.00 45.71 14.29
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Figure 3. Average values of research variables by cluster.
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Graph of distributions for variable: ALL Graph of distributions for variable: 25_34
Number of clusters: 3 Number of clusters: 3
Cluster 1 ~ normal(x;2,000000:0,288231) Cluster 1 -~ normal(x;1,235714,0,276258)
Cluster 2 ~ normal(x;0,956250;0,332603) Cluster 2 ~ normal(x;0,543750,0,250250)
Cluster 3 ~ normal(x;3,640000;1,219836) Cluster 3 ~ normal(x;2,220000,0,383406)
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Figure 4. Distribution of research variables by cluster.

Figure 3 shows the distributions of all six observed research variables for the analysed
countries. Distributions can be used to observe the degree to which countries differ in a cluster
based on the observed variable. The smaller the gap between countries, the narrower the
distribution. Knowing the probability density function for a sample of data can help us
determine whether a particular observation is plausible or so unlikely that it can be labelled
extraordinary or anomalous and should be ruled out. It is quite useful for selecting acceptable
learning methods that require certain probability distributions in the input data.

This study uses data from 2019 for cluster analysis for 35 European countries. According to
the factors studied, we found three groups with significant differences: the total number of
doctoral graduates per thousand inhabitants, the total number of doctoral graduates aged 25 to
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34 per thousand inhabitants, the total number of male graduates at the doctoral level per
thousand inhabitants, the total number of male graduates at the doctoral level aged 25 to 34 per
thousand inhabitants, the total number of female graduates at the doctoral level per thousand
inhabitants and the total number of female graduates aged 25 to 34 per thousand inhabitants.

Table 13 lists the countries by cluster, and the Western Balkan countries fall into groups C1
and C2. Cluster 1 consists of 13 countries, including the Czech Republic, Ireland, Spain,
France, Netherlands, Austria, Portugal, Slovenia, Slovakia, Finland, Sweden, Iceland, and
Norway. The countries belong to different geographical regions such as Scandinavia (Iceland,
Norway, Sweden, and Finland), Central Europe (Austria, Czech Republic, Slovakia),
Southeastern Europe (Slovenia), Southern Europe (Portugal, Spain), Western Europe (France,
Netherlands), and Northwestern Europe (Ireland). This cluster is the most diverse with regard
to the geographical position of the countries. All countries are members of the EU. To improve
the quality and openness of EU Member States’ education and training systems, the European
Union has two types of instruments: a set of policy instruments that encourage EU countries to
develop their education systems and learn from each other’s successes and a significant
programme to support exchanges, networks and mutual learning between schools, universities
or training centres, as well as between political authorities.

Cluster 2 consists of 15 European countries: Estonia, Greece, Croatia, Italy, Cyprus, Latvia,
Lithuania, Luxembourg, Hungary, Malta, Poland, Romania, North Macedonia, Serbia, and
Turkey. Six countries belong to the Western Balkans (Greece, Croatia, Cyprus, Romania, North
Macedonia, Serbia and Turkey). The levels of educational achievement in the countries of this
region are different. Despite the fact that the Balkans have experienced multiple conflicts in
recent years, they have made progress towards democratic societies and improved their
economic infrastructure. However, there are still countries with flawed democracies and those
with thriving economies where gains in terms of basic freedoms, the rule of law and democratic
governance are not yet durable or irreversible. The EU’s capacity to convey democracy through
its enlargement agenda is failing to deliver on its promise to give democracy to these countries
in the EU accession process (North Macedonia, Serbia and Turkey), and the area is becoming
increasingly vulnerable to authoritarian governments.

Furthermore, this cluster includes countries from the Baltic Sea region (Estonia, Latvia and
Lithuania), known as the “Baltic states”. The key goals of the three countries are to establish a
free and open market economy, to open up globally within the EU, to reform science and
research, and to increase innovation. The Baltic countries have significantly changed their
economies and scientific systems in the years since independence, gaining full membership in
the European Union. Other countries in this cluster belong to Central Europe (Hungary and
Poland), South-Central Europe (Italy) and the Mediterranean region of Europe (Malta). All
these countries are members of the EU. This cluster shares similar characteristics and the lowest
level of educational achievement compared to Cluster 1 and Cluster 3.

Cluster 3 has the highest level of cluster mean, as shown in Figure 4. The most distinctive
attribute of this cluster is the highest total number of PhD graduates in 2019 compared to other
clusters. This cluster consists of five European countries: Denmark, Germany (until 1990, the
former territory of the FRG), Liechtenstein, Switzerland, and the United Kingdom. These
countries belong to the Northwest Europe region; that is, this cluster includes economies from
Northern Europe (Denmark and the United Kingdom) and Western Europe (Germany and
Switzerland), with the exception of Liechtenstein. Compared to other OECD countries,
educational achievement in Northern and Western Europe is quite high. Most countries in the
area are democratic welfare states with a government that provides a wide range of social
services and benefits. This region is known for its high level of organisational flexibility and
civic involvement, as well as its philanthropic political climate.
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Table 13. Countries by Clusters. Source: author’s research based on Eurostat data from 2019.

Cluster | Countries
Cl Czech Republic, Ireland, Spain, France, Netherlands, Austria, Portugal,
Slovenia, Slovakia, Finland, Sweden, Iceland, Norway
I Estonia, Greece, Croatia, Italy, Cyprus, Latvia, Lithuania, Luxembourg,
Hungary, Malta, Poland, Romania, North Macedonia, Serbia, Turkey
3 Denmark, Germany (former FRG territory until 1990), Liechtenstein,
Switzerland, United Kingdom

Figure 5 shows a European map by country grouped into specific clusters based on PhD-level
graduates by country: 2019.
v W=
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Figure 5. European map by country grouped in specific clusters based on PhD-level graduates
by country; 2019.

This section presents the results of the ANOVA analysis and an indicative group-by-group
diagram for GDP per capita by cluster, Table 14.

We estimated the average GDP per capita values for each cluster to examine the relationship
between educational achievement and the level of economic growth of the selected European
countries surveyed in 2019, Table 14. Cluster 3, which was the most developed in terms of
educational indicators, was also the most developed in terms of average GDP per capita (USD
82 157,2) as a result of the grouping of the most developed European countries (Denmark,
Germany (until 1990 the former territory of the FRG), Liechtenstein, Switzerland and the
United Kingdom) into this cluster. On the other hand, Cluster 2 had the lowest average GDP
per capita ($23 657,90), which was also the lowest in terms of lifetime educational metrics. A
similar relationship exists for the percentage change in GDP. The Kruskal-Wallis test suggests
that the variation in medians reported for the three clusters identified is not statistically
significant, indicating a strong association between economic growth and educational
achievement in the observed European countries.

The results of the ANOVA analysis, as well as the box-plot diagram by groups for GDP per
capita by cluster, are shown in Table 14 and Figure 6.
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Table 14. Average value of GDP per person by cluster; ANOVA analysis. Mean values and
standard deviations (in parentheses) are given; bold letters indicate the highest average value.

Projects N Std.Dev. F-test p-value
Cl 45558,96 14 19922,35 8,118 0,001%**
C2 23657,90 16 25199,86
C3 82157,92 5 54911,03
Total 40775,47 35 34435,42

***significant at the level of 1 %
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Figure 6. Box plot diagram of GDP per person by cluster.

Post hoc analysis was used to observe the levels of educational achievement in which groups
of countries differ significantly in educational parameters, Table 15. For this purpose, the post
hoc Fisher comparison of the least significant difference (LSD) is used. The primary principle
of LSD is to calculate the lowest significant difference (i.e. LSD) between the two mean values
as if they were the only means of comparison (i.e., use on the test) and declare any difference
greater than LSD significant. Only certain pairs that are statistically significant at the 10 %
level (six pairs) are given in the table. The table also shows the mean % difference between the
groups. We can determine that the most significant difference occurs in most cases between
cluster 2 and cluster 3 (2 pairs), followed by cluster 3 and cluster 1 (2 pairs). The same number
of pairings is shown between Cluster 1 and Cluster 2. From here, we can reasonably conclude
that cluster 3 (Denmark, Germany (former FRG area until 1990), Liechtenstein, Switzerland
and the United Kingdom) has the highest levels of lifelong learning uptake, while the other
countries analysed lag behind. This finding implies that the development gap between the
European countries studied will remain unchanged, if not widened, unless serious efforts are
made to improve educational achievement in the countries.

It can be concluded that the cluster analysis data confirmed that there are significant differences
between European countries regarding the implementation of lifelong learning in 2019 and that
these differences are related to economic development. Finally, the differences are statistically
significant between individual clusters, as shown by the post-hoc analysis, confirming that
there is a strong heterogeneity in European countries with regard to the implementation of
lifelong learning. The limitation of this analysis arises from the fact that only one year has been
analysed, and the analysis should be repeated for a longer period to confirm the results presented.
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Table 15. Post-hoc LCD Cluster Difference Comparison Test.

D J) Mean Difference (I-J) Std. Error Mr.
C 2019 | C_2019
LSD Cl C2 21901.06 10580.15 0.047**

C3 -36598.96 15062.01 0.021**

C2 Cl1 -21901.06 10580.15 0.047**
C3 -58500.02 14812.21 0.000%**

C3 C1 36598.96 15062.01 0.021**
C2 58500.02 14812.21 0.000%**

**significant at the level of 5 %
*** significant at the level of 1 %

DISCUSSION

Lifelong learning has become increasingly important in the fields of economics, business, and
management, as highlighted in recent research. Laal and Salamati [29] support the notion that
lifelong learning is essential for personal and professional development, arguing that it enables
individuals to stay competitive in an ever-changing labour market. Lifelong learning has
become increasingly important in the fields of economics, business, and management, as
highlighted in recent research. Vrdoljak [30] further emphasises the growing need for
continuous education to adapt to the evolving demands of the global economy, with a focus on
the benefits of lifelong education for professionals in these fields. Lifelong learning has
recently been supported by e-learning. In the context of e-learning, Glodowska et al. [31]
discuss the pros and cons of digital education in economics and business, noting its increased
relevance during the COVID-19 pandemic. Their cross-country study in Central and Eastern
Europe reveals that while e-learning offers flexibility and accessibility, it also presents
challenges, such as the digital divide and varying levels of engagement. Mali§ Sever et al. [32]
explore the landscape of e-learning during the pandemic in Croatia, focusing on economic
disciplines. Their findings indicate that while the shift to online education provided a necessary
solution, it also raised questions about the quality and effectiveness of learning in virtual
environments. Both researches [31, 32] indicate that e-learning has a significant potential as a
leverage for increasing lifelong learning.

This research is a continuation of the research conducted by Vrdoljak in 2023 [33]. Based on
the conducted research on the development of lifelong learning in the countries of the European
Union, a cluster analysis was conducted that identified significant differences in educational
achievements, especially at the doctoral level. The results show that Western and Northern
European countries, such as Denmark, Germany, Switzerland and the United Kingdom,
achieved the highest number of PhDs per capita. In contrast, Eastern and Southern European
countries, including Greece, Croatia, and Romania, had significantly lower rates of PhD
studies. Also, there are significant differences in the gender representation of doctoral students,
whereby women are generally less represented than men, especially in the younger population.

These differences in educational achievements are closely related to the economic development
of countries, with more economically developed countries having a greater number of doctoral
students and more developed lifelong learning systems. These results highlight the need to
strengthen education and lifelong learning systems in less-developed European countries in
order to reduce the educational achievement gap and promote economic and social inclusion.
Therefore, strategic policies that encourage education, research and development, especially at
the doctoral level, are key to achieving long-term economic growth and social cohesion
throughout the European Union.
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Based on the conducted research on the development of lifelong learning in the countries of
the European Union, using K-means cluster analysis, significant differences in educational
achievements among EU countries were identified, with a special emphasis on doctoral
education. The analysis classified the countries into three clusters. The first cluster, which
includes countries such as the Czech Republic, Ireland, Spain, and the Netherlands, is
characterised by moderate educational achievements. The second cluster, which includes
countries such as Croatia, Italy, Poland and Romania, shows significantly lower educational
results and lower rates of doctorates per capita. The third cluster, which includes economically
developed countries such as Denmark, Germany, Switzerland and the United Kingdom, shows
the highest rates of doctorates and the most developed lifelong learning systems. These
differences between clusters clearly indicate the connection between economic development
and the success of educational systems, with an emphasis on doctoral studies.

Cluster analysis has proven to be a useful method for grouping countries based on educational
and economic variables, allowing the identification of similar educational patterns within the
European Union. The results of the cluster analysis clearly indicate that countries with higher
GDP per capita also have higher rates of doctorates, which confirms the importance of
economic factors in the development of educational systems. The analysis also highlights
regional differences between Western and Eastern Europe, whereby Western European
countries, despite their geographic and economic diversity, show greater homogeneity in
educational achievement. In contrast, Eastern European countries lag, partly due to less
developed educational institutions and lower investment in research and development.

One of the key limitations of this study is the limited amount of available data, as the data for
the cluster analysis refer to only one year (2019), which does not allow insight into long-term
trends. Another limitation is that the focus is only on selected variables, such as the number of
PhDs per capita and GDP per capita. In contrast, other important factors that may influence
lifelong learning, such as political or social indicators, are not included in the analysis.
Additionally, cluster analysis, although useful for grouping countries according to similarities,
has its limitations in terms of classification precision and the possibility of some countries
being misplaced into clusters.

Recommendations for future research are based on this study’s limitations but also the
identified opportunities for a deeper understanding of the development of lifelong learning in
Europe. First, future research should expand the time frame of analysis to allow monitoring of
long-term trends. By analysing data over several years, it is possible to identify changes in
educational systems, determine the factors that contributed to these changes, and observe how
different economic and political situations affect the development of doctoral education and
lifelong learning [34].

It is also recommended to include additional variables that can provide a broader picture of the
factors that influence educational achievements. For example, variables such as political
stability, investment in research and development, social equity, and social and cultural policies
may play an important role in shaping education systems and should be further explored. These
variables can provide deeper insights into how social and political contexts within individual
countries affect educational outcomes.

Expanding the sample of countries is also an important recommendation. Although this study
covered 35 European countries, the inclusion of countries outside of Europe could offer a wider
international context and enable a comparison between European and non-European education
systems. This would enable the understanding of global educational trends and could contribute
to the development of better strategies for lifelong learning at the global level.

Finally, it is recommended that quantitative and qualitative research methods be combined.
Although cluster analysis provides valuable statistical insights, qualitative methods, such as
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interviews with policymakers, experts and education workers, can provide a deeper understanding
of specific challenges and opportunities within education systems. Such an approach would
enable a holistic overview of the problem and could help in designing concrete and adapted
solutions to encourage the development of doctoral education and lifelong learning.

CONCLUSION

In conclusion, this study underscores the critical importance of lifelong learning and doctoral
education in fostering economic development and social inclusion across the European Union.
The findings highlight significant disparities in educational achievements, particularly in
doctoral education, between economically developed Western European countries and less-
developed Eastern European counterparts. These disparities are closely linked to economic
factors, with countries having higher GDP per capita demonstrating more advanced lifelong
learning systems and higher doctoral completion rates. While considering these findings, it has
to be considered that the progress of each doctoral student is based on sufficient funds, salaries,
opportunities, scholarships, and other resources useful for research and the creation of a
standard of living, as well as on the commitment and work invested in study and research. PhD
students in Western Europe have greater opportunities to publish, participate in conferences
and workshops, and improve their academic position than PhD students in Eastern Europe.
From here, it is important to note that universities should address the social and economic needs
of individuals who are technologically and informationally literate while enhancing students’
language abilities to increase interest in pursuing a doctorate. In addition, universities should
learn to adapt to an ever-changing environment where students must learn to adapt instead of
studying solid and solid information.

The cluster analysis provides valuable insights into educational patterns within Europe,
emphasising the need for tailored strategic policies to strengthen education systems in less-
developed regions. Addressing these disparities requires increased investment in research,
development, and support systems for doctoral students, alongside initiatives that enhance
access, equity, and adaptability in education. Future research should focus on expanding the
scope and depth of analysis, incorporating additional variables such as political, social, and
cultural factors, and extending the geographic and temporal range of studies. Combining
quantitative and qualitative approaches will offer a more comprehensive understanding of the
challenges and opportunities in promoting lifelong learning and doctoral education globally.
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