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Abstract

The paper analyzes the interrelation between labour markets, demographic factors, and economic performance
in Northern and Southeastern European countries during the period 2012-2023, using advanced ANFIS
methodology. The aim of the study was to identify key differences between the developed countries of Northern
Europe (Sweden, Norway, Finland) and the less developed countries of Southeastern Europe (Croatia, Bulgaria,
Romania) and to pinpoint factors contributing to sustainable economic development. The research findings reveal
significant differences in labour market structures, the impact of demographic factors, and resilience to
macroeconomic shocks between the regions studied. Developed Northern European countries demonstrate high
productivity levels, labour market stability, and resistance to inflation, while less developed Southeastern
European countries are characterized by greater sensitivity to inflation and a higher dependency on low wages.
The analysis highlights the need for structural reforms and increased investment in human capital and technology
in less developed countries to reduce their reliance on volatile factors and foster sustainable growth. This paper
contributes to understanding the complex relationships between labour markets, demographic factors, and
economic performance and provides guidance for formulating effective public policies within the European Union.

Keywords: labour market, productivity, demography, sustainable economic growth, adaptive neuro-fuzzy
inference system (ANFIS).

1. Introduction

In modern economies, labour market dynamics, demographic changes, and economic performance are key
factors shaping economic growth and stability, as Maestas et al. (2016) argue. The connection between these
elements is particularly evident in the comparison of countries of different levels of development, where
differences in labour productivity, unemployment rates, and the size of the working population can reveal deeper
structural challenges and opportunities for development, as discussed in Daron and Dell (2010) and Andabayeva
et al. (2024). In this study, the focus is on comparing less developed countries in Southeast Europe (Croatia,
Bulgaria, and Romania) with developed countries in Northern Europe (Sweden, Norway, and Finland).
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The differences between these regions stem from the historical, political and economic circumstances that have
shaped their labour markets and economic structures. While the developed countries of Northern Europe are
characterized by high levels of productivity (Dabic-Miletic, 2023), stable labour markets and advanced
technologies, the less developed countries of South-Eastern Europe face greater dependence on labour-intensive
sectors, higher unemployment rates and demographic challenges, such as emigration and ageing populations.
Although the labour markets of less developed countries are becoming more flexible and similar to those of
developed European countries, as Asensio and Ferreira (2024) state, there is still much room for improvement.
Future research should focus on comparative analyses of labour markets and macroeconomic indicators of
developed and less developed groups of countries in order to reduce the research gap by analysing the
interrelationships between labour market indicators and macroeconomic performance, which are
interdependent.

Therefore, the aim of this paper is to investigate the interrelationship between economic growth, inflation,
wage levels, the working population, unemployment rates and labour productivity (GDP per employee) and to
analyse how these variables together affect the economic performance of the two observed regions. This research
aims to identify key differences in labour markets and economic performance and to identify factors that
contribute to sustainable economic development.

Such an analysis is of utmost importance for several reasons. First, it enables an understanding of the
differences in development paths between developed and less developed countries and the identification of
factors that slow down economic progress. Second, the research results can serve as guidelines for shaping public
policies, especially in the context of less developed countries, which need effective strategies to increase labour
productivity, reduce unemployment and adapt to demographic challenges. Finally, this research contributes to
the academic debate on the relationship between demographic factors, labour markets and economic
performance, which is crucial for shaping a cohesive and sustainable European Union.

The paper asks the following research questions: how do differences in labour markets and demographic factors
affect economic growth and labour productivity in developed and less developed countries? Are there significant
differences in the sensitivity of unemployment rates and wages to economic changes between these two groups
of countries? And finally, to what extent does the working population contribute to sustainable economic
development in different economic contexts?

It is assumed that developed countries in Northern Europe show higher levels of labour productivity and
resilience to macroeconomic shocks due to technological innovation and more stable labour markets, while less
developed countries in South-Eastern Europe depend on more labour-intensive sectors and face greater sensitivity
to changes in demographic and market factors, according to a recent study by Lishchynskyy and Lyzun (2024).

The scientific contribution of this research stems from a comprehensive analysis of the interrelationship
between the labour market, demographic factors, and economic performance in two regions of different levels of
development. Using advanced ANFIS methodology, the work provides an innovative approach to understanding
the complex relationships among key economic variables, while contributing to the development of a
methodology for analysing nonlinear systems.

After this introductory chapter, the second chapter provides a review of relevant literature on the
interrelationship between labour markets, demographic factors, and economic performance. The third chapter
describes the materials and methods used in the study, including data sources and the application of the ANFIS
methodology. The fourth chapter presents the results of the analysis, while the fifth chapter discusses key findings
in the context of existing research. Finally, the sixth chapter concludes the study, highlighting policy implications
and suggesting directions for future research
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2. Literature review

Understanding the interrelationship between the labour market, demographic factors, and economic
performance is essential because this interrelationship has a key impact on economic policymaking, market
development, and long-term prospects for economic sustainability, as authors such as Fehr et al. (2010), Privara
(2022), Bosna (2022a), Lupu et al. (2023) and many others have written about in their works.

The aforementioned authors state that understanding this connection allows decision-makers to develop long-
term strategies that respond to labour market challenges, ensure sustainable economic growth and adequate
social services, and reduce the potential negative effects of demographic change. Through a comprehensive
approach, policies can be developed that balance the need for employment, education, health, and pension
systems with labour market needs and general economic goals. These statements clearly indicate the need for a
continuous and systematic approach to addressing this important area. In her work Siti Badriah (2024) as well as
Khachatrian et al. (2023) emphasize that this connection becomes particularly pronounced in the context of
different stages of economic development, where differences between developed and less developed countries
are manifested in labour productivity, unemployment, demographic changes, and economic growth.

The Solow-Swan model of economic growth highlights the importance of technical progress and capital per
employee as key factors for increasing productivity and long-term growth. Developed countries are characterized
by high investments in human capital, research and development, and innovation, while less developed countries
often depend on labour-intensive sectors and primary production (Barro, 1991). Labour productivity, defined as
GDP per employee (Andreji¢, 2022), is a key indicator of economic efficiency. High levels of labour productivity are
often associated with investments in technology, education, and infrastructure development (André and Gal,
2024). In contrast, less developed countries face challenges such as low levels of investment, brain drain, and
insufficient economic diversification.

The working-age population (15-64 years) is the main driver of economic growth. Changes in demographic
structure, such as population aging or labour migration, can have a significant impact on the size of the labour
force and, consequently, on economic growth (Huang et al., 2019). In developed countries, the labour market
often makes up for labour shortages through automation and an influx of skilled migrants. Less developed
countries, on the other hand, face the challenges of emigration of young and qualified population, which reduces
their productivity and competitiveness. Unlike developed countries, such countries mostly import low-skilled
labour in accordance with the structure of their economy (Moridian et al., 2024; Hairo et al., 2021). The Phillips
curve indicates an inverse relationship between unemployment and inflation, which is the basis for analysing the
stability of the economy. Developed countries often maintain lower unemployment rates and more stable
inflation thanks to sophisticated monetary and fiscal policies. In less developed countries, high unemployment
rates and fluctuating inflation often limit economic growth and cause social problems (Niken et al., 2023).

Studies on the economies of Norway, Sweden and Finland highlight high levels of investment in education,
research and development, resulting in high GDP per employed and stable labour markets (Olafsson and
Wadensj6, 2012; Svalund, 2013). These countries are successfully solving the challenges of population aging
through active migration policies and digitalization of jobs (Pyrhonen et al., 2017). Empirical studies such as
Drobnic¢ et al. (2010) and Noda (2020) show that Northern European countries have a higher level of labour
productivity due to better working conditions, a greater balance between private and professional life, and a
higher share of high value-added sectors in their economies.

Croatia, Bulgaria and Romania face low levels of labour productivity and high rates of skilled labour outflow
(Bossavie et al., 2022). Although these countries have recorded positive economic growth, it is often based on
labour-intensive sectors such as agriculture, construction and tourism (OECD, 2024; World Bank, 2015).
Unemployment is a significant problem, especially among young people, while demographic trends, including
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population ageing and emigration, further strain economic sustainability. Studies show that less developed
countries have less capacity to cope with economic shocks and less developed labour support systems (Buseli¢
and Bosna, 2019).

Comparisons between developed and less developed European countries show significant differences in the
relationship between labour productivity, economic growth and the labour market. For example, Dmytréw and
Bieszk-Stolorz (2021) highlight that Northern European countries achieve better coordination between education
systems and labour markets, while South-Eastern European countries often lag behind due to a lack of institutional
support. Previous research indicates significant differences in labour productivity, labour markets, and
demographic trends between developed and less developed European countries. While developed countries
record high levels of economic efficiency thanks to technological progress and strong institutional frameworks,
less developed countries face challenges stemming from demographic changes, structural unemployment, and
low levels of innovation (Puska et al, 2018). The debate on economic convergence within the Eurozone remains
relevant, as some studies suggest that structural differences between member states continue to influence labour
market flexibility and macroeconomic stability (Louzek, 2023). These disparities are particularly evident in the less
developed regions of Southeastern Europe, where economic shocks have a stronger impact on employment and
wage dynamics.

This research builds on previous work but adds value by analysing the interrelationships of key economic
variables in different economic contexts using the ANFIS methodology. A particular contribution is seen in the
comparison of regions to identify specific challenges and opportunities for sustainable economic development in
Europe.

3. Materials and methods

In order to examine and compare the links between the labour market, demographic factors, and economic
performance of developed and less developed European countries, three countries were selected to enter each
group. The developed group consists of the Scandinavian countries: Sweden, Norway, and Finland, while the less
developed group consists of the South-Eastern European countries: Bulgaria, Romania, and Croatia. The selection
of the Scandinavian countries (Sweden, Norway, and Finland) and the South-Eastern European countries (Bulgaria,
Romania, and Croatia) is based on their significant differences in economic development, demographic trends,
and labour market dynamics. The Scandinavian countries, as highly developed economies, are characterized by a
stable demographic profile, advanced social systems, and flexible labour market models, while the countries of
South-East Europe face challenges such as depopulation, emigration, and lower investment in human capital. This
division allows for the analysis of the impact of different policies and economic environments on the labour
market, productivity, and economic performance. The comparison also contributes to understanding how to
reduce economic inequalities within the European Union, making this research relevant for shaping future policies.

The timeframe from 2012 to 2023 was considered for several key reasons. First, 2012 marks the beginning of
the stabilization after the global financial crisis and the eurozone debt crisis, which allows for the analysis of the
post-crisis recovery and labour market transformation. The ten-year period provides a broader insight into
economic cycles, including recovery, stagnation and recession. In addition, this decade encompasses key global
events, such as the COVID-19 pandemic and geopolitical changes, which have strongly impacted the labour market
and productivity.

The availability of up-to-date and reliable data for this period further justifies the choice, while in the European
context, policies such as the Europe 2020 strategy (Cismas et al., 2023), which have shaped economic growth and
the labour market, stand out in particular. Also, in this period, the importance of sustainable development and
the green economy is growing, which is significant for the analysis of long-term economic trends and working
conditions. All of the above makes this period relevant and representative for thorough analysis.
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The variables included in the analysis are: GDP growth rate, inflation, wages, the working-age population,
unemployment rate, and labour productivity. GDP growth refers to the annual percentage growth rate of real GDP
(2015 is a base year) and serves as an indicator of economic activity. Inflation is measured by the annual
percentage change in the consumer price index (2015 is a base year).

Wages represent the total material compensation of employees, expressed in real values. The population aged
15-64 represents the total number of working-age individuals. The unemployment rate indicates the proportion
of unemployed individuals in the total workforce, while labour productivity is measured as GDP per person
employed.

The economic growth rate and inflation were selected for the analysis of macroeconomic indicators because
they provide key information about the overall health and stability of the economy. Economic growth reflects the
country's ability to create added value and increase living standards, while inflation indicates the stability of prices
and purchasing power, which directly affects business cycles and the labour market.

Total material compensation of employees, the number of working-age population, the unemployment rate
and labour productivity were selected for labour market indicators because they provide insight into labour as a
key resource of the economy. Material compensation reflects the value of labour and the demand for labour,
while the working-age population provides a framework for the availability of resources in the labour market. The
unemployment rate indicates the efficiency of the labour market and the ability of the economy to generate jobs,
and labour productivity represents a unit of measurement of the economic performance of employees and is a
key indicator of the competitiveness and long-term sustainability of the economy.

Together, these indicators provide a comprehensive approach to analysing the interrelationship of the labour
market, demography and economic performance, which is crucial for comparing developed and less developed
countries.

Annual data for all analysed variables were sourced from the World Bank database, except for GDP growth
expressed as a percentage, which was obtained from the Eurostat database.

Data analysis used two methods: clustering using dendrograms and adaptive neuro-fuzzy inference system
(ANFIS). Before analysis, all data were standardized (Fazlollahtabar, 2022). Hierarchical clustering was performed
using dendrograms to develop a basis for further analysis. ANFIS was chosen because of its exceptional ability to
integrate fuzzy logic and learn neural networks, which enables the approximation of non-linear functions (Brleci¢
Valci¢ et al., 2021).

This methodology is particularly useful for the analysis of non-stationary time series because it enables the
recognition of patterns and trends without the need for the data to be stationary. ANFIS combines the advantages
of fuzzy logic, which enables working with uncertain and unclear data, and neural networks, which enable
automatic learning from data (Darwito and Indayu, 2023). By using ANFIS, it is possible to analyse the
interconnection of input variables and their influence on the output variable based on complex non-linear
relationships (Bosna et al., 2024).

Using the grid partitioning method, a fuzzy logic system (Fuzzy Inference System - FIS) was generated using the
Fuzzy Logic Toolbox in the MathWorks MATLAB R2019b software package. On the basis of dendrogram analysis,
four ANFIS models have been established that have variable inputs called Input (x;) grouped into fuzzy sets. Based
on the input variables, fuzzy rules were generated in the IF-THEN format, which have the form:

IF (x1is Az) AND (xz is Az) AND (x3 is As) THEN (yi= piX1+ g2+ rixs + s;) (1)

whereby A1, A2, A3 are fuzzy sets of input variables, while p;, g;, r;, siare parameters that determine output values
and are optimized during training. To define fuzzy sets, a bell-shaped function was used that describes the degree
of belonging of each point in the input space to a fuzzy set:
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Parameters g, b, c define the shape, width and centre of the membership function and are adjusted during
training. One of the key results of the ANFIS analysis is a graphic representation of the mutual relations of inputs
(x;) and their influence on the output variable (yi), presented in the form of a colour palette. This colour palette
clearly visualizes the strength of the connection, where certain shades indicate weaker or stronger influence. For
example, more intense colours may indicate a stronger connection, while more subtle colours indicate a weaker
connection. Based on these graphical representations, it is possible to identify the key inputs that have the most
influence on the output variable and to analyse how these influences change depending on the input changes
(Brleci¢ Valcic¢ et al., 2021).

This approach enables a detailed interpretation of the results and more precise drawing of conclusions about
the system being analysed, since visualization in the form of colours provides an intuitive way to detect patterns
and relationships between variables. Thus, the strength of the connection between input and output can be clearly
guantified and compared, which further strengthens the interpretation of the results and the understanding of
the system.

The use of sensitivity analysis through the ANFIS methodology in this research is justified due to its unique
advantages in modeling complex nonlinear relationships between economic variables. ANFIS combines the
strengths of fuzzy logic and neural networks, enabling the integration of uncertain or imprecise data with
automatic learning. This methodology is ideal for analyzing economic systems where the relationships between
variables are often nonlinear, such as the connections between wages, economic growth, and unemployment
rates. The application of ANFIS enables precise definition of thresholds and boundaries that influence output
variables. These thresholds are methodologically justified as ANFIS allows for the quantification of relationships
between variables within defined intervals, thereby identifying critical points of change in the system (Brleci¢
Valci¢ et al., 2021).

4. Results

Clustering using dendrograms facilitates identifying relationships between parameters and deriving insights
about their interconnections for model establishments. On the X-axis in all cluster analyses there are numbers
representing individual variables - GDP growth (1), Inflation (2), Wages (3), Working age population (4),
Unemployment (5) and GDP per person employed (6). The results of the dendrogram in Figure 1 reveal the
presence of two key clusters for the countries of Southeastern Europe.

8,5
7,5 |
6,5 |

3 4 1 2 6 5

Figure 1. Results of the cluster analysis for South-Eastern European countries
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The first cluster connects the economic growth rate, wages, the working-age population, and unemployment.
The dominant role of unemployment within this cluster highlights its critical relationship with other economic
variables. Cluster analysis shows that the unemployment rate (5) is strongly correlated with wages (3) and the
working-age population (4) and moderately correlated with GDP growth rate (1). The Pearson correlation between
unemployment and wages is -0.51, between unemployment and the working-age population -0.47, and between
unemployment and economic growth -0.32, indicating their significant interrelationship.

The second cluster (a subset of the first) links inflation, the economic growth rate, and GDP per employee.
Economic growth dominates here, suggesting its importance in connecting productivity and inflation. Inflation (2)
and GDP per employee (6) form a subset within the second cluster. The correlation between inflation and GDP
per employee is -0.35, suggesting that rising inflation negatively impacts labour productivity.

ANFIS Model 1 structure is: GDP growth rate (Input 1), Wages (Input 2), Population (Input 3) and Unemployment
(output). The results of the ANFIS model 1 are shown in Figure 2.

1 1
0 5
2
| -20 -0
0.5 o) 0.5
15 I
- -40
0 0
-5 5
3t = 2
5 = -
5 -60 g g
03 0.5
0.5 -10
-10
-80
-1
0 1
-15
-100
1 -1
0.5 -1.5 1.5 ]
-20 L
-2 -1 0 1 2 -2 -1 0 1 2 -0.5 0 0.5 1 1.5 2
Input 1 Input 1 Input 2

Figure 2. ANFIS model 1

The model demonstrates that a combination of low wages and high economic growth rates leads to a reduction
in the unemployment rate. Conversely, high wages and low economic growth rates increase unemployment,
indicating limited labour market flexibility and the sensitivity of these countries' economies to wage fluctuations.
Supporting this is the finding that a combination of low wages and lower levels of the working-age population
leads to a decrease in unemployment, with the opposite also holding true. Higher wages and higher levels of the
working-age population result in an increase in unemployment.

The model quantitatively illustrates the impact of low wages and high economic growth on reducing
unemployment. The results show that when wages are <63.43% of the median value and annual GDP growth is
>5%, the unemployment rate decreases to <5.61%. Conversely, a combination of high wages (2168.97% of the
median value) and low GDP growth (£1.56%) increases the unemployment rate to >11.98%, highlighting the
limited adaptability of the labour market.

The ANFIS Model 2 structure is: Inflation (Input 1), GDP per person employed, (Input 2) and GDP growth rate
(Output). Results of the ANFIS Model 2 is shown in Figure 3.
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Figure 3. ANFIS model 2

Inflation plays a crucial role in shaping economic growth. High inflation combined with high employee
productivity drives GDP growth, while low productivity paired with high inflation negatively impacts growth. The
results suggest that increasing productivity can mitigate the negative effects of inflation and promote sustainable
economic growth.

The combination of inflation (Input 1) and employee productivity (Input 2) makes a significant contribution to
economic growth. The model indicates that when inflation ranges between 3.63% and 13.30%, and productivity
grows to a level 2116.68% of the median value, GDP growth rates reach >5.00%. Conversely, high inflation
(22.98%) combined with low employee productivity (<94.67% of the median value) reduces GDP growth rates to
<£1.56%.

The results of the cluster analysis for developed countries are presented in Figure 4. The dendrogram for
developed countries identifies two clusters linked through the economic growth rate. These clusters include
variables such as wages, inflation, labour productivity, the working-age population, and unemployment.
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Figure 4. Results of the cluster analysis for the Northern European group of countries

Cluster analysis highlights the relationship between unemployment (5), the working-age population (4), and
economic growth (1). The correlation between the working-age population and economic growth is 0.27, while
there is a negative correlation of -0.12 between unemployment and economic growth.
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The second cluster includes wages (3), inflation (2), and employee productivity (6). The correlation between
wages and employee productivity is 0.76, confirming the importance of balancing wages and productivity for
stable economic growth.

This relationship emphasizes the complex interconnections between macroeconomic variables and points to a
more stable labour market in developed countries. In this context, two ANFIS models (model 3 and model 4) were
created for further analysis.

ANFIS Model 3 has consisted of Population (Input 1), Unemployment (Input 2) and GDP growth rate (Output).
Results of the ANFIS model 3 is shown in Figure 5.
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Figure 5. ANFIS model 3

The model highlights that a combination of high employment rates and high unemployment can generate high
economic growth rates. This indicates that developed countries manage the labour market more effectively, even
under conditions of high unemployment.

The model shows that only exceptionally high employment rates (2111.58% of the median value) combined
with high unemployment (26.9%) result in GDP growth of >2.76%. A low level of the working-age population
(£97.94% of the median value) combined with unemployment of 28.19% results in negative economic growth (<-
0.4%).

Furthermore, ANFIS Model 4 consists of Compensations (Input 1), GDP per person employed (Input 2), Inflation
(Input 3), and GDP growth rate (Output). The results of ANFIS model 4 are shown in Figure 6.

The combination of low wages and medium productivity levels is associated with high economic growth.
However, extremely high or low wages combined with extreme productivity levels often lead to low growth,
emphasizing the importance of balancing these indicators. High inflation combined with low wages stimulates
economic growth, while low employee productivity coupled with high inflation negatively impacts growth.

The combination of wages (Input 1) and employee productivity (Input 2) plays a key role. Low wages (<73.39%
of the median value) combined with medium productivity (from 99.23% to 105.25% of the median value)
contribute to GDP growth of 24.5%. Extremely low wages (<71.45% of the median value) combined with inflation
between 1.66% and 2.61% of the median value increase the economic growth rate to 22.55%.
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Figure 6. ANFIS model 4

5. Discussion

Developed countries show greater labour market flexibility, with better ability to manage unemployment and
the working-age population. In contrast, less developed countries are more sensitive to changes in wages and
inflation. Less developed countries have a more sensitive labour market, as seen through the negative correlation
between inflation and unemployment. While there has been progress in labour market flexibility in Southeast
European countries, significant opportunities for improvement remain (Bosna, 2022b). Developed countries
demonstrate a higher degree of resilience between the working-age population and economic growth.

In both regions, productivity is a key factor for economic growth. However, less developed countries show
greater sensitivity to inflation and low wages, while developed countries successfully use inflation as a stimulus
tool. Inflation strongly impacts economic growth in less developed countries, whereas its role is more moderate
in developed countries.

Developed countries rely on stable productivity and moderate wages for sustainable growth, while less
developed countries often use low wages as a competitive advantage. Low wages in less developed countries
reduce unemployment, whereas in developed countries, their impact on growth depends on productivity.

The sensitivity analysis thus confirms the complex relationships between the labour market, inflation, and
economic growth in both regions. While developed countries use a balanced combination of inflation, wages, and
productivity for sustainable growth, less developed countries rely on low wages and high inflation as temporary
adjustment mechanisms. The results point to the need for structured reforms in less developed countries to
reduce their dependency on unstable factors and promote sustainable growth. In their work, Vidovi¢ and Ritan
(2023) highlight the complex interrelationships between macroeconomic indicators and the labour market and
point to the structural challenges faced by less developed countries.

The results indicate key differences in labour market structures and economic performance between developed
and less developed countries. While developed countries in Northern Europe successfully balance various
variables, less developed countries in Southeast Europe face greater challenges due to their sensitivity to wages,

10
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inflation, and low productivity. This suggests that higher wages reduce the competitiveness of less developed
economies, making them less attractive for investment, as noted by Van Biesebroeck (2015). This analysis
emphasizes the importance of investing in human capital and technology to stimulate long-term economic growth.

6. Conclusion

This research provides a detailed insight into the complex relationships between the labour market,
demographic factors, and economic performance in developed countries of Northern Europe and less developed
countries of Southeastern Europe during the period from 2012 to 2023. Using advanced ANFIS methodology, key
patterns and differences in economic variables that define sustainable economic growth and resilience to
macroeconomic shocks have been identified.

Developed countries in Northern Europe, thanks to stable labour markets, high productivity, and innovative
technologies, exhibit greater resilience to inflation and macroeconomic changes. In contrast, less developed
countries in Southeastern Europe face challenges such as greater sensitivity to inflation, dependence on low
wages, and lower labour productivity. Although reforms in Southeastern European countries have improved
labour market flexibility, their structural challenges still limit economic progress.

Sensitivity analysis further indicate in the numerical form, key differences in the impact of inflation, wages and
productivity on economic growth. In developed countries, these variables act as mutually balancing factors of
sustainable growth, while in less developed countries, high inflation and low wages are temporary adjustment
tools, but at the same time reduce long-term competitiveness. The results also suggest that investments in human
capital, technological modernization and structural reforms are key to reducing dependence on low wages and
fostering sustainable economic development in less developed countries.

This research provides a significant practical contribution by offering guidelines for shaping public policies that
support strengthening the labour market, increasing productivity, and adapting to demographic challenges. It also
contributes to the academic debate by providing an innovative methodology for analyzing nonlinear relationships
between economic variables, thus expanding the understanding of structural challenges and opportunities in the
development of economies across different regions of Europe. The results of this research emphasize the
importance of a balanced approach to economic policies in order to enable sustainable economic growth and
reduce development disparities within the European Union.
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