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Abstract
Regional disparities in secondary education present significant obstacles to 
equitable human capital development, particularly in areas where demographic 
decline and resource imbalances exacerbate the issue. This study examines the 
spatial and structural dynamics of secondary education enrollment in Slovakia, 
focusing on demographic and curricular factors. Using a random-effects spatial 
error model, we analyze panel data from districts over two decades (2003-2023). 
The model accounts for spatial interdependencies while addressing unobservable 
district-level heterogeneity. Specification tests confirm the model’s validity, 
demonstrating strong spatial autocorrelation in outcomes but minimal residual 
dependencies. The results indicate that secondary school enrollment clusters 
around urban districts, which consistently outperform rural areas. Youth and 
population density are the strongest predictors of enrollment, while curricular 
specialization also plays a critical role. Technical and medical programs positively 
impact enrollment, whereas agricultural and artistic programs show weaker 
effects. Interestingly, a higher proportion of university-educated residents 
correlates negatively with secondary enrollment, likely reflecting talent migration 
from rural districts. The results highlight the geographical clustering of high-
performing districts in proximity to urban areas, influenced by demographic 
benefits and educational programs tailored to meet labor market demands. 
In contrast, remote regions face persistent challenges tied to structural and 
demographic disadvantages. Addressing these disparities will require strategic 
investments in digital infrastructure, curriculum modernization, and demographic 
stabilization policies.
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INTRODUCTION

In an era of rapid technological progress and shifting demographic trends, 
education systems play an increasingly pivotal role in driving regional 
development. Human capital—defined as the skills, knowledge, and capabilities 
of individuals—has become a base of economic resilience and societal well-being. 
However, the spatial distribution of educational opportunities remains highly 
uneven, often mirroring and reinforcing existing socio-economic disparities. 
These challenges are particularly acute in countries where historical legacies, 
demographic shifts, and regional inequalities converge to shape the educational 
landscape. Slovakia’s secondary education system operates amid significant 
demographic pressures, including a declining youth population and migration-
driven urbanization. Over the past two decades, the proportion of young people 
aged 15–19 has declined sharply, with rural areas bearing the burden of these 
demographic shifts.

This demographic shift exacerbates challenges in peripheral regions, where 
educational institutions face difficulties maintaining viability and curricular 
offerings often fail to align with local labor market needs. These trends highlight 
the importance of understanding the geographic and structural dynamics 
of secondary education and their implications for regional development. 
The geographic dimension of education, frequently overlooked in traditional 
analyses, provides a valuable perspective for addressing these issues. Spatial 
education dynamics—including the distribution of schools, accessibility of 
educational opportunities, and the spatial clustering of outcomes—play a critical 
role in shaping human capital formation. High-performing regions benefit from 
concentrated resources and institutional networks, while disadvantaged areas 
are often trapped in cycles of underinvestment and depopulation. Examining the 
interplay between these spatial factors and human capital theory offers a robust 
framework for understanding how education systems can mitigate regional 
disparities and promote equitable development.

This study examines secondary education system within a broader theoretical 
framework, addressing two central questions. First, how do demographic and 
spatial factors shape the distribution and accessibility of secondary education 
across regions? Second, to what extent do curricular offerings align with regional 
economic needs, and how do specialized programs influence educational 
outcomes? These questions are particularly relevant as Slovakia continues its 
transition to a knowledge-based economy, where aligning education with labor 
market demands is essential for regional competitiveness. To explore these issues, 
the study employs a spatial econometric approach, using panel data on secondary 
school enrollment, demographic trends, and economic conditions across 
Slovakia’s districts. A spatial autoregressive model is applied to account for both 
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local determinants and geographic interdependencies, offering deeper insights 
into the spatial and structural dynamics of secondary education.

By integrating theoretical insights on human capital and spatial education 
dynamics with empirical analysis, this research aims to advance both understanding 
and policy discussions on educational equity and regional development. The paper 
is structured as follows: the introduction is followed by a theoretical framework 
that explores the concepts of human capital, spatial education dynamics, and 
their implications for regional development. The methodological section details 
the spatial econometric approach employed in the analysis, leading to a results 
section that identifies key patterns and disparities in Slovakia’s secondary 
education system. The discussion situates these findings within broader theoretical 
and policy contexts, offering recommendations to promote educational equity 
and strengthen regional resilience. This study addresses the specific challenges 
confronting Slovakia and contributes to the broader discourse on how education 
systems can reduce regional disparities amid demographic and economic 
transformations.

THEORETICAL FRAMEWORK

Human capital, development, and technological change

Human capital, encompassing the collective skills, knowledge, and abilities that 
drive economic productivity, has been a basis of regional development theory. 
Since its formalization in economic studies, the concept has evolved to include 
spatial dimensions, its integration with technological change, and its potential 
to address socio-economic inequalities. Piketty and Saez (2014) highlight the 
influence of wealth and human capital disparities on regional economic paths 
and their implications for development policies. More recently, Yang (2023) 
introduced the concept of human capital space, emphasizing its critical role in 
fostering dynamic capabilities within cities and regions. The foundational works of 
Becker (1964) and Schultz (1961) framed human capital as a determinant of both 
individual and societal economic outcomes, arguing that investments in education 
and training yield significant returns in productivity, earnings, and growth. 
Building on this foundation, Lucas (1988) highlighted the externalities of human 
capital, proposing that an educated workforce enhances individual productivity 
and generates spillover effects that benefit entire regions.

Contemporary scholarship has expanded and critiqued foundational theories 
of human capital. Sen (1997) reframed the concept beyond its economic utility, 
highlighting its role in enhancing individual freedoms and societal well-being. 
This perspective emphasizes equitable access to education as essential for 
addressing broader socio-economic inequalities. Recent research has highlighted 
the importance of the spatial distribution of human capital as a significant factor 
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contributing to regional disparities (Moretti, 2012). Areas with a higher density 
of educated individuals are more likely to draw investment, promote innovation, 
and exhibit enhanced economic resilience. In contrast, regions with low human 
capital often experience stagnation and depopulation, perpetuating cycles of 
underdevelopment (Rodríguez-Pose and Tselios, 2011; Strielkowski et al., 2013). 
Glaeser et al. (2011) argue that cities function as talent magnets, facilitating 
knowledge exchange and innovation. This dynamic is further reinforced by 
Florida’s (2002) creative class thesis, which proposes that regions attracting 
skilled and creative workers are more likely to thrive in the knowledge economy. 
Additionally, Bowles et al. (2001) highlight the importance of non-cognitive 
skills and personality traits in enhancing the economic returns of human capital, 
reshaping traditional understandings of education and productivity.

Agglomeration effects, while fostering growth in urban centers, can exacerbate 
regional inequalities by concentrating resources and opportunities in cities at the 
expense of rural areas. Peripheral regions often face human capital traps, where 
limited educational and economic prospects drive young, educated individuals 
to migrate in search of better opportunities (Bahna, 2013). This phenomenon 
erodes the socio-economic fabric of these regions and hinders their recovery from 
economic downturns (Novotný, 2016). Recent studies (Barzotto, 2024) emphasize 
the need for policy interventions to retain talent in lagging regions, such as 
improving local education systems and aligning curricula with regional labor 
market demands. Another line of research explores the spatial mismatch between 
human capital and labor market demand. Sutton (2017) highlights that regions 
with an oversupply of educated individuals but insufficient job opportunities 
face underemployment, diminishing the returns on human capital investments. 
This issue is particularly acute in Slovakia, where regional disparities in industrial 
structure and economic activity limit the effective use of local talent. Rodríguez-
Pose (2018) contends that areas labeled as “places that don’t matter” frequently 
face economic stagnation and political instability, highlighting the necessity 
for human capital development strategies that are specifically tailored to these 
regions.

The advent of Industry 4.0 has fundamentally altered the nature of work and 
the skills required in the labor market. Automation, digitalization, and artificial 
intelligence are reshaping industries, increasing demand for high-skilled labor 
while reducing opportunities for low-skilled workers (Grenčíková et al., 2021; 
Mocák et al., 2022). This shift has significant implications for regional development, 
as areas with inadequate educational infrastructure struggle to keep pace with 
these changes. Technological advancements have led to skill polarization, with 
high-skilled jobs on the rise and middle-skilled jobs declining (Popjaková and 
Mintálová, 2019; Nurković, 2020). Kovács and Domonkos (2024) argue that this 
trend exacerbates regional inequalities, as urban centers are better equipped to 
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provide advanced training and attract high-skilled industries, leaving rural regions 
further behind. In response to these challenges, policymakers have stressed the 
importance of lifelong learning and reskilling programs to prepare workers for 
the evolving labor market. Rusnák et al. (2024) suggest that aligning the supply of 
secondary vocational graduates with labor market demands, particularly through 
an industrial structure of related variety, is essential for addressing skill gaps. 
Grenčíková et al. (2021) highlight that regions investing in continuous education 
and training exhibit higher adaptability and economic resilience, making such 
programs a critical element of regional development strategies. Additionally, Autor 
and Salomons (2018) provide evidence that while automation displaces certain job 
segments, it has also contributed to net employment growth in other sectors.

Demographic transitions and education dynamics

Demographic trends, such as aging populations and declining birth rates, present 
significant challenges to the sustainability of human capital. Auerbach and Lee 
(2010) stress that regions facing population decline must focus on the efficient 
allocation of educational resources to maximize the potential of a shrinking youth 
cohort. In Slovakia, the demographic changes have highlighted the necessity for 
focused initiatives aimed at tackling regional inequalities in both educational 
access and quality (Szabo and Bleha, 2018). Migration patterns play a crucial role 
in shaping the spatial distribution of human capital. While urban centers benefit 
from an influx of young, educated individuals, rural areas often face depopulation 
and workforce shortages. Bahna (2013) observes that international migration 
exacerbates these challenges, as highly skilled Slovaks seek opportunities abroad, 
leaving a gap in the local talent pool. Rees et al. (2016) highlight how internal 
migration influences regional population distributions, shaping the availability and 
accessibility of educational resources.

Emerging research also highlights the role of gender in shaping human capital 
dynamics. Vidyattama et al. (2019) contend that addressing gender disparities in 
education and labor market participation can unlock untapped potential, fostering 
regional growth. Klasen and Lamanna (2009) emphasize that reducing gender 
disparities in education and employment yields substantial positive effects on 
both economic growth and regional equity. In Slovakia, policies promoting gender 
equity in education and employment could play a key role in reducing regional 
disparities. Demographic trends significantly influence the demand for and supply 
of education. Over the past two decades, Slovakia has seen a decline in its youth 
population, shifting public policy from expansion to consolidation in the education 
sector (Auerbach and Lee, 2010). However, this transition has not been uniform 
across regions, leading to divergent educational outcomes. Theories of educational 
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equity assert that equal access to quality education is crucial for reducing regional 
disparities and promoting socio-economic mobility (Brown et al., 2013). Factors 
such as population density, age distribution, and migration patterns affect the 
spatial distribution of educational resources (Gibbons and Vignoles, 2012).

The historical legacy of centralized education under socialism has resulted 
in an uneven distribution of secondary schools, particularly in rural areas. While 
post-1990s decentralization efforts aimed to address these imbalances, they have 
not fully mitigated regional inequalities (Haratyak, 2013; Luczaj and Bahna, 2018). 
The spatial dynamics of education systems include the geographic distribution of 
institutions, access to quality education, and the outcomes these factors generate. 
These dynamics are shaped by socio-economic, political, and cultural influences, 
often reflecting and reinforcing broader regional inequalities (Katrňák et al., 
2006; Baláž, 2007). Theoretical progress in the field of spatial education research 
highlights the significance of geographic location, spatial clustering, and the 
distinctions between urban and rural areas in influencing educational accessibility 
and its effects on regional development. Chetty et al. (2014) demonstrate how 
geographic disparities in intergenerational mobility are linked to differences 
in educational quality and accessibility, highlighting the critical role of equity in 
promoting social advancement.

Initial research on population migration, conducted by Ravenstein (1889), 
highlighted the significance of resource accessibility. This idea was subsequently 
broadened by social geographers to encompass the role of education, as noted 
by Gibbons and Vignoles (2012). These early theories illustrate the impact of 
geographical distance and regional infrastructure on educational success. 
Proximity to schools plays a crucial role in enrollment rates and educational 
outcomes, especially in rural areas, where limited infrastructure often requires 
students to travel long distances. Studies (Novotný, 2015) show a strong correlation 
between proximity to secondary schools and higher enrollment, particularly 
among low-income households unable to afford private transportation. Recent 
research, incorporating network theory, examines the interconnections between 
institutions, communities, and labor markets. This approach reveals that clusters 
of schools in urban areas create competitive advantages through resource sharing 
and collaboration, often disadvantaging isolated rural schools (Sykes and Kuyper, 
2013).
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Table 1: The population variation in the various regions of Slovakia  
among individuals aged 15-19.

Region Year
Population Population change (%)

Total (Th.) 15-19 (%) Total 15-19

Bratislava

2003 599.8 7.5 2.6 -44.0

2013 615.5 4.1 18.7 21.1

2023 730.6 4.2 - -

Trnava

2003 551.3 7.7 1.0 -30.4

2013 557.1 5.3 1.6 -14.0

2023 565.8 4.5 - -

Trenčín

2003 602.7 7.9 -1.6 -33.1

2013 592.8 5.4 -3.9 -21.4

2023 569.4 4.4 - -

Nitra

2003 710.1 7.6 -3.2 -31.6

2013 687.5 5.4 -2.6 -18.5

2023 669.5 4.5 - -

Žilina

2003 693.2 8.2 -0.4 -24.2

2013 690.3 6.2 -0.4 -19.3

2023 687.6 5.1 - -

Banská
Bystrica

2003 659.4 7.9 -0.3 -28.7

2013 657.7 5.6 -6.3 -17.7

2023 616.1 5.0 - -

Prešov

2003 794.0 8.8 3.0 -18.5

2013 818.1 6.9 -1.2 -17.8

2023 808.5 5.8 - -

Košice

2003 768.4 8.3 3.4 -22.6

2013 794.4 6.2 -1.9 -10.3

2023 779.3 5.7 - -

The data presented includes the total population figures and the percentage of individuals 
within the 15-19 age group in each region for the years 2003, 2013, and 2023. This infor-
mation offers insights into the changes in demographics and the patterns of population 
increase or decrease witnessed in diverse regions.

Source: Statistical Office of the Slovak Republic (2024a).

Patterns of educational inequality

Educational inequality is often embedded in spatial patterns, reflecting broader 
socio-economic disparities. These patterns are shaped by factors such as 
urbanization, regional economic structures, and the historical legacies of policy 
decisions (Allmendinger, 1989; Douglass, 2010; Brown et al., 2013). Mouw and 
Kalleberg (2010) explore the structural shifts in the labor market, linking wage 
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inequality to the evolving educational demands of occupations. Urban centers 
tend to offer better access to quality education due to higher population densities 
and more favorable resource allocation. In contrast, rural areas face challenges 
like teacher shortages, outdated infrastructure, and limited curricular offerings 
(Mussida et al., 2019). These disparities are particularly pronounced in post-
socialist countries, where the transition to market economies disrupted centralized 
education systems. Spatial segregation in education occurs when socio-economic 
factors lead to the concentration of disadvantaged or advantaged populations 
in specific areas. This clustering perpetuates inequality, as schools in wealthier 
regions benefit from better funding and parental involvement, while schools in 
poorer areas struggle with resource deficits (Rodríguez-Pose and Tselios, 2011).

Regions experiencing demographic decline often face the consolidation of 
schools and reduced curricular diversity, further marginalizing students in these 
areas. Szabo and Bleha (2018) highlight that rural regions are especially vulnerable, 
as declining youth populations undermine the viability of local schools. Research 
shows that high-performing schools tend to cluster in urban or economically 
prosperous areas, creating hubs of educational excellence (Florida et al., 2008). 
This clustering is tied to broader socio-economic advantages, such as access to 
skilled teachers, modern facilities, and extracurricular opportunities. Feedback 
loops between educational outcomes and regional development intensify these 
disparities. For example, regions with high-performing schools attract families 
seeking better education, which increases local tax revenues and further enhances 
school funding (Glaeser et al., 2011). In contrast, low-performing regions are 
trapped in cycles of depopulation and underinvestment, perpetuating educational 
disadvantage. The concentration of institutions in cities enables resource sharing, 
professional development for teachers, and collaboration with industries (Michaels 
and Stevick, 2009).

However, rapid urbanization can lead to overcrowded schools, competition 
for resources, and socio-economic segregation. Studies in Slovakia (Pazúr et al., 
2017) show that while Bratislava benefits from urban growth, neighboring regions 
often face negative spillover effects, such as rising housing costs that limit access 
to urban schools. Effective policy interventions are crucial for addressing spatial 
disparities in education. International case studies offer valuable lessons in tackling 
these challenges. While decentralization enables greater local control, it can 
exacerbate regional inequalities if resources are distributed unevenly. The shift to 
decentralized education governance has benefited urban centers but left rural areas 
at a disadvantage. Balancing local autonomy with centralized support is essential 
for achieving equitable outcomes. Investments in rural education infrastructure, 
teacher training, and technology are key to bridging the urban-rural divide. For 
example, Finland’s education system prioritizes equity by allocating resources to 
underserved regions, offering a model to follow (Silliman and Virtanen, 2019).
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DATA AND METHODS

This research utilizes a dataset containing the annual count of students enrolled 
in daytime programs at secondary schools in Slovakia. The data is aggregated 
at the district level (79 districts) for three-time intervals: 2003, 2013, and 2023. 
These intervals correspond to the consistent territorial-administrative divisions 
established in 1996. In addition to student enrollment data, we extract key 
information on the number of secondary schools, which is crucial for assessing 
the competitive landscape among educational institutions within each district. 
The competition is primarily influenced by public stakeholders and self-governing 
regions, though private entities and church organizations are also becoming 
more prominent. To facilitate comparisons across districts and time periods, we 
normalize the data by calculating the number of students and schools per one 
thousand residents. This approach accounts for demographic changes, offering 
a clearer understanding of regional educational dynamics.

Within each district, we also calculate the proportion of specialized study 
programs, which cover areas such as the arts, agricultural sciences, technical 
sciences, security and military sciences, and medical sciences, alongside the 
dominant general education. However, practical specializations are often criticized 
by employers in the context of regional development, particularly in less developed 
areas. Graduates without specific, regionally applicable skills often pursue higher 
education outside their home regions and do not return, leading to a depletion 
of valuable labor resources in local economies. For our statistical model, we use 
a population framework based on age, with a particular focus on individuals aged 
15 to 19. This age group is the primary driver of secondary school demand, with 
few exceptions. Therefore, our analysis centers on this demographic, examining 
how the distribution and specialization of secondary education align with the 
economic needs of different regions.

To further enhance our analysis, we incorporate the population density of these 
regions. This distinction between densely and sparsely populated areas is crucial 
as it allows for comparisons between large cities and their surrounding residential 
zones. In densely populated urban areas, such as the capital and regional centers, 
demand for education tends to be higher due to the concentration of the 
population. Conversely, in less densely populated peripheral areas, demand may 
be lower due to a smaller population, limiting the benefits of economies of scale. 
To improve the accuracy of our analysis, we replace the overall unemployment 
rate with a targeted unemployment rate focusing on individuals aged 15-24. This 
demographic includes those who have completed high school but choose not to 
pursue further education, often staying in their regions due to various constraints. 
In contrast, older individuals may relocate in search of employment opportunities, 
particularly in economically disadvantaged areas.
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A key component of our model is measuring the proportion of university 
graduates in each district, based on census data from 2001, 2011, and 2021. This 
data helps us understand the educational level within a region, which impacts 
both local economic development and the labor market’s ability to absorb 
high school graduates. It also reflects the structure of the local economy and 
influences the academic ambitions of secondary school students. Our analysis 
further incorporates regional economic data, organized into four sectors: primary 
(agriculture, forestry, and fishing), secondary (manufacturing, construction), 
creative (information, scientific, technical, and artistic services), and service (other 
service sectors). This classification allows us to examine how each sector influences 
educational outcomes and the local labor market, providing a clearer picture 
of how economic specialization affects educational needs and the alignment 
between educational outputs and regional labor market demands.

Econometric panel approach with spatial effects

This study uses a spatial econometric panel data framework to analyze secondary 
school enrollment in Slovakia’s districts over two decades, considering spatial 
dependencies and unobservable district-level heterogeneity. The spatial error 
model (Millo and Piras, 2012) is well-suited to contexts with significant regional 
spillovers, capturing both spatial and temporal dimensions. The general model 
specification is as follows:

𝑦 = 𝜆(𝐼T ⊗ WN)𝑦 + 𝑋β + 𝑢
𝑢 = 𝜆(𝜄T ⊗ 𝐼N)μ + 𝜀
𝜀 = 𝜌(𝐼T ⊗ 𝑊N)𝜀 + ν

where 𝑦  represents the dependent variable (secondary school enrollment 
per 1,000 residents), 𝑋 includes the explanatory variables (e.g., demographic 
factors, curricular specializations, and economic conditions), 𝑊N is the spatial 
weight matrix capturing inter-district interactions, and 𝑢 denotes unobservable 
effects. The parameters 𝜆 (lambda) and 𝜌 (rho) represent spatial autocorrelation 
in the dependent variable and residuals, respectively. The spatial weight matrix, 
based on contiguity, assumes interactions between neighboring districts. The 
random effects spatial error model explicitly incorporates error correlation 
across districts, addressing spatial dependence and unobservable district-level 
characteristics. Additional parameter ϕ (phi) quantifies spatial autocorrelation in 
enrollment outcomes, while 𝜌 (rho) captures the spatial dependence in residuals. 
By addressing these dependencies, the model reduces bias and enhances the 
efficiency of estimates.

To ensure the robustness and validity of our model, we performed specification 
tests. Lagrange Multiplier (LM) tests revealed significant spatial dependencies. 
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The LM1 test highlighted strong spatial lag dependence, while the LM2 test 
identified spatial error dependence. The conditional test for spatial error (CLMμ) 
confirmed significant error dependence, supporting the inclusion of spatial effects 
in the residuals. On the other hand, the conditional test for spatial lag (CLM𝜆) 
was insignificant, suggesting that spatial lag dependence is adequately captured 
without adding complexity. The Hausman test validated the use of the random 
effects specification, indicating that it yields consistent and efficient estimates in 
contrast to the fixed effects models employed in the initial experiments of this 
research. This finding strengthens the model’s capacity to manage unobserved 
heterogeneity while preserving simplicity.

Table 2: The distribution of secondary school students in Slovakia.

Variable Description
Mean level

2003 2013 2023

Students
The district’s secondary school student popula-
tion per thousand residents.

58.6 40.2 34.5

Demand side:

Age 15-19
The percentage of individuals aged 15-19 years 
in the overall population of the district.

8.0 5.8 5.0

Density
The density of the population in the district, 
measured as the number of inhabitants per 
square kilometer.

259.0 252.8 267.5

University
The proportion of individuals with university 
degrees in the population of the district.

7.3 13.2 17.3

Unemployment
The percentage of individuals aged 15-24 who 
are registered as job seekers at employment 
offices, relative to the overall population.

11.2 10.5 4.1

Regional economy

Sector I
The proportion of the primary sector’s contribu-
tion to the overall value added in the economic 
output of the region.

2.4 3.0 2.9

Sector II
The percentage of the industrial sector and con-
struction industry’s impact on the region’s total 
value added.

35.5 33.7 34.6

Sector III (Ref.)
The portion of the service sector’s involvement 
in the economic output value of the region.

50.0 46.8 47.2

Sector IV
The allocation of the creative sector’s value add-
ed to the region’s economic production.

12.2 16.5 15.3

Supply side:

Competition
Mean number of high schools per one thousand 
residents in the region.

0.2 0.1 0.1
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Variable Description
Mean level

2003 2013 2023

Fields of specialisation (%)

Social (Ref.)
Proportion of students enrolled in broad aca-
demic programs as well as in social sciences and 
humanities.

58.6 63.8 57.9

Artistic
Percentage of students pursuing cultural and 
artistic studies.

2.1 3.4 3.2

Agricultural
Distribution of students studying agricultural 
sciences.

5.9 3.4 4.5

Technical
Ratio of students enrolled in technical pro-
grams.

31.4 27.1 30.6

Military
Proportion of students pursuing security and 
military studies.

0.0 0.0 0.5

Medical
Share of students in health and nursing pro-
grams.

1.9 2.1 3.3

The table outlines the breakdown for the years 2003, 2013, and 2023. The data is segmented 
based on educational fields, with explanatory variables representing various factors such as 
demographics, social aspects, and economic conditions that influence the demand side in 
statistical analysis.

Source: Slovak Centre of Scientific and Technical Information (2024), Statistical Office of the 
Slovak Republic (2024a-e)

RESULTS

The random effects spatial error model incorporates two key spatial parameters. 
The parameter which measures spatial autocorrelation in the dependent variable, 
is significant, indicating that districts with higher secondary school enrollments 
tend to cluster spatially. This suggests the presence of regional spillover effects, 
where high-performing districts influence their neighboring areas, likely due 
to shared socioeconomic advantages or policy networks. In contrast, spatial 
dependence in the residuals is insignificant, indicating that once observable 
factors are accounted for, unobserved spatial correlation in the error terms 
diminishes. The significance pattern reinforces the robustness of the model, 
highlighting that regional disparities in educational outcomes are more driven by 
structural and demographic factors than by unaccounted latent spatial dynamics. 
This finding supports the model’s ability to capture observable regional patterns 
while minimizing bias from spatial heterogeneity.

This discovery highlights the necessity for specific regional policies that tackle 
structural inequalities, as opposed to depending on generalized interventions. 
Table 4 presents the estimated coefficients for demographic, economic, and 
curricular predictors of secondary school enrollment. As expected, the proportion 
of youth aged 15-19 and population density emerge as strong positive predictors, 
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highlighting the importance of demographic and geographic factors. Districts 
with a higher concentration of youth and greater population density show higher 
enrollment rates due to economies of scale and better access to educational 
resources. Conversely, the proportion of university-educated residents negatively 
correlates with secondary school enrollment, suggesting that districts with higher 
educational attainment may face talent outmigration or shifts toward higher 
education pathways outside the region. This trend reflects concerns about rural-
to-urban migration or outflow to foreign countries, further deepening regional 
disparities.

The results confirm that technical and medical specializations are positively 
associated with secondary school enrollment, reflecting their alignment with 
labor market demands and the growing emphasis on Industry 4.0 skills. Technical 
programs, in particular, exhibit the highest marginal effect among curricular tracks, 
emphasizing their significance for regional economic development. In contrast, 
agricultural and artistic programs show weaker or insignificant associations, 
suggesting potential mismatches with contemporary economic needs or limited 
student interest. These findings underline the need to tailor curricular offerings to 

Table 3: Lagrange Multiplier and Hausman tests for spatial linkages  
and model specification

 Statistic p Interpretation

Lagrange Multiplier tests 

LMH 50.346 0.000
Strong evidence of spatial autocorrelation in both the 
lagged dependent variable and spatial error.

LM1 6.234 0.000 Strong evidence of spatial lag dependence.

LM2 3.388 0.001 Strong evidence of spatial error dependence.

CLM𝜆 0.005 0.996
No evidence of spatial lag dependence in the random 
effects model.

CLMμ 6.939 0.000
Strong evidence of spatial error dependence in the 
random effects model.

Hausman tests 

Lag 2.381 0.999
Random effects model is more efficient for the spatial 
lag model.

Error 9.117 0.764
Random effects model is more efficient for the spatial 
error model.

SARAR 18.237 0.149
Random effects model is more efficient for the SARAR 
model.

This table presents the results of tests used to evaluate geographic linkages and the appro-
priateness of the random effects spatial error model. The tests reveal significant spatial er-
ror dependence and validate the efficiency of the random effects specification over fixed 
effects models for both spatial lag and spatial error formulations.
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Table 4: Estimated coefficients from the random effects spatial error model 
on secondary school enrollment.

 Estimate SE t p

Phi (ϕ) 5.467 1.671 3.271 0.001

Rho (ρ) -0.038 0.174 -0.216 0.829

Intercept 1.949 0.543 3.588 0.000

Age 15-19 0.307 0.083 3.699 0.000

Density 0.212 0.038 5.620 0.000

University -0.204 0.054 -3.810 0.000

Unemployment 0.019 0.022 0.848 0.396

Sector I 0.008 0.041 0.198 0.843

Sector II 0.041 0.107 0.378 0.705

Sector IV 0.158 0.088 1.799 0.072

Competition 0.540 0.042 12.854 0.000

Artistic 0.026 0.021 1.236 0.217

Agricultural -0.000 0.014 -0.006 0.995

Technical 0.134 0.025 5.273 0.000

Military 0.025 0.030 0.823 0.411

Medical 0.105 0.027 3.924 0.000

This table presents the estimated coefficients from the random effects spatial error model 
analyzing secondary school enrollment. Key predictors include demographic, economic, 
and curricular factors, with spatial autocorrelation (ϕ) significantly influencing enrollment 
outcomes, while residual spatial dependence (ρ) is found to be negligible.

regional economic structures. For instance, modernizing agricultural programs to 
incorporate sustainability and advanced technologies could enhance their appeal 
and relevance, particularly in rural areas. The choice of a random effects spatial 
error model effectively captures the interplay between local and regional factors, 
offering insights into how these influences shape educational outcomes across 
districts.

By accommodating district-specific effects and recognizing spatial spillovers, 
this model highlights the importance of localized interventions tailored to both 
demographic and economic contexts. Economically, the clustering of high-
performing districts around urban centers reflects broader agglomeration 
patterns, where concentrated resources and institutional networks drive superior 
educational outcomes. In contrast, peripheral districts face challenges linked to 
demographic decline and economic underdevelopment, as evidenced by weaker 
enrollment figures and the limited impact of certain specializations. The absence 
of significant residual spatial correlation further suggests that disparities are 
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Figure 1: Spatial distribution of secondary school enrollment across  
Slovak districts (2003-2023)

This figure illustrates the spatial distribution of secondary school enrollment, highlighting 
a decline in the effectiveness of the education sector and an increasing divide, particularly 
between urban and rural areas. This trend poses a long-term challenge for regional development 
across various districts.

Source: Slovak Center of Scientific and Technical Information (2024),  
Geodetic and Cartographic Institute Bratislava (2024)
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primarily driven by observable structural inequalities rather than unmeasured 
spatial dynamics. This finding emphasizes the need for targeted investments in 
underperforming districts, such as improving infrastructure, expanding technical 
and medical programs, and fostering partnerships with local industries to better 
align educational offerings with regional economic needs.

DISCUSSION

The findings of this study provide insights into the spatial and demographic 
dynamics of Slovakia’s secondary education system, highlighting regional 
inequalities that reflect broader socio-economic trends. The spatial clustering 
of high-performing districts, particularly around urban centers like Bratislava, 
demonstrates the role of resource concentration and institutional networks 
in fostering educational success. This observation aligns with Glaeser et al. 
(2011) and Florida et al. (2008), who emphasize the self-reinforcing advantages 
of urban areas in attracting talent and generating economic resilience. In 
contrast, rural and peripheral districts continue to grapple with demographic 
decline and underinvestment, which perpetuate regional disparities. The spatial 
autocorrelation parameter reveals that well-performing districts have a positive 
influence on their neighboring areas. However, the insignificance of residual 
spatial dependence suggests that unobserved factors, such as governance quality 
or informal networks, are less important than structural and demographic factors 
in explaining these disparities.

Demographic factors are critical drivers of secondary school enrollment, with 
population density and the proportion of youth aged 15-19 showing a consistent 
positive influence. These findings align with Szabo and Bleha (2018), who note 
how demographic decline in post-socialist countries exacerbates educational 
disparities, especially in rural areas. The negative correlation between the 
proportion of university-educated residents and secondary school enrollment 
is particularly significant. This suggests that districts with higher educational 
attainment may experience talent outmigration, either to urban centers or abroad, 
as noted by Bahna (2013). Talent outmigration weakens local labor markets and 
perpetuates inequalities by depleting already disadvantaged regions of valuable 
human capital. Addressing these demographic challenges will require targeted 
policies to encourage population retention in rural areas, such as affordable 
housing programs, tax incentives for young families, and improved local job 
opportunities.

Curricular specialization plays a crucial role in shaping enrollment trends. 
The pronounced positive impact of technical and medical programs illustrates 
their correspondence with labor market requirements and the transition towards 
Industry 4.0, as noted by Grenčíková et al. (2021) and Kovács and Domonkos (2024). 
This highlights the necessity of modifying secondary school curricula to meet 
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evolving economic demands, thereby equipping students with skills pertinent to 
rapidly expanding sectors. However, the limited impact of agricultural and artistic 
programs suggests a disconnect from contemporary economic realities and 
student interests. To improve their relevance, these programs could be updated 
to integrate modern advancements, such as sustainable agriculture practices or 
digital arts. This is especially important for rural regions, where agriculture remains 
a key economic driver, and adapting these programs could better equip students 
for future opportunities in these sectors.

The spatial patterns revealed by this study highlight the need for localized 
policy interventions. The clustering of high-performing districts suggests that 
targeted investments in infrastructure, teacher recruitment, and curricular 
modernization could help replicate these successes in underperforming regions. 
For example, digital education platforms and mobile learning units could bridge 
access gaps in remote areas, while partnerships between schools and local 
industries could align curricula with regional labor market demands. These 
strategies echo recommendations by Sutton (2017) and Silliman and Virtanen 
(2019), who advocate for stronger connections between education and industry to 
mitigate regional disparities. By fostering such partnerships, regions can enhance 
educational outcomes and address labor market mismatches, promoting more 
equitable development.

The implications of these findings extend beyond education, reflecting broader 
patterns of urban agglomeration where concentrated resources generate outsized 
benefits. However, this urban advantage could deepen rural disparities unless 
counterbalanced by targeted investments in outlying regions. Policymakers 
should prioritize equity-focused resource allocation to ensure rural schools can 
provide competitive educational opportunities. Strategies such as expanding 
transportation networks for better access to schools or subsidizing education 
costs for rural families could help bridge the urban-rural divide. Additionally, 
demographic stabilization policies, like offering relocation incentives for skilled 
teachers to underserved regions, could strengthen local capacities and reduce 
dependence on urban centers for educational and economic opportunities. These 
interventions can support a more balanced regional development, fostering 
economic resilience and equitable access to educational resources.

CONCLUSION

This study emphasizes the pivotal role of education in shaping human capital and 
addressing regional disparities in Slovakia. By applying a random effects spatial 
error model, it reveals how demographic, geographic, and curricular factors 
interact to influence secondary school enrollment. The findings show significant 
spatial clustering of high-performing districts, especially around Bratislava, driven 
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by the concentration of resources and institutional networks. In contrast, rural and 
peripheral districts face ongoing challenges linked to demographic decline and 
economic underdevelopment. Demographic factors, particularly youth density 
and population structure, emerge as key drivers of enrollment, highlighting the 
importance of stabilizing younger populations in rural areas to maintain a robust 
education system. The positive influence of technical and medical programs 
emphasizes the need to align curricula with regional labor market demands, 
while the limited impact of agricultural and artistic programs calls for curricular 
modernization to address evolving economic needs.

The economic implications of these findings are significant. The clustering of 
high-performing regions highlights the self-reinforcing nature of urban advantages, 
where resource concentration and institutional networks create a cycle of success. 
Rural areas often face significant structural challenges, highlighting the urgent 
need for specific interventions. Initiatives designed to enhance digital learning 
access, improve transportation options, and cultivate collaborations between 
educational institutions and local businesses can effectively address the disparities 
between urban and rural settings, thereby advancing educational equity. This 
study ultimately reinforces the idea that education can serve as a powerful tool 
for economic and social equality. To tackle regional inequalities, it is essential to 
maintain a long-term dedication to policies that emphasize equity, which includes 
reallocating resources, updating educational curricula, and focusing on areas 
that are currently underperforming. By tailoring strategies to local contexts and 
leveraging spatial dynamics, Slovakia can ensure that all districts contribute to and 
benefit from national development. As the country transitions to a knowledge-
based economy, investments in education will remain key to unlocking its full 
potential.
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