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Abstract. This study examines the spatial patterns of educational attainment in Hungary using
settlement-level data from the 2022 census, focusing on individuals with at most lower secondary
(ISCED 0-2) and tertiary education (ISCED 5-8). A two-stage analysis — bivariate choropleth map-
ping and Optimised Hot Spot Analysis — revealed pronounced regional inequalities. A comparison
of the 2011 and 2022 census data shows a nationwide decline in low attainment and growth in
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These findings highlight the uneven spatial effects of educational expansion, reinforcing the need
for territorial-specific education and development policies.
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1. INTRODUCTION

The spatial distribution of educational attainment raises crucial social and eco-
nomic issues, underlying numerous societal phenomena and determining var-
ious economic opportunities. Investigating spatial disparities in education ena-
bles a deeper understanding of the connections between social mobility, labour
market dynamics, and regional development. The spatial patterns of educational
attainment facilitate the examination of factors such as local human capital de-
velopment, labour supply structures, and the resulting local economic potential;
this paper endeavours to provide a detailed analysis of these factors.

The interrelations of the above factors can indirectly influence demographic
trends (Bella and Charbit, 2022; Janssen et al., 2024), local economic activities,
and long-term sustainability of settlements (Lucas, 1988). Based on the spatial
distribution of various educational levels, we can infer the capacity of a region
to attract and retain skilled labour, as well as its available economic develop-
ment opportunities. Based on Hungarian data from the ISSP 2019 survey (Medgyesi
and Toth, 2022), educational attainment is a significant factor in relation to
wages (Pearson’s r = .439, p < .001), while certain mediating factors, such as
increased participation rates in higher education and openness to international
trade, significantly reduce inequalities (Pop, 2023). However, in only a few cases
did the proportion of higher educated inhabitants increase in peripheral areas,
and even in such instances, it did not reinforce the local economy or social cohe-
sion. Examples of counterurbanisation show that the relatively high immobility
of intellectuals in rural peripheries often results in a more fragmented society,
rather than stimulating local economic capital (Halfacree, 2006). Moreover, the
lack of opportunity and increasing isolation in these regions mean that certain
groups — especially the youth — are more likely to migrate from the countryside
(Yarwood, 2023), as many young people are leaving rural areas to find jobs, go
to school, and have new cultural experiences (Haugen and Villa, 2006; Stock-
dale, 2004). Numerous factors influence educational attainment, among which
four stand out: socio-economic background, individual capabilities (cognitive
abilities and interests), family environment, and school system-related factors
(Guo, 2025; Langensee et al., 2024; Liu, 2024; Morris et al., 2016; Morris et al.,
2021; Suleman et al., 2014). In terms of socio-economic background, parental
socio-economic status (SES) and socialisation environments are particularly no-
table, with parental SES having been identified as a significant determinant of
educational attainment (van Ewijk and Sleegers, 2010). Even more so, further
research indicates that in educational choices, SES has a more decisive influence
than individual abilities (Bittmann, 2022; O’Connell and Marks, 2022). Other
recent studies have also shown that the father’s occupation is one of the strongest
predictors (Léftman, 2008; Tsukahara, 2007), and the impact of other factors
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(e.g., parental education, number of siblings, and household income) also tends
to vary by gender (Mclntosh and Munk, 2007). The SES level of the broader
environment, not just that of the immediate family, is also significant; students
attending high schools with a higher average SES are more likely to attain higher
education (Cattaneo et al., 2007; Maaz et al., 2008; Palardy, 2013; Stabler et al.,
2017). However, some studies dispute the role of environmental factors, suggest-
ing that the composition of school populations (average performance or SES)
has negligible direct effects on later educational pathways' (Vigdor and Ludwig,
2010; von Keyserlingk et al., 2020). Beyond parents’ educational level, strict-
er parenting styles and supplementary educational activities are also influential
(Hintsanen et al., 2017), and cooperation between schools and parents also plays
a crucial role. According to Pusztai et al. (2025), institutional practices sup-
porting Family-School-Community Partnership (FSCP) significantly influence
parental involvement, especially in families with lower SES. Active, targeted
school practices can mitigate the disadvantages stemming from social inequali-
ties by sensitively responding to diverse parental needs.

The role of educational systems and policies deserves further attention.
Gogescu (2024) employed cluster analysis to examine how educational and vo-
cational training systems across European countries structure student educational
trajectories. The analysis identified three distinct groups of countries, each or-
ganising educational pathways, vocational training, labour market relationships,
and school-to-work transitions differently. Countries in Cluster 2 — including Bel-
gium, Hungary, Latvia, France, Romania, Bulgaria, Italy, Greece, Portugal, and
Spain — feature stratified education systems with tracking and streaming at the
upper secondary level. Selection occurs at a medium age, with many students
predominantly entering school-based initial vocational education and training
(iVET). The employment premium for iVET graduates is low, prompting many to
pursue further education due to limited job opportunities. Tertiary education also
exhibits significant stratification, with many students enrolling in non-bachelor’s
programmes. High rates of early school leaving — for instance, in Hungary, where
the rate is significantly higher even than the EU average (European Commission,
2024) — coexist with intense competition among continuing students, reflecting
a tournament-style educational system in which sustained effort is necessary, as
success remains uncertain.

Within the European Union, Hungary performs relatively well in terms of
its highest educational attainment (Eurostat, 2024b). Figure 1 illustrates the
proportion of the population aged 15-64 with educational attainment at most

! In Hungary, all children are required to participate in formal education and fulfill their compulsory
schooling obligations. Compulsory education begins in the calendar year in which the child turns six
by August 31, or no later than the following year. It continues until the end of the academic year in
which the student turns sixteen (Act CXC of 2011 on National Public Education, 2025).
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International Standard Classification of Education (ISCED) levels 0-22 across
EU Member States and selected additional European countries. Hungary shares
the 12" place among Austria and Switzerland, each at 18.6%. By 2023, this val-
ue improved to 18.1%, advancing Hungary to the 11" position among the coun-
tries shown in Fig. 1, overtaking Finland among others. Globally, these indicators
suggest improved national educational levels. However, Polonyi (2023) and Pop
(2023) found that the Kuznets curve applied to Hungary in terms of education, im-
plying reduced inequality with increasing educational attainment. However, some
authors view the Hungarian educational system as perpetuating spatial and social
inequalities (Velkey, 2020). Regarding ISCED levels 5-8°, Hungary ranked 16
among the countries mentioned above in 2023, sharing similar values with the
Czech Republic and Iceland (Eurostat, 2024a).

Hungary offers a particularly compelling case for examining the spatial di-
mensions of educational inequality due to its unique historical and institutional
trajectory. As a post-socialist Central European country, Hungary has undergone
significant socio-economic transformations over the past three decades, accompa-
nied by structural reforms in its education system. Despite notable improvements
in average educational attainment, the country continues to exhibit pronounced
regional disparities that are deeply rooted in historical legacies, patterns of ur-
banisation, and uneven economic development (Lux, 2019; Szakalné Kand et al.,
2017). Moreover, Hungary’s education system is characterised by early tracking,
limited vertical permeability, and stratified tertiary institutions, which may rein-
force spatial and social inequalities (Hordésy and Szanyi-F, 2020; Horn, 2013;
Pénzes et al., 2018; Velkey, 2022). Previous studies have shown that regions with
greater economic potential and initially low levels of higher education attainment
have experienced the most growth, while areas lacking economic dynamism show
minimal change, which highlights that in declining industrial centres, the relative-

2 ISCED 1 (Primary Education) typically lasts six years, starting between ages 5—7, and focuses on
foundational skills in literacy, numeracy, and basic knowledge in subjects like history, geography,
natural sciences, social sciences, arts, music, and sometimes religious education. ISCED 2 (Lower
Secondary Education) builds on ISCED 1, consolidating essential skills, supporting lifelong lear-
ning and personal development. Education at this level is usually subject-specific with multiple
specialized teachers per class and typically concludes compulsory schooling. In Hungary, ISCED 1
corresponds to grades 1—4 of general education (altalanos iskola alsé tagozat), while ISCED 2 ty-
pically covers grades 5—8 of general education (altalanos iskola fels6 tagozat), with compulsory
education ending at the age of 16 in most cases (European Union, 2024; Hungarian Central Stati-
stical Office (n.d.)).

3 ISCED 5 (Short-cycle Tertiary Education) includes practically oriented programmes that prepare
students for the labour market or further study. ISCED 6 (Bachelor or equivalent level — “alap-
képzés”), ISCED 7 (Master or equivalent level — “Mesterképzés™), and ISCED 8 (Doctoral or
equivalent level — “Doktori képzés” [PhD/DLA]) represent progressively advanced stages of higher
education, culminating in research qualifications or advanced professional credentials (European
Union, 2024; Hungarian Central Statistical Office (n.d.)).
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ly high number of degree holders is concentrated in the oldest age cohorts (Forray
and Hives, 2011; Pénzes et al., 2018). Understanding the spatial distribution of
educational outcomes in such a context provides valuable insights not only for
national policy but also for international comparative research on education, ine-
quality, and regional development.
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Fig. 1. ISCED 2 as the highest educational attainment by country in 2022

Source: own work based on Eurostat (2024b).

The primary objective of this study is to examine and analyse the spatial pat-
terns of educational attainment at both ends of the Hungarian educational spec-
trum, based on data from the 2022 national census. Specifically, the research fo-
cuses on two distinct educational categories: individuals whose highest level of
educational attainment is ISCED level 2 or below (lower secondary education),
and those who have attained ISCED levels 5-8 (tertiary education).

Studies in the fields of geography of education and educational ecology have
repeatedly shown that educational opportunities are significantly shaped by spa-
tial structures, most notably through urban—rural divides and centre—periphery po-
larisation (Cao and Huo, 2025; Graham, 2024; Holloway and Jons, 2012; Million
et al.,2017). Earlier studies in Hungary had also shown how the stratified and se-
lective school system reinforces territorial inequalities (Horn, 2013; Velkey, 2020,
2022). However, most of these analyses have been conducted at the regional or in-
stitutional level, providing only a partial picture of the settlement-level dynamics



50 Andras Béres, Eva Mate, Helga Andl

of educational attainment (Forray and Hives, 2011). The present study addresses
this gap by applying bivariate choropleth mapping and Optimised Hot Spot Anal-
ysis to the 2022 census data, offering a fine-grain view of educational polarisa-
tion that reveals sharp contrasts between Budapest and peripheral rural areas. By
uncovering statistically significant clusters at the lowest and highest attainment
levels, this study not only advances methodological approaches within the Hun-
garian context but also contributes to international debates on spatial educational
inequalities and the policy need for place-sensitive interventions (Polonyi, 2023;
Pop, 2023).

To achieve this, we employed a two-stage analytical approach. Initially, a bi-
variate choropleth mapping technique was used to visualise and compare the spa-
tial distribution of these two educational groups, highlighting areas of overlap
and divergence in their relative proportions. Although this visual representation
effectively illustrates broad spatial relationships, it is insufficient for establishing
statistically significant spatial clusters in the data.

Therefore, the second stage utilised spatial statistical analysis, specifically the
Getis—Ord Gi* clustering method, to statistically identify and assess areas with
significantly high (Hot Spots) or low (Cold Spots) proportions for each educa-
tional attainment category. By combining these spatial analytic methods, this
study aims to uncover detailed spatial relationships and regional disparities in
educational attainment levels across Hungarian settlements. Ultimately, this study
contributes insights into the spatial dimensions of Hungary’s educational system
and identifies regions characterised by educational inequalities.

2. MATERIALS AND METHODS

This study used data from Hungary’s 2022 national census. Conducted every ten
years using standardised methodology and uniform content, as is generally the
case across Europe in alignment with the EU’s census regulation framework,
Hungary’s census methodology ensures a comprehensive and precise representa-
tion of the country’s demographic, economic, and social characteristics, including
educational attainment. The 2022 census was unique in that the respondents had
the option to complete the survey online within an 18-day window. Those who did
not participate online were subsequently visited by the census enumerators. Under
current legislation, participation in the Hungarian census is mandatory for all res-
idents (Act CI of 2018 on the 2021 Census, 2021). The unit of observation in this
study is at the settlement level, and given the extensive coverage of the census, the
dataset can be considered near-population level (Dusek, 2004). The polygon data-
set of settlement boundaries used for the spatial representation and analysis was



At the bottom and top of the educational system: Spatial patterns... 51

sourced from OpenStreetMap. Data organisation and processing were performed
using Microsoft Excel (Microsoft Corporation, 2025) to ensure the integration of
settlement-level information. The dataset contained no missing values, and data
filtering was also conducted within Excel, leveraging the census database’s com-
pleteness. OpenStreetMap polygon data were manually verified for consistency in
settlement counts and naming conventions.

In this analysis, the International Standard Classification of Education (ISCED)
was used to ensure the international comparability of educational attainment data.
Developed by UNESCO and revised in 2011, the ISCED provides a standardised
framework for classifying educational levels, programme orientations, and pro-
gression opportunities. The 2011 revision introduced a more detailed three-digit
coding system and, for the first time, included a classification for educational at-
tainment (ISCED-A) to enhance analytical precision. The shift from ISCED 1997
to ISCED 2011 is particularly relevant in the Hungarian context, where not all
secondary programmes guarantee access to higher education. The revised system
more finely differentiates general and vocational pathways and marks whether
programmes are progression-enabling or terminal upon completion. For exam-
ple, short-cycle tertiary programmes (ISCED 5), bachelor’s (ISCED 6), master’s
(ISCED 7), and doctoral degrees (ISCED 8) are now clearly differentiated by their
length, orientation, and level. This structure offers a more accurate reflection of
Hungary’s education system and supports a deeper analysis of educational mobil-
ity (Hungarian Central Statistical Office, n.d.).

A spatial analysis was conducted using ArcGIS Pro (Esri Inc., 2024) by apply-
ing multiple geostatistical methods. The study first employed a bivariate chorop-
leth mapping technique which allowed for the simultaneous visualisation of two
quantitative variables within a single map layer. This approach facilitates the com-
parison and distinction of educational attainment patterns across spaces. Similar
to the graduated colour method, bivariate choropleth mapping divides variables
into classes and assigns specific colour combinations to represent their values
(ESRI, n.d.-a). The categorisation followed Jenks’s natural breaks classification,
ensuring meaningful group segmentation:

— For ISCED 2 or lower (lower secondary education), the three bins were:
0-21%, 21-30%, and above 30%;

— For ISCED 5-8 (tertiary education), the three bins were: 0—-14%, 14-28%,
and above 28%.

Combining these two variables into a 3x3 matrix results in a total of nine
unique colour categories, thus providing a nuanced spatial depiction of educa-
tional disparities.

To account for potential cognitive biases in visual interpretation, this study
integrated spatial statistical methods to objectively assess the clustering patterns.
Unlike traditional statistical approaches that often overlook spatial dependencies,
geostatistical methods address the complexity introduced by social and natural
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spatial structures (Dusek and Kotosz, 2017). This study employs Optimised Hot
Spot Analysis using the Getis—Ord Gi* statistic to detect statistically significant
clusters of educational attainment levels.

Optimised Hot Spot Analysis in ArcGIS Pro applies the Getis—Ord Gi* sta-
tistics by automatically adjusting parameters based on input data characteristics.
Much like a camera auto-adjusts settings for optimal results, this tool first as-
sesses data adequacy (minimum of 30 features), variation, and locational out-
liers. Point data aggregates incidents into weighted features using grid cells or
polygons. The appropriate scale of analysis is determined using Incremental Spa-
tial Autocorrelation (Global Moran’s I) or by calculating the average distances to
neighbours. Subsequently, the Gi* test identifies significant hot and cold spots,
adjusting for significance levels using False Discovery Rate (FDR) correction.
The output includes z-scores, p-values, Gi Bin classifications, and neighbourhood
statistics, providing a robust basis for interpreting spatial patterns (ESRI, n.d.-b;
Getis and Ord, 1992; Ord and Getis, 1995).

The results of the Optimised Hot Spot Analysis are visualised using Gi Bin
categories, which classify areas based on statistical significance. Hot Spots (statis-
tically significantly high values) are displayed in shades of red, whereas cold spots
(statistically significantly low values) appear in shades of blue. The intensity of
these colours corresponds to the statistical confidence level (z-score and p-value);
darker and more vivid colours indicate stronger statistical significance and spatial
concentration. Areas that were not statistically significant are represented by neu-
tral or light colours (e.g., grey or pale shades).

In this context, a hot spot indicates a cluster of neighbouring settlements where
the proportion of residents with a given level of educational attainment is con-
sistently and significantly higher than the national average. Conversely, a cold
spot reflects a spatial concentration of significantly lower-than-average values.
Thus, these clusters reveal regional patterns — such as areas with relatively highly
educated populations and, by contrast, regions with persistently low attainment
—and thereby enhance the interpretation of spatial inequalities in education across
Hungarian settlements.

3. RESULTS AND DISCUSSION

3.1. National-level correlations and socio-economic influences

The spatial analysis of educational attainment in Hungary revealed significant
regional disparities at both the lower and higher ends of the educational spectrum,
highlighting distinct clustering patterns shaped by broader socio-economic and
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historical processes. In line with McIntosh and Munk (2007), and van Ewijk and
Sleegers (2010), the highest level of educational attainment in Hungarian society
is also influenced by parental SES. Based on data from the 11th round of the Euro-
pean Social Survey (ESS), the father’s level of education appeared to have a more
pronounced effect, although both parents played a significant role in shaping edu-
cational outcomes (father: Pearson’s r=.476, p <.001; mother: Pearson’s r =.440,
p < .001). Furthermore, educational attainment also plays a key role in partner
selection, thereby influencing the next generation as well (partner’s highest level
of education: Pearson’s r =.671, p <.001).

These patterns suggest that regional disparities in educational attainment may
be further reinforced through self-fulfilling mechanisms, which is consistent with
the Golem effect. In areas where educational achievement has for a long time
been low, institutional and societal expectations may reflect and perpetuate these
patterns, thus contributing to the intergenerational transmission of disadvantages.
Rather than countering inequalities, such expectations reinforce them, as students
from less-educated backgrounds may internalise limited aspirations, which in turn
constrain their educational trajectories. As such, this dynamic may intensify the
spatial polarisation over time.

Figure 2 illustrates a clear generational shift in educational attainment in
Hungary, reflecting the effects of educational expansion since the late 20th cen-
tury. Older age cohorts were predominantly represented in the lowest attainment
category (ISCED 1-2), indicating limited access to extended schooling in earlier
decades. In contrast, middle-aged groups (particularly those aged 40—49) show
a peak representation at the upper-secondary level (ISCED 3—4), corresponding
to the massification of secondary education during the 1980s and the 1990s
(Araté and Lavicza, 2015; Kozma, 2016). In addition to state-run institutions,
church-controlled schools have expanded considerably since the 2000s, with
rapid growth after 2010. Their role, traditionally strong in grammar schools, has
extended to primary and vocational education, and by the mid-2010s they be-
came the sole providers of primary education in some settlements. Their role is
particularly strong in small towns, where they often attract students from more
advantaged family backgrounds, thereby reinforcing local patterns of educa-
tional selection and segregation (Papp, 2022; Tomasz, 2017).

Notably, the highest proportion of tertiary graduates (ISCED 5-8) appears
among younger cohorts, especially those aged 30—39, underscoring the substan-
tial growth in higher education since the democratic transition. Additionally, the
data revealed a gendered dimension of expansion, with women surpassing men in
tertiary attainment among younger age groups. These patterns collectively high-
light the long-term impact of educational reforms and the broadened access to
Hungary’s population structure.
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Fig. 2. Highest educational attainment by ISCED level, gender and age group in Hungary, 2022

Source: own work based on data from the Hungarian Central Statistical Office (2023).

3.2. Regional trends in educational attainment (2011-2022)

Based on census data from 2011 and 2022 (Fig. 3), the distribution of the highest
educational attainment among the population group aged 15 and above in Hunga-
ry has undergone significant regional shifts, reflecting broader patterns of educa-
tional expansion and persistent territorial disparities.

The number of individuals with the lowest educational attainment (ISCED 1)
decreased markedly in every region, with the most substantial declines observed
in Northern Hungary (—38,539 persons), the Northern Great Plain (—53,597), and
the Southern Great Plain (—37,865). Budapest’s ISCED 1 population — already
relatively small — declined by 11,460. These reductions suggest gradual educa-
tional improvement, even in socioeconomically disadvantaged regions (Northern
Hungary, Northern Great Plain, and Southern Transdanubia).

A similar tendency may be observed in ISCED Level 2 (completion of prima-
ry education) population data. The largest decreases were observed in Budapest
(=75,135) and the Southern Great Plain (—88,626), followed by the Northern Great
Plain (—74,469). The continued decline in lower educational levels underscores the
ongoing transition towards higher minimum attainment standards across Hungary.

In contrast, ISCED 3C (vocational upper secondary education without
a school-leaving certificate) showed heterogeneous trends. Some regions expe-
rienced slight changes (e.g., Central Transdanubia: —4,171; Western Transdanu-
bia: +4,537), whereas others saw small declines (e.g., the Southern Great Plain:
—9,731). These mixed patterns indicate region-specific developments in voca-
tional education preferences and opportunities.

Regarding ISCED 3A/3B (general and vocational upper secondary education
with a school-leaving certificate [equivalent to the Matura Examination in Hun-
gary]), modest increases were observed across most regions. The most notable
growth occurred in Pest County (+21,160) and Budapest (—17,594), although the
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decline in the capital may reflect a population shift towards higher tertiary educa-
tion levels rather than stagnation at the secondary level.

Tertiary education (ISCED 5-8) has experienced a substantial nationwide growth.
The number of individuals with ISCED 6 qualifications (bachelor’s or equivalent)
increased significantly in Budapest (+26,136), Pest (+37,534), and Central Trans-
danubia (+12,667). The ISCED 7 (master’s or equivalent) figures rose across all
regions, most strikingly in Budapest (+75,724) and Pest (+53,877). Even less-de-
veloped regions saw marked increases, such as +30,566 in the Northern Great Plain.

Finally, the number of individuals with ISCED 8 (doctoral or equivalent) qual-
ifications also increased, particularly in Budapest (+4,398), although the overall
figures remained relatively low. This growth reflects Hungary’s gradual expansion
of advanced academic and research-oriented education.

3.3. Territorial extremes and regional profiles

Beyond the general trend of increasing educational attainment, distinct regional
patterns and extremes can be identified in Hungary between 2011 and 2022. These
findings highlight both the uneven spatial dynamics of educational development
and the influence of broader socio-economic and demographic factors.

Budapest has emerged as the epicentre of tertiary education expansion. It expe-
rienced the largest absolute increase in ISCED Level 7 qualifications (+75,724) and
notable gains in both ISCED 6 and ISCED 8 levels, reinforcing its role as the national
academic and research hub. At the same time, it was the only region to witness a de-
cline in ISCED 3A/3B, suggesting that more residents now bypass upper secondary
education as their highest level of attainment in favour of higher education credentials.

In contrast, the Northern Great Plain, traditionally a socioeconomically disad-
vantaged area, has demonstrated broad-based educational improvement. The region
saw large declines in ISCED 2 attainment (—74,469), alongside significant growth
in ISCED 3A/3B (+17,723) and ISCED 7 (+30,566). However, it still retains some
of the highest absolute numbers of residents with ISCED 1 and 2 as their highest
qualifications, indicating that, despite progress, legacy inequalities remain.

Similarly, the Southern Great Plain showed substantial reductions in lower at-
tainment levels (—88,626 in ISCED 2 and —37,865 in ISCED 1) and impressive
gains in tertiary education. However, unlike most other regions, it also maintained
one of the largest increases in ISCED 3C, suggesting the enduring importance of
vocational pathways in the region.

Central and Western Transdanubia exhibited a relatively balanced develop-
ment, with moderate gains across most educational levels. Western Transdanubia
was one of the few regions where ISCED 3C grew slightly, indicating a stable
vocational track, whereas Central Transdanubia’s figures remained steady without
major shifts. These patterns may indicate a more stable educational structure in
economically stronger regions.
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Conversely, Northern Hungary has lagged in educational advancement. The
region registered the smallest increase in ISCED 6 (+2,531) and one of the lowest
gains in ISCED 7 (+20,241) while still showing relatively high levels of low at-
tainment. These figures reflect both structural constraints and the slow progress in
overcoming long-standing educational disadvantages.

Finally, Pest County — surrounding Budapest — displayed strong growth
across nearly all levels of educational attainment, particularly tertiary education
(ISCED 6: +37,534; ISCED 7: +53,877). This suggests that the trend of suburban-
isation and the expected economic gravity of the capital drive broad educational
gains in the region.
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Fig. 3. Absolute number of individuals by educational attainment levels (ISCED 1-8) across
Hungarian regions (NUTS 2), based on 2011 and 2022 census data (aged 7 and above)
Notes: Solid bars represent 2022 census data; red hatching indicates a decrease since 2011,
while green hatching marks an increase

Source: own work based on data from the Hungarian Central Statistical Office (2013, 2023).
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3.4. Polarisation of educational attainment

Having examined the overall distribution across all educational levels, the analy-
sis shifted to the two extremes of the educational spectrum, focusing on the lowest
and highest attainment levels. Figure 4 displays a bivariate choropleth map com-
paring the proportion of individuals with ISCED level 2 or below and those with
ISCED levels 5-8 as their highest educational attainment. Examination of the two
poles of the scale revealed several notable spatial trends.

At the lower end of the scale, populations with at most ISCED 0-2 attainment
are primarily concentrated in the peripheral regions of the country. These include
Northern Hungary, Southern Transdanubia, and parts of the Northern Great Plain,
where disadvantaged socio-economic structures, small-village settlement patterns,
and higher proportions of Roma population are characteristic. In these areas, the
share of residents with only primary or lower secondary education significantly
exceeds the national average, reinforcing long-standing centre—periphery divides.

At the upper end of the scale, tertiary educational attainment (ISCED 5-8) is
strongly concentrated in Hungary’s major urban centres and their suburbs. These
areas benefit not only from the presence of universities but also from related sec-
tors — public services, healthcare, and knowledge-intensive industries — that attract
and retain highly educated populations. The capital city, Budapest, along with its
surrounding area in Pest County, stands out because of the overrepresentation of
tertiary-educated individuals. This marked polarisation between the capital city,
regional university centres, and peripheral areas is consistent with previous re-
search that has highlighted significant inequalities in higher educational attainment
across Hungary (Santa et al., 2015). In addition, elevated proportions of higher
education attainment are observed around major tourist destinations, such as Lake
Balaton, Lake Velence, and other recreational regions. While the concentration in
Pest County can be explained by the suburbanisation of diploma-holding popula-
tions originally from Budapest — a trend that accelerated after 2020 in the wake of
the COVID-19 pandemic (Bajmocy and Jakus, 2023) — the patterns around Lake
Balaton and Lake Velence are more closely related to lifestyle migration, tourism,
and the presence of secondary residences rather than metropolitan suburbanisation.

Additionally, county seats and other major regional cities have prominently
emerged with higher rates of tertiary education. In contrast, across much of ru-
ral Hungary, when comparing the highest and lowest levels of educational at-
tainment, settlements tend to exhibit higher proportions of individuals with only
ISCED level 1-2 education, suggesting a concentration of lower educational out-
comes in less urbanised areas. The strong correlation between parents’ educa-
tional attainment and income poverty must be emphasised within the complex set
of problems connected to this issue in the Hungarian context. In 2022, 25-35% of
children with parents with ISCED 0-2 attainment levels lived in income poverty,
while in the case of ISCED 3—4 parents, this rate fell to 7-8%, with the lowest
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rate (1-2%) of income poverty occurring in households with ISCED 5-8 parents
(Hajdu et al., 2024).

Although the expansion of educational opportunities in Hungary has been
substantial in recent decades, spatial mobility remains severely constrained for
many students. As Forray and Hives (2009) observed, commuting to school was
primarily feasible for those with higher educational qualifications and stronger
social capital. In contrast, disadvantaged groups — particularly in peripheral ru-
ral areas — were often excluded from basic mobility due to transportation costs,
infrastructural limits, or institutional barriers. Ovenden-Hope et al. (2023) have
similarly emphasised how the geography of access can undermine formal rights to
education. Velkey (2020) has argued that the state’s educational services often re-
produce territorial inequalities rather than compensate for them, making mobility
a mechanism of exclusion rather than a means for increasing equity.

Taken together, these patterns reveal a sharp polarisation: low educational at-
tainment remains dominant in rural and peripheral regions, while tertiary educa-
tion is concentrated in urban and suburban centres. This duality underscores the
long-standing territorial inequalities in the Hungarian educational system, which
are further elaborated in the subsequent Hot Spot Analysis.
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Fig. 4. Bivariate choropleth of highest educational attainment levels (ISCED 2 and ISCED 5-8)
Source: own work based on data from the Hungarian Central Statistical Office (2023).
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3.5. Spatial Hot and Cold Spots of low educational attainment (ISCED 0-2)

Given the potential for cognitive bias in the visual interpretation of spatial data,
as outlined in the methodology section, we now proceed with a detailed spatial
pattern analysis of the two distinct ends of educational attainment.

Figure 5 presents a comprehensive spatial analysis of the population with
at most ISCED level 2 education (lower secondary education or below) across
Hungarian settlements, based on an Optimised Hot Spot analysis using the Get-
is-Ord Gi* statistic (Table 1). The map reveals pronounced territorial disparities
in low educational attainment, with statistically significant patterns that align with
Hungary’s historical development trajectories and socio-economic divisions. The
analysis identifies seven major Hot Spot clusters (displayed in red shades), rep-
resenting areas with statistically significant concentrations of individuals whose
highest educational attainment is lower secondary education or below.

A well-defined western cluster extends from the eastern part of the Vasvar dis-
trict to the Devecser district, covering parts of the counties of Vas and Veszprém.
This compact cluster primarily encompasses rural settlements, with historical ag-
ricultural economies and limited industrial development.

A large, spatially coherent cluster dominates Southern Transdanubia, which is
particularly pronounced across the counties of Somogy and Baranya. This region
represents one of Hungary’s most disadvantaged areas and is characterised by
small villages, ageing populations, and limited economic opportunities. Within
this extensive Hot Spot, only Pécs (the regional centre with a major university)
and its immediate suburban ring emerged as significant cold spots, illustrating the
stark urban-rural educational divide. The city of Kaposvar appears as an educa-
tional “island” classified as non-significant, suggesting that it neither significantly
outperforms nor underperforms relative to national averages (Alpek et al., 2018;
Balogh et al., 2018).

A substantial cluster spanning the northern counties of Heves, Nograd, and
parts of Borsod-Abatj-Zemplén, an area that experienced significant economic
decline following the collapse of heavy industries in the socialist era. The chal-
lenging topography of this region coupled with its poor transportation infrastruc-
ture and limited employment opportunities has contributed to persistent educa-
tional disadvantages (Kiss, 2012; Kocziszky and Szendi, 2021).

An extensive cluster along Hungary’s northeastern border (particularly in the
Szabolcs-Szatmar-Bereg County) and eastern regions (parts of the counties of
Hajdu-Bihar and Békés), areas with historically high poverty rates, Roma popu-
lations, and distance from major economic centres. These peripheral regions face
significant challenges in terms of educational development and economic inte-
gration (Gyorgy, 2014; Kovacs et al., 2024; Tagai et al., 2018). Similar patterns
linked to high rates of Roma population can also be observed in Northern Hungary
and Southern Transdanubia (Hungarian Central Statistical Office (2023); Pénzes
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etal., 2018,2019). In addition, border regions also face challenges in educational
attainment, as demonstrated by Pénzes et al. (2023).

Getis-Ord Gi* B Cold Spot with 99% Confidence [700] Hot Spot with 90% Confidence [97]
ISCED 1-2 [n=3155] mm Cold Spot with 95% Confidence [145] B Hot Spot with 95% Confidence [221]
Not Significant [1291] Cold Spot with 90% Confidence [92] MM Hot Spot with 99% Confidence [609]

Fig. 5. Spatial pattern of the share of individuals with at most ISCED 2 educational attainment

Source: own work based on data from the Hungarian Central Statistical Office (2023).

Several smaller but statistically significant Hot Spots appear scattered across
central and eastern Hungary, often corresponding to microregions characterised
by small settlement structures and limited access to educational facilities.

In stark contrast, northwestern Hungary (particularly the Gyér-Moson-Sopron
County, and parts of the counties of Vas and Komarom-Esztergom) emerged as
significant cold spots (displayed in blue shading). This region benefits from its
proximity to Western European markets, substantial foreign direct investment,
and robust industrial development, resulting in stronger educational outcomes and
lower proportions of individuals with only lower educational attainment level
(Pénzes et al., 2018).

The map also highlights the educational polarisation between urban and rural
settlements. Major regional centres and university towns — Eger, Miskolc, Szeged,
and Pécs — stand out as distinct Cold Spots within otherwise disadvantaged regions,
exhibiting significantly lower proportions of residents with minimal educational
attainment. This pattern demonstrates how urban centres function as educa-
tional oases, attracting and retaining more educated populations, while potentially
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drawing human capital away from the surrounding rural areas. These findings are
consistent with previous analyses that also identified a strong spatial concentra-
tion of tertiary educational attainment in Hungary (D6vényi and Németh, 2018).

Budapest and its immediate surroundings also display consistently low pro-
portions of minimal educational attainment, reflecting the concentration of educa-
tional and employment opportunities in the country’s primary metropolitan area.

These spatial patterns align closely with Hungary’s broader socio-economic divi-
sions and highlight how educational disadvantage is geographically structured, with
clear east-west and centre-periphery gradients that have persisted despite overall
educational improvements nationwide. School closures in rural Hungary have not
only reduced physical access to education but have also triggered long-term com-
munity disintegration. As several authors have highlighted, shutting down schools
— especially in marginalised areas — often leads to depopulation, intensifies social
isolation, and increases ethnic segregation (Andl, 2021, 2023; Fejes and Szlics,
2018; Kroismayr, 2019; Mutgan and Tapia, 2025; Sageman, 2022). These closures
represent not only an infrastructural setback but also a symbolic loss of communal
vitality and local identity. Particularly in villages with ageing population and scarce
resources, the disappearance of educational infrastructure reinforces structural ex-
clusion and limits the prospects of intergenerational mobility.

Table 1. Share of population with primary education only (ISCED 1-2) in clusters
and at the national level (clusters correspond to those in Fig. 5)

1D Number of settlements (N) Mean [%] Std. dev. [%]
1 266 49.66 13.27
2 2 22.59 1.49
3 13 45.53 7.34
4 673 28.13 7.45
5 46 48.45 11.86
6 97 51.06 18.03
7 102 48.50 10.76
8 50 48.52 10.19
9 12 48.14 9.97
10 1 18.74 0.00
11 20 54.15 16.07
12 12 29.05 8.60
National average 3155 35.75 9.49

Note: The IDs correspond to the clusters indicated on the map (Fig. 5.). The number of settlements
(N) refers only to those within each cluster where the 99% significance level could be measured.

Source: own work based on data from the Hungarian Central Statistical Office (2023).
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3.6. Spatial Hot and Cold Spots of tertiary education (ISCED 5-8)

Figure 6 presents a sophisticated spatial analysis of the population with tertiary
education (ISCED Levels 5-8) across Hungarian settlements, revealing distinct
patterns that illuminate the geography of higher educational attainment in the
country (Table 2). While these patterns generally contrast with those of lower
educational attainment shown in Fig. 5, they do not form a perfect inverse rela-
tionship, suggesting complex underlying socio-spatial dynamics.

Budapest and its metropolitan region emerged as the dominant Hot Spot for ter-
tiary education, displaying the highest concentration of university graduates in the
country. This primacy reflects the capital’s historical role as Hungary’s principal
educational, economic, and cultural centre, hosting several prestigious universities
and offering diverse employment opportunities for highly qualified professionals.
The Hot Spot extends well beyond the administrative boundaries of Budapest into
its surrounding agglomeration zone, particularly towards the western and northern
suburban areas (Budadrs, Szentendre, Dunakeszi) (Varga ef al., 2020). This pattern
captures the post-socialist suburbanisation process, which accelerated after 2000
and intensified following the COVID-19 pandemic as highly educated urban profes-
sionals sought larger homes and better environmental conditions while maintaining
access to employment in the capital (Bajmocy and Jakus, 2023; Sulyok et al., 2024).

The analysis identifies several secondary Hot Spots centred on regional uni-
versity cities that form a polycentric network of higher educational attainment
across the country. Debrecen, Hungary’s second-largest city and the home to the
University of Debrecen in the Eastern Great Plain, shows a pronounced concen-
tration of tertiary-educated residents that extend to its immediate suburban zone
(Pénzes et al., 2023). Beyond the university, Debrecen’s role as a regional centre
of public administration, healthcare, and its rapidly growing IT and pharmaceuti-
cal sectors also contribute significantly to this concentration (Molnar and Kozma,
2019; Tarnéczi and Bauerné Gathy, 2024).

Szeged, the regional centre of the Southern Great Plain and the host of the
University of Szeged, forms another significant Hot Spot, benefiting from its role
as a major research centre and its proximity to the Serbian border. Similarly, the
city’s concentration of public services and healthcare institutions, along with ex-
panding knowledge-intensive industries, reinforces its high levels of tertiary edu-
cational attainment (Gyurkovics and Juhasz, 2018; Molnar ef al., 2018).

Pécs in Southern Transdanubia constitutes a striking educational island within
an otherwise disadvantaged region; this is due to the presence of the University
of Pécs and its historical role as a regional cultural centre (T6th and Farkas, 2019;
Varju and Ovari, 2024).

The northwestern axis of Gy6r-Sopron-Szombathely forms an interconnected
cluster of high educational attainment, supported by economic prosperity from the
automotive and electronics industries, cross-border connections with Austria, and
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the presence of vibrant regional universities (Molnar et al., 2020; Németh et al.,
2023; Rechnitzer, 2015).

Eger in Northern Hungary represents a smaller but statistically significant Hot
Spot which also extends to Miskolc. While Eger’s educational profile is enhanced
by Eszterhazy Kéroly Catholic University and tourism-related development, Mi-
skolc contributes to the Hot Spot as a regional centre with its university, industrial
heritage, and public service institutions (Kristof, 2017, 2018; Schuchmann, 2022).

Particularly noteworthy is the Orség microregion near the Austrian and Slove-
nian borders, appearing as an unexpected Hot Spot despite its peripheral location
and rural character. This anomaly likely reflects amenity migration — the settle-
ment of highly educated professionals and retirees attracted by the region’s nat-
ural beauty, cultural heritage, and tranquillity. The Orség case demonstrates how
certain rural areas can develop distinctive educational profiles through selective
in-migration, challenging the conventional urban-rural educational divide.

The spatial distribution of tertiary education reflects Hungary’s post-socialist
transition and subsequent economic restructuring. Areas that are successfully in-
tegrated into knowledge-based and service economies show higher concentrations
of university graduates, whereas regions that are dependent on declining tradi-
tional industries or agriculture demonstrate persistent educational disadvantages.
This pattern has been reinforced by the uneven distribution of higher education
institutions — the doctoral programmes are mostly concentrated in four cities (Bu-
dapest, Debrecen, Szeged, and Pécs) — creating “educational deserts” in peripheral
regions (Hungarian Educational Authority, n.d.).

The patterns observed align with international literature on the geography of
human capital, thus emphasising how skilled labour tends to concentrate in urban
agglomerations that offer diverse employment opportunities, knowledge spillovers,
and quality amenities (PuSkarova and Piribauer, 2016; Thisse, 2018; Wibisono,
2022). In the Hungarian context, these patterns have been shaped by historical de-
velopment trajectories, socialist era industrial and educational policies, post-social-
ist economic restructuring, and more recent European integration processes.

The spatial concentration of highly educated populations creates self-rein-
forcing cycles of advantages and disadvantages. Hot Spot regions benefit from
increased innovation capacity, higher productivity, and greater attractiveness for
knowledge-intensive investments, while Cold Spot areas face challenges in eco-
nomic diversification, innovation adoption, and the retention of young talent. The
resulting educational polarisation contributes significantly to broader regional
development disparities across Hungary. Even where tertiary qualifications have
expanded, spatial variation in their economic and social returns remains substan-
tial. As Polonyi (2023) argues, the labour market value of formal educational cre-
dentials is increasingly shaped by the geographic context and institutional pres-
tige. In many peripheral regions, higher qualifications do not necessarily lead to
upward mobility or improved socio-economic outcome. This underscores how
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educational expansion alone does not guarantee territorial convergence, because
returns to education remain strongly conditioned by local opportunity structures
and regional labour market dynamics.

0 375

Getis-Ord Gi* I Cold Spot with 99% Confidence [342] ! Hot Spot with 90% Confidence [64]
ISCED 5-8 [n=3155] mm Cold Spot with 95% Confidence [289] ™ Hot Spot with 95% Confidence [82]
Not Significant [1759] I Cold Spot with 90% Confidence [211] W Hot Spot with 99% Confidence [408]
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Fig. 6. Spatial pattern of the share of individuals with ISCED 5-8 educational attainment

Source: own work based on data from the Hungarian Central Statistical Office (2023).

Table 2. Share of population with ISCED 5-8 educational attainment in clusters and at the national
level (clusters correspond to those in Fig. 6)

1D Number of settlements (IN) Mean [ %] Std. dev. [%]
1 189 6.84 5.05

2 6 21.61 6.11

3 31 22.12 7.06

4 27 25.94 8.90

5 47 8.82 4.54

6 119 26.55 11.37

7 207 27.82 12.01

8 12 24.70 9.89

9 59 7.27 6.79
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ID Number of settlements (N) Mean [%] Std. dev. [%]

10 5 8.66 2.96

11 8 7.98 3.86
National average 3155 9.88 6.18

Note: The IDs correspond to the clusters indicated on the map (Fig. 6.). The number of settlements
(N) refers only to those within each cluster where the 99% significance level could be measured.

Source: own work based on data from the Hungarian Central Statistical Office (2023).

4. CONCLUSION

This study explored the spatial disparities in educational attainment across Hun-
garian settlements by focusing on the extremes of the educational spectrum — in-
dividuals with lower secondary education (ISCED 2 or below) and those with
tertiary education (ISCED 5-8) — based on data from the 2022 national census.
The integration of bivariate choropleth mapping and Optimised Hot Spot analysis
allowed for a nuanced understanding of spatial clusters and patterns, enhancing
the interpretability of territorial inequalities.

The EU has set ambitious educational goals, including reducing low achieve-
ment by 15% by country (Hanushek and Woessmann, 2020). Between 2011 and
2022, Hungary experienced substantial educational shifts across all its regions.
The number of individuals with only ISCED 1 or 2 qualifications declined mark-
edly nationwide, with the most significant changes occurring in the traditionally
disadvantaged northeastern and southeastern regions. Nationally, the share of in-
dividuals with at most ISCED 1-2 level education has dropped from 32% in 2011
to 23% by 2022. In parallel, tertiary education (ISCED 5-8) expanded consider-
ably, particularly in Budapest and in the Pest County, as well as in regional uni-
versity centres such as Debrecen, Szeged, and Pécs. Even the peripheral regions
recorded measurable gains, although the disparities persisted.

The spatial distribution of educational attainment reveals pronounced territorial
polarisation. High shares of low educational attainment continue to characterise
rural and economically lagging areas — especially in Southern Transdanubia and
northeastern Hungary — while urban and suburban zones increasingly concentrate
on the highly educated. This duality underscores a structural divide, with access
to higher education shaped by settlement size, institutional presence, and the re-
gional socio-economic trajectory.

Although educational expansion is evident nationwide, the effects are uneven.
The rise in tertiary qualifications reflects both increased access to and a growing val-
uation of higher education, yet it also accentuates spatial inequalities where oppor-
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tunities remain limited. These trends suggest that, without territorially differentiated
policy responses, educational divergence may persist or deepen over time.

Theoretically, the results support the spatial dimension of educational inequali-
ty and align with the perspective that educational systems can both reproduce and
mitigate territorial disparities (Pop, 2023; Velkey, 2020). The observed clusters
reinforce the notion of educational Kuznets curves in post-socialist contexts, in
which increasing national education levels may not uniformly reduce spatial ine-
qualities (Polonyi, 2023).

These results have important policy implications. They underscore the need for
territorially differentiated educational and developmental strategies that address
the specific challenges faced by regions with persistently low educational attain-
ment. Strengthening regional universities, creating rural innovation hubs, and im-
plementing targeted educational interventions could help retain graduates locally,
stimulate regional development, and reduce educational inequality (Gunasekara,
2006; Neszmélyi et al., 2022; Uyarra, 2010; Wibisono, 2022). As Schnabel (2025)
argues, mitigating territorial inequalities in education requires not only centralised
redistribution, but also renewed forms of decentralisation and regional planning.
Multilevel governance structures that empower local stakeholders to design inclusive,
context-sensitive educational environments are essential to advancing spatial justice.

Despite the robust nature of the spatial analysis, certain limitations must be
acknowledged. The study relies on cross-sectional census data, which captures
a snapshot in time and does not account for temporal dynamics, such as recent
migration or educational reforms. Additionally, while settlement-level data offer
high granularity, individual-level factors such as SES or migration trajectories
cannot be incorporated. It is also important to note that our findings align with
those of Forray and Hives (2009), who more than fifteen years ago observed
a persistent overlap between higher levels of educational attainment and more
disadvantaged regions — areas that appear to have remained unable to alter their
structural position since then.

Future research should integrate longitudinal data and individual-level varia-
bles to better understand the causal mechanisms of spatial educational inequali-
ties. Furthermore, comparative analyses with previous census data can reveal the
evolution of these patterns and the effectiveness of past policy interventions. One
of the key mechanisms behind the persistence of spatial educational disparities is
the increasing centralisation of educational governance in Hungary. Following the
nationalisation of previously municipally maintained schools, the decision-mak-
ing authority became heavily centralised (Saska, 2013; Kozma, 2015). This re-
structuring, as Velkey (2019a, b) notes, relieved local actors from responsibility
while also introducing new asymmetries, especially in areas where public institu-
tions were transferred to church control (Polonyi, 2005). These shifts have con-
strained territorial responsiveness, further deepening spatial inequalities in both
access and institutional diversity.
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In conclusion, this study makes a significant contribution to the growing lit-
erature on the territorial embeddedness of educational outcomes in post-socialist
contexts. By revealing distinct spatial clusters of educational attainment across
Hungary, we highlight how educational inequality manifests geographically and
persists despite the overall improvement in national educational levels. These
findings emphasise the importance of place-sensitive educational policies that ad-
dress long-standing regional inequalities and foster inclusive development across
all territories.
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