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Abstract

This research investigates higher education admission outcomes at Hungarian universi-
ties for ethnic Hungarian minority students residing in countries within the Carpathian
Basin. The region is distinguished by a variety of national policies that impact minority
education. By analyzing extensive data on the availability of mother tongue education,
the status of minority rights, advanced level examination performance, and types of set-
tlement using a wide range of statistical methods, our study reveals significant cross-na-
tional differences in the distribution of admission scores and central tendencies. Com-
pared to lower and more varied scores for students from Ukraine and Romania, ethnic
Hungarian students from Serbia and Slovakia achieved high average admission scores.
Performance was notably more consistent among students from EU member states com-
pared to non-EU regions, strongly linking outcomes to the more robust implementation
of minority rights and better access to mother-tongue education within the EU frame-
work. A critical finding is the strong positive correlation (Pearson r = 0.837) between ad-
mission scores and advanced level examination results, highlighting the pivotal role of
these exams for the academic progression of these minority students. The Jonckheere-
Terpstra test (p < 0.05) further confirmed significant performance differences between
ranked country groups, with Serbian and Slovak students generally outperforming their
Ukrainian and Romanian counterparts. Counterintuitively, settlement type (urban vs. ru-
ral) exhibited a negligible relationship with admission scores (r = 0.150), explaining only
2% of score variability. This challenges common assumptions and suggests other factors
specific to the Hungarian minority context are more influential. This study provides cru-
cial insights into the complex dynamics influencing Hungarian minority students’ access
to higher education, underscoring cross-country educational inequalities, and informing
the development of equitable minority rights and mother-tongue education policies in
Central Europe for these often-marginalized communities.

Keywords: ethnic students; higher education admission; comparative educational
performance; regional differences; R-based statistical analysis; choropleth mapping
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1. Introduction

Modern higher education systems are constantly evolving to address societal needs
and support diverse student populations. Governments frequently utilize international
benchmarks to inform policy decisions and allocate resources effectively (OECD, 2024;
Zhou, 2024). While this highlights the critical role of higher education in fostering compe-
tencies, it also underscores that access and success are shaped by varied student back-
grounds (OECD, 2021) However, these broad international frameworks often overlook
the unique challenges faced by cross-border ethnic minority students, whose educational
pathways are influenced by distinct historical, linguistic, and political factors not typically
captured in large-scale comparisons. In addition to global trends, the Carpathian Basin
has specific contexts of inequalities in access to higher education, and it is important to
consider these when analysing the region. The present study focuses specifically on ethnic
Hungarian students from neighbouring countries in Hungary (namely, Slovakia, Ukraine,
Romania, Serbia, Croatia, and Slovenia) who admitted to higher education institutions in
Hungary.

Higher education plays a critical role in developing young adults’ competencies and
promoting societal contributions, yet admission outcomes are profoundly shaped by di-
verse student backgrounds and socio-economic factors (OECD, 2021) Research consist-
ently shows that factors such as social class, secondary school type, and parental educa-
tion significantly influence university admission probabilities and academic performance
(Mirashrafi et al., 2013; Park et al., 2024; Prakhov & Yudkevich, 2012; Tomul & Polat, 2013).
While these factors are well documented in a general context, their differential impact in
ethnic minority contexts remains largely unexplored. This is particularly the case for stu-
dents aspiring to higher education in other national systems.

Regional disparities in higher education admissions reveal significant differences in
success rates and educational migration patterns. The literature consistently shows that
urban students tend to achieve better enrolment results due to better quality educational
resources, improved infrastructure and better access to digital competences (Dale & Mil-
ler, 1972; Opoku-Asare & Siaw, 2015; Tomczyk, 2024). This geographical inequality is re-
flected not only in admission results, but also in further education opportunities, shaping
students” overall educational trajectories (Braun & Dwenger, 2008; Chankseliani, 2013;
Tam & Jiang, 2015) However, these studies rarely examine how this general urban-rural
divide plays out in specific cross-border minority contexts where linguistic and cultural
factors can override purely geographic differences.

While educational migration and regional disparities are critical for higher education
planning (Dozhdikov & Kornilova, 2023) research on urban-rural academic performance
provides inconsistent and often contradictory findings. Some studies indicate that urban
students hold a distinct advantage in grades and retention (Felder et al., 1998), yet others
report that rural students achieve similar or even superior outcomes (Hutten-Czapski et
al., 2005; Liao et al., 2013). The complexity of this relationship is further highlighted by
research demonstrating that simple metrics like median scores can be misleading, as over-
all performance distributions may show no significant discrepancy between urban and
rural groups (Jakaitiene et al., 2020). There is a lack of understanding about whether the
usual urban-rural divide applies to a specific cross-border ethnic minority group. This is
because factors like language, community and minority identity might change or even
cancel out the effect of where people live.

Geographical factors significantly influence disparities in university admission
scores (Cui et al., 2024), with distance from educational institutions playing a critical role
in enrollment decisions and access to higher education. Research demonstrates that
greater geographical distance from universities reduces the likelihood of enrollment
(Kjellstrom & Regnér, 1999). This effect is not limited to rural-urban divides but extends
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to variations within urban areas, such as differences between affluent neighborhoods and
inner-city districts (Verdis et al., 2019). Proximity to universities provides economic and
informational benefits, which are particularly impactful in competitive fields (Cui et al.,
2024; Guzi & Franta, 2008; Weflling & Bechler, 2019; White & Lee, 2020). However, the
impact of geographical factors is debated. Some studies argue that distance has minimal
influence on higher education engagement (Gibbons & Vignoles, 2009; Serensen & Hest,
2016). Addressing these disparities requires nuanced strategies that consider the interplay
of geographical, social, and economic factors. Comprehensive approaches are essential for
ensuring equitable access to higher education across diverse regions. Policymakers must
prioritize fair admission practices and resource allocation to bridge these gaps and pro-
mote inclusivity in higher education systems.

The Carpathian Basin is a unique context for investigating higher education admis-
sion outcomes among ethnic Hungarian students, shaped by a complex interplay of his-
torical, cultural, and socio-economic factors, including a pronounced west-southeast gra-
dient (Péti et al., 2021; Szirmai et al., 2016; To6th, 2010). Ethnic Hungarians, recognized as
an indigenous minority since 1920 (Tolcsvai Nagy, 2021), face diverse language policies
ranging from exclusion to official recognition (Maracz, 2016), with bilingual education and
mother tongue rights playing a crucial role in identity preservation and academic success
(Kemény-Gombkotd & Popova, 2021; Vanco & Kondratieva, 2021; Wiczanowska &
Szoszkiewicz, 2018) However, outside the EU, such as in Ukraine and Serbia, the use of
Hungarian in education is limited or declining, negatively impacting student performance
(Papp, 2014; Pusztai & Markus, 2019; Todorov, 2020; Trombitas & Sziigyi, 2019) Socio-
economic disparities further shape opportunities, with Hungary providing scholarships
and a unified higher education system to support ethnic Hungarian students (Horddsy &
Szanyi-F., 2020; Kaldczy & Kulcsar-Szabd, 2016; Kincses & Papp, 2020; Takdacs et al., 2013;
Takacs & Sziigyi, 2015)

Urban-rural differences exacerbate these challenges: urban students consistently out-
perform rural peers due to better resources and infrastructure, while smaller municipali-
ties have higher proportions of low-performing students (Barabas, 2024; Buza & Istrate,
2022; Hegeds & Sebestyén, 2019; Kryst et al., 2015; Although some studies highlight the
adaptability and resilience of rural students (Urboniené & Koveriené, 2018), research find-
ing no significant urban-rural performance difference is rare (Risti¢ et al., 2021).

Despite extensive research on minority education and regional disparities, there is a
paucity of comprehensive, cross-country analyses focusing specifically on the combined
effects of language policy, socio-economic context, and settlement type on the higher ed-
ucation admission outcomes of ethnic Hungarian students in the Carpathian Basin. This
study aims to address this gap in literature.

Based on the literature presented, this study examines the admission outcomes of
ethnic Hungarian students in the Carpathian Basin within a theoretical framework based
on three main pillars. To guide our investigation, we formulated the following research
questions: 1. To what extent do the institutional framework and access to mother-tongue
education correlate with the university admission scores of ethnic Hungarian students
from different countries? 2. What is the relationship between the prevalence of advanced-
level examinations and weighted average admission scores, and how do these factors con-
tribute to regional performance disparities? 3. Does settlement type significantly predict
university admission outcomes for this specific ethnic minority population, or are other
factors more influential? From this triple theoretical lens, the following hypotheses are
formulated:

Hypothesis 1 (H1). Students perform better in terms of tertiary enrolment in countries with an
institutional framework supported by the EU and access to education in their mother tongue
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(Kemény-Gombkotd & Popova, 2021; Vanco & Kondratieva, 2021b; Wiczanowska & Szoszkiewicz,
2018), than in regions (Serbia, Ukraine) where these comprehensive support systems are limited or
absent (Kincses & Papp, 2020; Papp, 2014; Pusztai & Mirkus, 2019).

Hypothesis 2 (H2). Data ranked by country group and weighted averages of admission scores
reveal regional disparities. However, students from countries with higher participation in the Hun-
garian national system and better pass rates on advanced level exams tend to achieve more stable
and improved result (Demeter et al., 2024; Jakaitiene et al., 2020).

Hypothesis 3 (H3). The type of municipality does not serve as a significant predictor of admission
outcomes, and no notable correlation can be identified between place of residence and scores (Buza
& Istrate, 2022; Ristié et al., 2021; Urboniené & Koveriené, 2018).

2. Materials and Methods

This study used a quantitative, cross-sectional research design involving the second-
ary analysis of a university admissions database. The aim was to examine spatial dispari-
ties and the factors influencing the academic performance of ethnic Hungarian minority
students.

2.1. Presentation of the Area

The Carpathian Basin is a significant geographical region in Hungarian conscious-
ness, circumscribed by the Carpathians, Dinaric Mountains, and Alps. It is synonymous
with historical Hungary and is considered a level of the homeland by many Hungarians
(Molnar & Papp, 2022). Several Hungarian communities reside in neighboring countries,
with the largest populations of ethnic Hungarians abroad found in Slovakia, Ukraine, Ro-
mania, and Serbia. A smaller number of Hungarians also reside in parts of Slovenia, Cro-
atia, and Austria that border Hungary (Péti et al., 2020). Over the past few decades, the
number of Hungarians in the Carpathian Basin has declined from 12.9 million in 1990 to
11.5 million between 2012 and 2016. As of recent data, approximately 16% of Hungarians
live in bordering countries (Kapitany, 2015). The key factors determining student mobility
in the region include the quality of the academic environment, the capacity for educational
migration, and institutional conditions (Semiv et al., 2023).

During the 2023/2024 academic year, Hungary provided educational opportunities
to approximately 37,500 foreign students, with over 5500 of these students being of ethnic
Hungarian descent (Hungarian Central Statistical Office, 2023). The significant presence
of ethnic Hungarian students in Hungary underscores the country’s pivotal role in
providing higher education to Hungarian minorities from neighboring countries, reflect-
ing strong cultural and educational connections across borders. Our database focuses on
ethnic Hungarian students enrolled in undivided (5-year) and bachelor (3-year) programs
at Hungarian higher education institutions. The dataset comes from Marton Aron Special
College’s admissions database (ELTE, 2024) and mostly includes Hungarian students
from abroad on the Hunyadi Janos Scholarship (Wolters Kluwer, 2024).

The initial database comprised the records of 1911 students. Following data reduc-
tion in MS Excel, the sample size was refined to 859 (N = 859), resulting in a representative
database for subsequent analyses. The data set, collected over a seven-year period from
2017 to 2023, exhibits a balanced annual distribution, with an average of 122 participants
per year. The number of participants was the lowest in 2021 with a total of 94 individuals,
and the highest in 2017 with 160 participants.

A detailed analysis of the circular bar plot (Figure 1) reveals significant differences
between and within groups. The color of the columns indicates the country represented,
while the length of the columns represents the proportion of students from that country.
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The proportion of counties per country is equivalent to 100%. Notably, Ukraine and Ro-
mania exhibit a significant spatial dispersion of students. The chart is divided into multi-
ple sections, demonstrating that the student population originates from a diverse range of
regions. In contrast, Croatia, Slovakia, and Slovenia show a more pronounced territorial
concentration, with Romania being the only country displaying an even regional distri-
bution. The most prominent regions are Harghita, with 21%, and Bihor, with 18%. Follow-
ing closely behind are Satu Mare and Covasna, with 16% and 13%, respectively. In other
countries, at least one region dominates in terms of student representation. The highest
regional concentration is found in Croatia, where 89% of students come from the Osjecko-
Baranjska region. From Serbia, significant student data is available from the Severno Backi

(42%) and Severno-Banatski (39%) regions. In Slovakia, the Nitriansky region provides

substantial data (64%). In Slovenia, the Lendava region contributes a considerable portion
of student information (58%). In Ukraine, the Beregovsky region accounts for most of the

available student data (51%). The students’ places of residence were also visualized using
a heat map combined with cluster points (Figure 2).
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Figure 1. Percentage distribution of students studying at universities in Hungary (at county/district
level) plotted on a logarithmic scale.
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Figure 2. Visualization of the spatial density and clustering of the student population.

The map uses blue shades to represent student density distribution, with darker col-
ors indicating higher concentrations. Red-circled clusters show settlement groupings
within regions, with numbers denoting affiliated settlements. White points mark outliers
settlements with significant spatial deviation from centroids. Major clusters appear in
Ukraine (12, 11) and Serbia (13, 9), where substantial student data originates. Romania
and Slovakia show moderate settlement concentrations, while Slovenia and Croatia data
reflect smaller diaspora Hungarian communities. The map clearly identifies Hungarian
community distributions beyond borders: Highland (Slovakia), Transylvania and Partium
(Romania), Transcarpathia (Ukraine), and Vojvodina (Serbia). This distribution aligns
with the historical and demographic context of Hungarian minorities. Larger clusters ap-
pear in areas with sizeable Hungarian populations, while smaller, dispersed data points
indicate regions with fewer or more scattered Hungarian communities (Kocsis & Kocsisné
Hodosi, 1998).

2.2. Methods

Areas with diverse socio-economic and linguistic backgrounds can have a significant
impact on students’ educational outcomes. Therefore, It is essential to employ methods
that can accurately analyze these complex relationships. These factors not only affect stu-
dents” academic performance, but also their ability to navigate the higher education ad-
missions process, as exemplified by the Hungarian system. Admission scores for Hungar-
ian bachelor’s, undivided programs, and vocational training are calculated based on sev-
eral factors. The score is determined by high school grades, final exam results, and in some
cases professional exam results for vocational qualifications. Furthermore, if the applicant
already holds a degree obtained in higher education or vocational training, its results may
also contribute to the final score. In some fields of study, the results of mandatory practical
examinations are also considered. A maximum of 400 points can be obtained from the
results mentioned above, with 200 points coming from final examination results and 200
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points from academic performance. In addition, up to 100 institutional points and extra
points for voluntary military reserve service can be added. The way scores are calculated
can vary according to regulations, and the total admission score will automatically be con-
sidered the most favorable outcome for the applicant. (Education Authority of Hungary,
2024) In the case of ethnic Hungarian students, the same regulations apply as for appli-
cants with Hungarian citizenship. However, they also have the option to apply for higher
education based on the scores of their matriculation certificate obtained in their home
country. In our previous study, we defined this latter case as the “Native Country School-
Leaving Examination” (Demeter et al., 2024).

The study’s primary dependent variable was the university admission score. The key
independent variables included the student’s country of origin (as a proxy for institutional
and linguistic frameworks), the proportion of advanced-level examinations taken, and the
population size of the student’s home settlement (as a proxy for urban-rural status). To
test our hypotheses, a multi-step statistical analysis was conducted in R and Quantum
GIS. H1 was tested using descriptive statistics (e.g., box plots) and the Jonckheere-Terp-
stra test to compare performance across country groups. H2 was investigated using Pear-
son correlation and linear regression to assess the relationship between advanced-level
exams and admission scores. Finally, H3 was examined using Spearman’s rank correlation
to determine the association between settlement size and scores, chosen due to the non-
normal distribution of the data.

In presenting the area, we created a circular bar plot diagram to represent the pro-
portion of students at the county level, using a natural logarithm (In) scale to determine
column heights. The transformation applies the function In(x + 1) to handle zero values
and differentiate smaller values (1-10%) while reducing the dominance of larger values
(>50%), resulting in a balanced visual representation. This method is effective for wide
ranges (1-89%). The diagram was generated in R. Additionally, settlement-level student
residence data was visualized using an automatic clustering method based on proximity
to centroids, implemented in Quantum GIS 3.40.1.

The project began with data cleaning and preparation in MS Excel. Admission results
were analyzed by county, district, and municipality of origin using univariate analysis to
describe variables and examine data structure. Visualizations were created in R, starting
with loading libraries (ggplot2, dplyr, tidyr, gridExtra) and preparing data from a .csv file.
A custom color palette and theme ensured consistency. The code iteratively generated
nationality-specific plots combining histograms (binwidth = 8), density curves, and box-
plots, annotated with quartiles (Q1, Q3) and medians. Annotation placement was opti-
mized using horizontal (x_offset = 2) and vertical offsets (y_offset = max(density(sub-
set_data$score)$y)/10). The x-axis range was standardized (270-500) via coord_carte-
sian(). Final outputs were arranged in 2 columns for cross-nationality score comparisons.

We assessed the relationship between admission scores and advanced-level exami-
nations using a Pearson correlation matrix, assuming normal data distribution. The R code
calculated Pearson correlations (cor()) and a linear regression model (Im()) between ad-
vanced-level and median scores. The visualization features a scatter plot, where each point
represents a country. Point size and color (using the “viridis” palette) indicate median
scores, while country names are positioned with geom_text_repel() to prevent overlaps.
The plot includes a regression line (geom_smooth(method = “Im”)) with a confidence in-
terval, density contour lines (geom_density_2d()), and dashed lines marking mean values
with annotations. The correlation coefficient and R? value are displayed in the upper left
corner.

We used the Jonckheere-Terpstra test to analyze significant differences between
country groups and visualized the results with a scatter plot created using R’s “ggplot2”
and “reshape2” packages. The code loaded the necessary libraries and defined a dataset
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containing statistical comparisons of 15 sample pairs. Geometric layers were added with
geom_tile() for the tiles and geom_text() for annotations. Visual enhancements included a
dashed blue line at the 0.05 significance level (geom_vline()), gray grid lines, and axes
scaled appropriately: the x-axis ranged from 0 to 0.5 in 0.05 increments, while the y-axis
spanned the standard test statistic’s range with a one-unit offset. Point colors reflected test
statistic values using a blue-gray-red gradient (scale_color_gradient2()). The dcast() func-
tion converted data from long to wide format, enabling easier plotting of standard errors
against test statistics. By examining p-values and asymptotic significance levels, we en-
sured precise assessment of statistical reliability in our analysis.

Our team analyzed county-level admission results using a statistical approach that
incorporated student number weighting, implemented in R with specialized packages.
Data was imported via read_excel() from the “readxl” package and processed using
“dplyr” functions like group_by() and summarise() for efficient grouping and aggregation
by county. Weighted averages were calculated as simple means, while weighted standard
deviations were computed using the wtd.var() function from the “Hmisc” package, en-
suring accurate variability representation across group sizes. The weighted coefficient of
variation (standard deviation/mean, expressed as a percentage) provided a standardized
dispersion measure. Key metrics, student numbers, weighted averages, weighted stand-
ard deviations, and coefficients of variation, were calculated for each county to offer a
comprehensive view of admission score distributions. The results were exported to Excel
using write_xIsx() from the “writex]” package for further manipulation and visualization.
Choropleth maps were created in Quantum GIS 3.40.1 by converting tables to “.csv” for-
mat and importing them into the GIS environment. These maps used color gradients (ar-
eal visualization) and circles (point-based visualization), with gray representing areas
without data. Settlement-level data was aggregated to larger administrative units for
clearer pattern visualization. Scale bars and north arrows ensured consistent geographical
reference. To enhance clarity, Adobe Photoshop 2022 was used to adjust transparency and
improve interpretability. The final maps provided an intuitive geographical representa-
tion of admission score patterns across counties, combining statistical precision with vis-
ual accessibility. The maps combine areal (color gradients) and point-based (circles) visu-
alization techniques. Areas without data are shown in gray. Scale bars and north arrows
are consistently placed for geographical reference. Settlement-level data is aggregated to
larger administrative units to facilitate the visualization of clearer patterns.

We investigated the relationship between settlement size (population) and admission
scores using linear regression in R, leveraging the “tidyverse” ecosystem for data pro-
cessing. Normality was assessed with the Shapiro-Wilk test (shapiro.test()), applied to
both variables for each country. Correlation analysis was performed using the cor.test()
function, with Spearman’s rank correlation (method = ‘spearman’) chosen due to the non-
normal data distribution. Results were exported to XLSX format using the “openxlsx”
package and presented in tabular form in the paper.

Al techniques were used to debug and optimize R code, enhancing the quality of
visuals. Our study employed data validation and interpretation methods to highlight ter-
ritorial differences in admission performance among students in Hungary’s border re-
gions. Beyond data collection, we emphasized contextual analysis to ensure result rele-
vance. By combining statistical methods, we robustly examined relationships across na-
tional contexts.
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3. Results

3.1. Univariate Statistical Data Analysis Based on Admission Scores

The text describes the statistical methods and results, explaining the distribution of
student performance across groups. The analysis of admission scores revealed significant
performance differences across the six countries examined (Figure 3). The most notable

patterns relate to the variability and central tendency of the scores.
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Figure 3. Distribution of admission scores by country of origin

The Ukrainian cohort demonstrates the widest score range (270-491) with a mean of
402.78 and a median of 409, indicating considerable performance variability. The distri-
bution’s negative skewness and substantial standard deviation reflect a predominance of
lower scores, with an interquartile range between 374 and 440 points. This pattern sug-
gests significant heterogeneity in student preparedness levels within the Ukrainian edu-
cational system. Serbian students exhibit a similarly broad score range, but achieve nota-
bly higher performance metrics. The distribution’s negative skewness and concentration
of scores between 420 and 450 indicates variability in student achievement levels. The Slo-
vak group presents a balanced distribution, with an interquartile range of 415-465 and
moderate standard deviation, indicating consistent performance levels despite some ex-
ceptional scores. Croatian students demonstrate the most homogeneous performance pat-
tern, with scores concentrated between 345 and 466. The distribution’s negative skewness
and lowest standard deviation reflect stable performance levels across the cohort. Roma-
nian student performance spans a wide range, with the mean and median closely aligned.
The distribution’s negative skewness and broader interquartile range suggest moderate
variability in student achievement levels.

Uniquely, the Slovenian group shows slight positive skewness (0.2874), with scores
ranging from 366 to 490 and a mean of 423.17. The median (416) approximates the mean,
while the narrow interquartile range (399-447) and moderate standard deviation (36.39)
indicate consistent performance levels. The admission results reveal distinct patterns
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across countries. Ukraine, Serbia, and Romania show larger variations in student prepar-
edness, while Croatia and Slovenia demonstrate more homogeneous results.

3.2. Relationship Between Average Weighted Scores and Advanced Level Exams

To investigate the impact of advanced-level examinations on admission perfor-
mance, we categorized students’ school-leaving qualifications based on the school leaving
qualification background (Demeter et al., 2024). Our previous analysis revealed significant
differences between students who followed the Hungarian national system and those who
adhered to foreign systems for their final examinations. Table 1 presents a detailed break-
down of the results by country, expressing the data in percentages.

Table 1. Secondary Education Background and School-Leaving Qualification Background by Coun-
try.

Secondary Edu- School-Leaving

cation Back-

Qualification  Croatian Romanian Serbian Slovakian Slovenian Ukrainian Total

ground Background
: Advanced level - o0, 65% 74% 85% 75% 68%  72%
Hungarian Na-
tional System Intermediate 279% 17% 89 11% 0% 17% 11%
level exam
Foreign System |\20ve UMY 5o, 18% 18% 4% 25% 5%  17%
Total 100%

The highest proportion of candidates taking advanced-level exams was in Slovakia
(85%), followed by Slovenia (75%) and Serbia (74%). In Croatia and Ukraine, 68% of stu-
dents selected this examination type, while in Romania, a slightly lower percentage of
65% opted for it. The proportion of intermediate-level examinations was highest in Croa-
tia (27%), followed by Ukraine (17%), with Serbia having the lowest at 8%. It is noteworthy
that no students in Slovenia sat for these examinations. With respect to students electing
to undertake native country examinations, Slovenia demonstrated the highest proportion
(25%), followed by Serbia and Romania (both at 18%). Ukraine reported 16%, while Cro-
atia and Slovakia showed 5% and 4%, respectively. These statistics clearly indicate distinct
preferences for examination levels across countries. There is an upward trend with a fa-
vorable slope in the regression line (Figure 4).
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Figure 4. The weighted arithmetic average of admission results and the relationship with tertiary

examinations.

This finding suggests a positive correlation between the proportion of advanced-
level examinations and the weighted average admission scores. The gray confidence in-
terval band surrounding the regression line indicates the uncertainty of the regression
estimate. Density contour lines in the graph connect points of equal data density. A com-
parison of weighted average scores with advanced-level examination participation re-
veals those countries with higher advanced-level examination rates—such as Serbia
(74%), Slovakia (85%), and Slovenia (75%)—demonstrate notably superior average scores
compared to other nations. In contrast, Romania (65%), Croatia (68%), and Ukraine (68%)
exhibit lower examination results, correlating with weaker averages. Following normality
distribution analysis, the Pearson correlation coefficient (r = 0.837) indicates a strong pos-
itive correlation.

The R-squared value (0.700) confirms that advanced-level exams significantly influ-
ence admission scores. A strong statistical association exists between the proportion of
candidates taking advanced-level examinations and weighted admission results. How-
ever, 30% of the variability stems from other factors, indicating that advanced-level exam
participation is not the sole determinant. Country-specific factors add nuance to the sta-
tistics, with Serbia showing exceptionally high results and Ukraine demonstrating an in-
adequate examination ratio. This comparative framework enhances understanding of the
relationship between advanced-level examination participation and weighted average
scores across nations. Visual analysis complements the statistical data, providing intuitive
insight into performance distribution while highlighting advanced-level examination par-
ticipation as a potential academic success indicator.

3.3. Analysis of Intergroup Differences and Ranked Trends

To identify significant performance trends between country groups, we employed
the Jonckheere-Terpstra test. The analysis revealed statistically significant, ordered differ-
ences among several country pairs, as illustrated by the relationship between the test sta-
tistic and p-values (Figure 5).
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The most prominent finding is that students from Serbia and Slovakia significantly
outperformed their counterparts from other nations. Specifically, Serbian students’ results
were statistically superior to those of Ukrainian, Romanian, and Croatian students (p <
0.05), while Slovakian students also scored significantly higher than their Ukrainian and
Romanian peers (p < 0.05).

In contrast, some comparisons with large test statistics, such as Ukrainian vs. Roma-
nian, approached but did not reach the conventional 5% significance threshold, and no
measurable differences were observed among several other groups. These results indicate
a clear performance hierarchy, with Serbian and Slovak students at the top, and Ukrainian
and Romanian students demonstrating lower results in multiple comparisons.
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Figure 5. The relationship between the standard test statistic and its significance.

The plot clearly illustrates a gradient from darker shades on the left to lighter shades
on the right, corresponding to decreasing significance levels, regardless of sign. There
were significant differences (p < 0.05) with high test statistics between several groups: Cro-
atian vs. Serbian (TS =2.133), Romanian vs. Slovakian (TS =2.544), Ukrainian vs. Slovakian
(TS =-3.707), Ukrainian vs. Serbian (TS = —6.072), and Romanian vs. Serbian (TS = 3.580).
Serbian students’ results were statistically superior to those of Ukrainian, Romanian, and
Croatian students. Similarly, Slovakian students demonstrated significantly higher scores
compared to their Ukrainian and Romanian counterparts. Although some comparisons,
such as Ukrainian vs. Romanian (TS = -1.551, p = 0.060) and Croatian vs. Slovakian (TS =
1.460, p = 0.072), exhibited large test statistics, their significance levels approached but did
not reach the 5% threshold. No measurable differences were observed among the remain-
ing groups. Serbian and Slovak students performed well, while Ukrainian and Romanian
students showed lower results in several comparisons. Interpreting these findings re-
quires caution due to distributional anomalies. Statistically significant differences exist,
but their practical significance in admission scores may require further investigation.
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3.4. Geographic Variation in Student Distribution and Regional Differences in the Weighted
Average of Admission Scores

Examining the spatial patterns of higher education performance and student distri-
bution is crucial for educational policy and regional development. This issue is particu-
larly relevant in the case of Hungarian minority communities residing beyond national
borders, where educational opportunities and outcomes can significantly impact the fu-
ture trajectory of these communities.

The spatial analysis of admission scores and student distribution reveals significant
regional disparities across the Carpathian Basin (Figure 6). Distinct high- and low-per-
forming clusters emerged, often independent of national borders. Several regions demon-
strated outstanding performance, with weighted average admission scores exceeding 430
points.

A Croatia H ;i A © Romania Slovakia

Sctement s e of st U
s

0 10 20
—

Figure 6. Regional distribution of students and spatial differences in weighted average admission

scores.

Through scientific analysis of the results, we identified several noteworthy patterns.
Romania and Serbia demonstrated outstanding performance, with both countries achiev-
ing average admission scores above 450 points. Particularly noteworthy is the Srednje-
Banatski region in Serbia, where students’ results ranged between 442.4 and 450 points.

Additionally, three other Serbian areas (Severno-Backi, Severno-Banatski, Juzno-
Backi) also excelled, producing weighted averages between 438-442.4 points. The Vojvo-
dina region in Serbia performs well, with many settlements showing large student popu-
lations, represented by larger white circles on the map. In Romania, the Transylvanian
regions of Mures and Brasov stood out with weighted averages ranging from 437 to 451
points, although caution is warranted in interpreting Brasov’s results due to the low sam-
ple size. The map reveals several major student concentration centers across Romania,
particularly in the central and northern regions, as shown by the larger white circles. In
Slovakia, the Kosicky area exhibited exceptional performance with an average of 432.3—
436 points, despite its low student population. Conversely, the Nitriansky region, which
provided the most data, also achieved a high average of 428-432.3 points, considered out-
standing in regional comparison. A clear east-west pattern is evident in Slovakia’s
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performance distribution. In Slovenia, the performance range is between 388-432 points
in two distinct regions, with small student populations indicated by small white circles.
Croatia also displays two clearly differentiated regions in terms of performance, with
scores ranging from 418-438 points, suggesting moderate regional variation. The results
revealed that Ukraine has the lowest average scores, significantly lagging other examined
areas. A spatial pattern is observable within Transcarpathia. In regions bordering Hun-
gary (Uzhgorodskyi, Beregovskyi, Vynohradivskyi, and Mukachevskyi), students
achieved higher average scores (404—429), while other regions performed below this level.
The Khustskyi region had the lowest average scores (304-329), which is approximately
100 points below the best-performing areas. Regarding score dispersion, Romania (395-
451), Serbia (412-450), and Ukraine (304-429) showed the greatest variability, indicating
extreme differences in student performance. In contrast, Slovakia (421-436) and Croatia
(418-438) produced results within a much narrower range, suggesting a higher degree of
homogeneity in educational performance in these countries. The visualization through
color gradients clearly demonstrates these regional disparities, with darker shades of blue
and purple indicating higher performance areas and lighter shades showing lower-per-
forming regions.

3.5. Analysis of the Correlation Between Admission Scores and the Number of Populations in
a Municipality

Throughout this chapter, we have examined the relationship between admission
scores and settlement size with the objective of determining whether demographic factors
influence admission results. To test our third hypothesis (H3), we examined the relation-
ship between students” admission scores and the population size of their home settlement.
The overall analysis of the aggregated data revealed a statistically significant (p < 0.001)
but negligible positive correlation, with settlement size explaining only 2.2% of the varia-
bility in admission scores (r = 0.150, R? = 0.022).

A more detailed, country-level analysis further reinforces that settlement size is not
a meaningful predictor of performance. The key finding, detailed in Table 2, is that none
of the country-specific correlations were statistically significant at the conventional a =
0.05 level. Correlation coefficients were consistently weak, ranging from a slight negative
correlation in Ukraine (rtho = -0.072) to a weak positive correlation in Slovakia (rho =
0.126).

Table 2. Correlation between the population size of the municipality and the admission score (Ad.

score) of students.

Normality Test Correlation
. . . Correla- . .. -
Country Variables Shapiro-Wilk p (Nor- . . Significance Description
tion Coeffi-
A\ mal) . (p-Value)
cient
Ad. score 0.9661 <0.001 The Spearman’s rho value indicates a very
weak, negative correlation between the varia-
. bles. The low p-value is greater than the con-
-0.072 .3681
Ukraine Population 0.5352 <0.001 0.0723 0368 ventional alpha level of 0.05, suggesting that
the observed correlation is not statistically
significant.
Ad. score 0.9381 0.2432 Based on the weak correlation coefficient,
there is a very weak or no linear relationship
Croatia Population 0.984 <0.001 0.1042 0.6712  between the variables. The high p-value indi-

cates that the observed correlation is likely
due to chance.
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Ad. score 0.9738 0.0370 The correlation coefficient suggests a weak
Roma- positive correlation, but the relationship is
. . 0.118 0.231  not very strong. At the typical alpha level of
nia  Population 07985 <0.001 0.05, the significance value indicates that the
relationship is not statistically significant.
Ad. score 0.9368 <0.001 The correlation coefficient indicates a very
weak, negligible linear relationship. The p-
Serbia Population 0.6343 <0.001 0.03 0.499  valueisnot §tatistically si.gniﬁcant at the 5%
level. There is no correlation between popula-
tion and admission score.
Ad. score 0.9451 0.5667 The correlation coefficient indicates a very
. weak positive correlation for both variable
.024 941
Slovenia Population 0.7092 <0.05 00 09 pairs. The significance level result shows that
the relationship is not statistically significant.
Ad. score 0.9616 0.124 Spearman’s rho resulted in a weak positive
relationship between the variables, however,
Slovakia Population 0.6849 <0.001 0.126 0.398 the significance level is less than the alpha

level of 0.05, therefore the result is not statis-
tically significant.

Looking at the data by country, we observed different patterns. The correlation coef-
ficients ranged from -0.0723 (Ukraine) to 0.126 (Slovakia), and all countries showed a
weak or very weak correlation between enrolment scores and population size. None of
the country-specific correlations were statistically significant at the conventional a = 0.05
level, with p-values ranging from 0.231 (Romania) to 0.941 (Slovenia). For admission
scores, most countries showed a non-normal distribution (p < 0.05), with the exception of
Croatia (p = 0.2432) and Slovakia (p = 0.124). All countries showed a non-normal popula-
tion distribution (p < 0.001 or p < 0.05). While most countries showed a slight positive
correlation, Ukraine showed a weak negative correlation (-0.0723). The link between set-
tlement size and admission scores is weak and inconsistent across countries. Country-
specific analyses show limited predictive power of settlement size on academic perfor-
mance. Non-normal distributions indicate that admission scores are influenced by com-
plex factors beyond settlement size. While some countries show a modest increase in
scores with settlement size, this association is not robust enough to predict performance
reliably

4. Discussion

The complex historical, cultural, and sociodemographic context of the Carpathian
Basin offers an exceptional opportunity to examine the higher education admission per-
formance of students of Hungarian ethnicity. In this multiethnic region, where the Hun-
garian language plays a dominant role, the investigation of the correlation between lin-
guistic diversity and educational outcomes is particularly relevant. Research by (Vanco &
Kondratieva, 2021) shows that language is key to identity for Hungarian communities,
and its preservation is associated with minority education issues. The study by (Horddsy
& Szanyi-F., 2020) emphasizes that a fundamental aspect of minority education policy is
the development and implementation of a bilingual education system, which has a signif-
icant impact on further education trajectories.

The findings pertaining to the initial hypothesis demonstrate that students hailing
from countries that possess well-developed institutional frameworks for mother-tongue
education, notably within the European Union, tend to attain higher and more consistent
admission scores. This finding lends substantial empirical support to the theoretical
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proposition that the institutional recognition of minority linguistic rights directly corre-
lates with enhanced educational outcomes. This association has been emphasised in re-
search on minority education in Europe ((Kemény-Gombkoté & Popova, 2021;
Wiczanowska & Szoszkiewicz, 2018). Specifically, the superior performance observed
among students from Slovakia, Croatia, and Slovenia aligns with studies indicating that a
robust mother-tongue school network positively impacts academic success, while the pre-
dominance of the state language can exert a negative effect (Papp, 2014; Pusztai & Markus,
2019; Spangler & Adriansen, 2021) The lower and more varied scores from Ukraine, a non-
EU country with a more constrained framework for minority education, further under-
score this relationship. However, Romania’s deviation from this otherwise clear pattern
suggests that while institutional support is crucial, other unmeasured country-specific fac-
tors may also play a significant role in shaping student performance.

The analysis for our second hypothesis confirmed a strong, positive correlation be-
tween the proportion of students taking advanced-level examinations and their university
admission scores. This finding highlights the strategic importance of the Hungarian na-
tional examination system as a primary pathway to academic success for this cross-border
student population. Our results empirically validate previous research suggesting that
students educated within the Hungarian national system demonstrate superior perfor-
mance (Demeter et al., 2024; Takdcs & Sziigyi, 2015) The observed spatial inequalities,
where high-performing regions like Mures (Romania) or Srednje-Banatski (Serbia) coin-
cide with higher rates of advanced-level exam participation, suggest that access to sec-
ondary schools that effectively prepare students for these specific exams is a key driver of
regional disparities. This reinforces the argument that policymakers must look beyond
simple averages and consider the full distribution of performance data to develop effec-
tive strategies for reducing educational inequalities, a point also emphasized by (Jakai-
tiene et al., 2020)

The most significant finding of our study is the confirmation of our third hypothesis.
Our analysis revealed a negligible relationship between settlement type and university
admission scores. This finding is in contrast to a substantial body of literature that con-
sistently reports an “urban advantage” in educational outcomes, both on a global scale
and within the Carpathian Basin (Barabas, 2024; Chankseliani, 2013; Dale & Miller, 1972;
Hegedtis & Sebestyén, 2019; Opoku-Asare & Siaw, 2015; Tomczyk, 2024) The confirmation
of our hypothesis suggests that, for this specific cross-border ethnic Hungarian popula-
tion, conventional geographic determinants of performance may be superseded by more
powerful, context-specific factors. It can be hypothesised that the strength and cohesion
of the Hungarian-language school network, as well as the cultural capital embedded
within the community, may exert a more significant influence on educational outcomes
than the infrastructural differences between urban and rural settings. The present findings
are consistent with those of a small number of other studies which, too, found no signifi-
cant urban-rural performance gaps in specific contexts (Liao et al., 2013; Risti¢ et al., 2021).
This, in turn, points to the need to question universal assumptions and to investigate the
unique variables that shape educational success within distinct minority communities.

This study’s findings directly impact educational policy and practice. Policymakers
should prioritize the expansion and consistent quality assurance of mother-tongue edu-
cation. Targeted financial support, scholarships and teacher training can reduce dispari-
ties. Collaboration should be strengthened within and outside the EU to share best prac-
tices and protect minority rights. Authorities should implement monitoring systems to
identify inequalities and enable timely interventions.

The limited power of settlement type merits attention. In this minority context, the
cohesion of the Hungarian-language school network and community support may over-
come urban-rural divides. Robust minority institutions can negate expected urban
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advantages in academic performance. Digitalization, increased mobility and flexible
learning opportunities may reduce geographic barriers. It is recommended that future re-
search endeavours focus on a more thorough exploration of these mediating factors. This
exploration should be facilitated by qualitative and mixed-methods approaches, with the
objective of elucidating the mechanisms that underpin the observed counterintuitive re-
sults.

The following text is intended to provide a comprehensive overview of the subject
matter.

Limitations and Future Research Directions

While this study provides valuable insights into the educational landscape of ethnic
Hungarian students, several limitations must be acknowledged when interpreting the
findings.

First, our analysis is based on an admissions database that, while extensive, lacks
granular data on individual students’ socio-economic status (SES), parental educational
background, or the specific quality of their secondary schools. The absence of these vari-
ables, prevents a more nuanced exploration of the factors mediating performance and
may obscure the underlying causes of the regional disparities we observed.

Second, the cross-sectional nature of the data does not allow for the establishment of
causal relationships or the tracking of student performance trajectories over their aca-
demic careers. A longitudinal study would be necessary to explore how initial advantages
or disadvantages evolve over time.

Finally, the sample sizes for some countries, notably Slovenia and Croatia, were rel-
atively small. While statistically significant findings were still obtained, the results from
these regions should be interpreted with caution, as they may not be fully representative
of the entire ethnic Hungarian student population in those nations and may have limited
statistical power.

Future research should address data uncertainty and sample size impacts on statisti-
cal inferences. The employment of Bootstrap techniques and Bayesian methods can im-
prove statistical estimates, especially for regions with small populations. Expanding data
collection is crucial for achieving more accurate and reliable results. Creating comprehen-
sive databases with greater coverage, particularly from underrepresented regions, would
increase analysis reliability and allow for a more nuanced understanding of regional dif-
ferences. Combining advanced statistical techniques, expanded data collection, and lon-
gitudinal perspectives can provide a more robust understanding of regional educational
disparities. This enhanced insight will be vital for developing evidence-based policies to
reduce inequalities and improve educational outcomes across diverse geographical con-
texts.

5. Conclusions

Higher education pathways are shaped by spatial and social factors, including resi-
dence, economic background, and infrastructure, which significantly influence academic
success. Spatial inequalities in education are not solely geographical but also structural,
with international studies demonstrating their context-dependent nature. This research
analyzed the admission outcomes of Hungarian ethnic minority students in the Carpa-
thian Basin, offering insights into the interplay of spatial and social mechanisms affecting
their performance.

Our findings showed that mother-tongue education and robust minority rights
frameworks were associated with higher and more balanced admission results —most no-
tably in Slovakia, Croatia, and Slovenia—while countries with limited support, such as
Ukraine and Serbia, exhibited lower and more variable scores. However, this effect was
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not uniform: for example, Romania deviated from the expected pattern, and thus H1 was
only partially confirmed. A strong positive correlation was observed between advanced-
level examination participation and admission scores (Pearson r = 0.837, R = 0.700), con-
firming H2 and highlighting the pivotal role of these exams in academic progression. Con-
trary to common assumptions and much of the literature, settlement type (urban vs. rural)
was not a decisive factor in admission outcomes (overall correlation r = 0.150, R? = 0.022;
all country-specific correlations non-significant), fully confirming H3. This suggests that
other factors, such as community cohesion or school quality, may be more influential in
this context.

Limitations included small sample sizes from certain regions, emphasizing the need
for longitudinal studies to explore temporal changes and deeper correlations. Future re-
search should apply advanced statistical techniques to address small sample sizes, incor-
porate variables like family background and infrastructure, and expand databases to
cover underrepresented regions. This study underscores the complexity of minority edu-
cation success, requiring multifactorial approaches that consider territorial disparities, in-
stitutional contexts, and socio-economic factors. Evidence-based programs are essential
for addressing challenges in minority education across the Carpathian Basin.
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