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Abstract

Rural digitalization in Hungary from 2010 to 2024 is examined, focusing on infrastructure,
digital skills, and sectoral uptake. Using secondary data, an interrupted time-series model
determines national household internet access, and a regional panel includes post-2020
slope terms. Nationally, uptake continued and accelerated after 2020, while regional trajec-
tories remained broadly parallel, indicating persistent yet narrowing territorial differences.
Market indicators point to a capacity-heavy fixed network with county-level disparities,
suggesting that affordability and competencies shape the remaining rural gaps. There is a
need for place-based policies that jointly target last-mile infrastructure, affordability, and
skills to convert access into practical use in rural economies.
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1. Introduction

Digitalization is widely recognized as a driver of productivity, resilience, and social
inclusion. However, adoption remains uneven across regions of Hungary. Rural areas
often lag behind, not because of inadequate networks, but because access alone does not
guarantee meaningful use. Factors such as affordability, limited skills, varying service
quality, and local institutional capacity all influence adoption. To design effective place-
based policies that convert infrastructure into tangible benefits for households, farms, and
small businesses, it is essential to understand how these factors interact.

Digitalization is one of the most defining global processes of the 21st century, bringing
sweeping changes to the economy, society, and institutional structures [1]. It encompasses
the emergence of new technologies and a profound transformation in the flow of infor-
mation, production systems, human relations, and public services. Although urban areas
generally adapt to these changes more quickly and with greater capacity, due to their
specific characteristics and constraints, rural areas show different dynamics in the digital
transition [2].

The digital convergence of rural areas in Hungary is particularly important, as these
areas simultaneously face aging populations, emigration, infrastructure deficiencies, and
low levels of digital competence [3]. As such, digitalization offers an opportunity for eco-
nomic and social renewal, contributing to employment diversification, service availability,
and the reduction in social inequalities [4].

Digital technologies promise new levels of automation and are redefining labor in
society. Intangible, non-rival goods are reshaping value creation and pricing mechanisms in
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contemporary capitalist economies [5]. These technologies are also altering social relations
in production processes, ranging from emancipatory potential to new forms of “computer
control” [6]. The widespread digitalization of organizations and their business models is
one of the strongest trends in today’s global economy [7]. The push to digitize is driven by
a strong belief that companies will achieve higher overall organizational performance and
create competitive advantages essential for survival and growth. Countries across regions
also recognize the societal benefits of digitalization.

This study examines the domestic situation and territorial specificities of rural dig-
italization, assesses the main challenges and opportunities, and proposes measures for
promoting sustainable and inclusive digital development. This research highlights the
territorial characteristics of Hungary’s digital infrastructure, the level of digital skills, the
adaptive capacity of enterprises, and the effectiveness of both E.U. and domestic policy
frameworks. Drawing on the literature, statistical analyses, and thematic maps, this study
seeks to make a scientific contribution to reducing digital inequalities and placing Hun-
garian rural areas on a future-proof development path. As such, the research questions of
interest are as follows:

RQ1. Did Hungary’s household internet use exhibit a level change around 2020. If so,
how large was the magnitude of change?

RQ2. Do post-2020 growth rates differ across Hungarian regions after controlling for
the common trend?

Regional differences are hypothesized to be influenced not only by infrastructural
disparities but also by institutional capacity (e.g., local government digital initiatives),
market access (e.g., broadband competition), and social capital (e.g., education level of the
rural population).

RQ3. How do territorial patterns in infrastructure (bandwidth tiers) and market
structure relate to observed regional uptake?

The mechanisms through which digitalization affects agricultural and rural commu-
nities are expected to include technology adoption rates, sectoral employment structures,
and differences in policy implementation intensity.

RQ4. Which policy levers (i.e., skills, intermediaries, and smart village instruments)
identified in the literature are most consistent with Hungary?

2. Literature Review

The E.U. has committed to supporting businesses and individuals through a frame-
work that emphasizes people-centered approaches, sustainability, and the creation of a
thriving digital future. The 2030 Digital Decade policy agenda establishes an annual co-
operation cycle to achieve common objectives and targets [8], and it relies on systematic
cooperation between the Commission and Member States to ensure effective coordination
and progress toward shared goals [9].

The digitalization of rural areas can influence urban—rural inequalities in different
ways. It plays a crucial role in reducing inequalities, especially in regions with higher
disparities [2]. However, Hungarian digital policies are largely shaped by urban priorities,
often neglecting the specific needs of rural communities, which hinders inclusive rural
transformation [10]. Moreover, digital services remain difficult to access in rural areas [11],
where the pace of technological development often outstrips the ability of local communities
to adapt [10]. Digital presence substantially facilitates human capital accumulation in both
rural and urban areas, and rising educational levels generally align with digitalization.
However, the urban-rural human capital gap is widening as digital development advances,
particularly affecting females, higher education graduates, and larger families [12]. In
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summary, while digitalization in rural areas can effectively reduce inequalities, it must be
carefully implemented to avoid unintended negative outcomes.

One study identifies the main drivers and barriers to rural digitalization based on
expert opinion [13]. The principal drivers include cost reduction potential and regulatory
pressure to improve monitoring of production. The barriers are poor network coverage and
distrust of technology. This study emphasizes that, although digitalization can positively
affect rural sustainability, it also risks marginalizing actors who are unable to keep pace
with rapid change [13]. Nonetheless, efficiency gains are anticipated across all dimensions
of the bottom line: revenue generation (e.g., new customers, new sales, higher cross-
selling rates, and lower churn), cost reduction (e.g., automated processes, straight-through
processing, and shorter processing times), and improved risk management (e.g., accurate
and timely data, fewer operational issues, and advanced risk modeling [14]. Digitalization
also promotes rural tourism, particularly in low-density areas, as digital platforms expand
accommodation supply and positively influence demand [15].

The benefits of digitalization extend to economic development and productivity
growth [16]. Research has shown that its spread significantly contributes to economic
growth, primarily through information and communication technology (ICT)) [17]. The
widespread use of the internet and mobile phones enables faster, more cost-effective com-
munication, fostering the emergence of new economic structures [18]. With Industry 4.0,
the automation of production processes and systems based on data processing has become
increasingly critical. Modern technologies, including artificial intelligence, big data, mobile
platforms, and social media, significantly enhance both economic activity and business
operations [19,20]. Digitalization also supports financial development by advancing bank-
ing systems and financial services [21]. However, rapid technological growth challenges
legislation in Hungary, which often struggles to keep up with the pace of the digital revolu-
tion [22,23]. Nevertheless, the digitalization of manufacturing processes and expansion of
automation not only increase productivity but also profoundly affect the labor market, as
higher-level digital skills become increasingly essential [24,25].

The Digital Economy and Society Index (DESI) tracks four main dimensions of digital
progress: connectivity, human capital, integration of digital technology, and digital public
services. Hungary has consistently scored below the EU average, especially in human
capital and digital skills, which reflects the rural-urban divide in access and adoption
(Figure A1) [26]. The EU’s Digital Decade strategy frames these challenges in a long-term
perspective, with 2030 targets for universal gigabit connectivity, full 5G rollout, improved
digital skills, and greater SME adoption of digital technologies. These benchmarks serve
as a reference point to assess Hungary’s relative progress within the EU [26]. In 2023,
the proportion of urban households in Hungary with internet access increased by 1.58%
compared with 2022. As a result, urban household internet access peaked at 96.39% in 2023.
Notably, the share of urban households with internet access has steadily risen in recent
years. [27].

One of the greatest challenges of digitalization is overcoming social inequality. The
“digital divide” refers to unequal access to digital technologies among demographic groups
in society [28,29]. These differences are rooted in cultural, geographic, and social factors.
Furthermore, older generations are less capable of adapting to digital technologies, whereas
younger generations come by the skills naturally [30,31]. Research on the relationship
between digital development and urban-rural income gaps shows that some dimensions
of digitalization reduce inequalities, while others can exacerbate them [2].

Notably, digitalization can create opportunities that reduce social disparities. For
example, expanding digital access in education, healthcare, and financial services allows
broader groups to benefit from these resources [32-34]. It can also stimulate social innova-
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tion, offering new opportunities for disadvantaged regions and populations [35]. However,
technological progress does not always reach every segment of society equally, raising the
risk of widening inequalities. Digital skills and ITC competencies are becoming increasingly
valuable, especially in higher value-added jobs [36]. Similarly, the outlook for low-skilled
workers is growing more precarious as demand for routine, manual labor declines [37].
Although new technologies open opportunities for large segments of society, the extent of
these benefits depends heavily on citizens’ digital skills—an area that remains a particular
challenge in Hungary [30].

3. Materials and Methods

This study began with a broad-scope search in the Web of Science (WoS) Core Collec-
tion to assess the scope and contours of the problem area. Using the topic query digital*
AND “rural areas” (no country filter), I retrieved 3421 records (accessed in August 2025).
This corpus was used to produce an indicative topic map of “digitalization”.

In Figure 1, several clusters are observed. First, the center of gravity, “rural areas,” is

most strongly tied to “information,” “access,” “people,” and “health”. A healthcare cluster
emerged (blue), which is densely linked to “telemedicine,” “digital health,” and “rural

health.” An infrastructure cluster (yellow) also emerged, tied to “broadband,” internet
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rural broadband,” and “connectivity.” A governance and ser-
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vices (green) cluster emerged, linking “e-government,” “policy,” “impact,” and “access,”

indicating a policy and e-service lens, with links to “inequality.” A development and smart

i

technology (red) cluster emerged, tying “digitalization,” “digital economy,” “rural devel-

opment,” and “smart cities.” It is interesting that “smart city” appears, even though it
remains comparatively small. A socio-economic lens (purple/orange) cluster also emerged,
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highlighting “inequality,” “poverty,” “participation,” and “income gap”.

Y india
urban-ruralincome gap incor@e gap
> litegacy
— digital finangial inclusion
optimization, 1 ® ® informationgtechriology
o\ ] income . y :
rural revitalization ng @ i ) iftention
9 W@ pofierty skills
betigyior

digitalyillage
@ 4n Iity@
‘ Et* computer

digitizatioff  digital ecorigmy. ¢ ina
e-‘v‘uunt ‘ ‘model

[ _SSmrr ' o_n'mternet use— @
N S knowledgs) C @ e
governa i ' e 0“ wogen °

: ‘\qt‘ityt%ayers.

"‘d n & - haine
smargicities iU@r? Pt p*;!e Ul .rl,al schools
@ toufiism infrastructire " W commuication
digitalisaion [ SO
— > @ covid-19 -
rural cofinectiviy | gl £ ® IGGI‘WIHQ oeSiaeaii

) 4 ? depréssion implementation
internet access dizitallhealth
rural broadband gitalh

broadband

sma city Citi€s

;‘mw’ ru

L4 L J -
simulation connegtivity e-health

competition

{%bVOSviewer

Figure 1. Digitalization topical map. Source: Author’s work, based on Web of Science database
output (2025).

Because the study focuses on digital transformation in rural Hungary, a more targeted
WoS search was conducting using the following plain-language query: (Hungary AND
(rural OR countryside OR villages OR “small settlements” OR “peripheral regions”)) AND
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(“digital transformation” OR “internet access” OR “digital literacy” OR “digital skills”
OR “digital inclusion” OR “digital divide”). Filters were set for the timespan 2004-2025,
focusing on articles, reviews, or early access papers, and the language was restricted
to English. This refinement yielded 25 records. PRISMA screening then proceeded in
two stages. First, titles and abstracts were reviewed for an explicit Hungarian focus or
findings in a comparative frame. These required a clear rural scope (e.g., villages, small
settlements, or peripheral regions) and substantive engagement with digital transformation
(e.g., infrastructure, access, skills/inclusion, or service adoption). Urban-only studies were
excluded, as were purely hardware or telecom engineering papers lacking territorial or
socio-economic analysis and items not centered on Hungary. Afterward, ten studies met
the inclusion criteria and were retained for synthesis (Figure 2).

3 Clarivate ;
Web of Science

Identification

3421 records 25 records 10 records

Keywords: digital*AND Keywords: (Hungary AND Filtering: titles and
“rural areas” (no — (rural OR countryside OR — abstracts were
country filter villages OR “small screened for explicit

settlements” OR “peripheral Hungarian focus
regions”)) AND (“digital
transformation” OR “internet
access” OR “digital literacy”
OR “digital skills” OR “digital
inclusion” OR “digital divide”)
Figure 2. PRISMA flow of the Hungary-focused rural digitalization literature (2004-2025). Source:
Author’s work (2025).

To contextualize Hungarian specificities and triangulate findings, official statistical and
regulatory sources were consulted. Secondary data were drawn from Statista, Eurostat (E.U.
comparisons and regional indicators), the Hungarian Central Statistical Office (HCSO),
and the National Media and Infocommunications Authority (NMIA). These sources are
commonly used and offer trustworthy national and regional statistics. Their aggregation
level, whether NUTS-2 or county, is suitable for examining territorial patterns. However,
it does not fully capture all the variations between smaller villages and larger towns.
Infrastructure coverage is detailed, but usage indicators are less specific.

Descriptive statistics were used to visualize the data in terms of national household
internet penetration (Statista, 2010-2024), and percentages were converted to proportions
at a logit scale to respect the [0, 1] bounds. The choice of the logit transformation follows
from the bounded nature of the dependent variable (internet use proportions between
0 and 1), ensuring predictions remain within the admissible range and stabilizing variance
compared to linear probability approaches. Alternative nonlinear specifications (e.g., probit
or complementary log-log) were considered, but the logit offered more interpretable odds-
ratio scaling for policy implications.

o p
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logit

To test for a pandemic-era structural break, an interrupted time-series (ITS) model was
applied with an ordinary least squares protocol using JASP software v. 0.95.0.0:
logit

pi = PO+ Bl-Year; + B2-post2020, + B3-time, ier, + €1,

where post2020_t = 1 for t > 2020 and 0 otherwise (level change in 2020), and time_after_t
= (Year_t — 2020) x post2020_t (change in slope from 2020 onward). Unstandardized
coefficients with 95% confidence intervals are reported. Model assumptions were checked
with standardized residual Q-Q plots and residuals-versus-fitted plots, and no material
violations were found.

A panel of Hungarian regions was then compiled using the Eurostat dataset, which
reports the annual share of people using the internet by NUTS-2 county /region (2006-2024,
with denser coverage from 2018). Data were reshaped to long format (Region x Year),
converted from percentages to proportions, and mapped to the logit scale to respect the
[0, 1] bounds.

We estimated an ANCOVA (Analysis of covariance)-style ITS with region fixed effects
and region-specific slopes in JASP (ordinary least squares; 95% confidence intervals). The
factor, Region (reference = Budapest), was included, along with interactions, Region_Year
and Region_time_after, to allow both pre- and post-2020 slope changes, which differ by
region. Model assumptions were verified using standardized residual Q-Q plots and
residuals-versus-predicted plots, with no material violations detected. The equation is
specified as:

= Bo + B1Year; + Bopost2020, + Batime_after, + 7y, + 6, (Yeary) + @, (time_after,) + €

where p_rt is the proportion of people using the internet in region r in year t (0-1 scale),
and logit_p_rt is the log-odds of p_rt, where logit(p) = In(p/(1 — p)) keeps predictions
within [0-1]. t refers to the calendar year, r is the region (reference category), Year_t is
the numeric time trend (increase in one per year), and post2020_t indicates the break,
which equals one o if Year_t > 2020; otherwise it is zero. An immediate level change
for 2020 was tested using time_after_t, which indicates the years since 2020. With this,
(Year_t— 2020) x * post2020_t was used to test slope changes from 2020 onward.

We selected 2020 as the structural breakpoint because it coincided with both the
COVID-19 pandemic and multiple EU/Hungarian digital policy initiatives that substan-
tially altered demand and supply-side dynamics. While other candidate shocks (e.g.,
2016 broadband expansion, 2022 EU Digital Decade targets) may also matter, our focus
was on testing the most plausible and visible discontinuity. In terms of robustness, we
conducted model diagnostics and found no major violations of normality or homoscedas-
ticity. However, the relatively short time series suggests that results should be viewed
as descriptive rather than causal. We cannot fully rule out endogeneity, such as reverse
causality between adoption and infrastructure investments. Therefore, the findings are
best viewed as indicative associations. Future research could use instrumental variables or
difference-in-differences designs to tackle these issues more formally.

(0 is the intercept, reflecting baseline log-odds for the reference region when Year_t = 0.
Hence, the value is substantively important unless the year is centered. 31 (Year) indi-
cates the baseline trend (i.e., common yearly change before 2020 for the reference region).
2 (post2020) indicates the level change at the 2020 break (i.e., up/down shift vs. the
pre-2020 trend). 33 (time_after) reflects the common slope change after 2020 (i.e., accelera-
tion/deceleration for the reference region). Region(r) designates the region fixed effect (i.e.,
constant level difference for region r vs. the reference region). (Region*Year)_r indicates the
adjustment to the pre-2020 slope in region r vs. the reference. (Region*time_after)_r is the



Land 2025, 14, 2034

7 of 24

adjustment to the post-2020 slope change in region r vs. the reference. Lastly, e_rt is the
residual error term for region r in year t, where the mean is zero.

For both linear regression calculations, JASP 0.95 was the primary software used, with Statista
(statistics /377743) for household internet access) and Eurostat table [isoc_r_iuse_i__custom_16862220]
for individuals who used the internet by region in Hungary. Both datasets were down-
loaded in July 2025 and analyzed in August 2025.

4. Results

The results are organized in three parts. First, the narrowed PRISMA findings are
presented, followed by descriptive patterns of household internet access and related indi-
cators to provide empirical context. National interrupted time-series estimates are then
presented, followed by regional panel results tracing within-country trajectories. Finally,
remaining heterogeneity items are examined using capacity mix and provider structure
market indicators.

4.1. Narrowed PRISMA Results

The following paragraph summarizes the ten articles. Hungary’s shift toward inclusive
digitalization began with eHungary 2.0, which paired access with local intermediaries of
tele-centers and e-counselors to reach small settlements [38]. Building on this early wave,
recent strategy has reframed “smart technology” as a territorial rather than an exclusively
urban agenda. Kaiser’s Smart Village Indicator introduced a transfer-empowerment-—
downscaling logic to adapt smart-city know-how to rural contexts and documented national
instruments (e.g., DSP 1.0/2.0 and network of DSP Points) to support digital skills and
e-administration in small settlements [39,40]. Adoption, however, depends on capabilities
and perceived value. A Hungarian micro-regional study found that small and medium-
sized enterprise (SME) uptake aligns with e-skills and perceived usefulness, whereas farms
continue to lag without targeted support. The literature also traced national and E.U. trends,
such as e-readiness indices, SME internet usage, and persistent peripheral gaps despite
EU-backed infrastructure. They generally argue that higher education and targeted projects
(e.g., NODES e-learning) are necessary to move from access to effective use [41,42].

In practice, farmers rely heavily on advisers and low-friction formats, such as video
and social media, making trusted intermediaries critical even when resources are avail-
able [43]. On the labor and organizational side of agriculture, a systematic integrative
review spanning 2013-2023 mapped how human-resource practices shape technology adop-
tion, from precision tools to platform-based farm management. The article’s Hungarian-
anchored authors emphasized training, incentives, and change management as central to
realizing Agriculture 4.0 in rural settings, a vital complement to connectivity and hard-
ware [44]. Spatially, digital ties add layers to, rather than replace, proximate service
networks, meaning peripheral hubs still matter [45].

Kaiser’s (2022) indicator system clarifies how to measure empowerment and knowl-
edge transfer when adapting smart-city toolkits to village contexts, and documents the
governance structures that support scaling [39]. Another study went further by applying a
quality function deployment-based planning tool that intakes residents” opinions, cascad-
ing needs into technical characteristics, and prioritizes projects. This method helps small
municipalities sequence broadband, skills, and e-service investments under real-world
constraints [46]. A sectoral perspective also highlights opportunities beyond agriculture.
Hence, a bibliometric mapping of digitalization and sustainability in rural destinations
positioned Hungarian scholars within an emerging network where datafication, platforms,
and smart sensing can support greener, higher-quality rural tourism. However, local
capabilities and governance must be aligned [47].
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Table 1 shows that an interrupted time-series model accurately captured the household
internet penetration data (R = 0.99§; R? =0.996; adjusted R? = 0.995; RMSE = 0.056; ANOVA
F=930.8, p <0.001). The linear trend before 2020 on the logit scale was both positive and sta-
tistically significant (3_Year = 0.162, SE = 0.006, 95% CI [0.149, 0.176], p < 0.001), indicating a
consistent year-on-year increase in diffusion. The immediate level change observed in 2020
was not statistically significant (3_post2020 = —0.003, 95% CI [—-0.129, 0.123], p = 0.969),
showing no distinct “jump” at the breakpoint. In contrast, the slope significantly increased
after 2020 (3_time_after = 0.061, SE = 0.019, 95% CI [0.020, 0.102], p = 0.007), suggesting a
faster growth rate in the years that followed.

Table 1. Linear regression of households with internet access in Hungary between 2010 and 2024.
Source: Author’s summary of Statista [27].

Model Summary—Logit_p

Model R R? Adjusted R? RMSE
My 0.000 0.000 0.000 0.786
M; 0.998 0.996 0.995 0.056

ANOVA
Model Sum of df Mean Square F p
Squares
M; Regression 8.606 3 2.869 930.8 <0.001
Residual 0.034 11 0.003
Total 8.640 14
COEFFICIENTS
95% CI
. Standard .

Model Unstandardized Error Standardized t p Lower Upper
My (Intercept) 1.531 0.203 7.547 <0.001 1.096 1.966
M; (Intercept) —325.465 12.313 —26.433 <0.001  —352.565 —298.365

Year 0.162 0.006 0.923 26.521 <0.001 0.149 0.176
post2020 —0.003 0.057 —0.002 —0.053 0.959 —0.129 0.123
time_after 0.061 0.019 0.100 3.287 0.007 0.020 0.102

Note. M; includes Year, post2020, time_after; The intercept model is omitted, as no meaningful information can
be shown.

To clarify magnitudes, the logit coefficients correspond to different percentage-point
increases depending on the current penetration level (with growth diminishing as satura-
tion is approached). Before 2020, 3 = 0.162 translates to roughly +3.4% annually at about
70% penetration, but only +1.5% per year at about 90%. After 2020, the combined slope
(0.162 + 0.061 = 0.223) indicates approximately +4.7% per year at ~70% penetration and
+2.0% per year at ~90%. When expressed as odds ratios, the yearly change is represented
by exp(0.162) ~ 1.176 (+17.6% annually) before 2020 and exp(0.223) =~ 1.25 (+25% annually)
afterward. Taken together, these results suggest that 2020 did not produce a one-time shock
but instead marked the beginning of a sustained acceleration in the diffusion process. This
acceleration aligns with increased perceived usefulness via remote work, remote schooling,
increased online services, supply-side improvements, and late adopters. Although it still
indicates ceiling effects, as expected at high coverage levels.

Model diagnostics, including standardized residual Q-Q plots and residuals-versus-
predicted plots (Figure 3), reveal no significant issues with normality or heteroscedasticity.
This is common with short annual series, where a very high R? reflects a strong trend
component. Consequently, these results should be interpreted as descriptive evidence of
an accelerated post-2020 trajectory, not as causal proof of any single intervention.
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Figure 3. Share of households with internet access in Hungary from 2010 to 2024. Source: Author’s
summary of Statista [27], 2025. Note: Red line represents zero residuals—the ideal case where
predicted and observed values are identical.

Table 2 shows that the regional time-series model tracks the data very well (R? = 0.985;
adj. R? = 0.981; RMSE = 0.112; F(27, 89) = 221.9, p < 0.001). In simple terms, the model
captures most of the yearly and regional differences in internet use. Before 2020, the series
was already on an upward trajectory. The Year coefficient is positive (b = 0.196, SE = 0.074,
95% CI [0.049, 0.342], p = 0.009). On the logit scale, this translates to about a 22% increase
in the odds of use each year (exp(0.196) ~ 1.22). In 2020, there was an additional upward
change (post2020 b = 0.114, SE = 0.043, 95% CI [0.029, 0.200], p = 0.009), consistent with
the pandemic encouraging wider adoption. However, there is no indication of a shared
acceleration in the trend after 2020; the average change in slope is small and imprecisely
estimated (time_after b = 0.033, SE = 0.096, 95% CI [-0.158, 0.223], p = 0.734). Allowing
regions to have their own slopes does not change the findings. None of the Region x Year
terms differ significantly from Budapest at the 5% level, and the Region x time_after
terms are also not significant. In other words, after accounting for the overall upward
trend and the shared jump in 2020, post-2020 trajectories look quite similar across regions
(Coefficient values can be seen in Table Al). Any visual differences are minor compared to
the sampling noise in this short annual panel. These broadly parallel trajectories suggest
that deeper structural factors, rather than infrastructure availability alone, shape regional
digitalization patterns. Regions with stronger local government initiatives and digital
support programs were able to translate access into uptake more effectively. By contrast,
peripheral areas with weaker institutional capacity and lower levels of human capital
experienced slower conversion of infrastructure into actual use. Market access, including
the degree of competition among broadband providers, also played a role in mediating
these outcomes. These factors could help explain why some regions advance more quickly
in adopting digital technologies, even when overall trends look similar.
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Table 2. Linear regression of individuals who used the internet by regions, between 2006 and 2024.
Source: Author’s summary of Eurostat [48].

Model Summary—Logit_p
2

Model R R Adjusted R? RMSE
My 0.000 0.000 0.000 0.808
M; 0.993 0.985 0.981 0.112
ANOVA
Model Sum of df Mean F p
Squares Square
M; Regression  74.540 27 2.761 2219 <0.001
Residual 1.107 89 0.012
Total 75.647 116

Residuals vs. Predicted

03 -

0.2 —

0.1

Residuals
o

-3

Note. M; includes region, year, post2020, time_after, year:region, time_after:region; The intercept model is omitted,
as no meaningful information can be shown. Coefficient values can be seen in Table Al.

Model diagnostics are straightforward. The standardized residuals align with the
reference line in the Q-Q plot, and the residuals-versus-predicted panel shows no fan shape.
Thus, normality and constant variance appear acceptable. Overall, the results tell a clear
story: steady growth before 2020, a definite increase in 2020, and ongoing growth afterward
without strong evidence of any one region diverging (Figure 4).
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Figure 4. Share of households with internet access in Hungary from 2010 to 2024. Source: Author’s
summary of Eurostat [48]. Note: Red line represents zero residuals—the ideal case where predicted
and observed values are identical.

Figure 5 presents the total number of internet subscriptions in Hungary in 2016 and
2023, broken down by counties. The visualization clearly shows the spatial inequalities
of digital infrastructure and their trend-like development. Spatial inequalities have not
disappeared over the last decade, but subscription numbers have increased. As early as
the 2010s, significant differences existed between settlement types: while nearly 70% of
households in Budapest had internet access, the figure barely exceeded 50% in villages [49].
In the following years, driven by national and E.U.-level development policies and the
expansion of telecommunications infrastructure, a gradual increase occurred in all three
settlement types. The steepest growth was observed between 2010 and 2016, particularly
in villages, where internet penetration approached that of cities at a striking pace. Since
2016, growth dynamics have slowed, and after 2020 there are signs of saturation: internet
access has surpassed 90% in municipalities, while in Budapest it has plateaued at around
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95% [50]. Trends suggest that territorial differences in access to digital infrastructure have
diminished. However, qualitative differences may still be hidden in the data, such as
bandwidth, network reliability, and service quality. Enhancing internet access remains a
critical prerequisite for the success of rural digitalization [39], particularly in education [51],
teleworking, e-health, and the digital presence of local businesses [50]. Figure 5 provides
evidence for RQ2, showing how regional disparities in internet access remain visible across
counties. While the overall trend is upward, the pace of adoption varies, indicating that
infrastructural availability does not automatically ensure uniform uptake. These county-
level disparities highlight that rural digitalization gaps are not only technological but
also institutional and social in nature. For example, wealthier counties with stronger
local government initiatives and higher education levels may be better positioned to utilize
broadband investments, while peripheral and less affluent regions face persistent challenges
in affordability, digital literacy, and effective policy implementation.

2016 2023
Number of Number of
subscriptions subscriptions
I702,473 l 835,462
46,369 59,947

Figure 5. Share from total of internet subscriptions by county in Hungary, 2023. Source: Author’s
summary of HCSO [50].

Figure 6 shows the distribution of fixed internet subscriptions in Hungary in 2023
by nominal bandwidth. The largest share, 38%, consists of subscriptions at 1 Gbit/s
and above, reflecting significant modernization of network infrastructure. The second-
largest category is subscriptions between 100 and 500 Mbit/s (26%), followed by medium-
bandwidth packages of 30-100 Mbit/s (12%). Subscriptions between 500 Mbit/s and
1 Gbit/s account for 17%, while those between 10 and 30 Mbit/s represent only 5%, and
subscriptions below 10 Mbit/s make up just 2%. These data indicate that high-bandwidth
subscriptions dominate the Hungarian fixed-line internet market. As such, medium- and
low-speed connections remain present, particularly in rural areas, where infrastructural
inequalities persist [49]. Information and communication technologies are critical for
improving competitiveness, but domestic enterprises have shown little change in this area.
In 2023, 96% of companies had internet access, two-thirds maintained their own website,
and nearly one-third of those websites supported online ordering [49]. It also relates to
RQ3 by highlighting differences in digital skills across regions. The variation suggests that
human capital factors—such as education level and training opportunities—play a crucial
role in shaping digital adoption, beyond mere connectivity.

In the second quarter of 2024, Magyar Telekom held the largest share of the Hungarian
broadband market by subscription distribution, especially in the non-residential segment.
Vodafone ranked second, with 20% of the residential market and 23% of the non-residential
market. By 2024, nearly every Hungarian household had internet access (Figure 7). Ac-
cording to the Central Statistical Office, in 2023, more than 90% of internet-connected
households used wired broadband, while 87% also had mobile broadband access. In the
third quarter of 2024, download traffic through wired broadband exceeded 1.97 thousand
petabytes. In 2024, Hungary had approximately 8.5 million internet users, a number pro-
jected to grow to a peak of 9.3 million by 2029. Regarding demographics, in 2022, the
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Non-residential

Residential

highest usage rate was observed among individuals aged 26—40, at 99%. In contrast, 67% of
Hungarians between 66 and 70 years of age were internet users [52]. Figure 5, along with
Figures 6 and 7, help with interpreting RQ2 and RQ3. Even when they have a similar in-
frastructure, the differences in social, economic and institutional terms anyway ensure that
things emerge differently. Counties with better access to education-related amenities and
local government programs use up their infrastructure more efficiently than do counties
worse off.

12%

m <10 Mbit/S

38%
= 10-30 Mbit/S

m 30-100 Mbit/S

m 100-500 Mbit/S

m 500 Mbit/S-1Gbit/s

m 1Gbit/s and over

26%

17%

Figure 6. Distribution of fixed internet subscriptions by nominal bandwidth, 2023. Source: Author’s
summary of [49].
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Figure 7. Market share of service providers based on fixed-line broadband internet subscriptions in
Hungary as of 2nd quarter, 2024. Source: Author’s summary of Statista [52].

Hungary demonstrates notable strengths in connectivity, infrastructure development,
and the adoption of cloud services and data analytics. VHCNSs cover 84.1% of the country,
above the EU average of 78.8%. Fiber-to-the-home (FTTP) coverage is also higher, at 76.2%,
compared with the E.U. average of 64%. The use of cloud services increased to 37.1%, up
from 20.6% the previous year, approaching the E.U. average of 38.9%. Enterprise adoption
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of data analytics is particularly strong, at 53.2%, well above the E.U. average of 33.2%
(Figure 8) [53].
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Figure 8. Observed key performance indicators as percentage of the E.U. target. Source: Author’s
summary of European Commission [9].

The Hungarian roadmap shows that the country intends to make limited efforts to
achieve the goals and indicators of the Digital Decade. It has set targets for 12 of 14 key
performance indicators, with half aligning with or exceeding E.U. 2030 targets and the
other half falling below them. Hungary plans to allocate €1.7 billion in budgetary resources,
in addition to private investments, equivalent to 0.9% of its gross domestic product, to
support digital transformation [53]. Household internet access has steadily increased
between 2010 and 2023. Growth was especially strong in the early years: between 2010
and 2016, access rose from 58% to 79%. After 2016, the pace slowed but still increased,
reaching 91% in 2021. In recent years, growth has leveled off, with coverage at 93% by 2023,
suggesting near saturation and limited room for further expansion. These data demonstrate
a successful digital expansion, particularly over the past decade. In 2024, almost 95% of
the Hungarian population used the internet, compared to just 67% in 2010 [54]. In 2023,
Hungarian households spent approximately 13,000 forints on mobile phone and mobile
internet bills. Fixed broadband internet represented the second-largest expenditure on
household communication services [55].

The data also show the trajectory of Hungary’s digitalization in terms of e-commerce
growth. The sharpest increase occurred between 2020 and 2021, when the COVID-19
pandemic significantly boosted online shopping, especially in consumer electronics, beauty,
and furniture. Although some stabilization was observed in 20222023, the overall growth
trend has continued. The sustained expansion projected for 2024 confirms that digital
commerce has become a dominant part of consumer habits, reflecting a long-term shift
toward online retail and growing reliance on digital platforms (Figure A2) [56].

The spread of online banking in Hungary also increased steadily between 2014 and
2024. The most notable growth occurred between 2019 and 2022, fueled by technological
advances and the COVID-19 pandemic. Although the growth rate slowed in 2023, further
expansion projected for 2024 indicates that digital banking has become commonplace and
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reflects the broader digital transformation of financial services in Hungary [57]. Traditional
payment methods, such as bank transfers and cash on delivery, remain dominant in
Hungarian online stores. Online bank card payments are also widely used, underscoring
the importance of digital transactions. Although modern payment solutions such as Google
Wallet, Apple Pay, and PayPal are available, their prevalence remains limited compared
to traditional methods. The relatively high share of online stores offering payment upon
receipt or at parcel points suggests that many consumers prefer hybrid online-offline
solutions. Overall, the trends reflect a clear shift toward digitalization, while traditional
payment habits remain deeply embedded [58].

4.2. Relationship Between Rural Development and Agriculture in Hungary, and the Status of
Agricultural Digitalization

The literature explores multiple dimensions of rural development. Studies have
examined the spatial concentration and role of the ICT sector in economic growth, compar-
ing metropolitan and rural areas [59]. Rural areas perform numerous functions, such as
providing jobs and essential services, making it crucial to design and implement “smart
settlement” strategies [60,61]. The articles highlighted rural depopulation, the importance
of sustainable development, and the factors influencing the economic and social situation
of individual rural areas [62]. They also investigated the effects of urbanization on the
rural-settlement—urban scale and found that average ciliate size decreases with urbaniza-
tion [63]. Additional research identified factors shaping the entrepreneurial ecosystem of
rural areas, with particular attention paid to poverty and cultural values [64].

Agriculture and rural development remain closely linked in Hungary [30,65-67]. Rural
development support plays a decisive role in agriculture: in 2020, 18% of farms (~42,000)
received such support. These farms managed 70% of the country’s agricultural land and
maintained 72% of the total livestock. Farmers engaged in grazing and mixed or arable
crop production received the largest share of rural development support by farm type.
Participation in the Rural Development Program was highest among farmers under 40
and those with higher education [68]. Most payments supported fixed asset investments.
The agricultural census, conducted every 10 years and covering all settlements and farms
above a defined threshold, provides comprehensive agricultural data. The 2020 census data
were compared with participation in the Rural Development Program, using support data
from the Integrated Administration and Control System, operated by the Hungarian State
Treasury [68].

Between 2018 and 2020, a total of HUF 508 billion in rural development support was
distributed under these measures. Their importance is evident—in 2020 alone, payments
equaled 6.7% of total agricultural output and 17% of gross added value. Rural Development
Program funding accounted for 26% of all agricultural and rural development payments
during this period, broken down as follows:

200 billion HUF in general support,

155 billion HUF for agri-environment and climate measures,
33 billion HUF for farmers in Natura 2000 areas,

29 billion HUF for organic farming

25 billion HUF for animal welfare payments [68].

The map shows the counties of Hungary (Figure 9), where the proportion of farms
receiving rural development support is represented in different shades of color. Darker
colors indicate higher support rates, while lighter colors indicate lower rates. According to
HCSO data, Vas County had the highest proportion of supported farms, confirmed by the
dark shade clearly visible on the map. In contrast, Budapest and its surroundings appear in
a light shade, indicating that far fewer farms participated in rural development programs
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there. In this area, the tertiary sector and industry are the dominant factors. High support
rates are also visible in Hajd@i-Bihar, Borsod-Abatij-Zemplén, and Szabolcs-Szatmar-Bereg
Counties, suggesting that these regions are particularly important for agriculture and
rural development. The distribution of support reflects the regional centers of gravity in
agriculture. The dominance of eastern and western border regions may also indicate that
less urbanized areas depend more on agricultural development funds, while central, more
urbanized regions—especially Budapest—participate less in such programs [68].

Share [%]
I22.9

34

Figure 9. Proportion of farms receiving rural development support by county, 2020. Source: Author’s
summary of HCSO [68].

Digitalization in Hungarian agriculture remains relatively limited. Although most
farms have internet access, the use of digital tools, particularly precision agriculture tech-
nologies, is concentrated among larger, arable farms. The most common digital solutions
include satellite positioning and yield mapping, but these are used primarily on farms that
can generate returns on investment through economies of scale [69]. Many smaller farms
do not yet use modern digital systems such as online consulting, digital accounting, or
e-administration. This gap is partly due to farmers’ lack of technological preparedness
and partly to infrastructural challenges, including lower levels of digital coverage in rural
areas. There are also significant generational and educational differences: younger, more
educated farmers are typically more open to adopting new technologies, while older and
less educated farmers are more reluctant [30,66,69]. A successful digital transition will
require targeted infrastructure investments, improved digital competencies among farmers,
and stronger financial access to technologies.

5. Discussion

In Hungary, the rural-urban digital divide remains pronounced, particularly in pe-
ripheral agricultural regions. Although broadband coverage is relatively high, connectivity
in remote villages still lags behind, and many small settlements struggle with last-mile
infrastructure. Regarding digital skills, Hungarian population had at least basic digital
skills, which is slightly above the EU average. However, the rural population tends to
fall behind the national average due to lower education levels and less access to training.
On the business side, while Hungary holds good positions in digital infrastructure, the
actual uptake of advanced digital technologies by SMEs remains limited. This is aligned
with the findings in the 2025 Digital Decade Country Report, which notes that despite
solid infrastructure, Hungary still lags in digitalization of businesses When comparing to
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other Central and Eastern European (CEE) countries, Hungary exhibits similar patterns
of digital lag, though variation exists: some CEE countries have achieved faster adoption
of digital technologies in rural areas [70]. A larger European context helps to interpret
growing similarities or paradoxes, by which Hungary characterizes her rural digitization
pattern. For example, in Poland, marked digital disparities have been observed between
municipalities. In the older and more radially distant parts of Poland, bloggers are lagging
behind [71]. Meanwhile, research into Czech agricultural areas highlights that institutional
capacity and technological infrastructure converge as a function of the models through
which digital technologies are unevenly diffusing in rural communities [72]. Furthermore,
a study conducted among rural youth in Poland also shows substantial digital disparities
between urban and rural adolescents with education and access as key influencers [73].
Finally, rural women leaders in the Czech Republic view the lack of quality infrastructure
and digital skills as significant barriers to their full participation in the digital economy [74].
In comparison, Hungary appears to have better infrastructure coverage. However, it has dif-
ficulties turning that into effective use and skill development. These comparisons indicate
that policy should prioritize enabling adoption rather than solely building infrastructure,
as well as strengthening local support institutions.

Beyond the similar regional trends, we need to understand the results in light of
deeper structural differences. Institutional capacity, like the availability of municipal
digital programs, market access shown in the level of broadband competition, and socio-
economic factors such as education and income levels, all affect how well regions can
turn infrastructure into actual use. Therefore, the generally similar paths seen in the data
may hide significant inequalities in the underlying factors that drive rural digitalization
in Hungary.

The narrowed PRISMA highlights three recurring gaps related to the expanse of
Hungarian digitalization: reliance on cross-sectional designs, limited treatment of territorial
dependence, and fragmented operationalization of digital inclusion. This analysis extends
these findings by applying an interrupted time-series on national household internet access
(2010-2024) and a regional panel with post-2020 slope terms. The findings show continued,
and post—2020 accelerated—uptake nationally, strong overall fit across regions, and a
capacity-heavy fixed network alongside county-level disparities. Together, these patterns
suggest that affordability and skills, rather than availability, now shape the remaining rural
gaps, in line with the review’s emphasis on complementary, place-based instruments.

The study successfully addressed the research questions. For RQ1, Hungary’s infras-
tructure advanced substantially, as VHCNs now cover about 84.1% of premises and FTTP
about 76.2%, both above the E.U. average. Subscriptions at >1 Gbps already account for
~38% of fixed connections, yet lower tiers remain visible in rural counties. On digital liter-
acy, progress is evident but uneven (DESI 2022: 49% with at least basic skills; 2023 update:
58.9%), and the share of ICT professionals still lags the E.U. average, making skills a binding
constraint. For RQ2, the national interrupted time-series found no immediate level jump
in 2020 (B_post2020 = —0.003, p = 0.959), but the post-2020 slope accelerated significantly
(B_time_after = 0.061, p = 0.007), raising annual growth in the odds of household internet
use from about +17.6% pre-2020 to about +25% afterward. The regional panel suggests a
small positive step in 2020 (b_post2020 = 0.114, p = 0.009) with broadly parallel post-2020
trajectories across regions (non-significant interactions). For RQ3, territorial patterns reveal
persistent county-level inequalities despite national near saturation: high-bandwidth offers
dominate, but medium/low tiers and service quality gaps still characterize rural areas.
Market structure is Telekom-led, with Vodafone second, indicating that uptake is increas-
ingly shaped by affordability, service quality, and skills rather than basic availability. For
RQ4, the most consistent levers with Hungary’s evidence base are bundled, place-based
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interventions: extending SZIP/VHCN last-mile access, mobilizing DSP points and smart
village intermediaries, and targeted skills programs for households, farms, and SMEs (e.g.,
Digital Agricultural Academy and European Digital Innovation Hubs (EDIHs)). These
align with the PRISMA findings, which emphasize the importance of translating access into
practical use. It is important to note that the models used here have certain limitations. The
ITS and panel ANCOVA approaches work well for showing changes over time and across
regions. However, the short annual series and reliance on secondary data mean that results
should be seen as descriptive evidence, not proof of cause and effect. Potential endogeneity
cannot be completely ruled out; for instance, there may be reverse causality between digital
adoption and infrastructure investment. Although diagnostic checks did not show serious
issues, future work could use different methods.

The national time-series confirms sustained growth in household internet access from
2010 to 2024, with acceleration after 2020 rather than a one-time shock. The regional
panel shows broadly parallel upward paths, consistent with persistent but narrowing
territorial differences. Market data indicate a capacity-heavy fixed network, dominated
by >1 Gbps and 100-500 Mbps tiers, coexisting with county-level variation. This implies
that local quality, affordability, and skills increasingly mediate uptake. These findings
support continued place-based measures: last-mile upgrades (SZIP), digital support points,
smart village tools, farm- and SME-focused skills, HRM programs to translate access into
active use. The most vulnerable groups in Hungary’s rural digitalization are small-scale
farmers, elderly residents, and low-educated rural youth. Small farmers face barriers
in adopting digital tools due to high entry costs and limited advisory services [30,66],
while elderly populations often lack the digital literacy to benefit from online services.
Rural youth with weaker educational backgrounds are also at risk of exclusion, especially
where schools have limited ICT resources. These groups are not only disadvantaged in
digitalization but have also been identified by the authors’ previous studies on energy
poverty as the most vulnerable segments of the rural population [75]. This consistency
across different policy domains suggests that targeted interventions for these groups
are particularly urgent. Among policy instruments, targeted subsidies for farm digital
equipment, training programs tailored for elderly and disadvantaged groups, and pilot
“digital village” initiatives stand out as having the most significant marginal impact. These
tools address access and active usage, thereby directly reducing the rural digital divide.

The findings should be understood with the data structure in mind. Most indicators
are available at the regional or county level. This makes them better for looking at broad
patterns and trends. While infrastructure coverage is well documented, usage indicators
lack detail. This makes it difficult to clearly distinguish between availability and actual use.
These factors shape the scope of this analysis but do not lessen the strength of the results.
Instead, they highlight promising paths for future research at the micro level, which could
add to our broader perspective.

The analysis makes clear that considering local needs is critical for successful rural
digitalization. Policymakers must place greater emphasis on serving community needs.
Within the E.U., the digitalization of tourism and agriculture plays a central role in rural
economic development. Supporting the digitalization of local businesses and narrowing
the digital divide are essential elements for successful rural development.

The development of rural digitalization requires a comprehensive, multidimensional
strategy that addresses infrastructure, competencies, the entrepreneurial ecosystem, and
social integration in a coordinated way. for example, further expansion of broadband and
high-speed internet is essential to infrastructure development, especially in underdevel-
oped regions. Additionally, SZIP support should be continued and expanded to ensure the
availability of next-generation networks in rural areas. Intelligent technological infrastruc-
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tures (e.g., smart street lighting and smart settlement solutions) should also be developed to
improve quality of life and increase the attractiveness of rural areas. Although broadband
access is strong nationwide, coverage gaps remain in rural regions. The proportion of
next-generation networks (e.g., optical) is lower in these areas, creating disadvantages in
teleworking, online education, and e-services.

Broader digital competency programs should be introduced, especially targeting
young people and older populations, with initiatives such as the Digital Agricultural
Academy serving as models. Educational institutions, particularly in disadvantaged areas,
should be equipped with digital tools and infrastructure. Tailored training programs should
be designed to strengthen the digital skills of rural businesses and farmers. Rural youth lag
behind their urban counterparts in digital skills, limiting their opportunities in both the
labor market and education.

Entrepreneurial and economic support schemes should be expanded to accelerate the
digital transformation of rural SMEs, including programs such as DigiKKV, the Modern
Enterprises Program, and EDIH. Incentives should be created to encourage the wider
adoption of precision agriculture technologies, with financial grants and preferential loans
helping to lower barriers.

Community-based social integration programs should implement digital projects that
reflect local needs and actively involve local residents. The smart village concept and the
Digital Village Program should be promoted more widely, with development carried out in
cooperation with local communities.

Notably, areas for improvement persist. For example, artificial intelligence adoption
among businesses remains low at only 3.7%, far below the E.U. average of 8%, which
requires significant improvement. In 2023, 58.9% of Hungary’s population had at least
basic digital skills, slightly above the E.U. average (55.6%). However, ICT professionals
account for only 4.2% of employment, compared to the E.U. average of 4.8%. The growth
rate is also lagging, at 2.4% annually compared to 4.3% in the E.U., highlighting a gap with
respect to the 2030 targets [53].

The integrated implementation of these measures could make a major contribution to
sustainable rural development, reducing social and economic inequalities and improving
both the quality of life and competitiveness in rural communities. Persistent challenges in-
clude inadequate infrastructure, limited financial resources, and the technological resistance
of older generations. Social isolation and emigration continue to deepen the digital divide.
While digitalization is not a cure-all, it plays a critical role in enhancing quality of life in
rural areas and strengthening population retention. Achieving this requires coordinated
policy measures, infrastructure investments, and targeted education programs.

6. Conclusions

This research demonstrates that rural digitalization cannot be treated solely as a tech-
nological issue but must be addressed as a complex social and economic challenge requiring
a systemic, integrated approach. Digital infrastructure, digital skills development, and
targeted enterprise support form the cornerstones of effective rural policy. The findings
show that significant territorial differences persist in internet access, digital competencies,
and technology use in Hungary. Smaller farms, older generations, and individuals with
lower education remain particularly disadvantaged, limiting their access to digital services,
constraining competitiveness, and weakening social cohesion. Domestic and international
examples underscore that community-led, needs-based developments can be most effec-
tive, particularly when aimed at retaining young people, countering depopulation, and
stimulating economic activity. The study emphasizes that inclusive and territorially sensi-
tive strategies (e.g., expanding NGA networks, supporting SME digital transitions, and
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promoting digital literacy) are vital to narrowing the digital divide. Rural digitalization
in Hungary strengthened significantly between 2010 and 2024, with post-2020 growth
accelerating rather than reflecting a single-step increase. A capacity-heavy fixed network
now coexists with county-level disparities, showing that affordability and skills—rather
than physical coverage—are the key constraints. Place-based policies that combine last-mile
upgrades (e.g., SZIP) with digital support points, smart village instruments, and targeted
skills and HRM programs for farms and SMEs are likely to deliver the greatest marginal
gains. While the designs used here are descriptive, they provide an actionable baseline for
future causal evaluations and spatial diagnostics.

This study is characterized by several original features. First, it represents one
of the few attempts to comprehensively analyze digitalization in rural areas in Hun-
gary, with a special emphasis on spatial (territorial) disproportions and sectoral (agri-
cultural) dimensions. Through combining of several secondary data sources, the analysis
presents somewhat subtler clues than most previous studies, especially when it comes to
rural-urban differentials.

Second, the formulated and answered research questions of this thesis contribute
to its literature background by examining the applicability of international digitalization
indicators in the rural Hungarian context. This comparative part is also an original feature
and contributes to the broader context of European digitalization trends that Hungary
falls into.

Further research should investigate the long-term impacts of domestic digital pi-
lot programs, such as smart village models, and their socio-economic effects across
different regions.
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Appendix A

Table A1. (Linear regression of individuals who used the internet by regions, between 2006 and 2024)
Coefficients values.

Model
My

(Intercept)
(Intercept)
Region
(Dél-Alfold)

Coefficients
95% CI
. Standard Standardized
Unstandardized %I;roir andarcize t 14 Lower Upper
—0.389 0.075 —5.215 <0.001 —0.537 —0.241
—394.374 148.582 —2.654 0.009 —689.604 —99.144
99.137 148.516 0.668 0.506 —195.961 394.235
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Table A1. Cont.
Coefficients
(Défgﬁi?; ) 204.430 148,516 1.376 0172 —90.668  499.528
Region (Hupgary) 75.135 148.194 0.507 0.613 —219.323 369.592
Region (Kozép- 81.065 148.516 0.546 0587  —214.033  376.163
Dunantul)
Re%i‘;;ﬁ%‘f)gat' 117.638 148.516 0.792 0430  —177.460  412.736
Region (Pest) 252.409 199.634 1.264 0209  —144260  649.078
Region
(Eszak Alfold) 91.425 148.516 0.616 0540  —203.673  386.523
ﬁiﬁ;ﬁéﬁiﬁié 142.500 148.516 0.959 0.340 —152.598 437.598
Year 0.196 0.074 1.074 2.658 0.009 0.049 0.342
post2020 0.114 0.043 0.069 2.667 0.009 0.029 0.200
time_after 0.033 0.096 0.053 0.341 0.734 —0.158 0.223
Region
(Dél-Alfsld) —0.050 0.074 —0.674 0.502 ~0.196 0.097
Year
Region
(Dél-Dunéntdl) —0.102 0.074 ~1.383 0.170 —0.248 0.044
. Year
Region (fungary) ~0.038 0.073 ~0511 0610  —0.183 0.108
Region (Koz€p- ~0.040 0.074 ~0.549 0.584 ~0.187 0.106
Dun{mtul) % Year
Region (Nyugat- ~0.059 0.074 ~0.797 0.428 ~0.205 0.088
Duna'ntul) # Year
Reglo{{‘eg;e“) * ~0.125 0.099 1268 0208  —0322 0.071
Region
(Bszak-Alfold) —0.046 0.074 —0.623 0.535 —0.192 0.100
Year
Region (Eszak-
Maggyarorszég) ~0.071 0.074 —0.967 0.336 —0.217 0.075
Year
Region
(Dél-Alfsld) = —0.009 0.103 —0.085 0.932 —0.214 0.197
time_after
Region
(Dél-Dunéntdl) 0.021 0.103 0.202 0.840 ~0.184 0.226
fcime_after
Region (Hungary) —0.046 0.102 —0445 0658  —0.249 0.158
* time_after
Region (Kozép-
Dunantdl) ~0.088 0.103 —0.851 0.397 ~0.293 0.117
time_after
Region (Nyugat-
Dunantdl) 0.010 0.103 0.092 0.927 ~0.196 0.215
ti_me_after
Region (Pest) 0.182 0.132 1.376 0.172 —0.081 0.444
time_after
Region
(Bszak-Alfold) —0.045 0.103 —0.432 0.667 —0.250 0.161
time_after
Region (Eszak-
Magyarorszag) s 0.017 0.103 0.167 0.868 —0.188 0.223
time_after

o

a

means: Standardized coefficients can only be computed for continuous predictors.
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Figure A1. Digital Economy and Society Index outputs and Hungarian dimensions in 2022. Source:
Author’s summary of based on European Commission [76].
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Figure A2. E-commerce revenue in Hungary 2019-2024, by segment. Source: Author’s summary
of [56].
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