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DIGITAL DRIVERS OF PUBLIC
MANAGEMENT OF COUNTRIES
ECONOMIC DEVELOPMENT
AMID GLOBAL CHANGES

Abstract

This paper examines the digital drivers of public administration amid global trans-
formations. Based on a comparative analysis of Denmark, Estonia, Singapore, South
Korea, Poland, and Ukraine, five groups of indicators were assessed: digital govern-
ment readiness, digital infrastructure, digital economy, digital human capital, and eco-
nomic development outcomes. The methodology combines Pearson correlation analy-
sis, cross-sectional least squares (OLS), pooled panel least squares (OLS), and two-way
fixed-effects models on a balanced panel of 42 country observations for 2018-2024.
The results demonstrated strong cross-country links between institutional effectiveness,
digital maturity, and economic development. The World Governance Indicator is the
strongest correlate of GDP per capita in the pooled specification. The E-Government
Development Index exhibits a loss of significance in fixed-effects specifications. The re-
sults suggest that the strongest pooled relationships predominantly capture persistent
differences across countries rather than persistent within-country effects over time.

The study identifies four digital maturity profiles: mature digital states (Denmark,
Singapore), dynamic leaders (Estonia, South Korea), systemic digital transformation
(Poland), and transformation in crisis (Ukraine). Despite the war, e-government use
increased by 20 percentage points, and the World Governance Indicator improved by
0.20 between 2018 and 2024. Hypothesis testing provides partial or descriptive support
for the proposed relationships, while the 60% digital skills threshold is considered a
descriptive pattern rather than a formally tested moderating effect. The WAR coet-
ficient remains strongly associated with unemployment, but a causal interpretation is
not required. The results support differentiated policy recommendations, emphasizing
that digital transformation is embedded in institutional, human, and security settings.

Keywords digital transformation, digital drivers, public

administration, region, e-governance, eConomic
growth, World Governance Indicator, E-Government
Development Index, correlation analysis, regression
modeling, sustainable development

JEL Classification 033,038, R11, R58, H83

INTRODUCTION

Global changes at the beginning of the XXI century, namely the ac-
celeration of technological cycles, the COVID-19 pandemic, the ener-
gy crisis, and armed conflicts, have confronted public administration
with fundamentally new challenges, namely the need to ensure the
continuity of public services, effectively allocate resources, and sup-
port economic development amid unprecedented uncertainty. In re-
sponse to these challenges, digitalization has turned from an auxiliary
tool into a systemic factor in the transformation of public adminis-
tration. According to the UN (United Nations, 2024), 193 states con-
sider digital technologies as a priority mechanism for improving the
effectiveness of state institutions. At the same time, the issue of how
digital drivers really determine the quality of economic development,
and not only increase the convenience of individual services, remains
open and requires empirical verification using comparative data.
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1. LITERATURE REVIEW

Inrecent years, the digital transformation of public
administration has become a key factor in mod-
ernizing state institutions, ensuring territorial
competitiveness, and stimulating economic de-
velopment. Amid global changes, accompanied
by accelerating technological cycles, pandemic
crises, energy shocks, and geopolitical instabil-
ity, digitalization is increasingly considered not
only a technological tool but a systemic mecha-
nism for the transformation of public adminis-
tration, the economy, and society.

In modern scientific literature, several concep-
tual approaches to the study of digitalization
of public administration and its impact on so-
cio-economic development have been formed.
Digitalization is seen as an independent driver
of economic growth, increasing productivity,
and modernizing public services. Within this
approach, the development of the ICT sector,
digital infrastructure, e-governance, and cloud
technologies is a key prerequisite for the inte-
gration of regions into the global digital econo-
my (Abbas et al., 2025; Kryvda et al., 2022). At
the same time, the development of the informa-
tion economy depends directly on the level of
digital education and the state’s ability to devel-
op modern human capital (Sitnicki et al., 2026).

A significant body of research focuses on devel-
oping digital infrastructure and the digital econ-
omy. The Internet, 4G/5G mobile networks, cloud
technologies, and digital platforms are basic tools
for ensuring innovation activity, entrepreneur-
ship development, and economic sustainability
of regions. Particular attention is paid to devel-
oping IT products, digital services, and institu-
tional support for digital business (Kochubei et
al., 2021; Biloskurskyy et al., 2019). Some studies
emphasize that the digitalization of administra-
tive accessibility contributes to the development
of peripheral and rural areas, ensuring a reduc-
tion in spatial inequality and expanding the pop-
ulation’s access to public services (Ducman et al.,
2025; Cojocaru Barbieru et al., 2023).

An important area of modern scientific research

is related to the digitalization of public admin-
istration and increasing the efficiency of state
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institutions. The scientific literature proves that
e-governance increases the transparency of ad-
ministrative processes, reduces bureaucratic
barriers, optimizes interaction between the
state and citizens, and forms new mechanisms
of data-driven governance. Scholars also pay
considerable attention to the role of digitaliza-
tion in building an effective system of state reg-
ulation and modernizing management mecha-
nisms (Shaposhnykov et al., 2025; Grosu et al,,
2020). In addition, Traversa and Ivaldi (2025)
investigate how political and institutional fac-
tors influence the effectiveness of public policy
implementation under digital transformation.

The challenges of digital human capital and its
role in ensuring the state’s economic adaptabil-
ity have also been extensively studied. Digital
skills, ICT competencies, and the share of ICT
specialists are critical prerequisites for success-
ful digital transformation. Insufficient digital
competencies hinder the development of the
digital economy and exacerbate regional dis-
parities, while human capital development ac-
celerates innovation and modernizes the labor
market (Burkynskyi et al., 2021; Verstiak et al.,
2025).

A separate block of research is devoted to the im-
pact of digitalization on the labor market and
employment. Digital technologies are a factor in
the transformation of the employment structure,
the development of a platform economy, and the
formation of new forms of economic activity. At
the same time, digitalization not only stimulates
economic growth, but also increases structural
unemployment and social differentiation amid
insufficient adaptability of the labor market. This
issue is especially relevant in the context of post-
war economic recovery and structural modern-
ization of the state (Guliyev et al., 2024; Duha et
al., 2026; Shkarlet et al., 2025).

Currently, more and more scientists are paying
attention to the use of artificial intelligence in
public administration, education, economic de-
velopment, and national security. Artificial in-
telligence is seen as a tool for improving the ef-
ficiency of management decisions, optimizing
the use of resources, and predicting socio-eco-
nomic processes (Petsavas & Ioakimidis, 2026;

http://dx.doi.org/10.21511/ppm.24(3).2026.42
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Digital drivers of public
management

Quality of public
management

Result variables

E-Government Development

Index (EGDI)

Moderating effect

World Governance GDP/c
BIC
Indicator (WGI) Unempl
Skills
R&D
H4

Skills > 60%

War Shock (WAR)

a significant negative
impact on Unempl and,

to some extent, on
GDP/s

Figure 1. Conceptual framework of the study

Kosach et al., 2024). At the same time, research
on the digitalization of territorial communi-
ties and mechanisms for forming regions’ in-
vestment attractiveness in the context of digital
modernization of public administration is de-
veloping (Kliuchnyk et al., 2025).

Thus, modern scientific literature forms a fair-
ly broad theoretical basis for the study of the
digital transformation of public administration,
covering digital infrastructure, e-governance,
human capital, digital economy, and economic
development. However, available studies mainly
analyze individual components of digitaliza-
tion, which necessitates a comprehensive study
of the relationship between digital drivers of
public administration and effective indicators
of economic development.

The purpose of this paper is to assess the asso-
ciations between digital drivers of public ad-
ministration and economic development out-
comes based on data from six countries for
2018-2024, identify profiles of digital maturity
of public administration, and formulate practi-
cal recommendations.

To empirically examine the hypothesized rela-

tionships between the state’s digital maturity,
public administration efficiency, and economic

http://dx.doi.org/10.21511/ppm.24(3).2026.42

development, a system of hypotheses has been
formulated concerning the expected relation-
ships between digital maturity and key indica-
tors — GDP per capita and unemployment rate:
HI: a higher level of a country’s digital readi-
ness has a positive impact on GDP per capita
and helps reduce unemployment rates in the
regions;

H2: a higher level of digital infrastructure devel-
opment has a positive impact on GDP per
capita and a negative impact on the unem-
ployment rate;

H3: the growth of the digital economy has a posi-
tive impact on the structural transformation
of the economy;

H4:  a higher level of digital workforce and inno-
vative capacity has a positive impact on GDP
per capita and reduces unemployment rate;
H5: a country’s digital maturity (HI-H4) has a
statistically significant positive impact on
indicators of public administration effective-
ness and the level of economic development.

The conceptual model of the study (Figure 1)
reflects relationships between digital drivers
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of public administration, effectiveness of pub-
lic administration as an intermediate link, and
indicators of economic development. The model
also accounts for the moderating effect of digi-
tal skills and the exogenous impact of the war
shock on the labor market and economic growth.

2. METHOD

The study applies system analysis to conceptual-
ize digital drivers as elements of a single public
administration system; a comparative method to
compare the experience of six countries; correla-
tion analysis (Pearson coefficient) and OLS regres-
sion modeling to quantify associations between
variables; panel regression with country and year
fixed effects to distinguish between cross-country
and within-country variation; and a case study
method for in-depth analysis of digital resilience
in Ukraine.

For the analysis, countries with different lev-
els of development were selected for contrast
(leaders, emerging economies, and countries
relevant to Ukraine). This selection aims to pro-
vide analytical diversity rather than statistical
representativeness.

The choice of countries is due to the need to cover
different models of digital transformation of the
state. The sample comprises small countries with
high digital maturity (Denmark, Estonia), Asian
technology leaders with different institutional sys-
tems (Singapore, South Korea), and countries with
a similar initial transformation context (Poland).
Finally, Ukraine is a country that carries out digi-
tal modernization of public administration in the
context of active war and double pressure - ex-
ternal (Russian war aggression) and internal (re-
forming institutions). Combining data from het-
erogeneous international databases risks method-
ological incompatibility, which is a limitation of
this study.

The indicators cover 2018-2024. For the regres-
sion analysis of the relationship between digital
maturity (blocks 1-4) and the effects of public
governance and economic development (block 5),
we constructed a balanced panel: 6 countries x 7
years = 42 observations (Table 1).
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The selection of indicators was carried out accord-
ing to the following criteria:

(1) the availability of verified data in recognized
international databases for the entire study
period 2018-2024;

(2) methodological compatibility between the

sample countries;

(3) drivers of public governance and effects of

economic development;

(4) coverage of both input (institutional and in-

frastructure) and performance (economic and

social) characteristics.

From the initial list of indicators, those for which
the data are fragmented or methodologically in-
compatible between countries were removed; in
particular, data on venture financing of regions,
the number of startups, and the IMD Regional
Competitiveness Index, which are formed accord-
ing to different methodologies in different coun-
tries and do not allow direct comparison.

The structure of Table 1 is built on the logic of
“drivers > effects”. Blocks 1 to 4 record indepen-

dent research variables: the state of digitalization
of state institutions, infrastructure, economy, and
human capital, while block 5 reflects the resulting
(dependent) variables: the dynamics of employ-
ment and GDP per capita as integral indicators of
the effectiveness of public administration and the
level of economic development of the country.

The hypotheses are tested sequentially: first, de-
scriptive statistics and correlation analysis, then
pooled panel regression analysis for 6 countries
for 2018-2024 (n = 42 observations).

Correlation analysis helps to identify the structure
and density of linear relationships between indi-
cators, assess variable pairs that are candidates
for regression modeling, and measure anomalous
observations (outliers) that require separate inter-
pretation. The Pearson pairwise correlation coeffi-
cient r was used for the assessment, which mea-
sures the density of the linear relationship between
two variables in the range from -1 to +1. The cor-
relation matrix is built on cross-sectional analysis

http://dx.doi.org/10.21511/ppm.24(3).2026.42
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Table 1. Research indicator system

Indicator Description : Features Source
Block 1. Digital readiness of the state
Assesses online services. ICT Calculation frequency — every United Nations Department
EGDI ! 2 years, odd years — linear of Economic and Social Affairs

infrastructure and human capital

interpolation

.

Share of Internet users (16—74 years
The use of e-governance
by citizens online for 12 months, %

: old) who interacted with the authorities :

Eurostat (n.d.b.), World Bank
: (n.d.e.), State Statistics Service
......of Ukraine of Ukraine (n.d)

Covers the quality of public services, civil

WGI ) ; R
service, policy formation

Unit: =2.5 (weak) ... +2.5 (strong)

World Bank (n.d.e)

Block 2. Digital infrastructure

Broadband Internet Share of households with access to fixed
coverage (BIC) broadband Internet

>30 Mbps, %

i Eurostat (n.d.c.) broadband

i coverage / Statbase (2025), State

i Statistics Service of Ukraine of
......Jkraine (n.d,)

Mobile Internet
coverage

Share of the population covered by
4G/5G networks, %

Ukraine is characterized by

network degradation as a result

of shelling of base stations;
Recovery partially via Starlink

GSMA Intelligence (n.d.), State
Statistics Service of Ukraine of
Ukraine (n.d.)

Block 3. Digital economy

Share of the ICT sector Share of the gross value added of the ICT Singapore and South Korea —

in GDP sector in the country’s GDP, %

estimates based on Statista data

Statista (n.d.), Eurostat (n.d.d.),
State Statistics Service of
......Jkraine (n.d,)

Cloud Technologies in

Business (Cloud) cloud computing, %

Share of enterprises (=10 people) using

EU 2030 target: 75% of
enterprises

Eurostat (n.d.a.), Fortune
business Insights (n.d.), State
Statistics Service of Ukraine of
Ukraine (n.d.)

Block 4. Digital Human Capital and Innovation

Proportion of individuals with basic/
advanced digital skills

The population’s basic
digital skills (Skills)

EU 2030 target: 80% of the
population.
% of people 1674 years old

; Eurostat (n.d.f.), European
i Commission (2023), World Bank
(n.d.a.), State Statistics Service

)

of Ukraine of Ukrain

ICT specialists, %
employed

Share of ICT professionals among total
employment, %

EU 2030 target: 20 million
professionals (=<8% employed).

urostat (n.d.e.), Organisation

¢ for Economic Co-operation

i and Development (2026), State
Statistics Service of Ukraine of
.. Ukraine (n.d.)

i Gross domestic expenditure on research

0,
R&D, % OF GDP and development in % of GDP

Eurostat (n.d.d.), Lowy institute
i (n.d.), State Statistics Service of
i Ukraine of Ukraine (n.d.)

Block 5. Effects of the Country’s Economic Development

Unemployment rate
(Unempl)

cover the labor market due to
martial law in Ukraine

: i The methodology does not fully :
i Unemployment rate, annual average, % : ;

World Bank (n.d.d.), State
Statistics Service of Ukraine of
_Ukraine (n.d.)

GDP per capita in current international

GDP per capita (GDP/c),
H dollars

S (PPP), thousand

 World Bank (n.d.b), State
Statistics Service of Ukraine of
Ukraine (n.d.)

PPP, current prices

data for 2024 (n = 6), which allows us to identify
the structure of relationships between digital driv-
ers and indicators of economic development and
public administration efficiency in the current
state across countries. Given the size of the cross-
sectional sample (n = 6), the critical value for the
significance level p < 0.05 is |r| > 0.811, and for p
<0.01, |[r| = 0.917. Only correlations exceeding the
first threshold are considered statistically signifi-
cant in the cross-sectional dimension. Correlation
analysis and initial least squares models, built on a

http://dx.doi.org/10.21511/ppm.24(3).2026.42

cross-sectional sample of six countries using 2024
data, are not a tool for definitive statistical evi-
dence of causality. They are a tool for determining
the directions and strengths of the relationships
between digital drivers of public administration
and economic development indicators, as well as
for preliminary selection of variables for further
econometric modeling. A small sample size in-
creases the sensitivity of estimates to influential
observations, particularly in countries such as
Singapore and Ukraine, which differ significantly

685



Problems and Perspectives in Management, Volume 24, Issue 3, 2026

in their levels of digital development and socio-
economic conditions. The cross-sectional results
are interpreted as exploratory rather than defini-
tive evidence of causality. The study’s conclusions
are based on cross-correlation coefficients and
complementary analysis methods, which ensure
greater reliability and stability of the results.

Regression modeling was conducted in two stages.
In the first stage, eight cross-sectional specifica-
tions were estimated using 2024 data (n = 6). In
the second stage, pooled specifications were es-
timated on a balanced panel of 42 observations
across countries and years (6 countries x 7 years).
Given that observations are repeated within coun-
tries, pooled least squares is considered a descrip-
tive guideline. The main panel specifications in-
clude country fixed effects and year fixed effects.
To assess uncertainty, standard errors are clus-
tered across countries. The resulting conclusion is
treated as a sensitivity analysis, and p-values are
estimated with five degrees of freedom. The WAR
indicator is 1 for Ukraine in 2022-2024 and 0 oth-
erwise. Its definition is conditioned by the time of
the full-scale war, but this in itself does not estab-
lish causal identification. The EGDI is published
every two years, so the observations for 2019, 2021,
and 2023 for each country are linearly interpo-
lated. Therefore, 18 of the 42 annual EGDI obser-
vations (42.9%) are interpolated and should not
be interpreted as independently observed annual
measurements.

3. RESULTS AND DISCUSSION

For a systematic comparative analysis of the level
of digitalization of public administration and as-
sessment of its impact on the efficiency of public
administration and the economic development of
the country, the study formed a data panel for six
countries, broken down into five thematic blocks
of indicators (Table 2). For each indicator, the val-
ue for 2024 as the current state and the change
A 20182024 as an indicator of the pace and direc-
tion of digital transformation are given. The dy-
namic dimension is fundamental to distinguish be-
tween countries with a high level achieved through
long-term institutional accumulation (Denmark
and Singapore) and countries with accelerated
catch-up growth (Poland, Estonia, and Ukraine).

686

Table 2 reveals four conceptually distinct pro-
files of digital maturity of public administration
among the countries studied, which are essential
both for testing the hypotheses and forming prac-
tical recommendations.

The first profile (“mature digital states”) is repre-
sented by Denmark and Singapore. Both coun-
tries show the highest values in most dimensions
consistently. Denmark ranks first in the world
for EGDI (0.999), while Singapore leads for WGI
(2.28) and GDP per capita (PPP 116 thousand
USD), and has also achieved 100% mobile internet
coverage. At the same time, both countries show
relatively modest changes in EGDI for 2018-2024
(+0.08 and +0.11, respectively), not because they
have slowed down their development, but because
they are approaching the saturation limit of the
index. In contrast, Singapore demonstrates the
highest absolute GDP per capita growth among all
six countries (+18.0 thousand USD), which is de-
scriptively consistent with H3 about the multiplier
effect of a mature digital economy.

The second profile (“dynamic catching up lead-
ers”) is represented by Estonia and South Korea.
Estonia is a unique case of a small state, demon-
strating both one of the highest levels of digitaliza-
tion and the highest share of the ICT sector in GDP
among EU countries (8.0% in 2024, +2.8 p.p. in 6
years). Especially indicative is the record share of
ICT specialists among the employed - 6.1%, which
confirms the systemic bet on digital human capital
as the main factor of development. South Korea, in
turn, has an unprecedented level of investment in
R&D - 5.0% of GDP, which is the second highest in
the world after Israel (Organization for Economic
Co-operation and Development, 2026), and reflects
a model in which innovation activity is the main
driver of competitiveness, despite the relatively low-
er EGDI (0.969) compared to Denmark and Estonia.

The third profile (“the country of catching up with
digital transformation”) is represented by Poland.
Although the absolute values of Poland’s indica-
tors are significantly inferior to the leaders (EGDI
0.856; broadband coverage 88%; digital skills 59%),
the dynamics of change are among the highest in
the sample. E-governance increased by 17 percent-
age points, broadband Internet coverage by 16 per-
centage points, and the use of cloud technologies

http://dx.doi.org/10.21511/ppm.24(3).2026.42
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Table 2. Comparative characteristics of digital drivers of public administration and their impact
on economic development: Experience of Denmark, Estonia, Singapore, South Korea, Poland, and
Ukraine (2018-2024)

Source: United Nations Department of Economic and Social Affairs (n.d.); World Bank (n.d.a. —n.d.e.); Eurostat (n.d.a. — n.d.f.); GSMA Intelligence (n.d.);
Organization for Economic Co-operation and Development (2026).

South
Korea

Indicator §Denmark§ Estonia Singapore Poland Ukraine

Block 1. Digital readiness of the state

0.999 0.981
+0.08 +0.1
99 88
+9.0 +15.0
1.91 1.3
+0.02 +0.12
Block 2. Digital infrastructure
Broadband Internet coverage (BIC), 2024 i98 95 .99 . 99 88 . §)
+10.0 +13.0
rnuet coverage, 2024 99 98 )
D 2018->2024 +2.0 +4.0 0 i 49.0 -11.0
Block 3. Digital economy
Share of ICT sector in GDP, 2024 67 - 80 17
W09 P8 0
76 78 81
D 201852024 +20.0 190 | 4260 | 240 | 4220 | +130
Block 4. Digital Human Capital and Innovation
Percentage of the population with digital skills (Skills), 2024 82 ; 74 ; 82
Dot PR T BT
ICT professionals as % of total employment, 2024 5.0 6.1 5.5
D201852024 +0.8 +05 | +07
o o
D 2018-2024 -0.02 : +0.58
Block 5. Effects of Economic Development
Unemployment rate (Unempl), 2024 ; 5.2 ; 7.6 ;
+0.2 +2.2
o1 w0 me s ma s
D 2018->2024 +10.3 +8.0 +18.0 H +7.9 +11.2 -0.6

in business by 22 percentage points in six years.
Thus, systemic investments and targeted digital
policies can significantly accelerate transforma-
tion even under initial conditions inferior to lead-
ers. At the same time, the decrease in WGI by 0.04
p.p- in 2018-2022 (due to the conflict around judi-
cial reform) demonstrates that digital readiness is
a necessary but not sufficient condition for the ef-
fectiveness of public administration - institution-
al quality remains an independent factor.

The fourth profile (“digital transformation in
the context of an existential crisis”) is an exclu-
sively Ukrainian case that has no direct analogs
in world practice. Table 2 records a deep contra-
diction: Ukraine demonstrates one of the highest
growth rates in the use of e-governance (+20 p.p.)

http://dx.doi.org/10.21511/ppm.24(3).2026.42

and one of the largest absolute improvements
in WGI (+0.20 p.p.) — despite the lowest level of
GDP per capita (8.8 thousand USD) and the on-
ly reduction in this indicator in the sample (-0.6
thousand USD for 2018-2024). A sharp deteriora-
tion in infrastructure indicators — the coverage of
BIC fell to 62% (-3 p.p.), mobile Internet - to 71%
(-11 p.p.), which is a direct consequence of sys-
temic strikes on critical infrastructure. The cata-
strophic increase in unemployment to 19.5% re-
flects the scale of the demographic and economic
shock. However, the preservation and even accel-
eration of the digitalization of public services (the
Diia platform) under conditions of active hostili-
ties is an independent scientific phenomenon that
deserves a separate analysis as a model of “digital
resistance” of the state.
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A comparative analysis of the dynamics in Block
3 (digital economy) confirms the systemic nature
of the spread of cloud technologies in the busi-
ness environment. All six countries showed an in-
crease of 13 to 26 p.p. over six years, with the high-
est rate recorded in Singapore (+26 p.p.) and South
Korea (+24 p.p.) - countries with conscious state
support for cloud infrastructure. This is consistent
with H3 about the multiplicative role of the digital
economy, although the causal mechanism needs
verification based on regression analysis with a
time lag.

In general, Table 2 allows us to formulate a pre-
liminary conclusion: there is a pronounced posi-
tive correlation between the digitalization level of
public administration (blocks 1-4) and the effec-
tive indicators of economic development (block
5) under normal conditions (Denmark, Estonia,
Singapore, Korea, and Poland). However, this can
be significantly deformed or even reversed in the
context of an armed conflict (Ukraine). This con-
clusion is of fundamental importance for the for-
mulation of recommendations on digital policy:
the effectiveness of digital drivers of public ad-
ministration depends both on the level of techno-
logical development and the general security, in-
stitutional, and macroeconomic context.

The correlation analysis was performed according
to the values of thirteen indicators in six coun-
tries. Eight key variables representing all five
blocks of the study were selected from the full ma-

trix: EGDI (Block 1), WGI (Block 1), Broadband
Internet Coverage (Block 2), Share of Enterprises
with Cloud Technologies (Block 3), Share of the
Population with Digital Skills (Block 4), R&D
Spending in % of GDP (Block 4), Unemployment
Rate and GDP Per Capita (Block 5). The matrix of
coefficients is given in Table 3.

The matrix analysis reveals a dense positive clus-
ter between the digital drivers of blocks 1-4. EGDI
is statistically significantly correlated with WGI
(r = 0.90%), BIC (r = 0.94*%), Cloud (r = 0.98*%),
and Skills (r = 0.95**). This confirms the systemic,
rather than fragmentary, nature of digital trans-
formation - the digital readiness of the state, in-
frastructure, economy, and human capital develop
synchronously. The cluster structure of relation-
ships confirms H1 about the mutually reinforcing
nature of digital drivers and justifies the feasibility
of their comprehensive, rather than fragmentary,
study.

WGI is the only variable that has a statistically sig-
nificant correlation with GDP. The strongest rela-
tionship with GDP per capita is demonstrated by
WGI (r = 0.92; p < 0.05) - the only statistically sig-
nificant pair in the “driver > GDP” group. Other
GDP predictors - EGDI, BIC, Cloud, Skills - do
not reach the threshold of 0.81 (r = 0.67-0.76). The
results indicate that the impact of digitalization on
economic development can be realized through
institutional efficiency. This result may represent
an institutional channel, which is consistent with

Table 3. Matrix of Pearson’s pairwise correlation coefficients between digital drivers of public
administration and economic development indicators (n = 6, 2024 data)

Source: Our calculations based on data from United Nations Department of Economic and Social Affairs (n.d.); World Bank (n.d.a. — n.d.e.); Eurostat (n.d.a. —
n.d.f.); Organisation for Economic Co-operation and Development (2026)

Indicator EGDI WGI BIC i Cloud : Skills R&D Unempl GDP/c
EGDI 1.00 0.90* a0 0.68 ~0.72 0.67
wel 0.90* 1.00 0.89% | 094** | 089* 0.44 <7
BIC 0.94%+ 1.00 071 ~0.92* 0.72
0.55 ~0.74 0.76
Skills . . . 0.76 ~0.70 073
B e O o o - ... S R o ol
“Unempl 2072 2077 Z0.92* 2074 2070 061 1.00 Z071
' GDP/c 067 0.72 0.76 0.73 024 o 100
Legend:
0.81<r<0.92 0.60<r<0.81 ' |r] <0.60 r<-0.81
(* p<0.05) (moderate, insignificant) : (weak) (* or *¥*)

Note: two-tailed test, df = 4, n = 6. Critical values: ** p <0.01 (|r| 20.92; t>4.60); *p <0.05 (|r| 20.81; t > 2.78).
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H1 and with the concept of the “digital dividend”
formulated in the World Bank reports (World
Bank, 2016).

BIC demonstrates a significant negative correla-
tion with the Unempl (r = -0.92): higher digital
coverage — lower unemployment, which confirms
H2 in the cross-country dimension. The relation-
ship BIC <> GDP/c (r = 0.72) does not reach the
threshold of significance; i.e., infrastructure affects
GDP indirectly, through WGI and cloud tech-
nologies as intermediate links. At the same time,
Ukraine, whose Internet coverage has decreased to
62% due to infrastructure destruction (versus 88%
in Poland), is an outlier that weakens the overall
correlation. This confirms H2, as the digital divide
acts as a barrier to balanced development.

The highest correlation in the entire matrix out-
side the main diagonal is shown by the pair “Cloud
= Skills” (r = 0.92**; p < 0.01). This result is critical
for public administration: it shows that deploying
cloud solutions in the business environment and
improving the population’s digital competence are
inextricably linked processes characterized by a
very high level of joint variation. Countries where
both indicators are low (Poland, Ukraine) form a
vicious circle, with low skills holding back cloud-
ization and limited access to cloud tools slowing
down skill acquisition. The observed pattern is de-
scriptively consistent with H4, but does not consti-
tute a formal test of moderation.

R&D spending does not show any statistical-
ly significant correlation in the two-tailed test
(Jr] < 0.76). The main reason is the heterogeneity
of economic models, as Singapore (R&D = 1.9%
at GDP = 116 thousand USD) difters significantly
from other observations. The trade-finance and
logistics model of the Singaporean economy gen-
erates wealth mainly through global positioning,
rather than domestic R&D. In contrast, South
Korea (R&D = 5.0%, GDP/c = 50 thousand USD)
supports the trend. The absence of statistically
significant R&D correlations suggests that its re-
lationship with economic development may be
context-dependent and requires verification on a
larger and more homogeneous sample.

Based on correlation analyses, these intermediate
results can be formulated.
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First, ten out of twelve significant pairs are formed
exclusively between variables of blocks 1-4 and
do not include performance indicators (GDP/c,
Unempl). This is a fundamental structural obser-
vation: EGDI, WGI, BIC, Cloud, and Skills devel-
op systematically and demonstrate synchronous
development, and do not function as independent
factors. The densest pair is formed by EGDI and
Cloud (r = 0.98; p < 0.01), that is, progress in the
digitalization of public services and the cloudiza-
tion of business occurs almost synchronously in
all six countries studied. The pairs “EGDI-Skills”
(r=0.92*), “EGDI-BIC” (r = 0.94*), “WGI-
Cloud” (r = 0.94%*), and “BIC-Cloud” (r = 0.93**)
are close in density. Thus, digital transformation is
an interdependent process; none of the four driver
blocks develops in isolation. This result is consis-
tent with the interconnectedness component of
H1 and is a justification for comprehensive, rather
than fragmented, digital public administration
strategies.

Second, WGI is the only variable that demon-
strates a statistically significant correlation with
GDP per capita. Among all the pairs studied, on-
ly one demonstrates a statistically significant re-
lationship between the digital driver and GDP/c:
WGI - GDP/c (r = 0.92; p < 0.05). No other vari-
able, neither EGDI (r = 0.67), nor BIC (r = 0.72),
nor Cloud (r = 0.76), nor Skills (r = 0.73), reach-
es the significance threshold of 0.81. This means
that, under strict statistical standards, the effect of
digital drivers on economic well-being is realized
mainly through improving the quality of public
institutions, and not directly through technologi-
cal equipment. WGI may represent a potential in-
stitutional channel through which digital trans-
formation is associated with economic outcomes:
infrastructure, egovernance, and skills are highly
correlated with WGI (r = 0.89-0.94%), and WGI,
in turn, is significantly associated with GDP. This
chain is consistent with HI and is consistent with
the concept of the “digital dividend” of the World
Bank (2016): digitalization brings economic re-
sults only when accompanied by appropriate ana-
log complements: quality institutions, the rule of
law, and effective public administration.

Third, the pair “BIC- Unempl” (r = -0.92) is the

only significant relationship between the digital
driver and the employment outcome. The negative
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sign provides partial support for H2 in the cross-
sectional dimension, i.e., a higher level of broad-
band Internet coverage is statistically associated
with lower unemployment in the studied sample.
This relationship is also the most practically sig-
nificant for Ukraine, namely the reduction in BIC
coverage from 74% (2022) to 62% (2024) due to
the destruction of infrastructure coincides with
a sharp increase in unemployment to 19.5%, al-
though the causal relationship requires verifica-
tion using panel data. The relationship “WGI-
Unempl” (r = -0.77) does not reach the threshold
of significance, i.e., it is more strongly associated
with employment outcomes than the quality of
institutions.

Fourth, digital skills (Skills) participate in four
of the twelve significant pairs (“EGDI- Skills”,
“WGI-  Skills”, “BIC-Skills”, “Cloud-Skills”),
which is one of the most related variables in the
matrix. Particularly important is the pair “Cloud-
Skills” (r = 0.92**) — cloudization of business and
digital competence of the population form dem-
onstrate a very close statistical relationship, pro-
viding descriptive support for H4 - digital infra-
structure and technologies in business reveal their
potential only with an appropriate level of human
capital. Countries with skills below 60% (Poland
- 59%, Ukraine — 52%) also have significantly
lower cloudization of business (49% and 28% re-
spectively), while countries with skills above 74%
(Denmark, Estonia, Singapore, and Korea) dem-
onstrate cloudization of 74-81%.

Fifth, none of the pairs involving R&D (% of GDP)
reaches the threshold of statistical significance (|r|
< 0.76). This does not refute the theoretical role of
research and development, but indicates the speci-

ficity of the sample. Singapore, with spending of
1.9% of GDP and GDP of 116 thousand USD, is a
clear outlier, which can significantly weaken the
estimate of linear dependence. The present results
do not provide statistically significant evidence of
an R&D-development relationship.

The structure of significant correlations reflects the
two-level architecture of connections in the system
of digital drivers. At the first level, a dense, mutu-
ally reinforcing cluster emerges among the drivers
(10 out of 12 pairs, r = 0.89-0.98); at the second
level, two-point outputs link to performance in-
dicators (WGI> GDP/c and BIC>Unempl). These
correlations indicate that digital drivers can form
an interconnected system, while their connection
with economic results is most associated with the
quality of public administration. This is consistent
with the assumption of a potential institutional
channel through which public administration ef-
ficiency transforms digital advantages into eco-
nomic outcomes, but requires further verification
through regression and panel analysis.

Eight regression models were constructed: four
simple (M1 to M4, dependent variable - GDP/c),
one simple for the labor market (M5, dependent
variable - unemployment rate), and three multiple
(M6 to M8), combining two predictors. The choice
of specifications was determined by the results of
correlation analysis, i.e., the regressions included
pairs of variables that demonstrated statistically
significant or close-to-significant correlations in
Table 3. The summary results of modeling are giv-
en in Table 4.

Among all single-predictor models, the M2 mod-
el demonstrates the highest explanatory power,

Table 4. Results of regression analysis of the impact of digital drivers of public administration
on economic development indicators (n = 6, OLS estimation)

i Ds:z::rent Predictor(s) Equation r R? R2adj p-value Meaning / Note
...GDP/c . . EGDI GDP =~193+267°EGDI .. P02 p>005
GDP/c WG GDP = 8,2 + 37.6*WGl - p=0010: p=0.01
6D BIC GDP=-106+18%BIC - 0109 p>005
Cloud - p=0080.  p>005
EGDI - p=0.105: p>0.05
. WGI+BIC 0.801 p=0041 p<0.05-thebest
© EGDI+Cloud ' 0487 p=0171: p>0.05 (multicol)
. WGI+EGDI Unempl=22.1— 4.9*WGI - 10.2*EGDI| — | 0.600 : 0334 | p~0.253  p>005
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where the predictor is WGI (R? = 0.838, t = 4.550,
p < 0.05). The regression equation shows that an
increase in the government efficiency index by
one unit is associated with an increase in GDP
per capita by 37.6 thousand USD. (PPP) under the
same other conditions. The model explains 83.8%
of the variance in GDP - a fairly high proportion
for cross-country data. This result is the strongest
formal criterion across all system models and par-
tially supports H1 - institutional efficiency of pub-
lic administration is the leading mechanism that
translates a state’s digital maturity into real eco-
nomic growth. However, at n = 6, even this finding
should be interpreted with caution.

The M1 model “GDP/c - EGDI” demonstrates a
moderate level of explanatory capacity (R = 0.454,
t =1.824, p > 0.05) - the coefficient at EGDI is sta-
tistically insignificant. The equation formally as-
sumes that every +0.1 units of EGDI corresponds
to a GDP growth of 26.7 thousand USD, but the
low reliability of the estimate does not allow us to
draw such conclusions. The deviation of Singapore
(EGDI = 0.976, GDP = 116 thousand USD) signifi-
cantly affects the slope of the regression line, over-
estimating it. Without Singapore, the correlation
between EGDI and GDP among the remaining five
countries would be significantly weaker, meaning
that EGDI is a composite indicator of digital readi-
ness, but not a direct generator of well-being.

The M3 model “GDP/c - BIC” (R* = 0.514, t = 2.055,
p > 0.05) and M4 “GDP/c - Cloud” (R* = 0.576,
t = 2.331, p > 0.05) do not reach the threshold of
statistical significance. The M4 equation may in-
dicate that an increase in the share of enterpris-
es with cloud technologies by 10 pp is associated
with GDP growth by 13 thousand USD. Poland is
an illustrative example — an increase in the share
of cloud technology use by businesses by 22 pp
in 2018-2024 was accompanied by an increase in
GDP by 11.2 thousand USD, which is close to the
model’s forecast. However, due to the lack of sta-
tistical significance, these results cannot be con-
sidered reliable confirmation of H3 regarding the
multiplier effect of the digital economy.

Model M5 “Unempl - EGDI” shows R? = 0.521 and
is not statistically significant (t = -2.086, p > 0.05).
The negative coefficient of the equation is consis-
tent with H2, i.e., a higher level of e-governance
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is associated with a lower level of unemployment,
but due to the non-significance of the coeflicient,
this relationship cannot be considered statistically
significant.

At the same time, the model explains only 52.1%
of the unemployment variance, and Ukraine is an
outlier - with EGDI = 0.774, the model predicts
unemployment of about 14.8%, while the actual
unemployment rate is 19.5%. The difference of 4.7
pp can be considered a measure of the “digitally
independent” impact of the armed conflict on the
labor market — the share of unemployment that is
not explained by the digitalization level.

The M6 multiple model “GDP/c - (WGI + BIC)” is
the best specification in the system of construct-
ed models (R? = 0.880, R*adj = 0.801, F = 11.034
(p < 0.05)). The model explains 88.0% of the vari-
ance in GDP per capita - a very high proportion
for such a small cross-sectional sample. The posi-
tive and strong WGI coeflicient (53.8) indicates
the leading role of the quality of public gover-
nance. The negative coefficient at BIC (-1.1) is not
a meaningful effect, but a consequence of multi-
collinearity. Thus, WGI and BIC are closely corre-
lated with each other (r = 0.78), so in the multiple
model, WGI absorbs a significant proportion of
the variation previously attributed to BIC. With a
fixed level of WGI, BIC does not have an indepen-
dent positive contribution to GDP, but this does
not mean that there is no real impact of it. This
influence is implemented through WGI as an in-
termediate variable.

The M7 model “GDP/c - (EGDI + Cloud)” (R*adj
= 0.487, F = 3.377) does not reach the threshold of
statistical significance, despite a moderately high
R? = 0.692. The reason is the high multicollinear-
ity between the predictors (r(EGDI, Cloud) = 0.902),
which leads to the instability of the coefficient es-
timates. The negative coeflicient at EGDI (-667) is
a distinct artifact of multicollinearity and does not
allow meaningful interpretation. This result serves
as a methodological caveat, i.e., at n = 6, multiple
models with highly correlated predictors are unsta-
ble and require either the selection of one of the pre-
dictors or the use of alternative estimation methods.

The M8 model “Unempl — (WGI + EGDI)” (R*adj
= 0.334, F = 2.252) is not statistically significant,
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although the trend of the negative impact of both
predictors on unemployment is theoretically con-
sistent. The main reason is the dominant influence
of Ukraine’s outlier (unemployment of 19.5% with
a relatively average EGDI = 0.774), which does not
allow the model to identify a stable linear relation-
ship. If Ukraine were excluded, the significance of
the model would increase significantly.

In the second stage, pooled OLS specifications were
estimated on the balanced panel of 42 country-
year observations (6 countries x 7 years). Because
these observations are repeated within countries,
pooled OLS is treated as a descriptive benchmark,
while the main panel specifications control for
country and year fixed effects. The transition from
n = 6 to n = 42 fundamentally changes the condi-
tions of statistical inference: at df > 39, the criti-
cal value |t| decreases to 2.021 (p < 0.05) and 2.704
(p < 0.01) compared to 2.776 in cross-sectional
specifications. All eight specifications use the
same dependent variables (GDP/s, Uempl) and
predictors from blocks 1-4. Two additional meth-
odological variables were introduced: (1) a mili-
tary dummy variable WAR (WAR = 1 for Ukraine
2022-2024, WAR = 0 for all other observations) to

isolate the impact of the armed conflict; (2) coun-
try dummy variables (country fixed effects, base
- Ukraine) to control for time-invariant heteroge-

neity. The results are presented in Table 5.

Model P1 (GDP/c~WGI) is a useful pooled
benchmark and demonstrates a strong positive
association between WGI and GDP per capita
(R?* = 0.812, R*adj = 0.808, F= 173.2, p < 0.001;
b = 32.65, SE = 2.48, p < 0.001). However, this
pooled estimate should not be interpreted as a
robust within-country effect because the 42 ob-
servations represent repeated observations from
only six countries. The result is therefore primar-
ily informative about the strong cross-country
association between institutional effectiveness
and economic development.

Model P2 (GDP/c~EGDI) also shows a signifi-
cant pooled association (R* = 0.378, R*adj = 0.362,
F = 243, p < 0.001; b = 229.57, SE = 46.60,
p < 0.001). An increase in EGDI by 0.1 units is as-
sociated with approximately USD 22.96 thousand
higher GDP per capita in the pooled sample. This
estimate, however, is not robust to the inclusion of
country and year fixed effects.

Table 5. Panel regression results: Pooled OLS benchmarks and two-way fixed-effects specifications

(n=42,2018-2024)

Model Dependent Predictors R? R%adj F Coefficients and Significance
PL | GDP/ WGl 10812 1 0.808 F=173.2;p<0.001 | WOI:32.65(248; <0.001;[27.64;
o T R : T : } 37.66]))

. EGDI: 229.57 (46.60; <0.001;
PZ G'?P/C EG?"W 0'378“§ 0362 + | F j24'3' ped.00L  [135.48;323.67))

; ; ; WGI: 45.35 (3.76; <0.001; [37.75;
P3| GDP/ WGl + EGDI 10868 | 0.862 F=128.6; p<0.001 52.95]); EGDI: ~157.92 (38.82;

T : R <0.001; [-236.38,-79.47])

: ; ; . WGI: 33.91 (2.84; <0.001; [28.17;
PA | GDP/ WGI + WAR 10816 | 0.807 F=86.7,p<0.001 | 39.66]); WAR: 8.28 (9.00; 0.362;

T ; I [79.92;26.49])

o EGDI: —34.30 (8.02; <0.001;
PS5 Unuempl EGI?'IW g 0.314H§ 0.297 WWI—E18A3, pe0001 . (50,52, -18.09)

; : | EGDI:—11.77 (4.41; 0.011; [-20.68;
P6 . Unempl EGDI + WAR 10839 | 0.831 F=101.7; p<0.001 | —2.86]); WAR: 15.32 (1.36; <0.001;

T ; I : [12.57; 18.08])

H : ; ¢ Joint model significance

: WGl + Country FE+ ¢ : : - ¢ WGI:-18.98 (18.97; p=0.363; 95%
p7 : GDP/c Vear FE : 0.994 : 0.991 i not usgd as gv@gnce for z Cl [=67.74; 29.79])

I A H H predlctor SIgﬂlﬁCaﬂE? """ . K

; © Joint model significance | EGDI: 19.49 (18.66; p=0.344;
P§  Unempl  CODIFWARTCOUNIY L6991 0972 | notusedasevidence for | [-28.49; 67.47)); WAR: 12.88 (0.16;

FE + Year FE

predictor significance p<0.001; [12.48; 13.28])

Note: P1-P6 are pooled OLS benchmarks. P7—P8 are two-way fixed-effects models with country and year effects and country-
clustered standard errors. Because only six country clusters are available, p-values for the clustered coefficients use t(5) as a
small-cluster sensitivity assessment. 95% confidence intervals are reported for the focal coefficients. WAR = 1 for Ukraine in

2022-2024 and 0 otherwise.
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Model P3 (GDP/c~WGI+EGDI, R*adj = 0.862,
F=128.6, p < 0.001) reveals strong multicollinear-
ity between WGI and EGDI (r = 0.90). The nega-
tive EGDI coeflicient in the multiple specification
should therefore not be interpreted as a causal or
independent negative effect. The model primar-
ily demonstrates the high degree of shared vari-
ation among institutional and digital-readiness
indicators.

Model P4 (GDP/c~WGI+WAR) provides a pooled
control for the conflict-period relationship. WAR
is statistically insignificant in this specification
(b = 8.28, t = 0.92, p = 0.36). This indicates that
after accounting for WGI, Ukraine’s performance
over 2022-2024 does not add a statistically signifi-
cant pooled contribution to GDP per capita.

Model P5 (Unemployment~EGDI) shows a sta-
tistically significant negative pooled relation-
ship (b = -34.30, SE = 8.02, = -4.28, p < 0.001;
R? = 0.314). The estimate is sensitive to the signif-
icantly different dynamics of unemployment in
Ukraine over 2022-2024 and should not be inter-
preted as a causal effect within the country.

Model P6 (Unemployment~EGDI+WAR) sepa-
rates the pooled associations of EGDI and the war
period. EGDI is negatively associated with unem-
ployment (b = —-11.77, t = -2.67, p = 0.011), while
WAR is strongly positively associated with un-
employment (b = 15.32, t = 11.28, p < 0.001). The
WAR coeflicient represents a conditional war-pe-
riod differential rather than a causal estimate, be-
cause the indicator equals one only for Ukraine
in 2022-2024 and no independent counterfactual
treatment group is available.

Fixed effects analysis significantly changes the
interpretation of the combined results. Model P7
includes fixed effects for both country and year.
With standard errors clustered by country and
five degrees of freedom to estimate the sensitiv-
ity of small clusters, the WGI coeflicient is -18.98
(SE=18.97; t = -1.00; p = 0.363; 95% CI [-67.74,
29.79]). The strong pooled WGI association is not
robust to controlling for persistent differences
across countries and common year shocks.

Model P8 also includes country and year fixed ef-
fects. The coeflicient of EGDI is 19.49 (SE = 18.66;
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t = 1.04; p = 0.344; 95% CI [-28.49; 67.47]), while
WAR remains strongly associated with higher
unemployment (b = 12.88, SE = 0.16; t = 82.76;
p < 0.001; 95% CI [12.48; 13.28]). The very large
t-statistic should not be interpreted as evidence
of causal identification, given the highly concen-
trated WAR indicator and the small number of
country clusters. Given the cluster structure of
six countries, the WAR estimate should be inter-
preted as a conditional relationship rather than a
causal effect of the war.

Taken together, the combined models reveal
strong cross-country relationships, while the
two-way fixed effects specifications provide little
evidence of persistent within-country effects for
WGI or EGDI over the period 2018-2024. This
distinction is central to the interpretation of the
study. Digital and institutional maturity are close-
ly related to levels of development across countries.
However, the six-country panel does not establish
that annual changes in these indicators indepen-
dently generate corresponding changes in GDP
per capita or unemployment.

The results of the correlation and regression analy-
ses should be interpreted as evidence of associa-
tion. WGI may represent an important institu-
tional channel through which digital transforma-
tion translates into economic outcomes, but no
formal mediation analysis has been conducted.

In the cross-sectional analysis, WGI is the only
indicator with a statistically significant relation-
ship with GDP per capita (r = 0.92; p = 0.01). In the
pooled panel, WGI also has the strongest statisti-
cal relationship (t = 13.16, p < 0.001), but this rela-
tionship disappears after controlling for country
and year fixed effects. Accordingly, WGI should
not be considered the most reliable or powerful
predictor in a causal or within-country sense.

The impact of digital infrastructure (BIC) remains
largely descriptive in this study. Its strong cross-
correlation with unemployment (r = -0.92) does
not establish an independent causal effect, and the
small number of countries limits the reliability of
the cross-correlation inference.

R&D is not a statistically significant predictor in
this sample. This result is reasonable to interpret
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due to structural heterogeneity and the small
number of countries. The effect of R&D may be
nonlinear and context-dependent, and needs to be
tested in a larger and more homogeneous panel.

The analysis of unemployment shows that the
war period is strongly associated with higher un-
employment in the pooled specification. This as-
sociation remains after controlling for EGDI, but
the WAR coefficient should not be interpreted as
a causal treatment effect. However, since WAR is
equal to unity only for Ukraine in 2022-2024, this
coefficient cannot be interpreted as a pure treat-
ment effect. The result documents the conditional
difference associated with the Ukraine conflict
period relative to the remaining country-year
observations.

The significance of the overall F-statistic of a panel
model should be distinguished from the signifi-
cance of its individual numerical predictors. In
the fixed-effects specification, the high R* and
overall significance of the model are largely driven
by country and time effects, while the focal coef-
ficients of WGI and EGDI are statistically insig-
nificant in the two-way fixed-effects specification.
This finding significantly clarifies the interpreta-
tion of the pooled estimates.

The results of correlation and regression analy-
ses, cross-sectional (n = 6, 2024) and panel Pooled
OLS (n = 42, 2018-2024) allow for the sequential
verification of five hypotheses of the study. Based
on the cross-sectional, pooled OLS, and two-way
fixed-effects results, the proposed hypotheses re-
ceive varying levels of empirical support.

Hypothesis H1 is partially supported. The EGDI
and WGI are highly correlated, and WGI is signifi-
cantly associated with GDP per capita in the cross-
sectional and pooled analyses. However, the coefli-
cient on WGI becomes statistically insignificant in
the two-way FE model (b = -18.98, p = 0.363). The
data are consistent with an institutional channel,
but a formal mediation mechanism was not tested,
and within-country effects were not established.

Hypothesis H2 is partially supported. Broadband
coverage is strongly and negatively correlated
with unemployment in the cross-sectional anal-
ysis, and EGDI is negatively correlated with un-
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employment in the pooled least squares method.
However, after introducing country and year fixed
effects, the EGDI coefficient becomes statistically
insignificant (p = 0.344). The findings support a
link between digitalization and labor market out-
comes, but not a consistent effect within countries.

Hypothesis H3 is partially supported at the de-
scriptive level only. Cloud adoption is positively
associated with several indicators of digital ma-
turity, but the study does not find a statistically
significant direct relationship between cloud and
GDP. The result should be viewed as an empirical
pattern that needs to be tested on a larger panel.

Hypothesis H4 is supported by descriptive rath-
er than formal econometric support. The cor-
relation between cloud and skills is very strong
(r=0.92), and the data suggest a possible threshold
of around 60% digital skills. However, no thresh-
old or nonlinear moderation model was estimated.
The value of 60% should not be presented as a sta-
tistically validated threshold.

The general hypothesis H5 is partially supported
at the association level. Countries with higher
digital and institutional maturity exhibit higher
development outcomes, but the strongest pooled
relationships are not robust to country and year
fixed effects. The two-way FE does not support the
strong claim that annual changes in digital matu-
rity independently generate corresponding chang-
es in GDP per capita or unemployment within the
six-country sample.

The relationship between digitalization and labor-
market outcomes remains controversial. Some sci-
entists consider digital technologies as a factor in
creating new jobs, developing digital entrepreneur-
ship, and forming an innovative economy. Others
focus on the risks of automation, structural un-
employment, and deepening socio-economic in-
equalities between regions with different levels of
digital readiness. As a result, digitalization is dual
in nature: on the one hand, it stimulates economic
modernization, while on the other, it can give rise
to new structural imbalances in the absence of a
proper state policy to support human capital.

A separate subject of scientific discussion is the
problem of regional asymmetry of digital develop-
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ment. Modern research increasingly emphasizes
that digitalization is uneven: large urbanized areas
receive much greater benefits from the develop-
ment of the digital economy compared to periph-
eral regions. This creates a so-called “digital di-
vide”, which can exacerbate territorial disparities
even as the state’s overall digital maturity increas-
es. In this context, ensuring digital inclusion and
equal access of regions to digital infrastructure
and public services is of particular importance.

The issue of the state’s digital resilience in the con-
text of crisis transformations also remains debat-
able. The COVID-19 pandemic has demonstrated
the importance of digital institutions in ensuring
the continuity of public administration and the
functioning of the economy. At the same time,
modern military conflicts have shown that digita-
lization can perform not only the function of in-
creasing efficiency, but also the function of ensur-
ing the resilience of the state to systemic security
threats. In this context, the concept of “digital re-
silience” is being formed, which characterizes the
ability of digital institutions to support the func-
tioning of the state even in the face of the destruc-
tion of physical infrastructure and large-scale eco-
nomic shocks.

At the same time, another group of researchers
emphasizes that digitalization does not have an
automatic positive effect without proper institu-
tional capacity of the state, effective governance,
and a stable regulatory environment. A high de-
velopment level of digital services or the ICT sec-
tor does not guarantee a long-term economic ef-
fect in the absence of high-quality state institu-
tions capable of ensuring effective management of
digital transformation. In this study, institutional
quality is therefore considered an important po-
tential channel through which digital transforma-
tion may be associated with economic outcomes.
However, because formal mediation analysis was
not conducted, the empirical results do not estab-
lish a statistically tested mediation mechanism
(Evsyukova et al., 2026; Zhytar et al., 2022).

Despite the significant development of scientific
thought, a number of conceptual and methodolog-
ical gaps remain in modern literature (Kubatko
et al.,, 2022; Tulchynska et al., 2026; Shkolnyk et
al., 2022). First, most studies analyze individual
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components of digitalization without forming an
integrated model of interaction of digital drivers.
Second, the issue of the relationship between the
digital maturity of the state, institutional efficiency,
and economic development remains insufficiently
studied. Third, there is a shortage of comparative
cross-country studies covering states with differ-
ent models of digital transformation and different
operating conditions.

The scientific base on the digital transformation of
public administration in the context of a military
conflict is especially limited. Most of the modern
models of digital development are formed in the
context of macroeconomic and security stabil-
ity, which significantly narrows the possibilities
of their application to countries operating in an
existential crisis. In this context, Ukraine forms a
separate scientific case, as it combines large-scale
digitalization of public services with deep security,
demographic and economic shocks.

Thus, the modern scientific discussion is gradually
changing its perspective from a simplified inter-
pretation of digitalization as a purely technological
process to a comprehensive vision of digital trans-
formation as a multi-level system of interaction of
digital technologies, institutional quality, human
capital and economic development. At the same
time, the problem of quantifying the relationships
between digital drivers of public administration
and performance indicators of development re-
mains insufficiently developed, especially for coun-
tries with transformative economies and crisis en-
vironments. This is what forms the scientific logic,
relevance and research necessity of this article.

The results require careful interpretation because
of several methodological limitations. First, the
cross-sectional component is based on only six
countries, which substantially limits statistical
power and makes the estimates sensitive to influ-
ential observations. Second, the panel contains
42 country-year observations from the same six
countries and therefore cannot be treated as 42
independent observational units. Third, the panel
provides only six country clusters, making cluster-
robust inference a sensitivity analysis rather than
a definitive solution to the small-cluster prob-
lem. Fourth, 18 of the 42 annual EGDI observa-
tions (42.9%) are linearly interpolated because the
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source is published biennially; these values should
therefore not be interpreted as independently ob-
served annual measurements. Fifth, the WAR in-
dicator equals one only for Ukraine in 2022-2024
and does not provide a conventional treatment-
control design or a valid counterfactual, so its coef-
ficient cannot be interpreted as a causal estimate
of the effect of the war. Finally, the strong corre-

lations among several digital indicators generate
multicollinearity in multiple-predictor specifica-
tions and may reduce the stability and interpret-
ability of individual coefficients. These limitations
define the scope of the empirical conclusions and
motivate replication using larger cross-country
panels, more independently observed annual data,
and broader country coverage.

CONCLUSION

The study shows that digital maturity, institutional quality, digital infrastructure, and human capital are
closely interrelated and linked to economic development in the six countries analyzed. The Governance
Index (WGI) is the strongest cross-country correlate of GDP per capita in the cross-sectional analysis (r
=0.92; p =~ 0.01) and in the pooled panel model P1 (¢ = 13.16; p < 0.001; R*adj = 0.808). However, its coef-
ficient becomes statistically insignificant after controlling for country and year fixed effects (b = —18.98;
p = 0.363). The Governance Index (EGDI) shows a similar pattern, indicating that the strongest pooled
relationships mostly reflect persistent cross-country differences rather than persistent within-country
effects.

The results offer partial support for the proposed hypotheses. Digitalization is negatively associated with
unemployment in cross-sectional and pooled analyses, while this relationship is not robust to two-way
fixed effects. The WGI may represent an important institutional channel linking digital transformation
to economic outcomes. The proposed threshold of 60% digital skills represents a descriptive pattern
rather than a statistically tested moderating effect.

The WAR indicator remains strongly associated with higher unemployment, but its coefficient should be
interpreted as a conditional conflict-period association rather than a causal war effect, since the indicator
equals one only for Ukraine in 2022-2024 and does not provide a conventional treatment-control design.

Overall, the results suggest that digitalization alone may not be sufficient to generate economic growth.
Rather, digital transformation operates within a broader institutional, human-capital, and security en-
vironment. Digital resilience can support public-service capacity during crises, while institutional qual-
ity, human capital, security, and macroeconomic stability remain important conditions for translating
digital capabilities into sustainable development outcomes.
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