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Shabelnyk T. V., Prokopovych S. V., Gvozdytskyi V. S., Teslenko D. A. Analyzing and Identifying the Latent Factors
of Digital Transformation in EU Countries Using Data Science Methods

Modern conditions of economic functioning require all subjects of economic, social, and political activity to implement digital solutions. In many countries,
digitalization has been set as a strategic medium-term goal, as it becomes a key factor in increasing the competitiveness of countries in almost all areas. It has
been proved that digitalization contributes to innovative growth, more efficient resource management, and the formation of new forms of interaction both
among citizens and between business and the State, among others. Therefore, it is very important to develop and implement a systematic set of models based
on modern methods of economic-mathematical modeling and machine learning, which will ensure sustainable economic growth and reduce the risks of so-
cioeconomic imbalances. The work substantiates that such Data Science methods as principal component analysis, correlation and cluster analysis, etc., make
it possible to systematically study the multidimensional structure of digital transformation, identify latent factors of digital development, and determine the
trajectories of countries’ movement in the digital space. The combination of factor analysis with the dynamic study of the cluster structure allows for a deeper
understanding of the mechanisms of digital evolution of EU countries and for assessing the efficiency of digital policy at the level of the European Union and
individual countries. A structured system of digital development indicators relevant for analyzing EU countries has been formed. A correlation analysis of the
specified indicators was also carried out, highlighting the structural relationships between them. Based on the principal component method, latent generalized
factors of digital transformation were identified, integrating numerous digital indicators into several key areas of development. This allows for reducing the
dimensionality of data and identifying the main driving forces of digitalization. The research results confirmed that today digitalization serves as the basis for
increasing competitiveness, productivity, and innovation activity of the economy. It was substantiated that digital transformation is a complex multidimensional
process that requires systemic analysis and the use of modern Data Science and machine learning methods, which will make it possible to assess the effective-
ness of State policy, conduct comparative analysis of countries, and develop recommendations to accelerate digital progress.
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Wa6envHuk T. B., Mpokonosuy C. B., [eo30uybKuli B. C., Tecnexko [. A. AHaniz ma ideHmugpikayia nameHmHux hakmopie yughposoi

mpaHcghopmayii 8 KpaiHax €C 3a donomozoto memodie Data Science
Cy4acHi ymosu (hyHKUiOHYBAHHSA EKOHOMIKU 8UMA2a0OMb 8i0 yCiX Cyb’ekmie eKOHOMIYHOI, COYianbHOI, MonimuyHoi 0ianbHOCMI 8MPOBAGHEHHA YUGPOBUX pi-
weHb. bazamema KpaiHamu AudMuUMani3ayia nocmaeneHa Ak cmpameziyHa cepedHLOCMPOKOBA Memd, adxe BOHA CMAE KAKYOBUM YUHHUKOM NiB8UWEHHA
KOHKypeHmocnpomoxHocmi 0epxcae malixe 8 ycix cpepax. JosedeHo crpusHHS udxumanizayii iHHO8ayiliHOMY 3pOCMaHHI0, eheKmUBHILIOMY yrpassiH-
HIO pecypcamu ma (hopmysaHHI0 HOBUX hopm 83aEMODiT SK MiXc 2poMadAHaMu, maK i Mix 6izHecom i Oepxasoto moujo. Tomy Oyxee 8axIus0 po3pobumu ma
8nposadumu cucmemHuli Komnaexc modenel, wio 6asyrMbCA HA CY4ACHUX Memodax ekoHOMIKO-MamemMamuyHo20 MOOEMHBAHHS MA MAWUHHO20 HABYGH-
H$, AKuli 3a6e3nevysamume cmase 3pOCMAHHA eKOHOMIKU Ma By0e 3HUMCY8amU PU3UKU COUianbHO-eKOHOMIYHUX ducbanaHcis. ¥ pobomi 0brpyHmMosaHo, wio
maki memodu Data Science, sk Memo0 20/108HUX KOMITOHEHM, KOpenAyiliHull | KnacmepHull aHani3 mowjo Hadaome 3mMozy cucmemHo docidumu bazamo-
8UMIpPHY CmpyKkmypy Uupposoi mpaHchopmayii, BUOKpemumu AameHMHI )akmopu Yuppoeo2o Po3BUMKY Ma BUIHAYUMU MPAEKMOPIT pyXy KPaiH y yugppo-

8oMy pocmopi. MOEOHAHHA aKMOPHO20 GHANI3Y 3 QUHAMIYHUM BUBYEHHAM KAGCMEPHOI CMpPyKmypu 00380/9€ 2nubuie 3p03ymimu MexaHismu yugposoi

esosntouii kpai €C i oyiHumMu ehekmusHicme Yugposoi moaimuku Ha pieHi E8pocoro3y ma okpemux Oepas. bysno chopmosaHo cmpykmyposaHy cucmemy
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MOKA3HUKi8 YUEhp0oB020 PO3BUMKY, penesaHmHux 07 aHanisy Kpai €C. Takox nposedeHo KopenayiliHuli aHani3 3a3HaveHux iHOUKamopie, 8udineHo cmpyk-
MYypHi 38’A3KU Mi HUMU. Ha 0cHO8i Memody 20/108HUX KOMITOHEHM 8UQiieHO IAMeHMHI y3a2a/1bHeHi hakmopu Yughposoi mpaHcopmayii, aki iHmezpyroms
YUCAeHHI LUPPOBI MOKA3HUKU 8 KifbKa KAKHYO08UX HAMPAMIG po38UMKY. Lle 00380/13€ cKOpomuUMU Po3mipHicme OaHUX | BUOKPEMUMU OCHOBHI PywiliHi cunu
yuegposizauii. Pesynbmamu 0ocnioreHHa niomeepounu, Wo cb0200Hi LUpposizayis 8UCMYNAE 0CHOBO MIOBULEHHS KOHKYPEeHMOCIPOMOXHOCMI, NPOOyK-
musHocmi ma iHHoBayiliHoi akmugHocmi eKoHomiKu. byno 0brpyHMo8aHo, Wo yupposa MpaHchopmayis € CKAAOHUM 6azamosuUMIPHUM NPOUECOM, AKUL
nompebye cucmemHOo20 aHAA3y Ma 30cMOCy8aHHSA cy4acHux memodie Data Science i MAWUHHO20 HABYAHHS, W0 HAOACMb 3MO2Y OUIHIOBAMU eheKmUBHICMb

0epxasHoi MoAiMuKu, MOPiBHANLHOR0 aHANI3Y KPAIH | hopMyBaHHs pekomeHAauili Ljodo MPUCKopeHHs YuGPoso2o npozpecy.
Knrouosi cnoea: 6azamosumipHuli aHani3; dudxumaniayis; namMeHMHi hakmopu; Memoo 20/108HUX KOMMOHeHM; Yugposi mpaHchopmauii.

Puc.: 10. Taba.: 1. bi6a.: 12.

LabenvHuk TemaHa BonodumupieHa — 0OKMOpP eKOHOMIYHUX HAYK, nMpoghecop, 3a8idyeayKa Kaghedpu eKOHOMIYHOI KibepHemUKU i CUCMeMHO020 aHanI3Y,
Xapkiscbkuli HauioHanbHuUl exoHoMivHUL yHiBepcumem imeHi CemeHa KysHeus (npocn. Hayku, 9a, Xapkis, 61166, YkpaiHa)

E-mail: tanya.shabelnik17@gmail.com
ORCID: https://orcid.org/0000-0001-9798-391X

Researcher ID: https.//www.webofscience.com/wos/author/record/B-8542-2019

Scopus Author ID: https://www.scopus.com/authid/detail.uri?authorld=57220211152

Mpokonosuy CeimaaHa BanepiigHa — KaHOUOGM eKOHOMIYHUX HaYK, doyeHm, doueHm Kaghedpu eKOHOMIYHOI iHGOPMAMUKU ma KibepHemuKu, XapKieceKuli
HayioHanbHuli ekoHomiyHul yHiepcumem imeHi CemeHa KysHeus (mpocn. Hayku, 9a, Xapkis, 61166, YkpaiHa)

E-mail: prokopovichsv@gmail.com
ORCID: https://orcid.org/0000-0002-6333-2139

le03duybKuii Bimanili Cepeitiosuy — KaHOUOGM eKOHOMIYHUX HayK, doueHm, doueHm Kageopu eKOHOMIYHOI KibepHemUuKU i cucmemMHOo20 aHasni3y, Xapkis-
CbKull HauioHanbHUli exoHomiuHul yHisepcumem imeHi CemeHa KysHeus (npocn. Hayku, 9a, Xapkie, 61166, Ykpaia)

E-mail: gvozdikramm@gmail.com
ORCID: https://orcid.org/0000-0003-4686-267X

Tecnerko faiin AHdpitiosuy — aranimuk, TOB «IT SMARTFLEX» (mpocn. bepecmelicokud, 49/2, Kuis, 03057, Ykpaika)

E-mail: teslenko09daniil@gmail.com
ORCID: https.//orcid.org/0009-0006-4269-7282

igitalization is becoming a key factor in in-

creasing the competitiveness of countries,

contributing to innovative growth, more effec-
tive resource management and the formation of new
forms of interaction between citizens, business and
the State. For the countries of the European Union,
digital transformation is becoming strategic (accord-
ing to the Digital Decade Policy Programme [1, 6]), as
it determines the EU's ability to maintain global lead-
ership in technological competition, ensure economic
sustainability and mitigate the challenges of socioeco-
nomic imbalances.

Modern methods of economic and mathemati-
cal modeling and machine learning, in particular the
principal component method, correlation and cluster
analysis, provide the opportunity to systematically
study the multidimensional structure of digital trans-
formation, identify latent factors of digital develop-
ment and determine the trajectories of countries in the
digital space. The combination of factor analysis with
the dynamic study of the cluster structure allows for
a deeper understanding of the mechanisms of digital
evolution of EU countries and assess the effectiveness
of digital policy at the level of the Union and individual
Member States.

Thus, the relevance of the research topic is due to
the strategic importance of digital transformation for
the economic development of the EU, the need to iden-
tify structural and dynamic patterns of digitalization.

106

Analysis of scientific research and publica-
tions. The issue of digitalization is acute and relevant
today, so a lot of research by both domestic and foreign
scientists is devoted to the problem of determining
the factors affecting digital transformations in differ-
ent countries. In particular, Bocean C. G. and Virza-
ru A. A. in their work "EU countries' digital transfor-
mation, economic performance and sustainability" [2]
conducted an empirical study of the impact of digital
transformation on economic indicators and sustain-
ability in EU countries, identified approaches to mea-
suring digitalization and its connection with macro
indicators. Many scientists pay attention to the rela-
tionship between digitalization and socioeconomic
development indices, for example, Stavytskyy A.,
Kharlamova G., Stoica E. A. in their work [9] studied
the relationship between the digital economy and the
social index in the EU. And Duarte M. et al. in their
work [7] analyze how the levels of national digital
transformation affect the configuration of innovation
resources of EU countries, which lead to innovative
results. Also the statistical analysis of the relationship
between digitalization and innovation at the country
level is devoted to the works of De Rojas F. H., et al. [5].

owever, among the scientific works there are
few that analyze and isolate the factors that di-
rectly affect the digital transformation in the
country. Therefore, research aimed at identifying key
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and latent factors of digital transformation is important
both from a theoretical and practical point of view.

Aim of the work. The aim of this work is to
analyze the processes of digital transformation in the
countries of the European Union and identify key and
hidden factors influencing digitalization using meth-
ods of multidimensional analysis and economic and
mathematical modeling.

Results. The digital transformation of countries
is a multidimensional process that covers various as-
pects of socioeconomic development, including the
use of information and communication technologies
(ICT) by the population, the digitalization of the busi-
ness sector, the level of digital skills and the develop-
ment of the ICT industry, etc. [3]. The high complexity
of this phenomenon necessitates the use of a system
approach to its analysis.

mong the indicators used by the European
ACommission to assess the level of digital ma-
turity of individual countries, identify gaps be-
tween regions and monitor progress towards the stra-
tegic goals of Digital Europe and which are published in
Eurostat [8; 10; 11], taking into account multicollinear-
ity, the following were selected for this study (75l. I).
The proposed system of indicators well covers
two key dimensions of digital transformation: digital
inclusion, i.e. access to digital services and the Inter-
net, as well as digital skills. The indicators of the third
and fourth groups reflect the digital economy from the
point of view of e-commerce and the level of develop-
ment of the ICT sector [12].

The second stage of the study involves a prelimi-
nary analysis of the source data, filling in the gaps in
the source data, studying the relationships between
individual indicators based on correlation analysis
methods, including checking the presence of autocor-
relation between indicators.

The time frame of this study is limited to the pe-
riod from 2013 to 2024, divided separately into 4 peri-
ods: 2013, 2016, 2020, 2024.

o study the relationship between indicators,
Ta matrix of paired correlation coefficients was

constructed in the next step. A fragment of the
correlation matrix is shown in Fig. 1.

As can be seen from Fig. 1, there is a high cor-
relation between the following indicators:

LIA - IUI (0.95). These indicators reflect access
to the Internet and the use of the Internet by people.

IUI - IUB (0.93). Internet banking is part of the
overall use of the Internet.

LIA - IUB (0.89). It is logical that Internet bank-
ing is possible where there is Internet.

% GVA - % PTE (0.84). These two indicators are
two facets of the digital economy, but have slightly dif-
ferent meanings.

You can also notice the presence of a very close
autocorrelation between these same indicators. But
the more distant the periods, the lower the autocor-
relation indicator.

It was decided not to exclude any of the indi-
cators in order to preserve the reflection of different
aspects of digitalization: access to the Internet, use of

Table 1
Indicators characterizing digital transformation processes in EU countries
No. Marking Definition
Group 1. Digital inclusion of the population
1 LIA Internet access rate (households), %
2 (V] Internet use by individuals (last 3 months), %
3 IUB Percentage of individuals using the Internet for online banking, %
4 [USN Percentage of individuals using the Internet for social networking, %
5 IUHI Percentage of individuals using the Internet for health-related information, %
Group 2. Digital skills (competences)
6 IUOC Percentage of people who used the Internet to take an online course, %
Group 3. Business digitalization
EnOO Percentage of businesses that received orders online (at least 1%), %
ETE Percentage of businesses' turnover in e-commerce, %.
Group 4. Digital Economy (ICT economy)
9 % GVA Percentage of ICT sector in gross value added, %
10 % PTE Percentage of ICT sector personnel in total employment, %
BIBHECIHOOPM Ne 3_2026
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LIA 13 UL 13  IUB 13 [USN_13 [UHI_13 IUOC 13 EnOO_13 ETE 13 %GVA 13 %PTE 13
LIA_13 1
U 13  0,946582 1
IUB_13  0,893443 0,928198 1
IUSN_13  0,632669 0,717626 0,696654 1
IUHI_13  0,829638  0,8822 0,748973 0,614761 1
IUOC_13 0412346 0,484024 0,550547 0,380034 0,532995 1
EnOO 13 0,537403 0,599651 0,516154 0,368519 0,508256 0,253981 1
ETE_13  0,524003 0,498069 0,414986 0,276224 0,368969 0,109437 0,686079 1
%GVA_13 0,451812 0,383914 0,328026 0,494552 0,244266 0,016722 0,357327 0,653318 1
%PTE_13 0,741564 0,705854 0,704214 0,741264 0,556603 0,314926 0,465016 0,616509 0,840814 1
LIA_ 16  0,973531 0,918573 0,857539 0,59876 0,805319 0,427552 0,543242 0,535256 0,418841 0,700153
Ul 16 0938976 0,981168 0,918587 0,708966 0,853332 0,48773 0,581815 0,508996 0,350359 0,695061
IUB_16  0,880718 0,929236 0,990002 0,699095 0,738966 0,554712 0,554989 0,447878 0,315419 0,686649
IUSN_16 0,561536 0,633648 0,609042 0,903894 0,484141 0,308451 0,421919 0,310758 0,479018 0,694615
IUHI_16 0,770174 0,814169 0,729651 0,647771 0,850817 0,479253 0,485334 0,276408 0,17484 0,512907
IUOC_16 0,562789 0,640606 0,697149 0,497606 0,574935 0,847107 0,291207 0,194176 0,042847 0,366517
EnOO_16 0,504447 0,540253 0,504777 0,316222 0,452388  0,2002 0,876763 0,731355 0,45446 0,516308
ETE_16  0,532556 0,533997 0,480625 0,27363 0,38394 0,157053 0,765099 0,958567 0,578923 0,60168
%GVA_16 0,380595 0,314321 0,296516 0,444606 0,168323 0,046274 0,295257 0,58458 0,978618 0,792444
%PTE_16 0,655525 0,604975 0,634347 0,708313 0,433917 0,234535 0,37874 0,552444 0,881993 0,955759

Fig. 1. A fragment of the correlation matrix

digital services, online activity, economic dimension
and others.

At the next stage of the study, the principal com-
ponent analysis (PCA) method was used, which will
allow reducing the dimensionality of the space of in-
dicators, identifying the latent factors of digitalization
that are key, and identifying structural relationships
between indicators.

PCA is one of the most common tools of mul-
tivariate analysis, which allows reducing the dimen-
sionality of the feature space and identifying the most
important latent (hidden) factors that explain the
variation of the initial indicators. In the context of the
digital transformation of EU countries, the use of PCA
mabkes it possible to identify structural patterns in the
digital behavior of the population, enterprises, and the
ICT sector, as well as to identify generalized factors
that underlie digital development [4].

he model for assessing digitalization factors

was implemented for each of the four periods

separately. For the period 1 (2013), the prin-
cipal component method identified 2 latent factors
(Fig. 2).

As can be seen from Fig. 2, the two selected fac-
tors for the 2013 data explain quite well the changes in
the digital transformation indicators for EU countries.
The first factor explains almost 61% of the changes,
while the second factor — 15.14%. Together, the per-
centage of explained variance for the two indicators is
more than 76%. This is a fairly good result.

The feasibility of isolating exactly two latent
factors is also confirmed by the structure graph
(changes in the values of the eigenvalues) (Fig. 3).
It is advisable to choose such a number of principal
components that are on a "steep" rather than a "gentle"
descent. Fig. 3 shows a steep decline only until the sec-
ond eigenvalue is extracted.

Fig. 4 shows the factor loadings after orthogonal
rotation (Varimax normalized).

actor loadings are correlations between each
variable (digitalization indicator) and a hidden
(latent) factor. They show how strongly each
variable “belongs” to a factor. Varimax orthogonal ro-
tation maximally cleans the structure of factors, sim-
plifies interpretation, and eliminates correlations be-
tween factors. In this study, the loading vector after ro-

Eigenvalues (Digitalisation Dataset)
Extraction: Principal components
Eigenvalue % Total Cumulative Cumulative
Value variance Eigenvalue %
1 [____6.090446] 60.90446 6.090446 60.90446
2 ] 1614422 1514422 7.604868 76.04868

Fig. 2. Eigenvalues and percentage of explained variance (2013)
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Fig. 3. Graph of changes in the values of eigenvalues

Factor Loadings (Varimax normalized)
Extraction: Principal components
(Marked loadings are >,700000)
Factor Factor

Varable 1 2

LIA_13 0,798459 0,479739

UI_13 0,872785 0,420706

IUB 13 0.872290 0,344405

IUSN_13 0,656681 0,423283

IUHI_13 0.868690 0,241796

IUOC_13 0.750467  -0,126887

EnOO_13 0.403668 0,574656

ETE 13 0,155992 0,845552

%GVA_13 0,045197 0,912312

%PTE 13 0.480607 0.786341

Expl Var 4329542 3.275326

Prp.Totl 0,432954

Fig. 4. Factor loadings after rotation Varimax
normalized

tation reflects the relationship between digitalization
indicators and latent factors, which, in turn, allows us
to summarize information about the digital behavior
of the population and identify the structure of the digi-
tal economy.

It is the factor loadings obtained after Varimax
rotation that allow us to give a meaningful interpre-
tation to the two selected orthogonal factors that di-
vided the variables into two clear clusters (Fig. 5):

Factor 1 is digital inclusion and digital skills
(competences) of the population;

Factor 2 is business digitalization and digital
economy (ICT economy).

Factor 1 includes the following digital inclusion
indicators: LIA, IUL, IUB, IUSN, IUHI, and the digital
competence indicator [UOC.

BIBHECIHOOPM N2 3_2026
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Factor 2 includes the following business digita-
lization indicators: EnOO, ETE, and digital economy
indicators: %GVA, %PTE.

This distribution looks absolutely logical and ex-
pected for the digital transformation of EU countries.
Fig. 6 shows the distribution of digitalization indica-
tors in the space of two components according to 2013
data.

Factor 1 in Fig. 6 is highlighted by a green circle,
and Factor 2 is highlighted by an orange one. As can
be seen from the figure, the IUOC indicator is the
most distant from other indicators of Factor 1, and the
EnOO indicator from other indicators of Factor 2. This
is also confirmed by the values of multiple correlation
coefficients between variables and factors (Fig. 7).

hus, the multiple correlation coefficient for the
variable IUOC_13 = 0.479, and for the variable

EnOO_13 = 0.605

The most significant for the interpretation and
analysis of the impact of individual indicators on the
processes of digital transformation within the frame-
work of this study are the following indicators: LIA,
IUJ, IUB, IUHL, %PTE, %GVA.

So, in terms of the total impact of the indicators,
the greatest contribution is made by Factor 1 — the fac-
tor of digital inclusion and digital competence of the
population.

Similarly, the PCA method was applied for the
following periods. So, in 2016, the situation is very
similar to 2013: the principal component method
identified two factors with very similar percentages
of explained variance. For the first factor — 59.23%,
for the second — 16.79%. The significance of the sec-
ond factor increased almost imperceptibly — less than
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=Y
Y
o

Factor Loadings (Varimax normalized) (Digitalisation Dataset)

Clusters of loadings are marked; those clusters
determine the oblique factors for hierarchical analysis

Variable Factor 1 Factor 2

LIA 13 [ 0.798459 0479739
Ul 13 0.872785 0,420706
uB 13 0,872290 0,344405
IUSN_13 0656681  0,423283
IUHI 13 0,868690 0,241796
IuoC 13 0.750467  -0,126887
EnOO 13 0,403668 0,574656
ETE 13 0,155992  0,845552
%GVA 13 0,045197 0,912312
li»‘I»F’TE_‘IB 0.480607 0,786341

Fig. 5. Clusters of factor loadings

Factor 2

Factor Loadings, Factor 1 vs. Factor 2
Rotation: Varimax normalized

Extraction: Principal components

0.2

0.0

-0,2

IUOC_13
o—

IUB°_13

IUHI_13
o

0.0 0.1 02

03 04

05 0.6
Factor 1

0.7

08 09

1.0

Fig. 6. Distribution of digitalization indicators in the space of two components (2013)

Communalities (Digitalisation Dataset|

Extraction: Principal components

Rotation: Vanmax normalized

From 1 From 2 Multiple

Variable Factor Factors R-Square
LIA_13 06375361 0867686 0933539
IUI_13 0761755 0938748  0.971088
IUB_13 0,760890 0879505  0.937708
IUSN_13 0431230 0610399 0757728
IUHI_13 0754623 0813088  0.869534
IUOC_13 0563201 0579302 0479028
EnOO_13 0,162948 0493177  0.604523
ETE_13 0024334 0,739292  0,720363
%GVA_13 0002043 0834356  0.884014
%PTE 13 0230983 0849315  0.932901

Fig. 7. General and multiple correlation coefficients

BISBHECIHOOPM N2 3_2026

www.business-inform.net



1.65%. Thus, it was again highlighted as follows: Factor
1 is digital inclusion and digital skills (competences)
of the population; Factor 2 is digitalization of business
and digital economy (ICT economy).

Instead, in 2020, 3 factors were highlighted: Fac-
tor 1 is digital inclusion and digital competencies; Fac-
tor 2 is digital economy; Factor 3 is digitalization of
business.

Such significant changes are explained by the
transformation of the economic space of EU countries
due to the activation of online services during the pan-
demic. Therefore, the economies of all countries have
undergone significant changes.

There is also a significant decrease in the signifi-
cance of the impact of the indicator reflecting the use
of the Internet for communication on social networks.

2020. The principal component method identi-

fied three orthogonal factors: the first factor
explains 48.33% of the variance, the second factor ex-
plains 15.43%, and the third explains 11.61%.

Fig. 8 shows the factor loadings obtained after
Varimax rotation.

For the period 2024, we have a picture similar to

Factor Loadings (Varimax normalized) |

Extraction: Principal components

(Marked loadings are >,700000)

Factor Factor Factor

Variable 1 2 3
LIA 24 [ 0.1330121 0.005042 0,944076
UlI_24 0492759 0,217388 0,782936
IUB_20 0.768904 0,194507 0,436635
IUSN 24 0535942 0,085226 0,259982
IUHI_24 0,890603 0,017353 0,280515
IUDK_24 0594359 0406315 0,247650
EnOO 24 0885016 0,189381  -0,203983
ETE 24 0,624486 0,062366 0,388071
%GVA_22 0.133271 0,923694  -0,072619
%PTE 22 0.118821  0.870055 0,197763
Expl.Var 3.490503) 1907735 2139121
Prp.Totl 0,349050, 0,190773 0,213912

Fig. 8. Factor loadings after rotation Varimax
normalized

Thus, the following were identified:

Factor 1 — the factor of infrastructure and in-
novative activity of enterprises (IUHI_24 (0.89),
EnOO_24 (0.885), IUB_20 (0.769), IUOK_24 (0.594),
ETE_24 (0.624), IUSN_24 (0.536));

Factor 2 - the economic (industry) factor
(%GVA_22 (0.924) and %PTE_22 (0.870));

Factor 3 — the factor of digital inclusion and In-
ternet use (LIA_24 (0.944), IUI_24 (0.783)).

Fig. 9 visualizes this structure of the distribution
of the initial indicators in the space of three principal
components.
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Factor Loadings, Factor 1 vs. Factor 2 vs. Factor 3
Rotation: Varimax normalized
Extraction: Principal components

I UI‘,24

°° LIA24 | 1uB 20

VoK 2dre _§24U H) 24

Fig. 9. Distribution of indicators in the space of three
components (2024)

The multiple correlation coefficients also change
(Fig. 10), which indicates a change in the influence of in-
dividual indicators on the overall level of digitalization.

All these changes testify to the active processes
of digital transformation of EU countries.

CONCLUSIONS

Thus, a comprehensive theoretical and econom-
ic and mathematical study of the processes of digital
transformation of the European Union countries was
carried out, which allowed us to understand more
deeply the nature of digital changes, identify their key
drivers and identify patterns of the country’s develop-
ment in dynamics.

A structured system of digital development in-
dicators relevant for the analysis of EU countries was
formed. Also a correlation analysis of the indicated
indicators was conducted, and structural connections
between them were identified. Based on the princi-
pal component method, latent generalized factors of
digital transformation were identified, which integrate
numerous digital indicators into several key areas of
development. This allows us to reduce the dimension-
ality of the data and isolate the main driving forces of
digitalization.

In general, the results of the study confirmed that
today digitalization is the basis for increasing the com-
petitiveness, productivity and innovative activity of the
economy. It was substantiated that digital transforma-
tion is a complex multidimensional process that re-
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Communalities (Digitalisation Dataset)

Extraction: Principal components

Rotation: Varimax normalized

From 1 From 2 From 3 Multiple

Variable Factor Factors Factors R-Square
LIA_24 0 01?692! 0,017718  0,908998 0,742836
UI_24 0242812 0290069 0.903058 0.866907
IUB_20 0591213 0629046 0819696 0.872780
IUSN_24 0287234 0294498 0362088 0497428
IUHI_24 0,793174 0,793475 0.872164 0.854937
IUOK_24 0353262 0518354 0.579685 0671537
EnOO_24 0783254 0819119 0.860728 0655927
ETE_24 0.389983 0393872 054447 0.501848
%GVA_22 0,017761 0,870972 0,876246 0.698583
%PTE_22 0014118 0771115  0.810225 0.675981

Fig. 10. General and multiple correlation coefficients
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quires systemic analysis and the application of modern
Data Science and machine learning methods, which
will allow assessing the effectiveness of public policy,
comparative analysis of countries, and the formation of
recommendations for accelerating digital progress. W
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XaycToBa B. €., Tpywkina H. B., KanawHikoBa K. |0. Pe3aunbeHTHiCTb KpUTUYHOI iHPpacTpyKTYypn
Ha MyHiunnanbHOMy piBHi: fOcBig rmiH Monbuwi

Y cmammi 30ilicHeHo docnidxceHHA i aHanimuyHe y3aeansHeHHs 00csidy emiH Monbwi wodo 3a6e3neyeHHs pe3unbeHmHoCMi KpumuYHoi iHgppacmpykmypu
HQ MyHI4UNanLHOMY PieHi 8 yMOBAX 3pOCMAHHA MPUPOOHUX, MeXHO2eHHUX, KibepHemuyHux i 2ibpudHux 3aepo3. OBrpyHMosaHo, wo cy4acHuli nioxio 0o
YIpasiHHA KPUMUYHOKO iHGPACMPYKMYPOIo MOCMynoso 3miyemsca 8id 06’ekmHo-0pieHMOoBAHOI n02iKu 3axucmy iHgpacmpykmypHux enemerHmig 0o cep-
8iCHOI 102iKU ynpaeniHHA be3nepepsHICMI0 HUMMEBO 8AXIUBUX N0CAYe, AKI bE3M0ocepedHbO BUSHAYAMb COYiaNbHO-EKOHOMIYHY cmiliKicmb mepumopiane-
HUX 2pomad. [ToKa3aHo, WO Ha MYyHILUMANLHOMY PiBHI Pe3UNLEHMHICMb KDUMUYHOT iHgpacmMpykmypu hopmyemsCa AK iHMe2posaHa cucmema ybaiyHoO20
YMpassikHA, y Mexax AKoi emiHa, He 6ydy4u onepamopom iHHPAcCMPyKMYyPHUX MEPEX, BUKOHYE KAK040Bi KOOPOUHYIOYY, Op2aHi3ayiliHy ma KomyHiKayiliHy
(pyHKUuii. Ha ocHosi aHanisy iHcmumyyiliHoi apximekmypu Kpu308020 ynpaeniHHA 8 Monbwi BU3Ha4YeHo posb eMiH y 3a6e3meyeHHi 20MosHOCMI, peazysaH-
HA Ma 8i0HOB/EHHA HUMMEBO 8AMAUBUX MOCAY2 Y 83aEMODIT 3 OMEPAMOPAMU, eKCMPeHUMU cAy#bamu ma HaceneHHAM. HasedeHo npakmuyHi npuknadu
MYyHIYUNanbLHo20 ynpasniHKA pesunseHmuicmio y Bapwasi, Bpoynasi ma Kpakosi, aki demoHcmpyome 3Ha4Yywicme 3a684aCHO Ni020Mo8aeHUX MeXaHi3mie
0MoBIUEHHS, Mepexesoi KOoOPOUHAYIT Ha 10KAALHOMY pigHi, iHcmumyyiliHoi 8usHa4eHocmi KpU308UX (YHKYl i yimKux peznameHmie peazysaHHs. JosedeHo,
W0 egheKmueHa pe3unbeRMHICMb Ha pigHi eMiH 6a3yeMbCA HA MOEOHAHHI iIHCMUMYyuiliHoi yimkocmi 6azamopigHes020 ynpaesniHHS, cepsicHO OPiEHMOBAHO20
NAaHY8aHHs, cmilikoi mixeidomyoi 63aemodii, cyeHapHo20 nidxody 00 peazysaHHA Ma BUKOPUCMAHHA BUMIPIOBAHUX MOKA3HUKI8 20MOBHOCM, Peazy8aHHA
ma 8iOHOB/IEHHSA. 3aNPONOHOBAHO CUCMEMY KAKY0BUX MOKa3HUKIE epekmusHocmi (KPI), aka 3a6e3neyye peaynapHUli MOHIMOPUHe pe3usbeHMHOCMI #um-
MEBO BAMAUBUX NMOCAYe, MPOBEOEHHS 8BHYMPIWHbL020 ayOUMY yNpasaiHCbKUX MPAKMUK i MMMYHIUUNAAbHUX NOpiBHAHb. COPMYNbOBAHO NPAKMUYHI peKo-
MeHdayii wjodo 3a6e3neyeHHsA pe3usbEHMHOCMI KpUMUYHOI iHghpacmpykmypu Ha MyHiyunaneHoMy pieHi, wio nepedbayaome iHcmumyuyitiHe nocunexHs posi

2MiHU 8 00cAeHeHHI be3nepepsHOCMI HUMMEBO 8aMAUBUX NMOC/Ye; 30CMOCY8AHHSA CepaicHO 0PiEHMOBAH020 NidXody 00 NAGHYBAHHS; PO3BUMOK MepeXnesol

830€mM00ii ma Kpu30eoi KOOPOUHAYIT; BUKOPUCMAHHA CUEHAPHO20 U AHMUKPU308020 NidX0die 8 ynpassiHHi; 3anPOBAONEHHA cUCMeMU MOHIMopuHay ma
OYiHIOBAHHSA Pe3UNbEHMHOCMI; 3MiHEHHA M00CbK020 Ma op2aHi3ayiliHozo nomeHuyiany micyego2o camospAadysaHHA. O6rpyHMOBAHO, Wio nonbCbKuli docsio
€ penesaHmHum 015 YKpaiHu 3 02130y Ha deyeHmpanizosaHy modensb ynpasniHHa ma akmyaneHicme 3abe3neveHHs be3nepepsHocmi 6a308ux cepsicie 6
yMo8ax B0EHHUX Oill | N0BOEHHO20 BIOHOB/IEHHS.
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