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MULTIDIMENSIONAL ANALYSIS OF CLOUD TECHNOLOGY ADOPTION
IN EUROPEAN UNION COUNTRIES

Anomauin. upposizayis ekoHoMiKu ma 3pOCMAaHHS POJE XMAPHUX MEXHOO02I SIK KITHOY08020
incmpymenmy o6pobKu, 30epicants ma 0OMiHYy OGHUMU 3YMOBIOIMb HeOOXIOHICMb KOMNIEKCHO20
auManizy ix guKopucmanua. Y cmammi 00CiodHceHo 0cooau0Ccmi UKOPUCTAHNS XMAPHUX MEXHON02il
v kpainax €gponeticokozo Col3y 3 ypaxy8aHHAM MidCKpainHux ma 2any3esux eiominnocmeti. Memoio
00Ci0MNHCeHHs € BUABNEHHA 3aKOHOMIpHOCMEN Ma 0cOOIUBOCMel BUKOPUCTIAHHS XMAPHUX MEXHON02ill
vy kpainax €C na ocHOgi 0azamoGuMIpHO20 AHANI3y ma Kiacmepusayii GiON0GIOHUX NOKA3HUKIE.
Memoodonozia 0ocniodicenHs pyHmMyemvbca HA 3ACMOCYBAHHI Memo0i6 0eCKPUNMUSHOI CMamucmuKi,
CMPYKMYPHO20 aAHANi3y ma 6a2amoeumipno2o ananisy. /s oyinku OUHAMIKU 8UKOPUCTAHHSA XMAPHUX
MEXHON02TU PO3PAXOBAHO AOCOMOMHI 3MIHU MA MEeMNnU NPUpOCMy HOKAZHUKIE, WO 003680JUN0
BUBHAYUMU THMEHCUBHICMb IX NOWUPEHHS Y 00CTIONCYBaHoMY nepiodi. I anysesuil ananiz 3abe3neyus
BUABNEHHS CEKMOPATLHUX OUCNPONOPYIU Y PI6HAX GUKOPUCMAHHSA XMAPHUX MEXHON02IU. Y3a2aNbHeH s
MIICKpAIHHUX BIOMIHHOCMEN 30IUCHEHO 3 3ACMOCYBAHHAM KIACMEPHO20 AHANI3Y, W0 O0dlo 3Mo2y
3epynysamu Kpainu 3a noodibnicmio ix eanysegux npoginis. Y pezynvmami 00CiOHCeHHs 6CMAHOBICHO
3a2aNbHy MeHOeHYllo 00 3POCMANHA BUKOPUCMAHHSA XMAPHUX mexHoaozill y kpainax €C, soonouac
BUSLBNICHO 3HAYHY OupepeHyiayilo K 3a pieHeM NOKA3HUKIE, mak i 3a memnamu ix sminu. Josedeno,
Wo Hausuwi PieHi BUKOPUCMANHA XAPAKMEPHI 015 IHQOPMAYIUHO-KOMYHIKaYiiHoi JistbHocmi ma
npoghecilinux nociye, mooi AK y MPAouyitiHux ceKmopax eKOHOMIKU NOKA3HUKU € Hudcuumu. 3a
pe3yremamamu Kracmepuzayii 8udiieno mpu epynu Kpaiu: ‘‘ucoxuti pisenv inmezpayii’”’, 01 AKUX
xapaxmepHuii 6UCOKULl ma 6IOHOCHO OOHOPIOHUL DIGEHb BUKOPUCTNAHHA XMAPHUX MEXHOAO02Tl,
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’

“nepexionutl pigenb 6nposaddceHHsa”, wo 6i00Opadcac cepeoHil pigeHb i3 NOMIPHOIO 2aly3e80H0
ougepenyiayicio;, ma ‘novyamrosutl pieerb BNPOBAVNCEHH ™, O K020 NPUMAMAHHUL NOYAMKOBULL
pisens 6nposaddicenHs ma QpacmenmapHicmes euxopucmauns. Bcemanoseneno, wo 3i 3pocmanmam
302a1bHO2O  PIGHS  GUKOPUCIMAHHS XMAPHUX MEXHON02It 3MEHWYEMbC 2any3ed ACUMEmpisl.
Ompumani  pe3yremamu niomeepoXICyioms HAABHICMb CMPYKMYPHOI HeoOHopioHocmi yughposoi
mparcopmayii ¢ kpainax €C ma modxcymv Oymu SUKOPUCMAHI O HOOAIbUUX OOCTIONCEHD
epexmugHocmi 6nPOBANIICEHHI XMAPHUX MEXHON02Il | OYiHKU iX 6NIUGY HA eKOHOMIUHUL PO36UTNOK.

Knrwouoei cnoea:. xmapui mexwnonoeii; yugposizayisn; kpainu €C; Oacamosumipnuil aunanis;
KIacmepu3ayis; 2any3egutl aHaLis. 6i0MIHHOCMI Midc KpaiHamu.

JEL Classification: L86; O14; O33; C38.

Absztrakt. A gazdasag digitalizacioja, valamint a felhétechnologiak szerepének névekedése mint
az adatfeldolgozads, az adattarolas és az adatcsere kulcsfontossagu eszkoze sziikségessé teszi
alkalmazasuk atfogo elemzését. A tanulmany a felhdtechnologidk haszndlatanak sajatossdagait
vizsgdlja az Eurdpai Unio orszagaiban, figyelembe véve az orszagok kozétti és az dgazati
kiilonbségeket. A kutatas célja a felhotechnologiak alkalmazasaban megfigyelhetd torvényszeriiségek
és sajatossagok feltarasa az EU tagallamaiban a relevans mutatok tobbdimenzios elemzése és
klaszterezése alapjan. A kutatas modszertana a leird statisztika, a strukturdlis elemzés és a
tobbdimenzios elemzés modszereinek alkalmazasara épiil. A felhGtechnologiak hasznadlatanak
dinamikajat az abszolut valtozasok és a névekedési iitemek kiszamitasaval értékeli, ami lehetové teszi
elterjedesiik intenzitasanak meghatdrozasat a vizsgalt idészakban. Az dgazati elemzés feltarja a
felhdtechnologiak alkalmazasi szintjeiben meglévd szektoralis aranytalansagokat. Az orszagok kézotti
kiilonbségek dsszegzése klaszterelemzéssel torténik, amely lehetéve teszi az orszagok csoportositasat
dgazati profiljaik hasonlosdga alapjan. A kutatas eredményeként megallapitast nyert, hogy az EU
orszagaiban dltalanos novekedési tendencia figyelhetd meg a felhotechnologiak alkalmazasaban,
ugyanakkor jelentos differencialtsag mutathato ki mind a mutatok szintje, mind azok valtozasi titeme
tekintetében. A kutatdas igazolja, hogy a legmagasabb alkalmazasi szintek az informdcios és
kommunikacios tevékenységek, valamint a szakmai szolgaltatasok teriiletére jellemzok, mig a
hagyomanyos gazdasagi dagazatokban a mutatok alacsonyabbak. A klaszterezés eredményeként harom
orszagesoport kiilonithetd el: a ,,magas integracios szinttel” rendelkezd orszagok csoportja, amelyet a
felhotechnologiak magas és viszonylag homogen alkalmazasi szintje jellemez; az ,, dtmeneti bevezetési
szinttel” rendelkezé orszagok csoportja, amely kézepes szintet és mérsékelt agazati differencialtsagot
mutat; valamint a , kezdeti bevezetési szinttel” rendelkez6 orszagok csoportia, amelyre a
felhotechnologiak kezdeti szintii és fragmentalt alkalmazasa jellemzo. Megallapitast nyert, hogy a
felhotechnologiak altalanos alkalmazasi szintjének névekedésével csékken az agazati aszimmetria. Az
eredmények megerdsitik a digitalis transzformacio strukturalis heterogenitasat az EU orszagaiban, és
felhasznalhatok a felhdtechnologidk bevezetési hatékonysagdnak tovabbi vizsgalatahoz, valamint
gazdasagi fejlodésre gyakorolt hatasuk értékeléséhez.

Kulcsszavak:  felhdtechnologiak;  digitalis  transzformdcio; EU-tagallamok;  tébbvaltozos
elemzés; klaszteranalizis, dgazati elemzés, orszdagok kozotti eltérések

Abstract. The digitalisation of the economy and the growing importance of cloud technologies
as key tools for data processing, storage, and exchange highlight the need for a comprehensive
analysis of their adoption. This study examines patterns of cloud technology usage across European
Union countries, taking into account both cross-country and sectoral differences. The research aims
to identify the main characteristics and adoption patterns of cloud technologies in EU countries using
multidimensional and cluster analysis. The methodological framework combines descriptive statistics,
structural analysis, and multidimensional analysis. To evaluate the dynamics of cloud technology
adoption, absolute changes and growth rates were calculated, allowing the intensity of adoption over
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the study period to be assessed. Sectoral analysis revealed significant disparities in cloud technology
usage across economic activities. Cross-country differences were examined through cluster analysis,
which enabled the grouping of countries according to similarities in their sectoral profiles. The
findings indicate an overall upward trend in cloud technology adoption across EU countries,
accompanied by substantial variation in adoption levels and growth rates. The highest adoption levels
are observed in information and communication activities as well as professional and technical
sectors, whereas more traditional sectors display lower levels of adoption. Cluster analysis identified

2

three groups of countries: “Advanced Integration”, characterised by high and relatively homogeneous
adoption levels, “Transitional Adoption”, reflecting moderate levels and moderate sectoral variation;
and “Early-stage Adoption”, associated with lower adoption levels and fragmented adoption patterns.
The results also show that higher levels of cloud technology adoption are linked to lower sectoral
asymmetry. The results confirm structural heterogeneity in the digital transformation of EU countries
and provide a basis for further research on the efficiency of cloud technology adoption and its impact
on economic development.

Keywords: cloud technologies; digital transformation; EU countries; multidimensional
analysis; cluster analysis; sectoral analysis; cross-country differences

Problem description. The growing diffusion of cloud technologies across
European Union enterprises is reshaping how information processes are organised.
Cloud services enable access to computing resources and software without the need for
in-house infrastructure, improving data processing efficiency and supporting more
timely managerial decision-making. According to Eurostat, the share of EU enterprises
using paid cloud services increased from 17.8% in 2014 to over 53% in 2025,
reflecting a sustained upward trend in adoption [1].

Cloud technology use by enterprises occurs under increasing requirements for
accuracy, consistency, and continuity in data processing. Information systems require
stable operation and integrated information flows, which calls for careful consideration
of organisational and technological design parameters. The specific features of cloud
solution implementation depend on firm size and sectoral affiliation, shaping
differences in usage practices. Cloud technologies are applied under diverse
conditions, which are captured through a set of indicators reflecting their use across
multiple dimensions. Taken together, these indicators provide a multidimensional
perspective on the adoption process, where different factors interact to shape patterns
of cloud service use in enterprises. Accordingly, analysing cloud technology usage
requires an approach that considers the interplay between organisational, sectoral, and
firm-level characteristics. Examining these dimensions within the European economic
space makes it possible to identify both similarities and differences in cloud solution
practices.

Literature review. The rapid development of cloud technologies has led to the
formation of a substantial body of academic research on their use in enterprise
activities.

A considerable number of studies examine the factors influencing cloud
technology adoption. In particular, A. Mujalli, M. J. G. Wani, A. Almgrashi, T.
Khormi, and M. Qahtani conducted empirical research on enterprise readiness for
adopting cloud solutions by integrating the Technology—Organisation—Environment
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(TOE) framework with the Technology Acceptance Model (TAM), allowing both
technical and organisational aspects of cloud technology use to be considered [2].
These findings indicate the transformation of business processes under the influence of
cloud technologies and highlight the need to account for structural changes in their
application. Similar conclusions were reported by A. Lutfi, who demonstrates the
impact of the organisational environment on the use of cloud-based systems [3]. A.
Khayer, M. S. Talukder, Y. Bao, and M. N. Hossain also emphasise that cloud
technology adoption is associated with improved enterprise performance and depends
on the complex interaction of internal and external factors [4].

Subsequent research further develops this research area by analysing the
characteristics of cloud technology adoption. D. Ma, R. Fisher, and T. Nesbit examined
the impact of cloud-based systems on firms providing accounting services and found
that their implementation transforms the delivery of accounting services and facilitates
the integration of accounting functions with clients’ business processes [5]. D.
Sastararuji, D. Hoonsopon, P. Pitchayadol, and P. Chiwamit show that cloud
technology adoption depends on a combination of technological, organisational, and
institutional factors [6]. H. Vo Van, M. Abu Afifa, N. Nguyen, and D. V. Bui synthesise
previous research on cloud technologies and identify key research areas, including
adoption drivers, benefits, risks, and the implications of implementing cloud-based
accounting systems [7].

A. Rawashdeh and B. Rawashdeh provide evidence of the positive impact of
cloud accounting on enterprise performance, assessed using a balanced scorecard
approach [8]. S. Ahmad, E. Ghidan, and S. Yousef examine the adoption of cloud-
based systems in the financial sector and demonstrate their contribution to improving
the efficiency of information systems in enterprises [9]. These findings highlight the
importance of sector-specific characteristics in the application of cloud solutions. The
study by D. A. Pangastuti and F. Aligarh indicates that key determinants of cloud
technology adoption include information security, managerial support, and resource
availability [10].

Growing attention is also being paid to the impact of cloud technologies on the
quality of financial information and enterprise management. F. B. Limba, S. G.
Sapulette, and A. Talla emphasise that the use of cloud-based systems enhances the
relevance and timeliness of financial data and supports more effective managerial
decision-making [11]. W. Andayani, N. Adib, M. E. Arif, S. Indrayani, S. Wahyuni, S.
L. Murdianingrum, and R. Widiastutik highlight the role of cloud technologies in
improving transparency and efficiency in financial management [12].

M. Zaharia, A. Balacescu, and C. M. Ene highlight significant differences among
European Union countries in the level of cloud technology usage, thereby confirming
the heterogeneity of this process [13]. P. Pisar, J. Hunady, S. Khawaja, and F. H.
Qureshi analyse key indicators of enterprise digitalisation, which allows them to
identify cross-country differences in the level of digital technology adoption [14].
Their findings confirm structural heterogeneity among EU countries and make it
possible to identify groups of countries with similar characteristics of digital
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development. C. Tudor, M. Florescu, P. Polychronidou, P. Stamatiou, V. Vlachos, and
K. Kasabali analyse the determinants of cloud technology usage in EU countries using
machine learning methods [15].

Overall, existing academic research covers a wide range of issues related to the
use of cloud technologies in enterprise activities. The growing body of empirical
evidence and the diversity of characteristics describing cloud technology usage
highlight the need for further research in a cross-country context. This requires the
synthesis of a set of indicators while accounting for their interrelationships, enabling
the identification of structural similarities and differences in cloud technology usage
practices across European Union countries.

Goals of the article. This study aims to identify cross-country and sectoral
patterns in cloud technology adoption across European Union countries using
multidimensional and cluster analysis.

Methods and methodology. The study employs applied statistical and
multidimensional analysis to identify cross-country and sectoral differences in cloud
technology usage across European Union countries. To analyse the dynamics of cloud
technology usage, descriptive statistical methods are used, including the calculation of
absolute changes, growth rates, and summary indicators, allowing for the assessment
of both the intensity and nature of changes over the study period. Sectoral
characteristics are examined using structural analysis to identify disparities in the
levels of cloud technology usage. Cross-country differences are further analysed using
multidimensional methods, in particular cluster analysis, which enables grouping
countries according to similarities in their sectoral usage profiles. The clustering
approach is based on a set of indicators reflecting both the level and structure of usage
and allows for the identification of homogeneous groups of countries. The
interpretation of results combines quantitative analysis with economic reasoning,
enabling the identification of stable cross-country patterns and typological differences
in cloud technology usage across European Union countries.

Main research results. Cloud technologies form the technological foundation of
modern enterprise information systems, providing scalable access to software,
computing resources, and data without reliance on local infrastructure. Their adoption
reshapes data processing and information management, enhancing the responsiveness,
flexibility, and coherence of business processes. This is consistent with the findings of
D. Ma, R. Fisher, and T. Nesbit, who highlight the transformative impact of cloud
solutions on business processes and service delivery [5].

In this context, it is useful to consider empirical data on the use of cloud
technologies by enterprises in European Union countries over time. This approach
allows for the simultaneous consideration of both levels of usage and their dynamics.
M. Zaharia, A. Balacescu, and C. M. Ene highlight the heterogeneity of cloud
technology usage across European Union countries [13].

The empirical basis of the study is formed by statistical indicators capturing the
share of enterprises using cloud technologies across European Union countries for
2021, 2023, and 2025 [16]. To ensure consistency and comparability, the original data
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were transformed into derived indicators reflecting both absolute and relative changes
in cloud technology usage (Table 1).

The analysis is based on a set of indicators designed to provide a comprehensive
assessment of cloud technology use across enterprises in EU countries. In particular,
average values over the study period are calculated to reflect changes in the indicators
over time.

The dynamics of cloud technology usage are further analysed using a generalised
qualitative assessment (trend), based on a combination of absolute and relative
changes in the indicator, enabling the identification of its main development
trajectories.

Countries are ranked according to their level of cloud technology usage in 2025
in order to determine their relative positions within the sample. They are then grouped
by usage levels to identify relatively homogeneous groups and reveal structural
patterns in their distribution:

v High — >70%;

v’ Medium — 40-70%;

v Low — <40%.

The results of the calculations are summarised in Table 1.

The analysis of cross-country differences in cloud technology usage among
enterprises in European Union countries indicates a high degree of differentiation both
in terms of adoption levels and the nature of their dynamics over the study period. In
2025, the indicator ranges from 14.09% in Bulgaria to 77.79% in Sweden, highlighting
a substantial gap between countries and the heterogeneity of digital development
within the EU.

Absolute changes over the period 2021-2025 range from +0.99 percentage
points in Cyprus and +1.38 percentage points in Sweden to +30.43 percentage points
in Poland and +25.33 percentage points in Lithuania. Divergent trends are also
observed across individual periods. In France, for example, the indicator declined from
26.91% in 2021 to 24.01% in 2023 (—2.90 percentage points), followed by an increase
to 39.73% in 2025 (+15.72 percentage points). In Luxembourg, a decrease from
33.97% to 28.54% (—5.43 percentage points) was followed by a sharp rise to 51.25%
(+22.71 percentage points). Similar fluctuations are observed in Estonia (57.98% —
56.15% — 63.66%) and Slovenia (41.17% — 39.64% — 46.62%), indicating shifts in
development trajectories.

Growth rate analysis provides a clearer picture of the intensity of these changes.
The highest growth rates over the period 2021-2025 are recorded in Poland
(+109.6%), Romania (+101.5%), Hungary (+93.0%), and Lithuania (+71.9%),
indicating a phase of rapid cloud technology adoption in countries with lower initial
levels. This pattern of “catching-up development” is consistent with the findings of P.
Pisar, J. Hunady, S. Khawaja, and F. H. Qureshi, who highlight cross-country variation
in enterprise digitalisation. In contrast, countries with already high adoption levels
show significantly lower growth rates, for example +1.8% in Sweden and +9.2% in
Denmark, reflecting proximity to saturation.
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Dynamics of cloud technology adoption across European Union countries, 2021-2025.

Table 1

Average
IAbsolute change| Absolute change, | Absolute change, | Growth rate, | Growth rate, | Growth rate, Rank Group,
Country 2021 | 2023 | 2025 [k o osr0ms | 202512021 202312021, % |2025/2023, % |2025/2021, % 20‘;‘3‘5'/3‘821 Trend | 500 | 200
Austria 36,01 457 56,52 8.79 10.82 19.61 23.8% 23.7% 53.1% 46,4 11 14 Medium
Belgium 51,72 51,79 | 67,72 0.07 15.93 16.00 0.1% 30.8% 30.9% 57,1 7 10 Medium
Bulgaria 9,4 13,21 14,09 3.81 0.88 4.69 40.5% 6.7% 49.9% 12,2 1 27 Low
Croatia 34,46 4125 | 48,66 6.79 7.41 14.20 19.7% 18.0% 41.2% 415 11 19 Medium
Cyprus 43,4 48,8 44,39 5.40 —4.41 0.99 12.4% -9.0% 2.3% 455 l 17 Medium
Czechia 39,18 4567 | 55,72 6.49 10.05 16.54 16.6% 22.0% 42.2% 46,9 11 15 Medium
Denmark 62,3 69,66 | 68,05 7.36 —1.61 5.75 11.8% —2.3% 9.2% 66,7 | 8 Medium
Estonia 57,98 56,15 | 63,66 ~1.83 751 5.68 —32% 13.4% 9.8% 59,3 + 11 Medium
Finland 84,23 86,87 — — — — — — — — — — —
France 26,91 2401 | 39,73 ~2.90 15.72 12.82 ~10.8% 65.5% 47.6% 30,2 £ 23 Low
Germany 38,43 42,73 50,8 4.30 8.07 12.37 11.2% 18.9% 32.2% 44 1" 18 Medium
Greece 18,11 2847 | 26,88 10.36 ~1.59 8.77 57.2% —5.6% 48.4% 245 | 25 Low
Hungary 2456 | 46,09 | 474 2153 131 22.84 87.7% 2.8% 93.0% 39,4 11 | 20 | Medium
Ireland 67,01 70,46 77.2 3.45 6.74 10.19 5.1% 9.6% 15.2% 716 1 2 High
Italy 61,95 61,21 75,84 -0.74 14.63 13.89 -1.2% 23.9% 22.4% 66,3 1 3 High
Latvia 26,03 3294 | 4235 6.91 9.41 16.32 26.5% 28.6% 62.7% 3338 11 21 Medium
Lithuania 35,24 40,29 | 60,57 5.05 20.28 25.33 14.3% 50.3% 71.9% 454 711 12 Medium
Luxembourg 33,97 2854 | 51,25 —5.43 2271 17.28 ~16.0% 79.6% 50.9% 37,9 " 16 Medium
Malta 52,75 66,92 | 74,48 14.17 7.56 21.73 26.9% 11.3% 41.2% 64,7 11 4 High
Netherlands 62,07 61,2 69,58 —0.87 8.38 7.51 -1.4% 13.7% 12.1% 64,3 1 5 Medium
Poland 2774 5822 | 58,17 30.48 ~0.05 30.43 109.9% —0.1% 109.6% 48 "1 13 Medium
Portugal 28,27 33,81 | 3454 5.54 0.73 6.27 19.6% 2.2% 22.2% 32,2 1 24 Low
Romania 10,52 16,1 21,2 5.58 5.10 10.68 53.1% 31.7% 101.5% 15,9 " 26 Low
Slovakia 33,27 34,26 36,49 0.99 2.23 3.22 3.0% 6.5% 9.7% 34,7 1 22 Low
Slovenia 41,17 39,64 46,62 -1.53 6.98 5.45 -3.7% 17.6% 13.2% 425 + 19 Medium
Spain 27,22 2727 | 39,74 0.05 12.47 1252 0.2% 45.7% 46.0% 314 1 22 Low
Sweden 76,41 7061 | 77,79 —5.80 7.18 1.38 —7.6% 10.2% 1.8% 74.9 + 1 High

Note: 1 — growth; 11 — steady growth; 111 — sharp increase; | — decline; +— instability.
Source: authors’ calculations based on Eurostat data [16].
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Differences between sub-periods are also evident. In Poland, the growth rate for
2021-2023 reached +109.9%, whereas in 20232025 it stabilised at —0.1%, indicating
a slowdown in growth dynamics. Cloud technology usage levels were summarised by
calculating average values for the period 2021-2025, enabling the simultaneous
analysis of both levels and their dynamics. The highest averages are observed in
Sweden (74.9%), Ireland (71.6%), Italy (66.3%), and Denmark (66.7%), while the
lowest occur in Bulgaria (12.2%) and Romania (15.9%). This suggests that certain
countries maintain relatively stable positions within the overall structure of cloud
technology usage.

The dynamics, assessed based on a combination of absolute changes and growth
rates, make it possible to distinguish different development trajectories. A steady
increase 1s observed in Austria (36.91% — 45.70% — 56.52%), Czechia (39.18% —
45.67% — 55.72%), and Latvia (26.03% — 32.94% — 42.35%). A sharp increase is
characteristic of Poland, Lithuania, and Luxembourg, where growth is concentrated
within specific periods. Unstable dynamics (+) are observed in France, Estonia,
Slovenia, and Sweden, indicating alternating phases of increase and decline.

Ranking countries by cloud technology usage levels in 2025 helps clarify their
relative positions within the overall structure. The leading countries are Sweden
(77.79%), Ireland (77.20%), Italy (75.84%), and Malta (74.48%), while the lowest
positions are occupied by Bulgaria (14.09%), Romania (21.20%), and Greece
(26.88%). At the same time, most countries fall within the medium range, reflecting
both disparities and a gradual convergence in cloud technology usage levels. The
results are further summarised by grouping countries according to their level of cloud
technology usage in 2025. The high-level group (above 70%) includes Sweden,
Ireland, Italy, and Malta and is characterised by high values and relatively moderate
growth rates. The largest group is the medium-level group (40—70%), which includes
the majority of EU countries and shows significant variation in dynamics. The low-
level group (below 40%) includes Bulgaria, Romania, Greece, Portugal, Slovakia,
Spain, and France and is characterised by lower values but, in many cases, higher
growth rates.Further analysis focuses on the sectoral characteristics of cloud
technology usage over the period 2021-2025, enabling the identification of adoption
patterns across different types of economic activity. The sectoral dimension is
particularly important, as noted by S. Ahmad, E. Ghidan, and S. Yousef, who
emphasise that both the nature and effectiveness of cloud solution adoption are
influenced by sector-specific characteristics [9]. Given differences in indicator
variability across countries and economic activities, sectors were grouped by cloud
technology usage levels using adjusted threshold values. This is due to the generally
lower levels of indicators in the sectoral dimension compared to cross-country data,
which requires the use of relative intervals to ensure analytical relevance:

v’ High —>20%;

v’ Medium — 12-20%;

v Low —<12%.

The results of calculations are summarised in Table 2.
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Table 2
Dynamics of cloud technology adoption across European Union countries by economic activity, 2021-2025.
Absolute | Absolute | Absolute G:g::th G:g;/;/th G:;);/;/th Average RanklGrou
Sector 2021 | 2023 | 2025 | change change, | change, 2023/2621 2025/20’23 2025/2621 value, | Trend 2025 2025p,
2023/2021 | 2025/2023 | 2025/2021 ' ' ' 2025/2021
% % %

Manufacturing 9,46 |13,55]19,26 4,09 571 9,8 43,2 42,1 103,6 14,09 " 7 Medium
All activities (except agriculture, forestry and
fishing, and mining and quarrying), without 9,72 |14,16 17,95 4,44 3,79 8,23 45,7 26,8 84,7 13,94 " 8 [Medium
financial sector
Electricity, gas, steam and air conditioning supply |19,48|19,91]25,22 0,43 531 5,74 2,2 26,7 29,5 21,54 1 2 High
Water supply; sewerage, waste managementand | g g5 | 136 |5017( 377 6,57 10,34 38,4 48,3 105,2 1453 | 111 | 5 Medium
remediation activities
Construction 4,14 | 9,22 110,09 5,08 0,87 5,95 122,7 94 143,7 7,82 1 12 | Low
Wholesale and retail trade; repair of motor vehicles 11.88[17.71|21,85 5,83 414 9,97 491 234 83.9 1715 o 3 High
and motorcycles
Transportation and storage 8,84 | 9,61 |12,55 0,77 2,94 3,71 8,7 30,6 42 10,33 1 11 | Low
IAccommodation and food service activities 4,57 | 9,84 [13,73 5,27 3,89 9,16 115,3 39,5 200,4 9,38 ™M1 | 10 | Low
Information and communication 39,39|45,19 56,78 5,8 11,59 17,39 14,7 25,6 44,1 47,12 " 1 | High
Real estate activities 15,0720,33|20,96 5,26 0,63 5,89 34,9 3,1 39,1 18,79 1 4 |Medium
Professional, scientific and technical activities 15,0918,29|20,13 3,2 1,84 5,04 21,2 10,1 334 17,84 1 6 [Medium
IAdministrative and support service activities 9,24 110,63 (14,74 1,39 4,11 55 15 38,7 59,5 11,54 1 9 Low

Note: 1 — growth; 11 — steady growth; 111 — sharp increase.

Source: authors’ calculations based on Eurostat data [16].
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The analysis of cloud technology usage across economic activities demonstrates
substantial sectoral variation in both adoption levels and the intensity of changes over
the study period. In 2025, values range from 10.09% in construction to 56.78% in the
information and communication sector, highlighting a gap of more than 46 percentage
points between the lowest and highest levels. Relatively high levels are also observed
in electricity supply (25.22%), trade (21.85%), and real estate activities (20.96%),
while most other sectors remain within the range of 12-20%.

The dynamics of change across sectors vary considerably. Absolute growth over
the period 2021-2025 ranges from +3.71 percentage points in transportation and
storage to +17.39 percentage points in information and communication. Significant
increases are also recorded in water supply (+10.34 percentage points), trade (+9.97
percentage points), manufacturing (+9.80 percentage points), and accommodation and
food service activities (+9.16 percentage points). These results point to the expanding
adoption of cloud technologies across a broad range of economic activities.

Growth rate analysis provides a clearer picture of the intensity of these changes.
The highest growth rates over the period 2021-2025 are recorded in accommodation
and food service activities (+200.4%), construction (+143.7%), water supply
(+105.2%), and manufacturing (+103.6%). By contrast, sectors with already high
levels of cloud technology adoption show significantly lower growth rates: +29.5% in
electricity supply, +44.1% in information and communication, and +39.1% in real
estate activities. This disparity suggests the emergence of a saturation effect in more
digitally advanced sectors.

The dynamics across individual periods also reveal important differences. In
construction, for instance, growth reached +5.08 percentage points in 2021-2023, but
slowed to just +0.87 percentage points in 2023-2025. A similar trend is observed in
real estate activities (+5.26 percentage points compared to +0.63 percentage points)
and professional activities (+3.20 percentage points compared to +1.84 percentage
points). Meanwhile, the information and communication sector continues to exhibit
strong growth in both periods (+5.80 and +11.59 percentage points), confirming its
sustained expansion.

The generalised assessment of cloud technology usage levels based on average
values for 2021-2025 further confirms the persistence of sectoral differences. The
highest average value is recorded in the information and communication sector
(47.12%), exceeding the levels of most other sectors by more than twofold. Average
values in trade (17.15%), professional activities (17.84%), and real estate (18.79%)
form a group of sectors with relatively moderate levels of cloud technology usage. The
lowest values are observed in construction (7.82%) and accommodation and food
service activities (9.38%).

Ranking sectors by cloud technology usage in 2025 provides a clearer picture of
their relative positions within the overall structure. The information and
communication sector remains the clear leader (56.78%), followed by electricity
supply (25.22%) and trade (21.85%), whereas the lowest levels are recorded in
construction (10.09%) and transportation (12.55%). Most sectors (over 60%) fall
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within the 12-22% range, indicating the gradual emergence of a medium level of
cloud technology adoption. To summarise sectoral differences, sectors were grouped
according to their level of cloud technology usage in 2025. Since sectoral indicator
values are lower compared to cross-country data, adjusted threshold values were
applied. The high-level group (above 20%) includes information and communication,
electricity supply, and trade. The medium-level group (12-20%) comprises the
majority of sectors, including manufacturing, water supply, professional activities, and
real estate. The low-level group (below 12%) includes construction, transportation, and
accommodation and food service activities, which show lower usage levels but, in
several cases, relatively high growth rates.

Overall, the sectoral distribution of cloud technology usage reflects a
combination of a highly concentrated group of digitally advanced activities and sectors
undergoing rapid growth, creating a complex and multi-layered pattern of adoption.

The next stage of the analysis focuses on the structure of cloud technology usage
across countries and sectors in 2025.

Figure 1 presents the sectoral structure of cloud technology usage across
European Union countries in 2025, highlighting both cross-country and cross-sectoral
variation. The visualisation reveals substantial differences in cloud technology
adoption across economic activities, reflecting the uneven pace of digitalisation within
the European economic space. The highest values are observed in the information and
communication sector, where the indicator exceeds 80% in most countries, including
Finland (97.31%), the Netherlands (91.01%), Sweden (92.60%), and Malta (92.67%).
The extensive use of cloud technologies in this sector reflects its strong digital
orientation and the integration of information processes. A similar pattern, although at
slightly lower levels, is observed in professional, scientific, and technical activities,
where the indicator also exceeds 80% in several countries (Finland — 93.92%, Sweden
— 88.66%, Ireland — 87.98%).

Cloud technology usage is considerably more uneven across more traditional
sectors of the economy. In manufacturing, levels range from 14.09% in Bulgaria to
77.79% in Sweden, while in construction they vary from 20.66% in Romania to
80.08% in Ireland. Transportation and storage also display pronounced cross-country
variation, with values ranging from 17.95% in Romania to over 70% in Ireland and
Croatia. The wholesale and retail trade sector stands out in particular, with usage levels
exceeding 50% in most countries, including the Netherlands (67.24%), Italy (77.69%),
and Malta (78.03%). This reflects the active integration of digital solutions in a sector
heavily dependent on large-scale data processing and customer interaction.

Countries with high overall levels of digitalisation, such as Finland, Sweden, the
Netherlands, and Ireland, consistently demonstrate high cloud technology usage across
most sectors, reflecting a comprehensive approach to digital adoption. By contrast,
countries with lower overall digitalisation levels, including Bulgaria, Romania, and
Greece, display a more fragmented pattern, where relatively high values in some
sectors coexist with substantially lower levels in others.
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Figure 1. Structure of Cloud Technology Usage Across European Union
Countries by Economic Activity, 2025 (%)

Source: authors’ calculations based on Eurostat data [16].
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The visualisation suggests that both cross-country and sectoral heterogeneity
characterise cloud technology usage. This is reflected in the coexistence of
consistently high adoption levels in digitally intensive sectors and a more uneven
distribution across traditional economic activities.

To summarise cross-country differences in cloud technology usage among
enterprises, a multidimensional analysis was conducted involving the clustering of
European Union countries based on a set of indicators reflecting both usage levels and
sectoral structure. The input variables include indicators of cloud technology usage
across key economic activities in 2025, allowing structural characteristics of digital
transformation to be taken into account.

The clustering approach identifies homogeneous groups of countries with similar
patterns of cloud technology adoption and reveals typical models of digital
development (Figure 2).

Based on the analysis results, three clusters were identified, reflecting different
levels and trajectories of digital development.

The first cluster, “Advanced Integration,” includes countries with high levels of
cloud technology adoption across most economic sectors. This group consists of
Sweden, Finland, the Netherlands, Ireland, Denmark, and Malta. These countries
consistently demonstrate very high adoption levels, particularly in the information and
communication sector, where values exceed 90% (Finland — 97.31%, Sweden —
92.60%, the Netherlands — 91.01%). High levels are also evident in professional
activities (above 80%) and manufacturing (above 70%). The sectoral structure of cloud
technology adoption in these countries is relatively homogeneous, reflecting the deep
integration of digital technologies into enterprise business processes and a high degree
of digital maturity.

The second cluster, “Transitional Adoption,” represents the largest group of
countries and is characterised by moderate levels of cloud technology adoption and
moderate sectoral variation. This cluster includes Germany, Austria, Czechia, Italy,
Spain, France, Estonia, Lithuania, Cyprus, Slovenia, Poland, Latvia, Luxembourg,
Croatia, and Hungary. Across most sectors, adoption levels in these countries range
between 40% and 70%, although in some sectors, particularly information and
communication, they exceed 80% (Germany — 87.99%, Estonia — 82.78%, Lithuania —
86.01%). This structure reflects a gradual and systematic expansion of cloud
technology adoption, despite the persistence of sectoral disparities.

The third cluster, “Early-stage Adoption,” includes countries with relatively low
levels of cloud technology adoption, namely Bulgaria, Romania, Greece, Portugal, and
Slovakia. In these countries, adoption levels in most sectors remain below 30—40%
(e.g. Bulgaria — 14.09% in manufacturing; Romania — 21.20%), indicating that digital
transformation is still at an early stage. Nevertheless, relatively high adoption levels
are observed in the information and communication sector (Bulgaria — 56.22%,
Romania — 59.72%), highlighting pronounced sectoral asymmetry in cloud technology
adoption.
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CLUSTER ANALYSIS OF EUROPEAN UNION COUNTRIES BY
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Figure 2. Cluster Analysis of European Union Countries by Cloud Technology
Usage

Source: compiled by the authors.

A comparative analysis of the identified clusters highlights a clear relationship:
higher levels of cloud technology adoption are associated with a more homogeneous
distribution across economic sectors. In the leading countries, digitalisation extends
across the economy as a whole, whereas in less developed countries cloud technology
adoption remains more fragmented and concentrated mainly in digitally intensive
sectors.
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Overall, the cluster analysis highlights substantial structural heterogeneity among
European Union countries in terms of both the level and the nature of cloud
technology adoption. The identified clusters reflect different models of adoption,
ranging from highly integrated and digitally advanced to early-stage and fragmented.
These findings provide a basis for further research into the factors shaping such
differences, as well as their implications for the efficiency of enterprise accounting
processes.

The clustering results also make it possible to generalise the multidimensional
characteristics of cloud technology adoption and identify common adoption patterns
across European Union countries. This contributes to a deeper understanding of cross-
country variation and supports the interpretation of cloud technology adoption as a
comprehensive indicator of economic digital transformation.

Conclusions and prospects for further research. The study highlights
significant cross-country and cross-sectoral variation in cloud technology usage across
European Union countries. The findings indicate an uneven pattern of adoption,
reflected both in differences in overall usage levels and in the variability of sectoral
structures.

The analysis of dynamics over the period 2021-2025 reveals a general upward
trend in cloud technology adoption across most EU countries. At the same time, the
pace of this process differs considerably: alongside countries with consistently high
adoption levels, there are countries with lower initial levels but substantially higher
growth rates, reflecting a process of catch-up development.

The sectoral analysis confirmed structural differences in cloud technology usage.
The highest levels are observed in information and communication activities and
professional, scientific and technical activities, whereas more traditional sectors, such
as construction and transportation, display considerably lower levels of usage. This
reflects differences in the pace and intensity of digital transformation across economic
activities.

Multidimensional analysis enabled the results to be synthesised into three
clusters of countries based on the level and structure of cloud technology adoption.
The “Advanced Integration” cluster includes countries with high and relatively
homogeneous adoption levels across most sectors; the “Transitional Adoption” cluster
comprises countries with moderate levels and moderate sectoral variation; whereas the
“Early-stage Adoption” cluster includes countries with lower levels and fragmented
adoption patterns. The analysis also demonstrates that higher overall levels of cloud
technology adoption are associated with lower sectoral asymmetry, reflecting a more
balanced trajectory of digital transformation.

Overall, the findings indicate that cloud technology adoption across EU countries
is driven by a combination of macroeconomic and sectoral factors that shape distinct
trajectories of digital development.
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Future research should focus on evaluating the efficiency of cloud technology
adoption, particularly its impact on productivity, enterprise financial performance, and
economic competitiveness.
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