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Abstract

Motivation: The rapid digital transformation in the European Union has highlighted the
increasing importance of the digital economy in shaping national competitiveness. Recent
studies underline the relevance of innovation, human capital, and digital infrastructure as
critical factors driving digitalisation. Despite extensive literature on digital economy devel-
opment, there is a gap in understanding the specific determinants that influence the digi-
talisation levels across EU member states. This study addresses this gap by examining the
relationship between digital infrastructure, human capital, and innovation in fostering digital
growth, using the Digital Economy and Society Index (DESI) and European Innovation
Scoreboard (EIS) as key indicators.

Aim: The aim of this research is to identify and quantify the key determinants influencing
the development of the digital economy in the EU member states between 2017 and 2022.
Specifically, the study investigates the impact of technological infrastructure, human capital,
and intellectual assets on the digital economy. By employing multiple linear regression mod-
els, the research aims to clarify how these factors contribute to digital economy growth.
Results: The analysis revealed that technological infrastructure and use of information tech-
nology are consistently the most significant determinants of digital economy development.
Human capital, particularly in terms of education and digital skills, gained importance in the
later years of the study. Intellectual assets, such as patents and research outputs, also played
a critical role, particularly from 2021 onwards. The findings suggest that countries with ro-
bust digital infrastructure, well-educated workforces, and strong innovation ecosystems tend
to perform better in terms of digitalisation, as measured by DESI. These insights provide
valuable guidance for policymakers aiming to enhance digital competitiveness through tar-
geted investments in technology, education, and innovation.

Keywords: digital economy; human capital; digital infrastructure; country innovation level;
Digital Economy and Society Index (DESI); European Innovation Scoreboard (EIS)
JEL: O30; O50; C30

1. Introduction

In today’s global economy, a high degree of digitalisation is essential for shap-
ing competitive advantages at individual, corporate, sectoral, and national
levels. The digital economy, characterised by the integration of digital tech-
nologies, has a significant impact on economic activities and competitiveness
at both micro and macro levels (Schwab, 2017; Roszko-Woéjtowicz & Bialek,
2016). Digitalisation not only extends economic activities globally but also
creates new value, crucial for sustaining competitiveness across diverse sec-
tors (Brynjolfsson & McAfee, 2014). The development of digital platforms
and applications is reshaping market processes, increasing operational effi-
ciency, and creating new business opportunities (Parker et al., 2016). More-
over, digital transformation fundamentally changes business operations and
value delivery, impacting governance, commerce, and the knowledge soci-
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ety (Tapscott, 1996). These transformations also bring about organisational
changes, enhancing companies’ abilities to adapt and use digital technologies
for economic and social purposes (Morrar et al., 2017). Hence, the shift is
not merely technological but also organisational, bolstering digital competi-
tiveness (Westerman et al., 2014). State policy thus plays a pivotal role, as
effective policies in the digital economy are vital for boosting national com-
petitiveness and addressing the challenges posed by digitalisation (Porter
& Heppelmann, 2015). Consequently, the interplay of digitalisation, transfor-
mation, and state policy is essential for leveraging competitive advantages in
the contemporary economic landscape (Castells, 2010; Roszko — Wéjtowicz
& Grzelak, 2020). Given the complexity and speed of change in the econo-
my, particularly with increasing digitalisation of socio-economic life, there
is a need to identify the dependencies and determinants crucial to building
each country’s digital economy. This is influenced not only by countries’
digital readiness but also by policies at regional, national, and international
levels (UNCTAD, 2019).

In recent years, the link between innovation and economic competitive-
ness has become prominent, drawing attention to the importance of digitali-
sation (e.g., Grynia, 2022). Many researchers (e.g., Sorescu & Schreier, 2021;
Yang & Tan, 2023) highlight a strong relationship between innovation and
the digitalisation of the economy. Sorescu and Schreier (2021) emphasise
that innovation, especially in technology, drives the digital economy, encom-
passing the development of new products, services, processes, and business
model innovations. Technology linked to the digital economy has expanded
the boundaries of innovation, enabling new types and avenues for developing
and disseminating innovations.

The presented research aimed to identify key factors relevant to digital
economy development. In the theoretical section, the article presents a con-
ceptualisation of the digital economy through definitions. The literature re-
view subsequently identifies research areas central to the study of digital
economy growth. In the empirical section, the authors selected indicators
that reflect the literature review findings. The operationalisation process
aimed at statistically verifying the relationship between factors deemed sig-
nificant for economic innovation (drawing on data from the European Inno-
vation Scoreboard) and their relevance to digital economy growth. Covering
all EU Member States, the study developed linear regression models for each
year between 2017 and 2022. Recognising the importance of technological
infrastructure and human capital potential, including education, skills, and
creative activities (e.g., patents), the regression models used selected indica-
tors to assess innovation levels in the economy (following EIS methodology)
to empirically verify their connection to digital economy development.

The findings indicate that technological infrastructure and technology us-
age are key determinants of digital economy growth. Human capital, along-
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side access to technology, also grows increasingly important, particularly in
terms of skills and creative potential, which can influence the further de-
velopment of a country’s digital economy. The conclusions offer valuable
insights for policymakers in planning and implementing effective digital poli-
cies to enhance national economic competitiveness.

2. Literature review — Digital Economy — Definitions
and Conceptualisation

As digital transformation progresses, business processes are evolving. To-
day, economic competitiveness is closely tied to digitalisation’s extent, both
qualitative and quantitative. Global organisations, including the IMF (2023,
p. 140), highlight not only the relevance but also the complexity of the ‘digi-
tal economy, noting that ‘digitalisation is affecting the production, ordering,
delivery, and consumption of many goods and services, to the extent that
modern economies are now essentially ‘digital economies’

According to Fuior and Zavatki (2022), the digital economy began in the
late 1950s with business process automation technologies, such as IBM and
American Airlines’ SABRE system in 1960, which automated airline book-
ings. The next wave came in the 1970s with electronic trading, followed by
the advent of the web, marking a turning point. Web 2.0 enabled user-gener-
ated content, driving social networks’ growth, while Web 3.0 improved data
transmission speeds, allowing multimedia sharing. Currently, Web 4.0 is as-
sociated with smart grids (Sledziewska et al., 2017), and these advancements
have transformed business operations, enabling large-scale data analysis and
automation (Sledziewska et al., 2017).

One of the earliest Internet economy concepts emerged in the late 1990s
with McKnight and Bailey’s (1998) work. Terms such as ‘network economy’
and 'digital economy’ evolved alongside technology growth and demand.
Definitions of the digital economy have varied, some focusing on technol-
ogy’s role, others on the importance of network types. Scholars (e.g., Jakubel-
skas, 2021; Bukht & Heeks, 2017) underline its multidimensional nature,
distinguishing the Core: Digital (IT/ICT) Sector, Narrow Scope: Digital
Economy, and Broad Scope: Digitalised Economy (Scheme 1). In 2020, the
OECD described the digital economy which ‘incorporates all economic activ-
ity reliant on, or significantly enhanced by the use of digital inputs, including
digital technologies, digital infrastructure, digital services and data. It refers
to all producers and consumers, including government, that are utilising these
digital inputs in their economic activities.” (OECD, 2020b. p.5).

Research on measuring the digital economy includes studies on national
economies (e.g., Lazar, 2021; Jurcevic et al., 2020; Cseh-Zelina, 2023), groups
of countries (e.g., Jencova et al., 2023; Janevski, 2017), and international
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comparisons of specific digital economy areas. Commonly, these take the
form of aggregated indices or analyses from organisations such as the EU
(DESI), OECD (Going Digital Toolkit), World Bank (Digital Adoption Index),
and IMD (World Digital Competitiveness Ranking). Relevant to this study,
DESI summarises Europe’s digital progress in four dimensions outlined in
the Digital Decade policy: digital skills, infrastructure, business digitalisa-
tion, and public services. Many researchers (e.g., Zaharia & Balacescu, 2020;
Cesnauske, 2019; Parra et al., 2021; Banhidi et al., 2020; Moroz, 2017; Borow-
iecki et al., 2021) have evaluated the digital economy’s development in the EU
Member States using DESI scores. Jencova et al. (2023) found statistically sig-
nificant correlations in EU country rankings, identifying internally homoge-
neous and externally heterogeneous country clusters based on DESI scores.

Bénhidi et al. (2020) examined DESI’s five dimensions with multivariate
statistics, analysing linear relationships through correlation and partial cor-
relation analyses, revealing high inter-dimensional correlations. They used
cluster analysis and multidimensional scaling to group the EU countries,
comparing these results to DESI’s overall ranking, which confirmed DESI’s
usability and effectiveness. In summary, while the EU Member States exhibit
disparities and heterogeneity in digital economy development, relatively few
studies have focused on identifying the specific factors that drive or support
this growth. This study aims to address that research gap.

2.1. The potential of human capital and technological infrastructure
— factors supporting the development of the digital economy

The link between innovation and digitalisation in the economy is evident in
global rankings such as EIS, RIS, and GII, which assess countries by innova-
tion levels. Increasingly, these indices integrate digital skills and ICT indica-
tors, such as ICT access, usage, online government services, and ICT trade,
reflecting the broader impact of digitalisation on economic competitiveness
(Roszko-Wéjtowicz et al., 2022). Studies on ICT and innovation relationships
include examining IT investments’ impact on innovation outcomes (Orozco
et al,, 2022), ICT development in the EU-28 (Preda et al., 2019), and ICT’s
role in enterprise innovation (Wang & Qi, 2021).

Yang and Tan (2023), using R-tool bibliometric analysis, found that in-
novation consistently appears in academic research as a primary driver of the
digital economy, with implications for policymakers to prioritise innovation
in digital economy strategies.

The digital economy’s complexity makes it challenging to outline a uni-
versal set of growth factors. However, a foundational requirement is robust
technological infrastructure, covering telecommunications and high-speed
internet access. Since the digital economy relies on extensive online interac-
tions among individuals, businesses, devices, and data, connectivity is essen-
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tial (Sorescu et al,, 2021). Research also highlights that broadband, internet
usage, and e-commerce contribute to economic growth in the EU (Petric et
al,, 2020).

Kiseldkov4 et al. (2022) emphasise that digital skills and human capital,
along with technology integration, are core to digital transformation and
economy development. Studies at the regional level further show the in-
terconnected growth of digital economy, innovation, and human capital,
especially through higher education (Szeles et al., 2020). Skilled labour is
critical for leveraging digital economy potential, as employees with digital
expertise enable advanced technology adoption in daily operations (Majovski
& Davitkovska, 2017). Global studies by institutions such as the World Bank,
WEEF, and OECD stress that an educated society promotes a more efficient,
productive workforce (Espinel, 2016; Vasilescu et al., 2020; OECD, 2020a;
OECD, 2020b).

Thus, education’s role in supplying a skilled workforce is vital not only for
the labour market but also for comprehensive strategies in digital economy
development. Numerous studies have explored education’s importance in
digital transformation (Svarc et al., 2021; Jakubelskas, 2021; Donosa, 2021).
Today, higher education is closely linked with science; as Smith (2020) from
the OECD notes, public sector science remains foundational to the digital
revolution. The World Wide Web, initially developed for particle physics at
CERN, exemplifies science’s role in advancing digital technology. Academic
research, from quantum computing to biological data storage, continues to
fuel new digital technology (Smith, 2020). Universities, research institutions,
and doctoral studies contribute to innovative digital solutions.

Digital transformation has intensified the demand for a digitally skilled
workforce. ICT investments and hiring specialised workers are key to ad-
vancing business digital transformation (Vasile, 2023). Similarly, Tran et al.
(2024) emphasise that digital skills and ICT professionals are vital for suc-
cessful digital transformations, while Bach et al. (2020) underscore the need
for businesses to invest in employee ICT training to support digital economy
growth in Europe.

The rapid pace of socio-economic change reinforces the need for continu-
ous skills enhancement, not just within ICT. Lifelong learning, long tied to
ongoing skill development, now extends to the digital domain. 21st-century
skills go beyond digital proficiency, encompassing ethical and cultural aware-
ness, flexibility, and self-direction (van Laar, 2017). Researchers such as Jalde-
mark (2021), Gleason (2019), and Laal (2013) highlight that lifelong learning
enables individuals to adapt to technological changes, essential for digital
economy survival and growth.
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3. Data and characteristics of countries in terms of the issues
studied

An analysis of the Summary Innovation Index (SII) and Digital Economy
and Society Index (DESI) data from 2017-2022 reveals essential connections
between innovation and the digital economy’s growth. This article examines
European countries based on their SII and DESI rankings and the changes
over time, confirming that countries leading in innovation often achieve
higher levels of digitalisation (Figure 1, Figure 2). The analysis and assess-
ment of changes over time are based on available and published data on the
SII, DESI and sub-indices included in their construction. Heat maps illustrate
changes in DESI and SII values in a spatial-temporal system. They serve to
visualise SII and DESI data presented in the paper through differences in
colour, according to the legend, red indicates the highest values.

Countries such as Denmark, Finland, Sweden, and the Netherlands score
highly in both SII and DESI. Denmark, for instance, consistently ranks high
in both indices, highlighting a strong correlation between innovation and
digitalisation. These innovation leaders facilitate the swift adoption and in-
tegration of digital technologies within their economies. Their digital infra-
structure benefits from progressive policies promoting research and develop-
ment, making innovation a driver of digital economy growth as reflected in
DESI scores (Figure 1, Figure 2).

Once technological infrastructure reaches a saturation point, further
DESI progress depends increasingly on citizens’ creativity and innovation ca-
pabilities. Human potential enables the effective use of infrastructure to fos-
ter new technological solutions, crucial for enhancing the digital economy.
These countries also significantly invest in education and the development
of societal adaptability, supporting their digital economies.

Luxembourg illustrates the link between innovation and digitalisation dif-
ferently; despite high SII levels, its DESI scores have not notably advanced
since 2019, implying other factors might constrain full digital development.
Ireland, too, has improved in SII, which could positively influence its DESI
position in the long term, despite a temporary decline in the DESI ranking.
Upon reaching a saturation level in technological infrastructure, further digi-
talisation steps hinge on human potential, which Ireland leverages effectively.

The study highlights exceptions where high innovation does not necessar-
ily lead to strong DESI scores. Estonia and Cyprus maintained steady DESI
scores but saw declines in SII, suggesting that insufficient innovation may
weaken the digital economy if new technological solutions are not intro-
duced. Estonia’s high DESI ranking may suffer from a fall in innovation, as
technological advancements are essential for continued digital growth. The
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data suggest that while strong innovation generally supports digital economy
development, other factors can limit its full potential (e.g., in Luxembourg
and Estonia). Figure 3 confirms the existence of a strong positive correlation
between the level of the digital economy and the country’s level of innova-
tion. Moreover, apart from very few cases, a high level of innovation does
not occur in countries where the DESI indicator is relatively low (the bot-
tom right corner in the correlation scatter diagrams). Correlation scatter
diagrams illustrate the relationships between SII and DESI in the subsequent
years of analysis—2017-2022.

An analysis of the changes in key DESI factors from 2017 to 2022 yields
the following conclusions, further reinforcing the role of innovation and hu-
man capital:

1. Human Capital Growth and DESI Impact: Belgium, Cyprus, and Croa-
tia recorded substantial growth in their Human Resources index, improving
their DESI scores. Increased human potential, measured in education and
digital skills, is critical for advancing digitalisation. Cyprus, for example, im-
proved its ‘Human Resources’ by 9.8 points and DESI by 19.2 points, showing
that human capital investment accelerates the digital economy, especially
when infrastructure reaches saturation.

2. Digitalisation as a Key Factor, Though Not Solely Sufficient: The Digi-
talisation index rose in most countries during the study period, but its impact
on DESI was greatest when combined with other factors such as human
resources and intellectual assets. Croatia and Cyprus, which saw notable
increases in both ‘Digitalisation’ and ‘Human Resources, also achieved the
highest DESI gains (17.17 and 19.20 points, respectively), suggesting that
digitalisation’s effectiveness is enhanced by a well-educated, innovative work-
force.

3. Decline in Technology Use in Some Countries: Austria and Belgium
saw declines in the ‘Use of Information Technology’ index, which may indi-
cate that digital infrastructure investments alone are insufficient if companies
and institutions do not fully utilise available technology. In Austria, despite
this decline, DESI scores rose by 18.3 points due to growth in human re-
sources and intellectual assets.

4. Intellectual Assets’ Role in Digitalisation: Intellectual Assets, measur-
ing technological innovation and intellectual property protection, had mixed
impacts on DESI. In Bulgaria and Cyprus, declines in intellectual assets did
not offset DESI increases, indicating that in some countries, investments in
human capital and digital technologies are more crucial than intellectual
property protection.

Countries investing in human capital development, such as Cyprus, Croa-
tia, and Belgium, experience significant DESI gains, illustrating that when
technological infrastructure is saturated, further digital growth increasingly
relies on human resources’ quality, particularly in education, digital skills,
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and creativity. While digitalisation is essential for economic development, its
effectiveness is closely tied to human resources and the capacity to innovate.

4. Methods

The digital economy, seen as a crucial factor in enhancing economic effi-
ciency, draws growing interest from economists and practitioners alike. Rec-
ognised for fostering competitiveness at individual, corporate, sectoral, and
national levels, a high degree of economic digitalisation is key in the global
landscape.

However, there is still a lack of research on the nature and comprehen-
sive coverage of the digital economy. This is probably due to the complex-
ity, multidimensionality and dynamics of this phenomenon. An important
aspect of the research should be, on the one hand, to measure the level and
sophistication of the digital economy and, on the other hand, to isolate the
relevant drivers of the digital economy.

This study attempts to fill the gap in the analysis of the links between
the digital economy and the factors determining its growth. In the article,
against the background of theoretical economic considerations, the theses
put forward are verified using quantitative methods, including linear regres-
sion. The object of the presented research is to determine the quantitative
relations occurring between selected factors influencing the development
of the digital economy (independent variables) and the level of the digital
economy (dependent variable).

The analysis used data from international studies on EU digitalisation,
specifically from the Digital Economy and Society Index (DESI) and the Eu-
ropean Innovation Scoreboard. The Digital Decade Policy Programme 2030,
established by Decision (EU) 2022/2481 in December 2022, formalised DESI
as a comprehensive metric for annually tracking digital performance across
the EU, monitoring progress toward EU-wide digital goals. This research
spans 2017-2022, with linear regression models built yearly to provide in-
sights relevant for pre-2030 digital policy recommendations. DESI served as
the dependent variable for measuring digital economy levels within the EU
countries.

Following Sorescu & Schreier’s (2021) view that innovation drives the
digital economy, this study selected explanatory variables reflecting the econ-
omy’s innovativeness. These variables are sub-indices from the Summary In-
novation Index, covering aspects of innovation and digitalisation: 1.1 Human
resources, 1.2 Attractive research systems, 1.3 Digitalisation, 2.1 Finance and
support, 2.2 Firm investments, 2.3 Use of information technologies, 3.1 In-
novators, 3.2 Linkages, 3.3 Intellectual assets, 4.1 Employment impacts,
4.2 Sales impacts, and 4.3 Environmental sustainability.
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The study aimed to identify which sub-indices have the most significant
impact on DESI and how their influence has evolved. The final selection of
determinants was supported by literature and statistical analyses. In structural
modelling, sub-indices with strong correlations to DESI over time, but mini-
mal correlation with each other, were used as independent variables. These
included: Human resources (X1); Attractive research systems (X2); Digitalisa-
tion (X3); Finance and support (X4); Use of information technologies (X5);
Linkages (X6); Intellectual assets (X7); and Employment impacts (X8).

In search of the best analytical form, nonlinear and linear models were
tested. Finally, linear models, fulfilling the Markov assumptions and taking
into account all potential explanatory variables, were selected:

Y1it=f0+ +f1x1+2 x2 +3 x3 +4 x4 +5 X5 +f...+ €it (1)

where:
x1: Human resources;
x2: Attractive research systems;
x3: Digitalisation;
x4: Finance and support;
x5: Use of information technologies;
x6: 3.2 Linkages;
x7: Intellectual assets;
x8: 4.1 Employment impacts.

Structural parameters were estimated using the CLS method (Classical
Least Squares Method). It was assumed that a good model was one contain-
ing only statistically significant variables. In the process of constructing the
‘optimal’ model, a stepwise method was used, successively excluding vari-
ables that proved to be insignificant. It was recognised that with too many
independent variables (including irrelevant ones), there is a risk of exces-
sive collinearity, the introduction of unnecessary information (noise) into
the model, and unintended loss of degrees of freedom. The variance of the
model parameters then increases, and it becomes more difficult to interpret
the strength of the effect of the independent variables on the dependent vari-
able (Maddala, 2008).

5. Results
The estimation results of the DESI models, the best from both the substan-
tive and statistical perspectives, are presented in Table 1. The multiple linear

regression models presented below were obtained using the stepwise method
in the Gretl programme.
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The models presented satisfy the Markov assumptions and are statisti-
cally and substantively correct. The correctness of the model specification
was confirmed by the RESET test. The collinearity of the independent vari-
ables was tested using the VIF coefficient. The normality of the distribution
of the random component was verified with the Shapiro-Wilk test, and the
hetroscedaticity of the residuals with the White test.

The models are sufficiently well fitted to the empirical data. This is evi-
denced by significantly greater than zero values of the coefficients of determi-
nation (the probabilities in the Anova test are less than 0.05). The estimated
structural parameters are as expected and the models are cointegrated, the
signs of the parameters being the same as in the correlation coefficients of
the independent variables with the dependent variable.

In the presented linear regression models (Table 1), in which the depen-
dent variable is the DESI (Digital Economy and Society Index), the results
obtained clearly indicate a significant impact of digitalisation (X3) — repre-
sented by by broadband penetration and ilndividuals who have above basic
overall digital skills — and the use of information technology (X5) — repre-
sented by enterprises providing training to develop or upgrade ICT skills
of their personnel and employed ICT specialists — on the development of
the digital economy in the European Union countries. In each of the years
analysed (2017-2022), the ‘Digitalisation’ and ‘Use of Information Technol-
ogy’ variables proved to be statistically significant, confirming their crucial
importance in shaping the DESI level.

In 2017, the ‘Digitalisation (broadband penetration and individuals who
have above basic overall digital skills)” and ‘Use of Information Technology
(enterprises providing training to develop or upgrade ICT skills of their per-
sonnel and employed ICT specialists)’ variables have a significant impact
on the DESI, and the value of the coefficient of determination indicates that
the model explains a high degree of the variability of the DESI. The model
explains 81.19% of the variation in the DES], indicating a strong relationship
between the explanatory variables for digitalisation and the development
of the digital economy in the EU in that year (Table 1). For the next three
years (2018, 2019 and 2020), the DESI modelling results are very similar to
2017. The coefficients of ‘Digitalisation’ and ‘Use of Information Technol-
ogy’ remained significant, the estimated values of the regression coefficients
were positive and similar in value. The models explained 81.01% (2018) and
80.43% (2019) and 84.35% (2020) of the variation in the DESI, respectively.
In 2021, a new situation was observed in the DESI model. The independent
variable ‘Human Resources’ — represented by new doctorate graduates (in
STEM), population aged 25-34 with tertiary education and lifelong learn-
ing was also found to be statistically significant, as were ‘Digitalisation’ and
‘Use of Information Technology’ The model for 2021, with the new explana-
tory variable, is characterised by a better fit of the regression function to the
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empirical data. The coefficient of determination reached 0.873233, meaning
that the model explained 87.32% of the variation in the DESI. All indepen-
dent variables were statistically significant, and tests for model specification,
heteroskedasticity and normality of residuals confirmed its validity and com-
pliance with the assumptions of linear regression. In 2022, another factor ap-
peared in the model, the fourth independent DESI variable. The ‘Intellectual
Assets’ variable — represented by PCT patent applications, trademark appli-
cations and design applications — like the DESI descriptor variables included
so far, is statistically significant. The DESI model for 2022 with the new ex-
planatory variable ‘Intellectual Assets’ is characterised by strong predictive
ability, with a coefficient of determination of 87.53%. Diagnostic tests, as in
the models for previous years, confirmed that the model is substantively and
statistically correct (Table 1).

In conclusion, the results of the research conducted for the years 2017-
2022 indicate that technological infrastructure and the use of information
technology are key determinants of the development of the digital economy
in the EU countries. Human Resources and Intellectual Assets are also im-
portant determinants of DESI development. The high values of the coef-
ficient of determination (adjusted R-squared) in the years analysed demon-
strate the strong ability of the models to explain the variability of the DESI,
which is in line with the literature that emphasises the importance of digi-
talisation, human capital and intellectual assets in the development of the
digital economy. These results are consistent with previous studies that point
to the multidimensional nature of the digital economy and its dependence
on advanced technological infrastructure and highly skilled human capital.
Understanding these dependencies is key to formulating effective policies
to support the further development of the digital economy in the European
Union.

6. Discussion

Research by Olczyk and Kuc-Czarnecka (2022) on the DESI index reveals
that the ‘Connectivity’ dimension has the most substantial impact on digital
transformation across the EU Member States. Rapid ICT progress is closely
linked to economic growth, showing a positive correlation with GDP (Ma-
goutas et al., 2024). Within this framework, the ‘Digitalisation’ and ‘Use
of Technology’ sub-indices, both identified as statistically significant, are
particularly important. The ‘Digitalisation’ sub-index includes ‘Broadband
penetration, indicating enterprises with fixed Internet speeds of at least 100
Mbps (European Commission, 2022). Meanwhile, the ‘Use of Technology’
sub-index underscores the value of ICT specialists and enterprises offering
ICT training to employees (European Commission, 2022). This research thus
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supports the view that ICT skills are ‘particularly important for innovation
in an increasingly digital economy’ (European Commission, 2022, p. 95).

Studies of OECD economies further highlight ICT’s positive impact, rec-
ommending policies to strengthen ICT infrastructure, enhance digital skills,
and promote equitable ICT access (Gomes et al., 2022). However, the OECD
also notes that hiring ICT professionals does not always benefit economic
development, given the lengthy, costly training required. Additionally, with-
out mechanisms to retain talent domestically, government investments in
ICT training can suffer if trained professionals emigrate (Petri¢ et al., 2020).
High industry profitability, growth opportunities, and potential earnings in
ICT draw workers from other sectors, potentially disrupting the labour mar-
ket (Petri¢ et al., 2020).

Nevertheless, as Xia et al. (2024, p. 1) argue, the digital economy has
evolved into an innovation-led economy using digital technology and com-
munications across sectors such as e-commerce, digital marketing, fintech,
software, gaming, and cloud services.

Liu Chao and Liu Di (2024) emphasise the importance of information
and communication technologies (ICT) in supporting economic growth,
particularly in developed economies. They also highlight the necessity of
implementing public policies that support both physical infrastructure and
the use of ICT. Consequently, it is crucial to view digitalisation as a key driver
of economic growth.

Research aimed at identifying the most significant determinants of digital
technology development at the macro level seeks to provide recommenda-
tions for national and regional economic systems (Buyanova et al., 2022;
Dworak et al., 2022).

Regional studies confirm that higher education growth and patent filings
stimulate regional digital economy development (Szeles et al., 2020). Similar-
ly, findings in this publication suggest that human capital and technology ac-
cess are increasingly vital, particularly in skill levels and creative potential, for
advancing a country’s digital economy. ‘Human Resources’ and ‘Intellectual
Assets’ sub-indices were statistically significant; these indicators consider
factors such as tertiary education levels, lifelong learning participation (Hu-
man Resources), and patent filings (Intellectual Assets). Many studies show
that educated populations are better equipped to adopt digital technologies,
thus fostering digital economy growth (Espinel, 2016; Vasilescu et al., 2020;
OECD, 2020a; OECD, 2020b). Furthermore, advanced education generally
correlates with enhanced digital skills, which are essential for tech-sector
employment (Vasilescu et al., 2020).

Majovski and Davitkovska (2017) underscore that enhancing digital skills
is now a priority for both companies and national economies, as digital and
entrepreneurial skills together create future opportunities to work in tech-
rich environments and leverage technology-driven business innovations.
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7. Conclusion

The research aimed to pinpoint key factors driving digital economy growth in
the EU Member States between 2017 and 2022. Using data from the Digital
Economy and Society Index (DESI) and the European Innovation Scoreboard,
the study identified strong relationships between digitalisation, IT use, hu-
man capital, and intellectual assets as crucial to advancing the digital economy.
Multiple linear regression models showed that digitalisation and I'T use were
consistently fundamental to growth across the EU countries throughout the
period.

In the later years (2021-2022), human capital—specifically, an educated
and skilled workforce—emerged as increasingly vital. This finding under-
scores the growing awareness that a thriving digital economy depends not
only on infrastructure but also on individuals’ ability to adapt, innovate, and
utilise digital tools. Intellectual assets such as patents and research outputs
also became critical, suggesting that economies oriented toward innovation
are better equipped to capitalise on digitalisation.

The findings support the hypothesis that economies with advanced in-
frastructure, high educational levels, and strong innovation ecosystems are
more likely to nurture a successful digital economy. These insights guide
policymakers to emphasise digital infrastructure, educational advancement,
skill development, and environments fostering innovation. Such strategies
can help sustain and speed up digital transformation, enhancing competitive-
ness in an increasingly digital world.

Despite these insights, the study has limitations. The scope of data was
confined to DESI and European Innovation Scoreboard indicators, which,
while comprehensive, may not capture all growth-influencing factors, such as
regional disparities, socio-economic conditions, or private sector investment.
Future studies should incorporate these variables for a more nuanced under-
standing. Moreover, as the study focused solely on the EU Member States, the
results might not directly apply to non-EU countries with different institutional
and regulatory conditions impacting digitalisation and economic growth.

Future research could explore specific digital economy sectors such as e-
commerce, fintech, and digital services to understand unique sectoral dynam-
ics. Longitudinal studies extending beyond 2022 are also necessary to observe
the evolving impact of emerging technologies, such as Al, blockchain, and
5@, on digital economy development. Given the rapid pace of technological
change, further research should examine how countries can adapt and remain
resilient to the challenges and opportunities posed by such innovations.

In conclusion, this study contributes valuable knowledge to the digital
economy literature but also points to the need for ongoing research to fully
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capture the complexities and continuous evolution of digital transforma-
tion. Policymakers must adopt flexible approaches, adapting strategies as
technological advancements emerge to ensure that the benefits of the digital
economy are broadly distributed across all sectors of society.

While this study provides a foundation for future work, further exploration is
needed to understand the full range of factors driving digital economy success,
particularly as new technologies reshape the global economy.
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Appendix
Table 1. DESI model parameter estimation results
Model 6 (2017)
) Coefficient Standard L. 95% Confidence
Variable t-Statistic p-value
(B) Error Interval
) X [11.2105;
Constant (const) 15.4095 2.0893 7375 <0.0001 19.6085]
Digitalisation 0.1113 0.0252 4416 0.00002 [0.0593;0.1632]
Use of Information Tech. 0.0761 0.0199 3.817 0.00008 [0.0349; 0.1172]
Model statistics
Adjusted R-squared 0.7962
Residual sum of squares 2982055
Standard error of residual 3.524944
Akaike information criterion 1474752
Ba.nyes'lan information 1513627
criterron
Model 6 (2018)
. Coefficient Standard L. 95% Confidence
Variable t-Statistic p-value
B) Error Interval
[12.3026;
83 184 7 0.0001
Constant (const) 16.8302 2.1840 7.706 < 213578]
Digitalisation 0.1175 0.0264 4452 0.00002 [0.0630; 0.1719]
Use of Information Tech. 0.0772 0.0207 3.730 0.00010 [0.0345; 0.1199]
Model statistics
Adjusted R-squared 0.7943
Residual sum of squares 326.8851
Standard error of residual 3.690557
Akaike information criterion 149.9545
B ian informati
'c_lycs_lan information 153.8420
criterion
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Model 6 (2019)
) Coefficient Standard L. 95% Confidence
Variable t-Statistic p-value
(B) Error Interval
[13.5983;
Constant (const) 18.3983 23196 7.932 <0.0001 23.1983]
Digitalisation 0.1270 0.0272 4.672 <0.0001 [0.0709; 0.1831]
Use of Information Tech. 0.0775 0.0216 3.579 0.00015 [0.0328; 0.1222]
Model statistics
Adjusted R-squared 0.7880
Residual sum of squares 362.9733
Standard error of residual 3.888944
Akaike information criterion 152.7820
Be?yesllan information 156.6695
criterion
Model 6 (2020)
A Coefficient Standard L. 95% Confidence
Variable t-Statistic p-value
(B) Error Interval
14.7094;
Constant (const) 19.2468 22188 8.674 <0.0001 [237842]’
Digitalisation 0.1338 0.0259 5.158 <0.0001 [0.0803; 0.1874]
Use of Information Tech. 0.0886 0.0211 4205 0.00003 [0.0451;0.1321]
Model statistics
Adjusted R-squared 0.8305
Residual sum of squares 3254991
Standard error of residual 3.682725
Akaike information criterion 149.8398
Bayesian information 1537273

criterion
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Model 6 (2021)
. Coefficient  Standard . 95% Confidence
Variable t-Statistic p-value
(B) Error Interval
[18.4531;

IConstant (const) 229469 22470 1021 <0.0001 274407
[Human Resources 0.0734 0.0348 2.110 0.0460 [0.0014; 0.1454]
Digitalisation 0.0827 0.0345 2399 0.0249 [0.0114; 0.1540]
[Use of Information Tech. 0.0798 0.0284 2.807 0.0100 [0.0210; 0.1387]

Model statistics
|IAdjusted R-squared 0.8567
[Residual sum of squares 3155773
Standard error of residual 3.704153
|Akaike information criterion 151.0040
Ba_lyes_lan information 156.1873
criterion

Model 6 (2022)
. Coefficient Standard . 95% Confidence
Variable t-Statistic p-value
(B) Error Interval

Constant (const) 254232 26.0451 9.761 <0.0001 [0.0006; 50.8458]
Human Resources 0.0655 0.0351 1.866 0.0755 [-0.0062; 0.1372]
Digitalisation 0.0860 0.0339 2.536 0.0188 [0.0163;0.1557]
Use of Information Tech. 0.0572 0.0311 1.836 0.0798 [-0.0061; 0.1205]
[ntellectual Assets 0.0605 0.0322 1.881 0.0733 [-0.0055; 0.1261]

Model statistics
Adjusted R-squared 0.8526

Residual sum of squares 3154819
Standard error of residual 3.786830

Akaike information criterion 152.9958

Bayesian information

b 1594750
criterion

Additional information. (style: Figure info)

Source: Own preparation based on Digital Economy Society Index and Summary Innovation
Index)
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Scheme 1. Scoping the Digital Economy (the tiers of the Digital Economy)

*e-Business
*e-Commerce
*Precision agriculture
*Industry 4.0

Broad Scope

*Digital services

Narrow *Platform economy

*Hardware manufacture
 Information services
*Software & IT consulting
sTelecommunications

Core

Source: Own preparation based on Bukht, R. &Heeks, R. (2017). Defining, Conceptualising
and Measuring the Digital Economy (Working Paper No. 68). Manchester: Center for Develop-
ment Informatics, Global Development Institute, SEED. https://doi.org/10.2139/ssrn.3431732.

Figure 1. Changes in Digital Economy and Society Index between 2017 and 2022
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Figure 2. Changes in Summary Innovation Index between 2017 and 2022
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Source: own elaboration based on European Union Scoreboard, figures prepared in Statistica.

Figure 3. The correlation scatter diagrams — SII vs DESI in the years 2017-2022
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