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Abstract: Background: Digital transformation reshapes Poland’s economy and society, yet Poland still falls short of
digital maturity, particularly in digital skills and in the uneven adoption of technology across sectors.
Research objectives: The study assessed the level and dynamics of digital transformation in Poland
using DESI indicators and analysed the institutional conditions that support the implementation of dis-
ruptive technologies through patterns of public expenditure.
Research design and methods: The analysis drew on Eurostat DESI variables (2018-2024) and COFOG
public expenditure categories, and applied correlation and regression analyses to examine the relation-
ships between categories of government spending and digital transformation indicators.
Results: Strong positive correlations emerge between electronic information sharing and safety (0.88)
and environmental protection (0.87). Public services expenditure demonstrates the strongest impact
(B =23.53), while education shows paradoxical negative coefficients (3 = -20.02), suggesting substitution
effects or structural deficiencies.
Conclusions: Poland’s digital transformation follows complex patterns. Strategic investment in digital
government infrastructure creates leverage points, yet safeguards must prevent the erosion of the edu-
cation and cultural sectors. Therefore, inclusive development requires integrated fiscal approaches that
balance technological progress with traditional services.
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Introduction

Digital transformation exerts inevitable and irreversible effects, making citizens increas-
ingly aware of how profoundly these intertwined processes restructure socio-economic life.
Consequently, an extensive and rapidly growing literature now addresses it, spanning themes
from its technological and organisational dimensions within businesses (Verhoef et al., 2021;
Ji & Li, 2022), through its ethical and societal implications (Karas, 2025; Ro$a, 2021), to its meas-
urement through composite policy indices such as the Digital Economy and Society Index
(DESI) (Bruno et al., 2023). However, scholars have devoted comparatively less attention to the
structure of public expenditure and the extent to which it translates into measurable digital
transformation outcomes at the country level. Existing studies treat public spending as a gen-
eral precondition for digitalisation and other significant paradigms, such as the green transi-
tion (Stutzmann & Koos, 2026), without disaggregating expenditure into functional categories
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that could be linked systematically to specific outcomes. Furthermore, earlier assessments
compare countries rather than the functional composition of expenditure (Mandl et al., 2008;
Afonso et al., 2010). As a result, the literature cannot yet establish which categories of public
expenditure, according to the Classification of the Functions of Government (COFOG) are most
strongly associated with the technological progress captured by indicators such as DESI, and
through which institutional mechanisms this relationship operates. The COFOG includes public
services, safety, economic affairs, environmental protection, housing, health, recreation, edu-
cation, and social protection (Eurostat, 2011).

The identified gap warrants closer examination, particularly in Poland. Poland merits this
focus because its digital economy combines strong performance in connectivity with persis-
tent structural deficits in digital skills, the availability of information and communication tech-
nology (ICT) specialists, and lagging business digitalisation relative to the European average
(European Commission, 2025). In response to the identified gap, this article assesses how the
structure of public expenditure classified according to COFOG relates to the level of digital
transformation in Poland, as measured through DESI indicators, and considers the institutional
conditions that support the implementation of selected technologies. Therefore, the study for-
mulated three hypotheses:

H1: Expenditure on public services is positively associated with digital transformation out-
comes in Poland, as administrative digitalisation generates spillover effects throughout the
economy (Layne & Lee, 2001; Cordella & Paletti, 2019).

H2: Expenditure on education is positively associated with DESI indicators, consistent with
human capital theory (Hanushek & Woessmann, 2011; Selwyn, 2016).

H3: Expenditure on environmental protection is positively associated with DESI indicators,
reflecting the digital-green twin transition hypothesis (Muench et al., 2022).

Beyond its direct economic and administrative effects, digital transformation also reshapes
the conditions under which social entrepreneurship operates, as digital skills, connectivity,
and public-sector support increasingly determine whether social enterprises can scale their
impact and reach underserved communities. Research on digital social innovation and social
entrepreneurship documents this relationship, showing that digital capabilities, platform infra-
structures, and supportive public-sector frameworks strengthen social enterprises by making
their entrepreneurial process more fluid and their agency more distributed across digitally con-
nected actors (Nambisan, 2017). This perspective underlines why the functional structure of
public expenditure matters for building the digital and institutional foundations of inclusive
development. Given the exploratory nature of this study and the constraints of available time-
series data, the research aimed to identify potential associations rather than to establish defini-
tive causal relationships. Mapping Polish public expenditure priorities against digital progress
provides a starting point for future, more granular analyses within the social entrepreneurship
ecosystem.

Literature Review

First and foremost, digital transformation entails the integration of the physical and virtual
realms, whose boundaries gradually blur to form a unified cyber-physical world (Cellary, 2019s).
In the digital economy era, disruptive innovations act as paramount catalysts for change (Kor-
pus, 2021) by building ecosystems of relatively more advanced products and services, stimulat-
ing competitiveness, cutting costs, and raising productivity (Matkowska et al., 2021; Kraus et al.,
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2021). Furthermore, digital technologies gradually transform economic relations and the labour
market at the macroeconomic level, creating new positions and needs, while redistributing
financial risk (Tiutiunyk et al., 2021). The diffusion of digital innovations also carries adverse
consequences for both the economy and individual enterprises, such as escalating threats of
cyberterrorism and cybercrime, labour displacement, structural unemployment, and the mis-
alignment of strategic objectives due to an excessive focus on short-termism (Tiutiunyk et al.,
2021; Karas, 2025). Therefore, scholars widely accept that digital transformation admits a dual
perspective.

This duality stands out most clearly in the European Union, where policymakers pursue the
digital and green transitions as interconnected, and occasionally conflicting, policy objectives
(Barbero et al., 2025; European Commission, 2021a). On the one hand, pro-ecological ambitions
and technological advances clearly reinforce each other, as smart solutions enable the over-
sight, simulation, virtualisation, and data analysis needed to improve efficiency and mitigate
the negative environmental impact of economic activities (Muench et al., 2022). On the other
hand, claims about integrating environmental objectives with digital development appear
partially mutually exclusive, given the staggering energy demands of digital infrastructures
and because rapid technological progress exacerbates the risk of the digital divide and social
inequalities (Czyzewska-Miszat & Cabanska, 2023).

The Essence of Digital Transformation

Digital transformation constitutes a multidimensional process integrating technological,
organisational, and business changes rather than merely introducing new digital tools. It rede-
signs business models, processes, and value creation through the strategic use of ICTs while
responding to changing customer expectations and competitive pressures (Adamczewski,
2020; Berman, 2012; Ji & Li, 2022; Verhoef et al., 2021). Technologies such as cloud comput-
ing, artificial intelligence, big data analytics, the internet of things, blockchain, and automation
solutions enable this transformation and together create the technological foundations of the
Fourth Industrial Revolution (Mooney & Williams, 2024; Sledziewska & Wtoch, 2020).

Beyond technology, digital transformation represents a strategic process requiring organ-
isational adaptation, leadership, and the development of digital capabilities. Its success
depends not only on technological investment but also on whether organisations can rede-
sign structures, processes, and competencies while aligning digital initiatives with long-term
strategic objectives (Gobble, 2018; Piccoli et al., 2024; Verhoef et al., 2021). Consequently, digital
maturity reflects the combined effect of technological readiness, organisational capabilities,
and human leadership, whereas insufficient adaptation sustains persistent digital divides, par-
ticularly among small and medium-sized enterprises (SMEs) (Linthorst & de Waal, 2020; Thord-
sen & Bick, 2023; Kania, 2025).

Digital transformation also carries broader societal and ethical implications. Beyond
improving efficiency and innovation, it reshapes social interactions, consumption patterns,
and labour markets while raising concerns about privacy, surveillance, algorithmic bias, and
unequal access to digital technologies (Bounfour, 2016; Rosa, 2021; Karas, 2025). Accordingly,
digital transformation qualifies as a socio-technical process whose long-term success depends
on balancing technological progress with responsible governance, ethical principles, and
inclusive development.
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Measuring Digital Transformation

Digital transformation aligns with Sustainable Development Goal 9: Build resilient infra-
structure, promote inclusive and sustainable industrialisation and foster innovation (Global
Goals, n.d.), so assessments regularly monitor how nations implement this paradigm. Accord-
ing to Matkowska et al. (2021), accurately measuring the methods and intensity of digital trans-
formation across European countries remains challenging, further complicated by the need to
integrate the societal, economic, and firm-level dimensions.

Researchers have therefore developed numerous indices that, drawing on diverse method-
ologies, monitor technological progress across various spheres. Figure 1 presents the concep-
tual framework for this study and groups key policy indices into four thematic pillars: (1) Infra-
structure and Accessibility; (2) Human Capital, Digital Literacy and Talent; (3) Cyber-Resilience
and Institutional Trust; and (4) Socio-Economic Impact and Innovation.

- Digital Access Index (Global Enabling Sustainability Initiative, n.d.)
- Digital Economy and Society Index (DESI) (European Commission, n.d.)
Infrastructure - Digital Intensity Index (DIl) (Eurostat, n.d.a)
« E-Government Development Index (EDGI) (World Bank, n.d.)

+ Global Competitiveness Index 4.0 (GCI) (World Bank, n.d.)

« Global Cybersecurity Index (GCI) (International Telecommunication Union, n.d.)
- Global Innovation Index (Gll) (World Intellectual Property Organization, n.d.)
« Network Readiness Index (NRI) (Portulans Institute, n.d.)

and Accessibility
Pillar

- Digital Access Index (Global Enabling Sustainability Initiative, n.d.)
- Digital Economy and Society Index (DESI) (European Commission, n.d.)
- Digital Intensity Index (DIl) (Eurostat, n.d.a)
+ E-Government Development Index (EDGI) (World Bank, n.d.)
+ Global Competitiveness Index 4.0 (GCI) (World Bank, n.d.)
« Global Cybersecurity Index (GCI) (International Telecommunication Union, n.d.)
- Global Innovation Index (Gll) (World Intellectual Property Organization, n.d.)

« Network Readiness Index (NRI) (Portulans Institute, n.d.)

Human Capital,
Digital Literacy
and Talent Pillar

- Cybersecurity Readiness Index (CRI) (Cisco, n.d.)
- Digital Economy and Society Index (DESI) (European Commission, n.d.)

Cyber-Resilience - Global Competitiveness Index 4.0 (GCl) (World Bank, n.d.)
and Institutional - Global Cybersecurity Index (GCl) (International Telecommunication Union, n.d.)
Trust Pillar « Global Innovation Index (Gll) (World Intellectual Property Organization, n.d.)

- National Cyber Security Index (NCSI) (National Cyber Security Index, n.d.)
- Network Readiness Index (NRI) (Portulans Institute, n.d.)

- Digital Access Index (Global Enabling Sustainability Initiative, n.d.)
- Digital Economy and Society Index (DESI) (European Commission, n.d.)
Socio-Economic - Digital Intensity Index (DII) (Eurostat, n.d.a)
Impact and . E-Glo;elinment Developmen('f| Index (EDGI) (Wokrjld Ba;:k, rgj.d.)
. . - Global Competitiveness Index 4.0 (GCI) (World Bank, n.d.)
Innovation Pillar - Global Cybersecurity Index (GCl) (International Telecommunication Union, n.d.)
- Global Innovation Index (Gll) (World Intellectual Property Organization, n.d.)
- Network Readiness Index (NRI) (Portulans Institute, n.d.)

Figure 1. Sample Indicators and Metrics of Digital Transformation

Source: own elaboration.
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These pillars situate the DESI within a broader landscape of transformation metrics. Whereas
the Infrastructure pillar groups indices centred on connectivity (e.g., Network Readiness Index,
Digital Access Index), the Human Capital pillar draws on dimensions from the Global Innova-
tion Index and Global Competitiveness Index 4.0. Similarly, the Cyber-Resilience and Socio-
Economic pillars integrate specialised indices such as the National Cyber Security Index and
Digital Intensity Index. Within this framework, the DESI serves as a core metric for observing
the scale of the digital divide across connectivity, human capital, use of internet services, and
notably the integration of emerging technologies and the digital transformation of public and
government services (Bruno et al., 2023).

The classification presented here covers only a portion of the indicators used by national
and international institutions to monitor the effects of digitalisation. Nevertheless, this seg-
mentation underscores that multiple, partially overlapping policy domains and several cross-
cutting concerns shape digital transformation (Giest et al., 2025). Crucially, these domains cor-
respond directly to the functional structure of public expenditure. This alignment between
measurement pillars and expenditure categories provides the analytical foundation devel-
oped below.

Thematic analysis at the individual level enables a more precise diagnosis of skills and tech-
nological gaps, which any strategic action plan should address first (Lis et al., 2024). European
Union legislation states that the indicators, aligned with the digital targets for 2030, serve
a monitoring and enforcement function for national economies (European Commission, 2025).
Although this aggregate digitisation measurement tool — structured around 30 sub-indicators
- has garnered both support and criticism, Golirski (2019) contends that it lacks sufficient focus
on the causal factors, constitutive elements, and driving forces behind the transformations.
Contrary to appearances, contemporary indicators focus exclusively on technologies with
tangible effects, so the methodology treats some experimental technologies superficially or
omits them altogether.

European nations commit to annual reporting on four cardinal areas: digital skills, digital
infrastructure, the digitalisation of business, and the digitalisation of public services (European
Commission, n.d.a). The first area identifies the share of a country’s population using the inter-
net and their self-assessed digital skills, which matter fundamentally in the modern era, yet
these competencies vary sharply with age (European Commission, n.d.a; Stofkova et al., 2022).
In turn, digital infrastructure concerns connectivity, since the European Union aims to intercon-
nect the continent through telecommunications, mobile networks, fixed structures, internet
cables, and satellites (European Commission, n.d.b). Indicators of business digitalisation priori-
tise how enterprises across diverse industries implement specific mature technologies to enable
convergence, availability, and competitiveness (European Commission, n.d.a). Finally, indicators
of online access to public services assess the degree of digitalisation and the penetration rate
within public administration and services (European Commission, n.d.a; Swiecicki, 2022).

Poland leads in only a few areas of digital transformation, namely access to high-bandwidth
networks and high-performance connectivity (European Commission, 2025). Digital maturity
nevertheless remains a long-term objective, as numerous challenges confront both policymak-
ers and citizens. The primary dilemmas involve insufficient digital skills, which expose parts of
society to digital exclusion and to the persistent digital divide, particularly among vulnerable
groups such as the elderly, people with disabilities, ethnic minorities, individuals with lower
incomes, and those in remote areas (Tomczyk et al., 2023). Moreover, a distinct gap emerges by
enterprise location, size, and sector: in Poland the digital divide separates metropolitan centres
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from less urbanised peripheries, and transnational corporations from the SME sector (Euro-
found, 2023; Kania, 2025). Therefore, Polish decision-makers build institutional frameworks so
that their policies answer these technological asymmetries, and allocate expenditure to sup-
port digital transformation.

Public Expenditure, Institutional Capacity, and Digital Transformation

Any innovation strategy operates under the principle of triple co-evolution, which spans
the production level, the informal institutional level, and the formal regulatory frameworks
that foster and stimulate development at both the national and the international level (Borras,
2004; Britchenko, 2024). This triadic alignment emerges most clearly in digital transformation,
where formal policy-making bodies act as the primary architects of change. Consequently,
scholars increasingly urge governments to adopt a holistic approach to national digital agen-
das, treating digital transformation as a highly interactive ecosystem that requires a shared
vision, agile strategies, sustained political commitment, and formalised institutional collabora-
tion (Hanna, 2018). These multifaceted objectives demand significant financial outlays, drawn
primarily from the European Union budget and other specialised EU funds, including targeted
programmes (e.g., Digital Europe Programme, Connecting Europe Facility, Horizon Europe, and
Creative Europe), national budgets, and the private sector, which remains largely autonomous
from direct state control (Britchenko, 2024; European Commission, 2026). The success of this
digital ecosystem depends not merely on mobilising financial resources effectively, but on
aligning institutional capacity strategically.

A growing literature examines how public expenditure patterns, investment prioritisa-
tion, and institutional frameworks jointly shape digital transformation outcomes. It rests on
the assumption that the allocation of government spending and the institutional capacity to
deploy it effectively determine the accessibility, quality, and reach of digital public services
(Lynn et al., 2022). Within this context, scholars no longer view public expenditure merely as
a static fiscal necessity, but as a dynamic, strategic lever that enables public administrations to
become context-sensitive, digital-ready, and interoperable across sectors and borders (Millard,
2023). Comparative research on public spending preferences confirms this approach, show-
ing that citizens, policymakers, and other decision-makers increasingly treat digital and green
transformation (the twin transition) as intertwined budgetary priorities competing for the
same fiscal space within national budgets (Stutzmann & Koos, 2026). Nonetheless, traditional
spending categories still dominated the structure of Polish public expenditure in 2024 — most
notably social protection (18.3% of gross domestic product, GDP), economic affairs (6.1% of
GDP), and health (6.1% of GDP) (Eurostat, n.d.b). Moreover, recent evidence suggests that the
effectiveness of digital government investment depends less on the absolute volume of allo-
cated funds than on the institutional capacity to absorb, coordinate, and operationalise them
in ways that convert digital infrastructure into measurable governance performance (Efthalit-
sidou et al., 2025).

Public expenditure, understood in the context of digital transformation as the principal
channel through which government investment priorities and institutional capacity translate
into concrete digital infrastructure, services, and skills (Lynn et al., 2022), constitutes the funda-
mental mechanism without which the public sector could not implement innovative solutions
at all, or only under severe constraints. Generally, the literature regards public expenditure
for digitalisation as an instrument of state intervention that corrects market failures. Public
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institutions may spend it directly, channel it to private enterprises through tax incentives or
direct grants, or direct it towards collaborative projects involving cross-sectoral stakeholders
(Mikofajczyk, 2018; Cox & Gagliardi, 2009).

Thus, at the level of individual government functions, research on e-government and pub-
lic-sector digitalisation indicates that expenditure on public administration generates spillover
effects across the wider economy, as digitised public services lower transaction costs for firms
and households and create demand for complementary private digital services (Layne & Lee,
2001; Cordella & Paletti, 2019). However, the effectiveness of such investment ultimately hinges
on whether institutions can safeqguard data quality and address hidden data gaps, ensuring
that digital expenditure delivers inclusive and efficiency-enhancing outcomes rather than
reproducing structural inequalities (Giest & Samuels, 2020). In turn, human capital theory links
expenditure on education to the accumulation of digital skills, repeatedly identified as one
of the most persistent bottlenecks of digital transformation, both in Poland and across the
European Union (Hanushek & Woessmann, 2011; Selwyn, 2016). Furthermore, a less explored
channel concerns environmental expenditure: insofar as the digital and green transitions form
interconnected policy objectives (Muench et al., 2022), spending on environmental protection
may be associated with digital transformation outcomes through investment in smart infra-
structure and monitoring systems.

Despite the theoretical plausibility of these mechanisms, three key terms require clearer
conceptual delimitation: institutional conditions, institutional capacity, and public expenditure
efficiency. Institutional conditions denote the formal and informal rules, administrative struc-
tures, and governance arrangements within which public authorities design and implement
digitalisation policy (North, 1990). Institutional capacity refers more specifically to whether
these authorities can convert budgetary resources into effective policy outcomes - in the
present research, measurable progress in DESI indicators — through appropriately targeted
expenditure categories, rather than to the level of expenditure itself (Millard, 2023). Finally,
public expenditure efficiency denotes the extent to which a given level of spending within
afunctional category translates into intended outcomes, which depends on the quality of insti-
tutional absorption capacity rather than on input volume alone (Mandl et al., 2008; Afonso &
Kazemi, 2017). This distinction matters, since higher spending does not automatically imply
higher institutional effectiveness, which also depends on the allocation, administrative capac-
ity, and diffusion pathway through which expenditure reaches its intended functional domain
(Rogers, 2003).

In sum, although the literature extensively documents the drivers of digital transforma-
tion, it often overlooks the interplay between functional expenditure and institutional capac-
ity. This study addresses that gap by proposing that digital transformation in Poland reflects
not merely fiscal volume, but the outcome of a complex institutional process. In this frame-
work, government spending functions as the foundational resource, while institutional capac-
ity mediates, converting budgetary inputs into tangible digital outcomes through targeted
functional categories.

Research Method and Material

In this study, we utilized data from Eurostat concerning DESI variables focused on digital
transformation and Polish public expenditure represented by individual COFOG classifica-
tions. The period 2018-2024 was selected due to the absence of historical data that could be
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integrated with the current analysis. Furthermore, DESI indicators containing missing values in
particular years were excluded from the dataset. Given the limited temporal scope of available
data, the study maintains an observational character, as the high p-values indicate a lack of
statistical significance in the results.

Characteristics of Research Variables

Public Expenditure Variables

The study operationalised the public expenditure variables through the COFOG frame-
work, the internationally recognised OECD standard for classifying government expenditure,
which enables comparability across European countries (Eurostat, 2011; Afonso et al., 2010).
The analysis covered nine functional expenditure categories: public services, public safety,
economic affairs, environmental protection, housing, health, recreation, education, and social
protection. Together, these categories capture the principal areas through which governments
allocate resources and may influence digital transformation.

Several expenditure categories link directly to developing and implementing digital tech-
nologies. Public services and safety expenditure supports the digitalisation of administration,
cybersecurity, and justice systems (Gil-Garcia et al., 2018; Chan & Bennett Moses, 2016), while
expenditure on economic affairs and environmental protection supports digital innovation,
smart infrastructure, environmental monitoring, and resource optimisation (Brynjolfsson &
McAfee, 2014; Hilty & Hercheui, 2010). Similarly, digital platforms, smart city solutions, elec-
tronic health records, telemedicine, and other e-health applications increasingly reshape hous-
ing and health (Batty et al., 2012; Aanestad et al., 2017).

The remaining expenditure categories capture the broader societal dimension of digital
transformation. Education develops digital competencies and human capital (Hanushek &
Woessmann, 2011; Selwyn, 2016), whereas recreation and social protection illustrate how digi-
tal technologies influence cultural participation, public media, and the accessibility and effi-
ciency of welfare services (Belfiore & Bennett, 2008; Peeters & Schuilenburg, 2018). Collectively,
these expenditure functions frame how public resource allocation relates to different dimen-
sions of digital transformation.

Digital Transformation Variables (DESI Indicators)

The study derived the digital transformation variables from the DESI, which assesses digi-
tal development across European Union member states (European Commission, 2021b). The
selected indicators capture key dimensions of digital transformation, including the adoption
of big data analytics, electronic invoicing, electronic information sharing, online sales, cross-
border e-commerce, social media use, and the number of unicorns. Collectively, these variables
capture the diffusion of digital technologies among enterprises and public institutions, the
digitalisation of administrative processes, and the integration of digital tools into economic
activity (Mayer-Schénberger & Cukier, 2013; Gil-Garcia & Sayogo, 2016; Sila, 2013).

The selected indicators cover complementary dimensions of digital transformation. Big
data analytics, electronic information sharing, and e-invoicing capture the digital maturity of
public administration and organisational processes (Hochtl et al., 2016; Klievink et al., 2017),
whereas online sales, cross-border e-commerce, social media, and unicorns reflect business
digitalisation, innovation capacity, market internationalisation, and the growth of the digital
economy (Kaplan & Haenlein, 2010; Gomez-Herrera et al., 2014; Lee et al., 2015; Kenney & Zys-
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man, 2019). Together, these indicators span technological adoption, digital public services,
entrepreneurial innovation, and the digital competitiveness of the economy.

Justification for Variable Selection

To address the methodological limitations identified during the review process, the empiri-
cal analysis was based on Spearman’s rank-order correlation coefficient (p) rather than mul-
tivariate regression. This non-parametric approach suits small samples and assesses mono-
tonic associations without assuming linearity or normality of the data (Field, 2018; Schober
et al., 2018). Given the limited number of annual observations (2018-2024), the findings remain
exploratory associations rather than evidence of causal relationships, in line with the observa-
tional nature of the study.

Results and Discussion

Table 1. Spearman’s Correlation Results

COF0G DESIindicator Spearman’s p p-value Significance
Public Services Big data 0.201 0.7028
Public Services e-invoicing -0.146 0.7825
Public Services electronic information sharing 0.495 0.3182
Public Services cross-border online sales 0.495 0.3182
Public Services online sales 0.27 0.6042
Public Services social media 0.495 0.3182
Public Services unicorns 0.4 04315
Public Services DESI 0.507 0.3046
Safety Big data 0.617 0.1923
Safety e-invoicing -0.733 0.0972
Safety electronic information sharing 0.904 0.0135 *
Safety cross-border online sales 0.904 0.0135 *
Safety online sales 0.802 0.0547
Safety social media 0.904 0.0135 *
Safety unicorns 0.826 0.0426 *
Safety DESI 0.802 0.0547
Economic Affairs Big data 0.37 0.4699
Economic Affairs e-invoicing -0.679 0.1381
Economic Affairs electronic information sharing 0.717 0.1087
Economic Affairs cross-border online sales 0.717 0.1087
Economic Affairs online sales 0.543 0.2657
Economic Affairs social media 0.717 0.1087
Economic Affairs unicorns 0.618 0.191
Economic Affairs DESI 0.6 0.208
Environmental Protection Big data 0.783 0.0653
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(OF0G DESI indicator Spearman’s p p-value Significance

Environmental Protection e-invoicing -0.6 0.208
Environmental Protection electronic information sharing 0.904 0.0135 *
Environmental Protection cross-border online sales 0.904 0.0135 *
Environmental Protection online sales 0.802 0.0547
Environmental Protection social media 0.904 0.0135 *
Environmental Protection unicorns 0.89 0.0175 *
Environmental Protection DESI 0.926 0.008 **
Housing Big data -0.073 0.8907

Housing e-invoicing 0.493 0.3205

Housing electronic information sharing 0.141 0.7893

Housing cross-border online sales 0.141 0.7893

Housing online sales -0.068 0.8987

Housing social media 0141 0.7893

Housing unicorns 0.139 0.7925

Housing DESI 0.169 0.7489

Health Big data 0.783 0.0657

Health e-invoicing -0.626 0.1835

Health electronic information sharing 0.667 0.1479

Health cross-border online sales 0.667 0.1479

Health online sales 0.638 0.1731

Health social media 0.667 0.1479

Health unicorns 0.702 0.1203

Health DESI 0.783 0.0657

Recreation Big data -0.623 0.1864

Recreation e-invoicing 0.754 0.0832

Recreation electronic information sharing -0.635 0.1755

Recreation cross-border online sales -0.635 0.1755

Recreation online sales -0.698 0.1228

Recreation social media -0.635 0.1755

Recreation unicorns —0.688 0131

Recreation DESI -0.516 0.2946

Education Big data -0.302 0.5609

Education e-invoicing 0127 0.8103

Education electronic information sharing -0.185 0.7262

Education cross-border online sales -0.185 0.7262

Education online sales -0.324 0.5314

Education social media -0.185 0.7262

Education unicorns -0.288 0.5801
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(OF0G DESI indicator Spearman’s p p-value Significance
Education DESI -0.118 0.8243
Social Protection Big data 0.463 0.3552
Social Protection e-invoicing -0.802 0.0547
Social Protection electronic information sharing 0.478 0.3375
Social Protection cross-border online sales 0.478 0.3375
Social Protection online sales 0.429 0.3965
Social Protection social media 0.478 0.3375
Social Protection unicorns 0.441 0.3809
Social Protection DESI 0.486 0.3287

Source: own elaboration.

The correlation analysis showed that few relationships between COFOG expenditure cat-
egories and DESl indicators reached conventional levels of statistical significance. Environmen-
tal protection expenditure showed the strongest and most consistent positive associations,
correlating significantly with the overall DESI index (p = .926, p = .008), electronic informa-
tion sharing (p =.904, p = .013), cross-border online sales (p = .904, p = .013), social media use
(p =.904, p =.013), and the unicorn indicator (p =.890, p = .018). By commonly accepted inter-
pretation guidelines, these coefficients indicate very strong positive monotonic associations
(Schober et al., 2018). Although these findings do not demonstrate causal effects, they suggest
that higher environmental protection expenditure coincided with better performance across
several dimensions of digital transformation during the analysed period.

One explanation lies in the growing convergence between environmental and digital pol-
icy objectives within the European Union. Environmental protection investment frequently
accompanies expenditure on smart infrastructure, environmental monitoring systems, digital
public services, and data-driven management solutions, reflecting the twin transition (Muench
et al.,, 2022). Consequently, the observed associations may indicate that governments imple-
ment environmental expenditure priorities alongside broader digitalisation initiatives rather
than as an isolated policy domain.

Public safety expenditure also showed statistically significant positive associations, particu-
larly with electronic information sharing (p =.904, p =.013), cross-border online sales (p = .904,
p =.013), social media (p =.904, p =.013), and unicorns (p =.826, p = .043). These findings align
with previous studies emphasising that digital public administration and cybersecurity infra-
structure increasingly support the broader digital ecosystem by improving institutional inter-
operability and strengthening public trust in digital services (Cordella & Paletti, 2019; Janowski,
2015). Nevertheless, because the analysis rests on very few observations, these relationships
remain preliminary empirical patterns that require validation on longer time series or panel
data.

In contrast, the remaining expenditure categories exhibited weak or statistically insig-
nificant correlations with DESI indicators. Public services expenditure, in particular, displayed
positive coefficients for several indicators but never reached statistical significance. Similarly,
expenditure on education failed to demonstrate the expected positive association with digital
transformation outcomes. Although this result appears inconsistent with human capital theory
(Hanushek & Woessmann, 2011; Selwyn, 2016), it does not show that educational expenditure
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hinders digital transformation. Several alternative explanations remain plausible. Educational
investment typically generates effects over far longer periods than the present dataset cov-
ers, while aggregate COFOG expenditure does not distinguish between general educational
spending and expenditure specifically devoted to digital competencies. Furthermore, digital
transformation depends on numerous complementary institutional, technological, and socio-
economic factors that the present analysis omits. Consequently, the absence of statistically
significant relationships remains inconclusive rather than contradictory.

Overall, the findings suggest that the relationship between public expenditure structure
and digital transformation in Poland varies across functional expenditure categories. The results
provide empirical support for the proposition that some expenditure areas — notably environ-
mental protection and public safety — are more closely associated with digital development
than others. However, the observed correlations do not establish the direction of influence
and provide no evidence of expenditure effectiveness or institutional capacity. Expenditure
levels alone cannot fully capture institutional quality or the mechanisms that translate public
resources into digital outcomes. The present findings therefore identify potential areas for fur-
ther investigation rather than definitive policy effects.

Conclusions

This study examined the relationship between the functional structure of public expendi-
ture, classified according to the COFOG framework, and selected indicators of digital transfor-
mation measured by the DESI in Poland for 2018-2024. The authors deliberately limited the
analysis to an exploratory assessment of monotonic associations using Spearman’s rank-order
correlation coefficient. Consequently, the findings evidence statistical association rather than
causal relationships.

As the Results and Discussion section shows, expenditure on environmental protection
and public safety produced the strongest and statistically significant associations, whereas
the remaining categories showed limited or statistically insignificant relationships with DESI
indicators.

The empirical evidence supports the proposed hypotheses only in part. The data did not
confirm H1 or H2: neither public services expenditure nor education expenditure showed sta-
tistically significant associations with digital transformation outcomes. By contrast, H3 received
empirical support: environmental protection expenditure showed strong and statistically
significant positive associations with the overall DESI index and several individual indicators,
providing preliminary evidence consistent with the twin transition perspective (Muench et al.,
2022).

The research also carries clear limitations. The analysis rests on a short annual time series,
which substantially restricts statistical inference and prevents the identification of causal
mechanisms. Furthermore, COFOG expenditure categories constitute broad functional aggre-
gates and cannot distinguish investments directly related to digitalisation from other public
expenditure within the same policy domain. Consequently, the reported associations remain
preliminary empirical patterns that require verification on longer time series, panel datasets
covering multiple European countries, or more detailed expenditure classifications combined
with institutional quality indicators. Such approaches would apply more advanced econo-
metric techniques and allow future studies to investigate the causal pathways linking public
expenditure, institutional capacity, and digital transformation.
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In sum, the study links the structure of public expenditure to selected dimensions of digi-
tal transformation, although the strength of these relationships differs considerably across
expenditure categories. The findings indicate that environmental protection and public safety
expenditure displays the strongest associations with digital development, whereas the data
yielded no comparable evidence for public services or education in the analysed period. There-
fore, these conclusions offer an exploratory contribution to the literature, providing a founda-
tion for future research rather than definitive evidence on the effectiveness of public expendi-
ture in supporting digital transformation.
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