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Abstract

Purpose — The purpose of this study is to examine the impact of digitization on selected productivity and
efficiency indicators in EU25 countries. This research focuses on the relationship between digitization, labor
productivity and capital efficiency, aiming to provide insights into how digital adoption influences economic
performance.

Design/methodology/approach — This study uses a panel data regression analysis using data from Eurostat
for the period 2017-2020. Two econometric models are developed: the first assesses the effect of digitization
on nominal unit labor costs based on hours worked, while the second evaluates its impact on gross value added
per unit of net fixed assets. The analysis applies fixed effects and random effects models to estimate the
significance of digitization proxies.

Findings — The results of this study indicate that the provision of portable digital devices to employees has a
positive effect on capital productivity while reducing labor costs. However, a higher share of enterprises
providing internet access to employees negatively impacts gross value added per unit of net fixed assets,
suggesting that digital infrastructure alone is insufficient without complementary digital skills.

Research limitations/implications — Limitations include data availability constraints for advanced digital
technologies such as artificial intelligence and the Internet of Things. Future research should incorporate firm-
level data to refine the analysis.

Practical implications — The findings of this study highlight the need for policy interventions to support
digital literacy and infrastructure integration to maximize the benefits of digitization on productivity.

Originality/value — This study contributes to the literature by providing a cross-country comparison of
digitization’s effects on productivity and efficiency indicators within the EU25 framework, closing existing
research gaps with robust panel data analysis.
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1. Introduction

The impact of digitization on productivity and efficiency indicators has become a critical topic
in modern economic and business research. The integration of digital technologies such as
artificial intelligence (AI), the Internet of Things (IoT), big data analytics and automation has
reshaped how enterprises operate, produce and compete across industries (Boris et al., 2018;
Pianta et al., 2020). The digital transformation of businesses is now widely recognized as a
key driver of economic growth, efficiency improvements and cost reductions. Existing studies
highlight the significance of digital adoption in improving production processes, optimizing
business strategies and facilitating data-driven decision-making (Mortal and Schill, 2018).
The digital economy is rapidly transforming traditional industries, particularly within the
European Union (EU), where economic shifts have driven companies toward digitalization to
maintain competitiveness (Hadad, 2017; Gavrila and Ancillo, 2021).

Despite widespread recognition of digitization’s transformative potential, existing
research is fragmented and often limited in scope. Many studies focus on specific aspects of
digitalization, such as labor productivity (Metlyakhin et al., 2020; Liu et al., 2022),
automation (Horvat et al., 2019) or digital infrastructure (Polozova et al., 2021). However,
these studies tend to analyze digital transformation at the firm level or within single-country
contexts, overlooking broader cross-national patterns. Additionally, research on
digitization’s impact on efficiency indicators remains insufficient, particularly regarding its
effects on unit labor costs (ULCs) and capital productivity. Existing literature also lacks
robust quantitative panel data analysis that systematically examines the relationship between
digitization and key economic indicators across multiple EU nations. This gap raises the
central research question of this study: What is the impact of digitization on selected
productivity and efficiency indicators in EU25 countries?

Addressing this research question is crucial because understanding the role of digital
transformation in economic efficiency can offer valuable insights for policymakers, businesses
and researchers. The EU25 provides a unique context for studying digitization, as its member
states vary in digital adoption levels, industrial structures and economic policies (Pfivara, 2024).
By investigating these cross-national dynamics, this study provides empirical evidence that goes
beyond country- or industry-specific cases, offering a broader understanding of how digital
adoption influences productivity. The importance of digital transformation has been further
highlighted by the COVID-19 pandemic, which accelerated the need for digital tools to sustain
business operations (Gavrila and Ancillo, 2021). Therefore, this study not only contributes to
ongoing academic discussions but also holds practical implications for governments and
organizations seeking to enhance productivity through digital investments.

This research extends the theoretical understanding of digitization’s economic impact by
integrating perspectives from institutional theory and economic efficiency models. While
institutional theory explains how organizations adapt to technological changes based on external
pressures, this study demonstrates how digital adoption translates into measurable productivity
and efficiency improvements (Sabbagh et al., 2013; Zaric and Bozhovic, 2021; Bai et al., 2023;
Koraus et al., 2015; Kusa et al., 2023). By using panel data regression, the study empirically
validates theoretical claims about digitization’s role in shaping production efficiency, contributing
to a more nuanced understanding of digital transformation in varying institutional contexts.

This study advances knowledge by bridging gaps in the literature regarding cross-country
digital adoption and its macroeconomic effects. Prior research has largely examined firm-
level productivity, while this study shifts the focus to national productivity and efficiency
indicators, allowing for broader generalizations (Cette et al., 2021; Metlyakhin et al., 2020;
Duong, 2023; Dobrovi¢ and Koraus, 2015; Moravcikova et al., 2019). Furthermore, by
incorporating multiple digitalization proxies, such as portable device adoption and digital



infrastructure, the research offers a more comprehensive analysis than studies that focus
solely on a single digital metric.

The findings of this study have practical implications for policymakers, businesses and
economic planners. The results highlight the importance of investing in portable digital tools
and ensuring that digital literacy programs accompany infrastructure investments.
Additionally, the study challenges the assumption that mere internet access automatically
improves productivity, emphasizing the need for effective integration of digital technologies
into business processes. Policymakers should, therefore, focus on strategies that promote
digital competency and technological adaptation across different industries, ensuring that
digitalization leads to tangible economic benefits.

2. Literature review

In the modern world, Information and Communication Technology (ICT) influences all areas
of economic activity, including businesses, government and society. Although ICT was
initially expensive and inaccessible to many, rapid technological advancements have
significantly reduced costs and improved accessibility for a broader audience.

In the context of this study, digitization is defined as “the social transformation triggered
by the massive adoption of digital technologies to generate, process, share, and transact
information” (Katz et al., 2014). Pearce-Moses (2005) describes digitization as the process
of converting analog materials into binary electronic formats, primarily for computer storage
and use. Trzaska et al. (2021) define it as making information digitally available and
accessible, while also distinguishing digitalization as the automation of processes through
digital solutions. Similarly, Nasiri et al. (2020) argue that digitalization serves as a critical
tool for performance development in businesses.

Several studies highlight that digital transformation in the private sector significantly
contributes to economic development and productivity growth (Blinova et al., 2021; Bonci
et al., 2022; Kuzmina et al., 2021; Szopa and Cyplik, 2020; Li et al., 2022; Liu et al., 2022;
Belas et al., 2025). Duasa and Ramadan (2019) examined digital transformation’s impact on
economic growth in Malaysia and the Philippines, finding long-term positive effects.
However, in the short run, digitization’s benefits were unevenly distributed because of the
digital divide, which hindered accessibility and network connectivity. Digitization impacts
businesses through multiple channels, including human capital (Blizkiy et al., 2021; Bonci
et al., 2022; Konovalova et al., 2021; Tolstykh et al., 2017), labor productivity (Aly, 2022),
finance (Liu et al., 2022), technological innovation (Liu et al., 2022) and risk reduction (Liu
et al., 2022; Lopez-Felices et al., 2023; Brecka and Koraus, 2016; Vrtana and Gogolova,
2019).

Blizkiy et al. (2021) examined the effect of digital transformation on human capital,
concluding that digitization enhances workforce efficiency by integrating technological,
digital, political, educational and socio-economic factors. Liu et al. (2022) studied the
mechanisms of digital transformation on Chinese enterprises, revealing a positive impact on
firm development, especially in inland regions. However, they also noted that economic
policy uncertainty weakens the benefits of digital transformation. Similarly, Industry 4.0,
introduced in Germany in 2011, aims to transform industrial manufacturing through
digitalization and emerging technologies (Bidnur, 2020; Le et al., 2023; Gombar et al., 2022;
Vrtana and Krizanova, 2020).

Key technologies such as the 10T, Big Data, Cloud Computing, digital twins and additive
manufacturing have played a crucial role in improving productivity and operational
performance (Turkyilmaz et al., 2021). However, despite recognizing these technological
advances, research directly linking advanced digital technologies, specifically IoT and Al,
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with productivity outcomes remains relatively under-explored. This gap highlights a need for
deeper investigation into how such technologies concretely influence productivity across
various economic contexts.

Despite these advancements, research linking digitization to productivity remains
inconclusive. Some scholars suggest that digitalization does not necessarily lead to
productivity growth, even with rising investments in technology (Gebauer et al., 2020;
Kohtamadki et al., 2020; Pinsonneault and Rivard, 1998). However, Cette et al. (2021) found
that using ICT specialists and adopting digital technologies increased labor productivity by
23% and total factor productivity by 17% in French firms. This finding emphasizes the
critical role of digital skills development, suggesting that productivity gains from digitization
significantly depend on workforce competence and the effective integration of digital tools
into organizational practices. Such a perspective helps interpret scenarios where enhanced
internet access alone yields negative or neutral productivity effects because of insufficient
digital skills or inadequate integration strategies.

Horvat et al. (2019) analyzed the impact of automation and digitalization on
manufacturing productivity in early-stage Industry 4.0 adoption. Their findings showed a
statistically significant and positive effect on labor productivity. Similar studies found that
companies leveraging digital tools reported higher productivity and firm growth (Clarke
et al., 2015; Diaz Tautiva et al., 2023; Koraus et al., 2019; Vrtana and Krizanova, 2018). In
Russia, Metlyakhin et al. (2020) examined key digitalization factors affecting labor
productivity, emphasizing their regional significance. Aly (2022) investigated the
relationship between digital transformation, economic development and productivity growth
in developing economies, confirming a strong positive correlation between digitalization and
labor market performance. Additionally, Cheng et al. (2022) measured enterprise
performance through Return on Assets and Return on Sales, linking them to digital
transformation efforts.

Several studies have also examined digitization’s impact on labor markets using the
Digital Economy and Society Index (DESI) across EU countries (Shahnazi, 2021; Kovacs
et al., 2022; Crisan et al., 2023; Skare et al., 2023; Santos-Arteaga et al., 2023). Basol and
Yalgin  (2021) investigated DESI’s effect on labor market insecurity, long-term
unemployment, employment rate and personal earnings, concluding that higher DESI scores
correlate with improved labor market indicators in 23 EU countries. Similarly, Polozova
etal. (2021) explored the relationship between digitization, productivity and competitiveness
in EU member states, emphasizing the link between digital and human development through
DESI and the Human Development Index. Ghazy et al. (2022) applied panel data methods to
examine digitization’s impact on entrepreneurship in EU27, confirming a positive
relationship between digitalization and business growth.

Although the literature establishes a clear connection between digitization and
productivity, several gaps remain unaddressed. Most studies fail to use panel data regression
models, making their findings less generalizable across multiple EU nations. Existing
research mainly relies on cross-sectional data or case studies, limiting the understanding of
long-term trends in digital transformation. Additionally, many studies analyze single
countries or industries, without providing a comparative perspective on digital adoption and
economic efficiency. To address these gaps, this study investigates the impact of digitization
on productivity and efficiency indicators across EU25 countries using panel data regression
models.

This research advances the literature by offering a cross-country comparative analysis of
digital transformation’s economic effects. The findings provide valuable insights for
policymakers, businesses and researchers, helping them design data-driven strategies to



enhance productivity and efficiency through digital adoption. Integrating longitudinal data
and robust econometric modeling, this study contributes to a more comprehensive
understanding of digitization’s role in economic performance across the EU.

3. Methodology

This study adopts an exploratory research approach to assess the impact of digitization on
selected productivity and efficiency indicators in EU25 countries, excluding Cyprus and
Malta because of data availability constraints. The research examines the relationship
between digitization, productivity and efficiency, focusing on how digital adoption
influences economic performance.

A panel data regression analysis is applied, using data sets from Eurostat and the
European Commission’s Digital Agenda.

Two dependent variables are used to measure productivity and efficiency: nominal ULCs
based on hours worked, which captures labor cost efficiency, reflecting changes in the
average cost of labor per unit of output produced, and gross value added (GVA) per unit of
net fixed assets, representing capital productivity, indicating how efficiently firms use their
capital assets to generate value. Digitization indicators are derived from Eurostat and
supported by literature, measuring the percentage of enterprises providing portable devices
to employees (Pistoia et al., 2015), the percentage of enterprises offering ICT training to
employees (Greenan et al., 2020; Billert et al., 2020) and the percentage of enterprises where
employees have internet access (Borowiecki et al., 2021). These proxy variables were
selected because of the limited availability of detailed, firm-level data on advanced digital
technologies such as AL, VR and IoT, as highlighted in existing literature.

To account for additional factors influencing productivity and efficiency, this study
includes several control variables. These are research and development (R&D) expenditure
(Aden Dirir, 2023; Owalla et al., 2022), total employment levels as a measure of labor force
engagement, the percentage of the population aged 15-64 years with tertiary education
(Levy and Murnane, 2003; Ding et al., 2024; Hanushek et al., 2022) and enterprises using
DSL or fixed broadband connections, reflecting the level of digital infrastructure (Varian
etal., 2002).

This study examines the period from 2017 to 2020 and involves a sample of 100
observations from EU25 countries. The econometric models are estimated using Stata
software, a statistical package widely used for panel data regression analysis, which provides
robust tools for managing data, performing regression analyses and addressing issues such as
heteroskedasticity. The first model assesses the impact of digitization on nominal ULCs,
reflecting how digital adoption affects labor cost efficiency. The second model evaluates the
impact of digitization on GVA per unit of net fixed assets, providing insights into how
digitalization influences capital productivity. The selection of these econometric models was
motivated by their ability to capture dynamic changes and to control for unobserved
heterogeneity across countries and over time, offering a clear understanding of digitization’s
impact on economic efficiency.

Econometric Model 1:

ULC;, is represented by indicator nominal ULC based on hours worked (% change on
previous period) acquired from Eurostat data set in period 2017-2020:

ULCj; = c + BlEpd;; + p2Eict;; + p3la;; + PARD;; + p5Pop;; + POEmp;;

+ f1Con;; + vj
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Econometric Model 2:
GVA per unit of net fixed assets is represented by data from Eurostat for the same period
(2017-2020):

GVA;, = ¢ + B1Epd;, + B2Eict;, + B3Ia;, + f4RD;, + B5Pop;, + B6Emp;, + 37Con;; + v;,

i=1,..., N—represents selected EU states;
t=1,...., T—represents observed period from 2017 to 2020;
Epd;, — variable for share of enterprises which provide portable devices to some
employees;
Eict;,— variable for share of enterprises which provide ICT training to employees;
Ia;,— variable for share of enterprises where people used have access to the internet;
RD;, — explanatory variable for research and development expenditure;
Emp;, — explanatory variable for persons in employment;
Pop;, — explanatory variable for population by educational attainment level and age
15-64 years;
Con;, — explanatory variable for type of connections to the internet (digital infrastructure
quality);
v;;_unobserved error term which include also country-specific error; and
C —the constant.

Regarding research limitations, this study suffers from the limited availability of detailed
longitudinal data describing the penetration and impact of advanced digital technologies
such as Al, VR, cloud storage, IoT and Big Data within EU countries. Consequently, the
analysis uses three widely recognized proxy variables (portable devices, internet access and
ICT training) identified from the literature. Another methodological limitation is the
presence of heteroskedasticity detected through the Breusch—Pagan test. Although addressed
by applying a logarithmic transformation to dependent variables, residual heteroskedasticity
indicates a potential need for additional model refinement or alternative estimation
techniques, such as robust standard errors or alternative econometric specifications, to
further improve result reliability.

4. Results

Descriptive characteristics of both models show for each dependent and explanatory
variables number of observations, mean, standard deviation as well as minimum and
maximum values.

According to data depicted in Table 1, we see variables used in Model 1. There are 7
explanatory variables, 1 dependent variable and 100 observations.

Regarding the results from the summary statistics presented in Table 2, we observe that
the econometric Model 2 includes 7 explanatory variables, 1 dependent variable and 100
observations.

In terms of the study’s scope, productivity and cost efficiency indicators are estimated
using GVA per unit of net fixed assets and nominal ULC based on hours worked (percentage
change from the previous period). To analyze the influence of digitization on productivity
and efficiency indicators, we use a panel data regression analysis. This econometric approach
allows us to track multiple entities (countries) across time, enhancing the precision of our
findings by controlling for unobserved heterogeneity (Geweke et al., 2006; Hasnaoui, 2024).

To enhance readability and understanding for the reader, the econometric equations are
presented in a simplified manner:

Model 1 (labor cost efficiency):



Table 1. Summary statistics from Stata — Model 1 — nominal unit labor cost based on hours worked

Variable Observation Mean SD Minimum Maximum

Nominal unit labor cost based on hours

worked 100 3.24 2.959491 -84 9.6
Enterprises which provide portable devices to

some employees 100 73.719 11.91621 45 98.2
Enterprises where people employed have

access to the internet 100 96.964  4.02137 81.4 100
Enterprises which provide ICT training to

employees 100 21.31208 8.453198 4.4337 37.5139
Research and development expenditure 100 1.74 0.8696232 0.47 3.49
Persons in employment 100 1.048 2.015018 -4.5 7.2
The population that has achieved tertiary

education and is aged 15-64 years 100 29.625  7.092525 15.3 42.8

Enterprise using DSL of fixed broadband
connection to internet (level of digital
infrastructure) 100 91.986  5.719063 78.5 100

Source(s): Own calculated results from Stata 17
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Table 2. Summary statistics from Stata — Model 2 — capital productivity

Variable Observation Mean  SD Minimum Maximum
Gross value added per unit of net fixed assets 100 102.318 7.15579  84.802 127.022
Enterprises which provide portable devices to

some employees 100 73.719 1191621 45 98.2
Enterprises where people employed have

access to the internet 100 96.964 4.02137 81.4 100
Enterprises which provide ICT training to

employees 100 21.3120 8.453198 4.4337 37.5139
Research and development expenditure 100 1.74 0.8696232 0.47 3.49
Persons in employment 100 1.048 2.015018 -4.5 7.2

The population that has achieved tertiary

education and is aged 15-64 years 100 29.625 7.092525 15.3 42.8

Enterprise using DSL or fixed broadband
connection to internet (level of digital
infrastructure) 100 91.986 5.719063 78.5 100

Source(s): Own calculated results from Stata 17

Change in labor costs = constant + portable devices + ICT training + internet access +
R&D + tertiary education + employment + internet connectivity quality + error term.

Model 2 (capital productivity):

Capital productivity = constant + portable devices + ICT training + internet access +
R&D + tertiary education + employment + internet connectivity quality + error term.

To illustrate practical implications, consider a hypothetical scenario where an EU country
increases portable device provision by 10%. Based on the results, this would lead to an
approximate 0.5% reduction in labor costs and about a 2.2% improvement in capital
productivity, clearly emphasizing the potential economic benefits of targeted digital adoption.
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The dependent variable in the first model is the nominal ULC based on hours worked,
while in the second model, it is the GVA per unit of net fixed assets. The independent
variables measuring digitization incorporated in both models include the percentage share of
enterprises providing portable devices to employees (Pistoia et al., 2015), enterprises where
employees have internet access and the share of enterprises providing training to employees
for developing or upgrading their ICT skills (Greenan and Messe, 2018; Blazquez-Resino
etal., 2020; Billert et al., 2020; Mirza et al., 2024).

Additionally, we include control variables from Table 1, such as research and
development expenditure, the proportion of the population aged 15-64 years with tertiary
education (Autor et al., 2003; Ding et al., 2024; Hanushek and Woessmann, 2008; Owalla
et al., 2022) and enterprises using DSL or fixed broadband connections to the internet
(Varian et al., 2002).

This study covers the period from 2017 to 2020 and examines EU-25 countries,
incorporating a total of 100 observations using two econometric models. The panel data
regression models were estimated using Stata software.

Equation for Model 1 is following:

ULC; = ¢ + pl1Epd;, + p2Eict;; + p31a; + PARD;; + pSPop;; + p6Conj; + vy
Equation for Model 2 is following:
GVA;; =c+ BlEpd; + p2Eict; + p3la;; + PARD;; + p5SPop;: + p6Conj; + v

In this study, we considered three possible panel data models: Pooled OLS, Fixed Effects and
Random Effects. After performing the Breusch—Pagan test to check for heteroskedasticity,
we found that it was present in the model. To address this issue, we attempted to identify its
source and applied a logarithmic transformation to the dependent variable, which proved
effective in mitigating heteroskedasticity.

We also examined multicollinearity in both models using the variance inflation factor
(VIF) test. The first model yielded a mean VIF value of 2.00, while the second model showed
a value of 1.94. Typically, a VIF value of 1 indicates no multicollinearity, whereas values
exceeding 5 or 10 suggest high multicollinearity, which can distort regression results
(Deanna and Schreiber, 2018). Therefore, a mean VIF of 2.00 is generally not a concern,
indicating that multicollinearity is present but unlikely to significantly impact the model’s
reliability (Frost, 2019).

For both models, we conducted the Hausman test to compare the appropriateness of the
Random Effects and Fixed Effects methods. In Model 1, which examines the impact of
digitization on labor productivity, the test results (Prob < 0.05) indicated that the Fixed
Effects method was the more suitable choice. Conversely, in Model 2, which assesses the
impact of digitization on capital productivity, the Random Effects method was found to be
the better fit. Both models have strongly balanced panels.

Table 3 shows results calculated in Stata for Model 1. Hausman test for comparing
appropriateness of random effects and fixed effects methods showed better fitness for fixed
effects. According to results from panel data regression, there are two significant variables,
share of enterprises providing portable devices to some employees and persons in
employment. Both explanatory variables have negative impact on dependent variable in this
model.

Table 4 shows results calculated in Stata for Model 2. Hausman test for comparing
appropriateness of random effects and fixed effects methods showed better fitness for



Table 3. Comparison of results from OLS, FE, RE and FE-ROBUST in Model 1

Variables (1) OLS (2)FE (3)RE
Enterprises_providing_portable_d —0.0504** (0.0243) —0.0504** (0.0221) -0.00250 (0.00923)
Internet_access_of_employees 0.0391 (0.0822) 0.0391 (0.0668) 0.0106 (0.0301)
E_provided ICT _training -0.0206 (0.0243) -0.0206 (0.0358) -0.00911 (0.0176)
R&D_expenditure 0.619 (0.507) 0.619(0.931) -0.161 (0.151)
Employees -0.211%#* (0.0554)  -0.211%** (0.0574)  —-0.146*** (0.0431)
Education —0.0392** (0.0185) —0.0392 (0.0299) -0.00308 (0.0141)
Type_of_connection —0.0545 (0.0424) —0.0545 (0.0409) -0.0261 (0.0205)
Constant 6.701 (10.51) 6.701 (7.159) 3.326 (2.629)
Observations 90 90 90

R 0.336 0.336 0.336

Number of ID 25 25 25

Note(s): Standard errors in parentheses: ***p < 0.01, **p < 0.05 and *p < 0.1
Source(s): Own calculated results from Stata 17

Table 4. Comparison of results from OLS, FE, RE and FE-ROBUST in Model 2

Accounting and

Variables (1oLs (2) FE (3)RE
Enterprises_providing_portable_d 0.249*** (0.0606) 0.203** (0.0984) 0.224%%* (0.0742)
Internet_access_of_employees —0.509*** (0.187) -0.410(0.297) —0.444** (0.224)

E_provided_ICT_training

~0.166 (0.109)

-0.0607 (0.170)

-0.123 (0.130)

R&D_expenditure —-0.321 (0.918) 4.670 (4.174) —0.165 (1.446)
Employees —1.904*** (0.280) —-1.691*** (0.229) —1.873***(0.181)
Education 0.272*%%* (0.0873) 0.364** (0.145) 0.297*** (0.107)
Type_of_connection -0.0286 (0.138) -0.0242 (0.168) —-0.0619 (0.141)
Constant 134.0*** (15.78) 113.4%%* (29.87) 130.7*** (20.19)
Observations 100 100 100

R? 0.484 0.657

Number of ID 25 25

Note(s): Standard errors in parentheses: ***p < 0.01, **p < 0.05 and *p < 0.1
Source(s): Own calculated results from Stata 17

random effects. Analysis identifies four significant variables in this model. Indicator “share
of enterprises providing portable devices to some employees” is highly significant at 1%
level as well as “persons in employment” and indicator “the population that has achieved
tertiary education and is aged 15-64 years.” Variable “enterprises where people employed
have access to the internet” is significant at 5% level.

For Model 1, according to Table 5, we acquired the following results:

* A 1% change in share of enterprises providing portable devices to some employees
leads to decrease in nominal ULC based on hours worked by 0.05%.

* A 1% change of persons in employment leads to decrease in nominal ULC based on
hours worked by 0.21%.

For Model 2, related to Table 5, we obtained the following results:
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Table 5. Results from Models 1 (FE) and 2 (RE)

Variables FE RE
Enterprises_providing_portable_d (Standard error) —0.0504** (0.0221) 0.224*** (0.0742)
Internet_access_of_employees (Standard error) 0.0391 (0.0668) —0.444%*%* (0.224)
E_provided_ICT _training (Standard error) -0.0206 (0.0358) —0.123 (0.130)
R&D expenditure (Standard error) 0.619 (0.931) —0.165 (1.446)
Employees (Standard error) —0.211*** (0.0574) —1.873*%*(0.181)
Education (Standard error) -0.0392 (0.0299) 0.297*** (0.107)
Type of connection (Standard error) -0.0545 (0.0409) —0.0619 (0.141)
Constant (Standard error) 6.701 (7.159) 130.7*** (20.19)
Observations 90 100

R 0.336

Number of ID 25 25

Note(s): Standard errors in parentheses: ***p < 0.01, **p < 0.05 and *p < 0.1
Source(s): Own calculated results from Stata 17

* A 1% change in share of enterprises providing portable devices to some employees
leads to increase in GVA per unit of net fixed assets by 0.22%.

* A 1% change share of enterprises where people employed have access to the internet
lead to decrease in GVA per unit of net fixed assets by 0.44%.

* A 1% change in persons in employment leads to decrease in GVA per unit of net
fixed assets by 1.87%.

5. Discussion and limitation

This study aimed to analyze the impact of digitization on selected productivity and efficiency
indicators in EU25 member states. The results from panel data regression analysis reveal
notable insights into how digital adoption affects labor and capital productivity. In Model 1,
which examines the effect of digitization on labor cost efficiency, we find that an increase in
the share of enterprises providing portable devices to employees is associated with a slight
reduction in nominal ULC based on hours worked, indicating that mobile technology
adoption contributes to efficiency improvements. Similarly, an increase in employment
levels is linked to lower labor costs, suggesting that higher employment may allow firms to
achieve greater economies of scale, reducing cost pressures.

For Model 2, which assesses the relationship between digitization and capital
productivity, we observe that the provision of portable devices to employees positively
impacts GVA per unit of net fixed assets, reinforcing the argument that mobile technology
supports productivity gains. However, an increase in enterprises offering internet access to
employees is associated with a decline in GVA per unit of net fixed assets. This result
suggests that while internet access is a fundamental aspect of digital transformation, its mere
availability does not guarantee productivity improvements. Without proper digital literacy or
integration into business processes, internet access alone may not lead to efficiency gains
and, in some cases, could even contribute to inefficiencies. Furthermore, an increase in
employment levels is negatively associated with capital productivity, which may reflect the
challenges of optimizing labor-intensive processes in the face of digital transformation.

Our findings align with previous research, such as Cette et al. (2021), who found that
providing ICT tools to employees enhances productivity, albeit at varying levels of



significance. While our study identifies a relatively modest effect of portable devices on
labor cost reductions, it supports the broader notion that digital tools facilitate efficiency
gains. Similarly, Metlyakhin et al. (2020) highlighted the limited role of internet access in
driving productivity improvements, a result that is also reflected in our study. Their findings
suggest that while digital connectivity is a necessary condition for modernization, its impact
depends on how effectively firms integrate digital solutions into their workflows.

While our results confirm some widely held assumptions about the positive effects of
digitization on productivity, they also reveal unexpected findings. Notably, internet access
alone appears to have a negative impact on capital productivity, implying that businesses
may require complementary investments in digital skills, training or management strategies
to fully capitalize on digital infrastructure. Furthermore, our study finds that enterprises using
DSL or fixed broadband connections — an indicator of digital infrastructure quality — do not
significantly impact any model, suggesting that the quality and application of digital tools
matter more than mere connectivity.

Several limitations must be acknowledged. First, the availability of long-term data on
advanced digital technologies such as Al, virtual reality, cloud storage and the IoT in EU
countries remains limited. As a result, we relied on three proxy variables — portable devices,
ICT training and internet access — to capture the effects of digitization. Future studies should
incorporate more granular firm-level data to provide deeper insights into how different
digital technologies contribute to productivity and efficiency. Additionally, the presence of
heteroskedasticity in our models, despite our efforts to address it through a logarithmic
transformation, suggests that further refinements in model specification may be necessary.
Alternative estimation techniques, such as robust standard errors or instrumental variable
approaches, could be explored to improve the robustness of results.

Going forward, future research could extend this study by refining the measurement of
digitization and exploring its effects on other economic indicators, such as total factor
productivity or innovation capacity. Moreover, addressing potential endogeneity concerns by
using firm-specific data sets or conducting case studies could enhance the validity of
findings. By broadening the scope of digital transformation research beyond labor and capital
productivity, future studies can provide more comprehensive insights into the evolving role
of digital adoption in economic performance.

6. Implications

The findings of this study carry significant implications for policymakers, business
leaders and economic researchers seeking to leverage digitization for productivity
improvements. The results highlight that providing employees with portable digital
devices can contribute to enhanced labor cost efficiency and capital productivity,
highlighting the importance of enterprise-driven digital adoption. However, the finding
that increased internet access within enterprises does not necessarily translate into higher
productivity suggests that merely expanding digital infrastructure is insufficient. Instead,
businesses must integrate digital tools effectively into their workflows and ensure that
employees possess the necessary skills to use these technologies productively.

From a policy perspective, these results suggest that governments should not only focus
on expanding digital infrastructure but also invest in digital literacy programs and workforce
training initiatives. Providing internet access alone does not guarantee productivity gains;
rather, employees must be equipped with the necessary digital competencies to take
advantage of the technologies available to them. Policymakers should consider targeted
interventions, such as incentives for firms to provide ICT training and tax benefits for
businesses investing in digital tools that enhance operational efficiency. Additionally,
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policies should emphasize the adoption of digital strategies that align with specific industry
needs, ensuring that digital transformation is not just a blanket initiative but one that is
carefully adapted to different economic sectors.

For business leaders, the results emphasize the importance of strategic digital integration.
Enterprises should recognize that merely equipping employees with digital tools is not
enough; they must also foster an environment where digital adoption is accompanied by
skills development and operational restructuring. Companies investing in portable devices
should complement this initiative with training programs that enable employees to use these
tools efficiently. Furthermore, firms should reassess their reliance on internet access as a
standalone driver of productivity and focus instead on developing comprehensive digital
strategies that enhance business operations.

In terms of academic and research implications, this study contributes to the growing
body of literature on the economic effects of digitization by providing cross-country
empirical evidence using panel data regression analysis. The results highlight the need for
future research to explore how specific digital adoption strategies — beyond infrastructure
expansion — affect productivity across different industries and firm sizes. Additionally,
researchers should further investigate the conditions under which internet access positively
or negatively influences productivity, particularly in the context of firm-specific capabilities,
management practices and industry characteristics.

7. Conclusion

This study aimed to assess the impact of digitization on productivity and efficiency indicators
in EU25 member states. The primary research question investigated how digitization
influences selected economic indicators, specifically labor cost efficiency and capital
productivity. To address this question, we examined the effects of digital adoption on
nominal ULCs based on hours worked (Model 1) and GVA per unit of net fixed assets
(Model 2).

The results from panel data regression analysis reveal several key findings. In Model 1,
which explores the impact of digitization on labor cost efficiency, we find that an increase in
the share of enterprises providing portable devices to employees is associated with a
reduction in nominal ULCs, suggesting that mobile technology adoption contributes to cost
efficiency. Additionally, an increase in employment levels also leads to a decline in nominal
ULCs, likely because of economies of scale. In Model 2, which examines the effect of
digitization on capital productivity, the provision of portable devices to employees is
positively associated with GVA per unit of net fixed assets, reinforcing the notion that digital
tools can enhance productivity. However, we also find that an increase in enterprises where
employees have internet access correlates with a decline in capital productivity. This result
suggests that internet access alone is insufficient to drive productivity improvements and
must be complemented by appropriate digital skills and integration strategies. Moreover,
employment growth negatively affects capital productivity, potentially highlighting the
challenges associated with managing a growing workforce in an increasingly digitalized
environment.

This study contributes to the literature by offering cross-country comparative insights and
a longitudinal perspective on the impact of digitization on economic performance. By using
three proxies for digitization — portable devices, ICT training and internet access — our
research provides empirical evidence on the role of digital transformation in shaping labor
and capital productivity. Additionally, our findings reveal unexpected results, particularly the
lack of significance of internet access in Model 1 and the non-significance of enterprises



using DSL or fixed broadband connections in both models, despite these being widely used Review of
as indicators of digital infrastructure quality in prior research. Accounting and

Based on these findings, we suggest that policymakers and enterprises prioritize strategic
digital investments to enhance productivity. Encouraging businesses to invest in portable
digital tools could be facilitated through targeted tax incentives, subsidies or grants aimed at
increasing digital mobility within the workforce. Furthermore, the negative impact of
internet access on capital productivity suggests that simply providing digital infrastructure is
insufficient without the necessary workforce skills to use it effectively. Policymakers should
focus on digital literacy programs, professional training initiatives and the integration of
digital tools into business processes to ensure that investments in digitization translate into
tangible productivity gains. Expanding internet access without accompanying digital training
may not yield the expected benefits, emphasizing the need for a more comprehensive
approach to digital transformation.
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