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Abstract: Digitalization has recently reshaped the labour market landscape worldwide, by enhancing the 

need for digitally skilled workers, by increasing productivity, and by creating new opportunities. In the 

Digital Agenda context, this paper examines the evolving relationship between digitalization and labour 

market performance across the European Union, contrasting the pre-pandemic recovery period of 2019 with 

the more mature period of 2024. Based on a cluster analysis on Eurostat data we investigate patterns and 

map the EU countries from a labour market and digitalization perspective, using the Digital Economy and 

Society Index (DESI), employment rate, e-commerce sales, Gini index, inability to face expenses, labour 

cost index and GDP per capita. The paper reveals the fact that the COVID-19 pandemics led to a rapid 

growth and the immediate necessity to implement new digital strategies and work environments, having to 

rapidly and successfully adjust to the newly-created conditions. The cluster analysis identifies a tripartite 

hierarchy: (1) Laggard Economies struggling with low digital adoption and high social exclusion; (2) 

Transitioning Adopters showing moderate technological integration; and (3) Digital Sovereigns 

characterized by high-maturity digital skills and robust labour market outcomes. The comparison highlights 

that while the pandemic accelerated digital uptake, it also intensified the "digital divide" between these 

clusters. As main contribution in the field, the results suggest that EU policy must shift from general digital 

investment to cluster-specific interventions to ensure social convergence by 2030.  
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1. Introduction 

The current transition to a digital economy is one of the most notable structural changes of 

the 21st century, with direct implications on productivity, labour market dynamics and social 

cohesion. In the European Union (EU), this process is governed by an ambitious strategic 

framework, reinforced by the Digital Decade 2030 programme (European Parliament & Council 

of the European Union, 2022) and complemented by the European Pillar of Social Rights, which 

support technological innovation. 
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The COVID-19 pandemic has acted as a systemic accelerator, forcing a rapid digitalization 

of the labour markets and the business processes, most clearly illustrated by the exponential growth 

of e-commerce sales. However, the post-pandemic period of 2024 has revealed complex economic 

realities. While technology adoption has supported Gross Domestic Product (GDP) at the macro 

level, inflationary pressures and the reconfiguration of value chains have significantly impacted 

labour costs and household purchasing power. Thus, assessing the success of digitalization can no 

longer be done exclusively through technology adoption metrics, but requires an integrated 

approach that considers the financial stability of citizens and the degree of social equity.  

Beyond the assumption that economic growth is recently driven by technology, the impact 

of digitalization on society remains broadly asymmetric. The relevance of this research stems from 

the pressing need to understand how digital progress interacts with labour market performance 

indicators and socio-economic vulnerabilities across EU member states. Based on a cluster 

analysis on Eurostat data we investigate patterns across the EU while comparing the pre-pandemic 

recovery period of 2019 with the more mature period of 2024.  

From a labour market and digitalization perspective, the dataset consists of variables such 

as the Digital Economy and Society Index (DESI), employment rate, e-commerce sales, Gini 

index, inability to face expenses, labour cost index and GDP per capita. Based on this dataset, the 

analysis integrates a multidimensional perspective of quality of life and equity. Although 

employment rates may remain stable or increase in the digital era, the phenomenon must be 

correlated with the labour cost index to assess real competitiveness. Moreover, digitalization risks 

generating income polarization. Therefore, the inclusion of the Gini index as a measure of income 

inequality and the inability to face expenses rate is crucial. These variables allow quantifying the 

“social cost” of the digital transition, highlighting whether the prosperity generated by the digital 

economy is distributed fairly or whether, on the contrary, it accentuates the financial 

precariousness of vulnerable segments. 

The structure of the paper is the following: a brief literature review is presented in Section 

2, followed by a methodology and data description in Section 3. The main findings of the cluster 

analysis are discussed in Section 4, while the last section concludes. 

 

2. Literature review 

The literature has extensively analysed the bidirectional relationship between technology 

and the economy, reinforcing several fundamental theoretical directions, such as: (1) the 

relationship between digitalization, productivity and economic growth (Bánhidi et al., 2020); (2) 

labour market transformation and automation (Acemoglu & Autor, 2011; Acemoglu & Restrepo, 

2020); as well as (3) social costs, inequalities and effects of the pandemic  (Eurofound, 2021; 

OECD, 2020), among others. 

Previous empirical studies using the DESI have consistently demonstrated strong and 

positive correlations between the maturity of digital infrastructure and regional GDP convergence 

(Bánhidi et al., 2020). These works confirm that digitalization functions as a primary driver of 
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economic growth in the EU. Recent bibliometric analysis on the thematic landscape of 

digitalisation and regional sustainable development also highlight a well-defined core-periphery 

structure in the literature, where dominant research clusters heavily concentrate on the digital 

economy, innovation, operational efficiency, energy, and regional economic growth, exhibiting a 

strong geographical concentration of scientific output. Conversely, sustainability-oriented 

dimensions - such as management, planning, and artificial intelligence research networks - remain 

comparatively peripheral within the mapped thematic landscape (Crisan, et al., 2025; Crisan, et 

al., 2026). 

Moreover, digitalization driven by automation, artificial intelligence, and robotics could 

enhance production and labour productivity (Tegmark, 2017) and open new employment avenues 

across industries (OECD, 2016). However, its impact on the workforce is dual. On one hand, 

digital, communication, and computer skills significantly boost general employability and youth 

employment (Kee et al., 2023; Pirzada, 2013; Picatoste et al., 2018). On the other hand, the digital 

transition simultaneously poses critical risks of technological unemployment and wage 

degradation, particularly for vulnerable labour segments. Acemoglu and Autor (2011) and, more 

recently, Acemoglu and Restrepo (2020) show that automation replaces routine tasks, while 

generating pressures on the labour cost index for highly skilled specialists.  

Regarding the social costs, inequalities and the effects of the pandemic, the post-2020 

research has documented the accelerated transition to digital business models and e -commerce. 

However, the literature warns of the socio-economic “scars” left by the crisis. Institutional reports 

and academic studies (Eurofound, 2021; OECD, 2020) argue that asymmetric access to 

teleworking and digital economy opportunities tends to exacerbate income inequalities measured 

by the Gini Index and increase the risk of financial precariousness, such as inability to cover 

unforeseen expenses for vulnerable workers. 

Crisan et al. (2023) studied the structural diversity and emerging patterns among EU 

member states regarding labour market digitalization in the post-pandemic context of 2022 by 

examining country-level indicators that intersect digital transition metrics (the DESI index) with 

pandemic-induced impacts (the ratio of confirmed deaths to total population for each country) 

upon key labour market specificities - including youth employment, labour costs, and labour 

productivity - to provide a comprehensive framework for understanding how these interrelated 

forces reshape national economic profiles. 

Despite these findings, there is a major gap in the empirical literature on the integrated 

structural analysis of digitalization and socio-financial inequalities tackled through a comparative 

pre- versus post-pandemic approach. Most studies treat exclusion indicators separately from macro 

digital performance or labour market efficiency, lacking an EU-wide mapping on how these 

variables have evolved from 2019 to a more mature post-pandemic stage of 2024. 

This paper fills this gap in the literature, by proposing a holistic assessment of the EU 

member states through a cluster analysis based on a complex set of Eurostat data: DESI, 

employment rate, e-commerce sales, Gini Index, inability to cope with unforeseen expenses, 

labour cost index and GDP per capita. The major contributions and novelties of this article are 

twofold. On the one hand, there is the multidimensional approach to model the digital divide, by 
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moving from a strictly technological to a deeply socio-economic analysis. The article demonstrates 

how digital maturity correlates not only with GDP per capita growth, but also with income 

inequality and household financial fragility in the post-pandemic period of 2024 compared to 2019. 

On the other hand, the paper proposes a new taxonomy of the EU States, by mapping countries 

into a tripartite hierarchy: (1) Laggard Economies struggling with low digital adoption and high 

social exclusion; (2) Transitioning Adopters showing moderate technological integration; and (3) 

Digital Sovereigns characterized by high-maturity digital skills and robust labour market 

outcomes. 

 

3. Methodology and data 

In terms of methodology, this paper applies a hierarchical cluster analysis based on an 

unsupervised machine learning algorithm that forms a hierarchical tree-like clustering structure 

based on similarities between the EU countries. This method works well for smaller datasets and 

does not require a predefined number of clusters, as clusters are formed by merging or splitting 

based on minimum distance. 

Integrating a multidimensional perspective on equity and quality of life, this analysis 

assesses the labour market and digitalization by evaluating the DESI, employment rate,  e-

commerce sales of enterprises having between 10 to 49 employees (percentage of enterprises), 

Gini index, inability to face expenses, labour cost index, and real GDP per capita growth rate. 

While employment rates and e-commerce sales reflect digital growth, correlating employment 

with the labour cost index is essential to determine true competitiveness. Furthermore, 

incorporating the Gini index and the inability to face expenses rate effectively quantifies the "social 

cost" of this transition, revealing whether the prosperity indicated by GDP per capita is equitably 

distributed or if digitalization drives income polarization and financial precariousness among 

vulnerable segments. 

  
Table 1 Dataset structure 

 
Source: Eurostat 
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 When investigating the changes occurring between the pre-pandemic period and the late 

post-pandemic period of 2024, several aspects were noticed. In the pre-pandemic period of 2019, 

Malta suffered the lowest decrease in GDP per capita, with Bulgaria on the opposite side having 

the highest increase in Europe (5.3%). The labour cost index reached a growth rate of 316.8 in 

Germany whereas in Malta of only 1.00. The average inability to face unexpected financial 

expenses equals almost 32%, with Croatia having the maximum point of 51.7 percent of the total 

households with difficulties in dealing with such costs. Finally, the most digitalized country in the 

EU, according to DESI, is Denmark while the state that struggles most in this regard remains 

Slovakia. 

 In contrast, in the post-pandemic period of 2024, the distribution of the percentage of 

enterprises with e-commerce sales among the EU is slightly right skewed, as the median is lower 

than the mean. The values are ranging from 9.69 to 35.61, presenting, therefore, a moderate spread, 

countries having significant differences. Employment rates, on the other hand, are more stable, 

homogenous across EU countries, labour markets being rather similar. The Gini coefficient 

displays moderate inequality differences, showing a fairly balanced distribution. 

Figure 1 illustrates the standardized DESI scores for EU countries in 2019 and 2024, 

respectively, highlighting the evolution of digital performance across the European Union before 

and after the COVID-19 pandemic.  

 
Figure 1 The DESI values by countries in 2019 vs. 2024 

  

Source: authors’ own computations 

 

The comparison between the two figures reveals important developments regarding the 

digital transformation of the EU labour market and economy. In 2019, the separation between 

Eastern and Western countries was more pronounced, while in 2024 the distribution appears less 

geographically concentrated, suggesting that some Central and Eastern European economies 

managed to accelerate their digital transformation, partially reducing the East-West separation. 
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Figure 2 presents the standardized employment rates across EU member states in 2019 and 

2024, offering a comparative perspective on labour market performance. Overall, they demonstrate 

accelerated labour market transformation across the EU, while also exposing significant structural 

inequalities between member states. Even though employment recovery was generally successful 

at European level, the differences between high-performing and vulnerable labour markets remain 

significant.  

 
Figure 2 Employment rates by countries in 2019 vs. 2024 

  

Source: authors’ own computations 

 

Methodologically, the cluster analysis conducted in this paper consisted of the following 4 

subsequent steps using the Python programming language: 

Step 1. Data pre-processing: This process consisted of identifying the null and missing 

values which we replaced with the average for each variable. It ensures that we are dealing with 

correct data types, no missing values or outliers. 

Step 2. Data standardization: This step implied standardizing the data so as to ensure fair 

comparison between variables with distinct measurement units. This step is extremely important 

for the clustering procedure to ensure that the results are statistically valid.  

Step 3. Correlation matrix: The correlation matrix shows the strength and direction of 

relationship between variables and it is based on the Pearson correlation coefficient. We computed 

the correlation matrix for each of the two years so as to see how variables relate and make sure  to 

only leave the indicators that have a correlation value lower than 85% to maintain the accuracy 

and reliability of the analysis. 

 

 

 

 

 



Ana Maria Sora, Mădălina Ecaterina Popescu  
 

   

 

Figure 3 Correlation matrix for 2019 and 2024 

 
Source: authors’ own computations 

 

Step 4. Hierarchical clustering: For the linkage method we used the Ward’s method which 

minimizes the increase in within-cluster variance, often producing more compact, cohesive 

clusters. At each step, it merges the two clusters that cause the smallest loss of homogeneity and 

uses Euclidean distance. This step included the creation of the dendrograms for 2019 and 2024, 

respectively, as well as tree diagrams showing how countries group together.   

 

4. Main results 

After applying the Ward’s hierarchical cluster algorithm, we identified 3 distinct country 

clusters for each of the investigated periods. The selection of a 3-cluster solution was guided by 

both objective topological criteria of the dendrogram and socio-economic interpretability (see 

dendrograms presented in Figure 4). 

For 2019, we identified three main clusters:  

(1) the Low-performing country cluster, consisting of: Romania, Greece, Croatia, Hungary, 

Poland, Estonia, Portugal, Bulgaria, Latvia, Cyprus and Lithuania, which have lower GDP 

per capita and DESI values; 

(2) the Transition Adopters cluster hosting Germany, France, Luxembourg, Spain and Italy 

and showing intermediate/mixed economies with medium GDP per capita and 

digitalization level 

(3) High-performing economies cluster with lower social vulnerability, consisting of: Austria, 

The Netherlands, Sweden, Denmark, Finland, Ireland, Belgium, Slovakia, The Czech 

Republic and Slovenia. 

For 2024, the Laggard Economies cluster is more compact than in 2019 including 

Lithuania, Greece, Spain, Croatia, Bulgaria and Romania (as in the previous year), the medium-

tech countries in the second cluster include Luxembourg, Malta, The Netherlands, Denmark, 

Sweden, Ireland, Belgium, Austria, Finland while the last cluster indicates Digital Sovereigns: 
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Czechia, Slovenia, Germany, Poland, Slovakia, Latvia, Estonia, Hungary, Cyprus, Portugal, 

Luxembourg, France and Italy, showing changes and improvement compared to 2019.  

 
Figure 4 Dendrogram of the EU countries for the period 2019 vs. 2024 

  

Source: authors’ own computations 

 

While some countries maintained their position, some lost their ranking, being in a lower 

cluster and some became more advanced during the Covid-19 pandemic. Whereas in 2019 there is 

a clearer difference and separation between the East and the West, in 2024 the clusters are not as 

clear in this regard, being less geographically clean. 

For the first cluster in 2019, the e-commerce sales vary from 9.69 to 23.97, employment 

values range from 60.80 to 78.20, the Gini index is between 29.2 and 40.8, the inability to face 

expenses starts from 33.90 and reaches 51.70, the labour cost index between 2.9 and 77.80, real 

GDP per capita ranges between 1.2 and 5.30 and DESI is between 48.43 and 77.59.  

If we take Romania as an example, we can see that it remained in the Laggard Economies 

cluster, nonetheless, it is now ranked a bit higher within the cluster, demonstrating its slow growth, 

being closer to mid-ranged states. Austria, on the other hand, is now a Transitioning Adopter, 

having lowered its position from a high-tech economy. Italy, however, reach the next level by 

moving from being a mid-technologically-advanced country to a Digital Sovereign after the 

pandemic ended, meaning it may have implemented significant digital measures so as to quickly 

develop.  

For instance, in 2019, Romania and Bulgaria are rather similar: Bulgaria has an e-

commerce sales value of 10% vs. 11.98% in Romania; employment in Bulgaria is 74.3% vs. 65.1% 

in Romania, while the GDP per capita equals 5.3 vs. 4.4 in Romania. In 2019, Bulgaria was overall 

more developed and digitalized than Romania, which, then, grew and advanced its position within 
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the cluster in 2024, having faced both challenges and opportunities together with the medical 

situation that occurred in terms of digital advancement in the labour market.  

Belgium and the Netherlands also experienced in 2024 some homogeneity, with the 

Netherlands presenting a more significant DESI value (86.07) compared to its neighbour (71.94), 

with a higher employment rate (83.50%) vs. Belgium (72.30%), with a Gini index of 25.90 vs. 

24.60 respectively, showing alike social situations. Last but not least, the economic growth in the 

Netherlands reached 0.4%, while in Belgium it was just a bit higher (0.5%). All in all, they both 

belong now to the mid-tech cluster, while in 2019 they were higher ranked, being more 

technologically developed than the other countries. 

On the other hand, France and Italy depict a more significant maturity after the pandemic, 

while in 2019 they were both Transitioning Adopters. While the labour cost index in Italy (96.7) 

is lower than in France (176.2), the e-commerce sales reached 19.06, being higher than the 16.09% 

in France. The inability to face unexpected expenses, nevertheless, is almost identical (29.4% in 

France and 29.9 in Italy), the same case as it is with their economic growth (0.9% in France and 

0.8% in Italy). 

 
Table 2 Cluster 1 for the pre-pandemic period of 2019 

 
Source: Eurostat and authors’ own computations 

 

As a consequence, Laggard Economies in this case have an average of 12.28% in e -

commerce sales, a 3.28% economic growth and a DESI value of 57.19.  
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Table 3 Cluster 2 for the pre-pandemic period of 2019 

 
Source: Eurostat and authors’ own computations 

 

The second cluster amounts an average of 76.38 for DESI, which is higher than the first 

cluster, a more accentuated employment rate (71.26), a more prominent Gini coefficient and higher 

labour cost index, being, therefore, more technologically developed than the laggard economies.  

 
Table 4 Cluster 3 for the pre-pandemic period of 2019 

 
Source: Eurostat and authors’ own computations 

 

Last but not least, the Digital Sovereigns cluster presents an average value for DESI equal 

to 73.66, a lower Gini index and higher employment rate.  
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Table 5 Cluster 1 for the post-pandemic period of 2024 

 
Source: Eurostat and authors’ own computations 

 

As a consequence, Laggard Economies in this case have an average of 25.29% in e -

commerce sales, a 2.48% economic growth and a DESI value of 61.49.  
 

Table 6 Cluster 2 for the post-pandemic period of 2024 

 
Source: Eurostat and authors’ own computations 

 

The second cluster amounts an average of 78.49 for DESI, higher than the first cluster, a 

higher employment rate (79.35), a lower Gini coefficient and higher labour cost index, being, 

therefore, more technologically developed than the laggard economies.  
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Table 7 Cluster 3 for the post-pandemic period of 2024 

 
Source: Eurostat and authors’ own computations 

 

For the last cluster, the average DESI value equals 67.6 with an employment rate of 77.95% 

and a growth of GDP/capita of 0.91 per cent.  

 

5. Conclusions 

 To conclude, this article aimed to demonstrate how the pandemic affected the digitalization 

process in the labour market within the European Union, displaying differences between the period 

before COVID-19 burst (2019) and the more mature year of 2024. Thus, indicators such as e-

commerce sales, employment rate, the Gini index, inability to face unexpected expenses, labour 

cost index, GDP/ capita growth rate and the DESI were considered.  

 The cluster analysis uncovered three main groups for both periods, showing some changes 

in the EU mapping, as countries developed differently their digital capacities in the labour market, 

introduced or adapted to new technical requirements.  

 Results display that most European countries improved their level of digital integration 

between 2019 and 2024, especially in terms of e-commerce development and labour market 

digitalization. However, there are countries that remained behind in comparison to the rapid 

acceleration of others (for instance, Finland, Sweden, Denmark which were previously more 

technologically advanced than many EU member states, while Poland, Hungary, France became 

high-technological countries). 

 The cluster analysis reveals the existence of a tripartite hierarchy. The first cluster (Laggard 

Economies) continues to face low digital adoption, weaker labour market performance and higher 
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levels of social vulnerability. Countries like Romania, Bulgaria and Greece remain characterized 

by lower DESI scores, lower employment rates and higher inability to face unforeseen expenses. 

Even though progress was evident after the pandemic, these economies still encounter difficulties 

in achieving digital convergence. 

 The second cluster (Transitioning Adopters) includes countries with intermediate volumes 

of digital integration and rather stable socio-economic conditions. These economies present 

stronger technological infrastructure and employment outcomes compared to laggard states, but 

they also face challenges related to labour costs, productivity adjustments and maintaining 

competitiveness in the digital sector. In some cases, countries that were previously among the most 

advanced economies experienced relative repositioning after COVID-19, suggesting that 

technological maturity may evolve differently depending on national strategies and economic 

resilience. 

 The third cluster (Digital Sovereigns) consists of countries with highly developed digital 

ecosystems, stronger labour market indicators and lower levels of social exclusion. These states 

demonstrate that advanced digitalization is often associated with higher employment, stronger e-

commerce penetration and greater economic adaptability. However, results also indicate that even 

highly digitalized economies are not immune to inequalities, inflationary pressure or labour market 

restructuring generated by automation and technological transformation. 

As a consequence, it is evident that the digital divide within the EU has not disappeared 

after the pandemic. While digital technologies contributed to economic continuity and resilience 

during the crisis, they also amplified disparities between states with significant digital capabilities 

and those with limited technological readiness. Therefore, the success of digitalization cannot be 

evaluated exclusively through technological indicators, but must as well incorporate measures of 

social cohesion, financial security and income distribution. Thus, EU policy must shift from 

general digital investment to cluster-specific interventions to ensure social convergence by 2030. 

The study contributes to the literature by providing a multidimensional and comparative 

assessment of the EU digital labour market before and after the pandemic. By integrating indicators 

of digital performance, labour market efficiency and socio-economic vulnerability, the paper offers 

a broader understanding of how digitalization reshapes economic and social structures within the 

EU. 

As future research directions, we intend to further investigate the impact of digitalization 

on the European Union’s labour markets and upon the business environment, through panel data 

models tailored for each of the country clusters highlighted in this study, so to better control for 

the heterogeneity in the socio-economic outcomes and distinct degrees of digitalization among the 

EU members. 
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