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In the era of Industry 4.0, enterprises and
economies are increasingly investing in digital
tools and resources, which allow them to
create competitive advantages to improve
business efficiency and sustainable
development. Among these, digital skills of
individuals and the role of information and
communication technology (ICT) specialists
are pivotal to the success of digital
transformation. In contrast, capital sources,
such as intangible, tangible, or human, also
affect the effectiveness of the digital
transformation process of enterprises. In this
study, the authors processed secondary data
from the Statistical office of the European
Union (EUROSTAT) and the Network
Readiness Index to investigate the
relationship between the digital skills of the
labour workforce and economic
development, and the relationship between
IT specialists and ICT development. Using
correlation and hierarchical cluster analyses,
this study shows that almost all indicators of
digital skills strongly and positively correlate
with economic development in the European
Union countries (EU27), except for the most
basic level of online information and data
literacy skills. Moreover, this study found a
strong correlation between deploying ICT
specialists and ICT development levels. ICT
specialists were classified into five groups,
based on certain indicators, using hierarchical
cluster analysis. In the conclusion, the
authors emphasised the importance of digital
skills and ICT specialists in developing 
policies for digital transformation in Europe. 
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Introduction 

Over the past few decades, the development of digital technologies has profoundly 
transformed organisations and societies. Global digitalisation has exponentially 
widened the horizon of services like never before (Bhutani–Paliwal 2015). The 
adoption of new technologies, such as big data, artificial intelligence, and blockchain, 
is pervasive across all sectors, and is playing an increasingly important role in 
economies. Its impact poses direct and significant challenges for traditional 
enterprises (Henriette et al. 2015). The goal of digitalisation is for companies to 
increase their competitiveness and catch up with established digital organisations 
without disruption (Vial 2019). Therefore, "pre-digital" companies believe that 
digitalisation, including transforming processes, capabilities, and business models, is 
very important (Arias-Pérez et al. 2021). The digital transformation process combines 
many technological elements that support decision-making and benefit organisations. 
During the last decade, the business world has witnessed various high-tech companies 
dominating their markets more rapidly.  

Although the benefits of digital transformation are evident, more than two-thirds 
of digital transformation initiatives have been unsuccessful (Tabrizi et al. 2019). Even 
the banking sector implements digital transformation cautiously; consequently the 
level of digitalisation in traditional banks is still moderate (Tran et al. 2022). The 
inability to reap the benefits of digital transformation is not a problem of technology 
but of human resources. It is a fact that employees are uncertain about digital 
transformation (Tabrizi et al. 2019); some of them even worry about being replaced 
during the process. To enable sustainable digital transformation in this age of 
digitalisation, the issue of human skills must be prioritised for development. For 
example, solving business problems requires greater reliance on analytical skills from 
employees (Vial 2019). In a report by the OECD on digital skills, the growth and 
popularity of ICT demands new skills from workers (OECD 2016). Notably, nearly 
50% of the adult population does not meet the skills required to work in a digital 
environment (OECD 2016). Therefore, improving employees' digital skills will 
benefit businesses, in particular, and the entire economy, in general. 

Technology cannot completely replace humans; however, when it develops, 
human capacity must be enhanced to control and use it (Sima et al. 2020). Therefore, 
digitalising the economy and developing human capital will ultimately increase 
population welfare (Grigorescu et al. 2021, Ramdhan 2021) as well as the country’s 
reputation (Fernández-Crehuet et al. 2019). Especially during the Covid-19 pandemic, 
when companies and society have to switch to a "new normal", enterprises and 
economies must accelerate digital transformation because of its benefits and relevance 
(Nagy–Veresné Somosi 2022). Therefore, during this transformation and even after 
the covid-pandemic recovery, developing human capital will become urgent and more 
important than human resource automation (World Economic Forum 2020). 
Although research on digitalisation and digital human resource management is 
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growing rapidly (Strohmeier 2020), most previous studies have focused on how digital 
technology affects human capital.  

As digital technology spreads across the economy to all sectors and the number 
of jobs increases, digital skills have become an essential element of employability. 
Most importantly, companies and individuals possess sufficient digital skills to take 
full advantage of the economy and society. Therefore, it is necessary to collect data 
on the digital skills of the workforce. In 2011, the European Commission launched a 
project (DIGCOMP) to develop a Digital Competence Framework. The purpose of 
this project was to produce a framework for digital competence, with descriptors for 
all levels of learners. The European Commission has been monitoring the digital 
progress of Member States through Digital Economy and Society Index (DESI) 
reports, since 2014. To access human capital, the DESI report summarises data within 
a framework that identifies five competence areas: 1) information and data literacy 
skills, 2) communication and collaboration skills, 3) digital content creation skills, 4) 
safety skills, and 5) problem-solving skills. Furthermore, as of 2021, the dataset 
encompasses an additional indicator due to the Covid-19 pandemic (not included in 
the DESI), i.e., 6) Online Information and Communication skills.  

Despite their relatively small share, the employment of ICT professionals has a 
significant impact on building the competitive potential of enterprises through their 
contribution to the production and use of digital technology. Different aspects of 
supply and demand influence the work motivation of ICT specialists. Some aspects are 
highlighted by statistics on the problems companies face in hiring ICT specialists and 
how they mitigate digital skills shortages, including:  1) percentage of enterprises 
employing ICT specialists; 2) percentage of enterprises trying to recruit ICT specialists; 
3) percentage of enterprises training their ICT specialists; and 4) percentage of 
enterprises providing training to employees to develop ICT-related skills. 

The main goal of this article is to study the impact and role of human capital on 
digital transformation in businesses in a rapidly developing digital economy. To 
address this goal, this study attempts to address the motivators and barriers of human 
capital that impact digitalisation in a firm. Based on theory and data analysis related 
to human capital factors, we clarify the relationship between human resource skills, 
qualifications, and capacity to develop the national economy and businesses. 
Accordingly, the questions to be answered in this study are as follows: 

RQ1: What kind of relationship exists between the Digital skills of the 
workforce and Economic development? 

To answer this question, we hypothesize that there is a positive correlation between: 
– H1a: The level of information and data literacy skills and gross domestic product 

(GDP)/capita. 
– H1b: The level of communication and collaboration skills and GDP/capita. 
– H1c: The level of digital content creation skills and GDP/capita. 
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– H1d: The level of safety skills and GDP/capita. 
– H1e: The level of problem-solving skills and GDP/capita. 
– H1f: Online Information and Communication skills and GDP/capita. 

RQ2: What kind of relationship exists between the employment of ICT 
specialists and the level of development of ICT? 

To answer this question, we need to check whether there is a correlation between 
the percentage of enterprises: 

– H2a: employing ICT specialists and national Network Readiness Index (NRI). 
– H2b: trying to recruit or recruiting ICT specialists and national NRI. 
– H2c: training their ICT specialists and national NRI. 
– H2d: providing training to employees to develop ICT-related skills and national NRI. 

Literature review 

Through increasing usage, and developments in ICT infrastructure, digitalisation has 
created new ways of running businesses and performing daily activities (Huđek et al. 
2019). Digitalisation and the use of digital technology deepen capital structure by 
creating digital capital, which has become the main production factor and has 
exponentially increased labour productivity. As ICT represents a special type of 
capital, companies and governments increase ICT investments to raise labour and 
total factor productivity. These investments complement or replace investments in 
other capital assets and increase the production capacity of ICT sectors and industries 
(Herdon–Csordás 2019). As machines perform human tasks, there has been 
widespread concern over the possible mass displacement of workers by robots. 
Nedelkoska–Quintini (2018) estimated that approximately 9% of US jobs would be 
at risk of automation, with this proportion ranging from 7% (for Finland) to 33% (for 
Slovakia). However, the proportion of jobs “at risk of automation” cannot be equated 
to the expected rate of job loss due to automation. As Arntz et al. (2016) emphasise, 
automation may not occur because of various economic or legal barriers, and workers 
may adapt to automation by taking up new tasks within their jobs. In digital 
transformation, technology creates a digital working environment in which the 
working method and the work completion evaluation criteria of each individual and 
department will be faster, more transparent, and more flexible. Moreover, the tasks 
are constantly updated, immediately providing a picture of the production and 
business activities; therefore, it will be very effective to maintain two-way cooperation 
between people and technology (Trenerry et al. 2021). Human capital is one of the 
most important factors in the development of organisations because it is the key to 
creating long-term competitive advantages, so-called distinctive competencies, and 
acquiring high adaptive qualities that allow adaptation to extremely volatile market 
conditions (Kelchevskaya et al. 2019). Ghi et al. (2022) investigate digital 
transformation as a mediating mechanism between human capital and firm 
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performance. The results demonstrate a positive relationship between human capital, 
digital transformation, and firm performance. Mazurchenko–Maršíková (2019) 
confirm the importance of digitalisation for human resources and the increasing 
demand for digital skills in recent years. Santoalha et al. (2021), in a study calling 
attention to the potential of digitalisation in the transition toward a greener economy, 
argue that E-skills negatively moderate the effect of relatedness on technological 
diversification. According to Manco-Chavez et al. (2020), there is a significant positive 
relationship between ICT integration and digital skills among students during the 
Covid-19 pandemic. Furthermore, the authors highlighted that the digital skills 
students acquire while using digital technologies for studying during this time make 
them more compatible and productive in the labour market. Among the five 
dimensions of the digital economy and society index, Bánhidi et al. (2020) find that 
the integration of digital technology has a causality relationship with the human 
resource dimension. Based on GDP per capita and digital skills in 28 countries in 
Europe, Bălăcescu et al. (2019) recognise the large gap between EU countries in terms 
of digital skills and emphasise that these skills play an important role in economic 
growth and social development. Using the European region's digital economy and 
society index, Imran et al. (2022) demonstrated the importance of human capital in 
economic development, finding that it has a stronger impact on sustainable 
development than the integration of digital technology.   

For an overview of research related to human capital in the context of 
digitalisation, this study conducted a title, summary, and keyword search of the 
Scopus database using synonyms for 1) human capital, 2) digitalisation, 3) digital 
transformation, and 4) skills.  

Figure 1 
 The main theme of human capital in digitalisation studies 

 
Source: Authors’ elaboration based on keywords collected from Scopus. 
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To ensure that the study considered recent literature, the author limited the search 
to English-language publications from 2018 till date. The article then used VOSviewer 
software to visualise the keywords appearing most frequently in the authors' research 
(shown in Figure 1). Accordingly, the results of the analysis show that all studies that 
mention human capital in digitalisation, recognise the important role of "digital skills", 
"capability", and "competences". In addition, studies show that growing technology 
and digitalisation will lead to "personnel risks" and "crisis". The growing uptake of 
advanced technology, accompanied by a growing skill shortage in the labour market, 
employee retraining, and upskilling, are important challenges faced by organisations. 

In addition, the study manually searched for articles with many citations, that 
mentioned human capital in the digitalisation of enterprises (shown in Table 1). Prior 
studies have identified people as both, the biggest challenge for, and the main source 
of, digitalisation success.  

Table 1 
The barriers and drivers of human capital in digitalisation in enterprises 

Authors Barriers/Challenges Drivers/Success factors 

Börner et al. 2018  Soft skills such as communication, 
problem-solving, and creativity. 

Field–Chan 2018 Work-related stress and well-
being 

 

Kane et al. 2018 “Competency traps” A growth mindset 

Meske–Junglas 2021  Employees’ expectations of autonomy, 
competence, and connectedness. 

Molino et al. 2020  Resilience; Expectation of information and 
training opportunities 

Oberländer et al. 2020  Digital competencies (knowledge, skills, 
and abilities) 

Osmundsen 2020  
Critical thinking, cognitive competencies 
(a willingness to learn and openness to 
change) 

Töytäri et al. 2017 
Internal barriers (culture, 
change of mindset, beliefs, 
identity) 

 

van Laar et al. 2020  

Digital skills (Technical, information, 
communication, collaboration, critical 
thinking, creativity, and problem-solving 
skills) 

Vogelsang et al. 2019 

Missing skills (IT and process 
knowledge); Technical barriers; 
Individual barriers (fear of job 
loss, transparency, loss of 
control). 

Employee qualifications; Adaptability 
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Kane et al. (2018) point out “competency traps” with employees, and Field–Chan 
(2018) mention that “work-related stress and wellbeing” are prisoners of their 
successes. Töytäri et al. (2017) report difficulties in changing people’s mindsets and 
beliefs, while Vogelsang et al. (2019) focus on people’s IT capabilities. In addition to 
the increasing demand for highly specialised skills (Chuang–Graham 2018), critical 
thinking (Osmundsen 2020), analytical and problem-solving skills (Börner et al. 2018), 
self-management, adaptability (Vogelsang et al. 2019), and resilience (Molino et al. 
2020) are emphasised as the top skills required in today's workforce. 

Similarly, van Laar et al. (2020) also pay attention to the determinants of human 
capital in the digital era. The following skills are evaluated: technical, information 
(Oberländer et al. 2020, Vogelsang et al. 2019), communication, creativity, problem-
solving skills (Börner et al. 2018), and collaboration and critical thinking (Osmundsen 
2020). In addition, the factors, “expectation” (Meske–Junglas 2021, Molino et al. 
2020) and “open mindset” (Kane et al. 2018, Osmundsen 2020) of employees, also 
positively impact the success of digitalisation. Van der Velden–Bijlsma (2019) 
emphasise that skills and skill mismatches affect workers’ productivity. Moreover, in 
a world where the task content of jobs is progressively de-routinised and changing 
faster than ever, while cognitive skills remain very important, there are signs that non-
cognitive skills are also increasing rapidly (Morandini et al. 2020). Therefore, adjusting 
the level and type of skills supplied to changing labour market demands is crucial to 
overcome the challenges mentioned, and reap the benefits of digitalisation. 

Materials and methods 

Materials 

In this study, the authors use data from EUROSTAT's last update in March 2022 [1], 
including comprehensive databases with survey results on the usage of information 
and communication technologies by enterprises (ENT2-2009-2021-v220315) and 
households/individuals (HH-2002-2021-v220325). In addition, the study also uses 
GDP per capita [2] and the network readiness index (NRI) [3] of Europe's 27 
countries to determine the relationship between human capital variables, economic 
development, and ICT development level.  
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Table 2 
 List of variable names, codes, and dataset 

Variable name Variable code Dataset 

Overall digital skills I_DSK2 ISOC_SK_DSKL_I21 

Information and data literacy skills  I_DSK2_IL ISOC_SK_DSKL_I21 

Communication and collaboration skills  I_DSK2_CC ISOC_SK_DSKL_I21 

Digital content creation skills  I_DSK2_DCC ISOC_SK_DSKL_I21 

Safety skills  I_DSK2_SF ISOC_SK_DSKL_I21 

Problem-solving skills  I_DSK2_PS ISOC_SK_DSKL_I21 

Online information and communication skills I_DSK2_IC_S ISOC_SK_DSKL_I21 

Enterprises employing ICT specialists E_ITSP2 ISOC_SKE_ITSPEN2 

Enterprises trying to recruit or recruiting ICT 
specialists 

 
E_ITSPRCR2 

 
ISOC_SKE_ITRCRN2 

Enterprises training their ICT specialists E_ITSPT2 ISOC_SKE_ITTN2 

Enterprises providing training to employees to  
develop ICT-related skills 

 
E_ITT2 

 
ISOC_SKE_ITTN2 

Source: Eurostat database. 

Table 3 
 List of country names and codes 

Country Code Country Code Country Code Country Code 

Austria AT Estonia EE Ireland IE Poland PL 
Belgium BE Greece EL Italy IT Portugal PT 
Bulgaria BG Spain ES Lithuania LT Romania RO 
Cyprus CY Finland FI Luxembourg LU Sweden SE 
Czechia CZ France FR Latvia LV Slovenia SI 
Germany DE Croatia HR Malta MT Slovakia SK 
Denmark DK Hungary HU Netherlands NL   

Source: Eurostat database. 

Methodology 

The data were downloaded and transferred to R programming. As the study 
attempted to discover the relationship between digital skills and economic 
development, and between ICT experts and the digital economy, the Spearman rank 
correlation coefficient with a two-tailed p-value was examined to evaluate the 
relationship between the two variables. The properties of Spearman rank correlation, 
such as easy calculation and no sample assumption requirements, make it one of the 
most widely utilised approaches to determine the correlation between two variables  
(Dodge 2008). Spearman correlation is a type of Pearson correlation, which uses the 
data ranks instead of their original values (Kutner et al. 2005). Another advantage of 
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using Spearman’s rank correlation is that it can be applied to both, linear and 
monotonic relationships, whereas Pearson allows us to determine only the linear 
association between two variables (Caruso–Cliff 1997). This study uses a two-part 
approach.  

In the first part, we investigate the correlation between the indicators of digital 
skills of the workforce between the ages of 25 and 64, and GDP per capita in 27 
European countries. To prepare the data for Spearman rank-correlation analysis, we 
rank the values of all variables, from the lowest to the largest. Moreover, the research 
divides the countries into four main groups, based on the indicators – overall digital 
skills above the basic level, and GDP per capita. 

In the second part, we examine the correlation between the employment indicators 
of ICT specialists of all enterprises (employing 10 persons or more), excluding the 
financial sector, and the development of ICT through the Network Readiness Index, in 
27 European countries. The original values of both variables were ranked before 
calculating the Spearman correlation. Next, we utilise SPSS with Hierarchical cluster 
analysis to classify countries, hierarchically, in recruitment, employment, and training of 
ICT specialists through the four variables mentioned above. 

Finally, the study analyses and discusses the results. The research methodology 
and documentation of this study are shown in Figure 2.  

Figure 2 
 Research workflow of analysing the relationship  

between the workforce’s digital skills and economic and ICT development 
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Findings and discussion 

Digital skills of the labour workforce 

The first set of questions investigated the correlation between the indicators of digital 
skills and GDP per capita in 27 European countries. The results of the analysis are 
summarised in Table 4. 

Table 4 
Correlation between digital skill indicators and GDP per capita 

Variable code Variable description Measurement 
Spearman 

correlation ρ 
(25) 

Sig. 
(2-tailed) 
p-value 

Result 

I_DSK2_IL_AB 
Information and data 
literacy skills above basic 
level 

Percentage of 
individuals 0.35 0.078 

Positive, 
insignificant 

I_DSK2_CC_AB 
Communication and 
collaboration skills 
above basic level 

Percentage of 
individuals 

0.51 0.0067 
Positive, 

significant 

I_DSK2_DCC_AB 
Digital content creation 
skills above basic level 

Percentage of 
individuals 0.67 0.00012 

Positive, 
significant 

I_DSK2_SF_AB Safety skills above basic 
level 

Percentage of 
individuals 

0.63 0.00038 Positive, 
significant 

I_DSK2_PS_AB Problem-solving skills 
above basic level 

Percentage of 
individuals 

0.71 2.8e-05 Positive, 
significant 

I_DSK2_IC_S 
Online information and 
communication skills 

Percentage of 
individuals –0.67 0.00018 

Negative, 
significant 

Our analysis revealed that digital skills and most indicators have a significant 
positive correlation with GDP per capita (Figure 3). Except for Figure 3A, the other 
relationships between digital level and GDP per capita were found to be significant. 
The findings from Figure 3A shows that there is no significant correlation between 
the level of information skills and GDP per capita in the 27 European countries. 
Moreover, the correlations become stronger for more advanced digital skills, such as 
communication and collaboration, digital content creation, safety, and problem-
solving skills. Nevertheless, two remarkable outcomes are observed.  
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Figure 3  
Spearman correlation between the digital skill indicators and  

GDP/capita in EU27, 2021 

A B C 

   
D E F 

   

First, these correlation analyses confirmed hypotheses H1 (b, c, d, e, f); however, 
H1a hypothesis was not fulfilled. There is a negative correlation between Online 
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searching the relevance of the information source and its content, the correlation with 
GDP per capita was positive but insignificant. This exemplifies that most countries 
in the EU27 have achieved a basic level of digital skills, regardless of their economic 
status. Thanks to the development of Internet access and smartphones, collecting and 
gathering information, surfing websites, and reading online news have become 
everyday habits in many countries. However, the study found that the correlation 
between online information and communication skills and GDP per capita was 
negative and statistically significant. This indicates that low digital skills are higher in 
less developed countries in the EU27. Furthermore, the monotonic relationship 

0

10

20

0 20

30

10 30
GPD per capita, rank

Rank of information skills

R=0.35, ρ=0.078

0

10

20

0 20

30

10 30
GPD per capita, rank

Rank of com & col skills

R=0.51, ρ=0.0067

0

10

20

0 20

30

10 30
GPD per capita, rank

Rank of digital... skills

R=0.67, ρ=0.00012

0

10

20

0 20

30

10 30
GPD per capita, rank

Rank of safety skills

R=0.63, ρ=0.00038

0

10

20

0 20

30

10 30
GPD per capita, rank

Rank of problem
solving skills

R=0.71, ρ=2.8e-05

0

10

20

0 20

30

10 30
GPD per capita, rank

Rank of online infor... skills

R=–0.67, ρ=0.00018



Digital skill types and economic performance in the EU27 region, 2020–2021  547 

 

Regional Statistics, Vol. 13. No. 3. 2023: 536–558; DOI: 10.15196/RS130307 

between digital skills and economic development can be seen in Figures 3B, 3C, and 
3E. Countries with low digital skills, such as communication and collaboration, digital 
content creation, and problem-solving skills have a stronger correlation with GDP 
per capita. These results are helpful for developing countries that are likely to achieve 
a larger increase in GDP per capita due to an increase in digital skills. Our study results 
are in line with previous research from Piroșcă et al. (2021) and Imran et al. (2022), 
which showed that in the European region, countries with higher digital proficiency 
and internet usage yield higher individual incomes and wages. Our results expand on 
deeper results from a study by Bălăcescu et al. (2019), which generally concluded that 
digital skills are likely to have a positive relationship with GDP per capita in the 
European region. Our result is in line with the findings of Alhendi et al. (2020), which 
emphasise the importance of education and training quality in developing the 
economy. Moreover, the results from this study provide more insight into conclusions 
from the World Economic Forum, which explains why a larger number of workers 
from countries with higher GDP per capita was able to work from home compared 
with those from low-developed economies, globally (World Economic Forum 2020).  

Second, from the analysis, it can be further observed that developing countries in 
the EU mainly possess fundamental digital skills, in information and communications. 
On the other hand, countries with higher economic development have more 
advanced digital skills, including communication and collaboration, digital content 
creation, safety, and problem-solving skills. Among these, the correlation between 
digital skills and GDP per capita is strong for digital content creation, safety, and 
problem-solving skills. This finding further clarifies that the level of digital skills in 
Euro countries is strongly related to its stage of economic development. 

Further specifying the groups of countries in the EU27 based on overall digital 
skills and GDP per capita, Figure 4 shows that there are four main groups. 

– Group 1: Higher digital skills – more developed countries include 
Luxembourg, Ireland, the Netherlands, Denmark, Sweden, Finland, Austria, 
and France. These are mainly the developed economies in Western Europe, 
which have achieved stable economic as well as digital skill development.  

– Group 2: Higher digital skills – less-developed countries include Croatia, 
Portugal, Spain, and Malta. These countries have made much progress in digital 
development, despite their limited economic development compared to Group 
1 countries. Therefore, countries in this group may provide the best reference 
for Group 4 in attempting to enhance digital skills. Moreover, higher levels of 
digital skills provide these countries with more competitive advantages in 
attracting outsourcing incentives for multinational companies.  

– Group 3: Low digital skills – more developed country group includes Germany 
and Belgium. Although these countries have more developed economies, their 
digital skills are low. Germany and Belgium should consider their digital skills 
more seriously, because these are not in line with their economic power. In 
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particular, digital skills in Germany are at the lowest level, just above Bulgaria 
and Romania. 

– Group 4: Low digital skills – less-developed countries include Estonia, Italy, 
Slovenia, Czechia, Hungary, Poland, Latvia, Greece, Slovakia, Romania, 
Bulgaria, Lithuania, and Cyprus. This is a group of transition countries in 
Central Europe. This group has the largest number of members and takes the 
most effort to catch up with other countries in the region. Central European 
countries, such as V4 and Northeast Europe, possess similar digital skills. 
However, Bulgaria and Romania lag far behind other regional countries.  

Figure 4 
Groups of EU27 based on digital skill indicators and GDP per capita in 2021 

 

ICT specialists in enterprises 

ICT specialist indicators at the enterprise level are significantly correlated with the 
2020 Network Readiness Index. The results are summarised in Table 5. 
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Table 5 
 Correlation between the ICT specialists’ indicators and NRI, 2020 

Variable code Variable description Measurement 
Spearman 

correlation ρ 
(25) 

Sig.  
(2-tailed)  
p-value 

Result 

E_ITSP2 Enterprises employing 
ICT specialists 

Percentage of 
enterprises 

0.39 0.047 Positive, 
significant 

E_ITSPRCR2 
Enterprises trying to 
recruit or recruiting  
ICT specialists 

Percentage of 
enterprises 

0.65 0.00026 Positive, 
significant 

E_ITSPT2 Enterprises training 
their ICT specialists 

Percentage of 
enterprises 

0.69 7.3e-05 Positive, 
significant 

E_ITT2 

Enterprises providing 
training to employees  
to develop ICT-related 
skills 

Percentage of 
enterprises 

0.64 0.00036 Positive, 
significant 

Interestingly, not many differences were observed between the four sub-figures. 
Four indicators of ICT specialist employment have a significant positive correlation 
with NRI (shown in Figure 5). This shows that in countries with a higher level of ICT 
development, higher recruitment, employment, and training percentages enhance the 
ICT capacity of ICT specialists in companies. Unlike unskilled workers and workers 
with low and medium ICT skills, ICT specialists’ labour market dynamics are 
characterised by rapid and sustained job growth, which can demonstrate resilience to 
the economic downturn. Therefore, although the proportion is not high, the influence 
of this group of workers on human capital, in particular, and the ICT development 
level in other countries is very significant. However, it could be seen that the 
correlation between the percentage of enterprises employing ICT specialists, and NRI 
2020 is not clear, as the p-value is near 0.05. An acceptable reason for this finding is 
that employing ICT specialists is not deemed very important by many companies, 
because it is considered an external service (outsourcing). Figure 5 also shows a strong 
correlation between training ICT specialists or employees to develop ICT skills and 
digital economies. This means that countries are likely to achieve sustainable levels of 
digital economy, when enterprises develop their ICT experts. By contrast, deploying 
ICT experts shows a weak correlation with the NRI index. Meanwhile, trying to 
deploy ICT experts is likely to have a strong correlation as countries stand at low 
levels of digital economy; this relationship seems to reduce with the level of digital 
economy. This is because at high levels of digital economies, enterprises tend to 
develop or educate their ICT experts to maintain stable development or reduce their 
dependence on the high-skill labour market.  
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Figure 5 
Spearman correlation between ICT specialist indicators and NRI, 2020 
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To group countries by the employment indicators of ICT specialists in enterprises, 
we selected the hierarchical cluster methodology because it can be supported with 
dendrogram visualisation and is an explicit demonstration of how distinct groups 
emerge as a result of creating clusters. The first result describes how close the data 
points are in a given cluster (Figure 6), and the second shows the number of different 
data points that can be divided into clusters (Table 6). 
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Figure 6 
 Dendrogram of clusters by ICT specialist indicators  

in enterprises in EU27 for 2020 

 

In the first stage, the algorithm separates the two clusters, the countries with the 
highest employment of ICT specialists in the digital economy, including Denmark, 
Manta, Belgium, Ireland, and Finland, from the rest. In the second stage, the 
remaining countries continue to fall into two separate clusters, with Bulgaria and 
Romania exhibiting the lowest rates. Finally, in the subsequent stages, we can observe 
the spreading of clusters by decreasing the distance between the cluster centres. In 
other words, hierarchical cluster analysis provides more insight into identifying similar 
and consistent groups of countries regarding employment ICT specialists' indicators 
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based on Euclidean distance. Based on the structure of the data, we conclude that the 
EU27 countries fall into the five groups presented in Table 6: 

– Group 1 (Cluster 2): Belgium, Denmark, Finland, Ireland, and Malta. 
– Group 2 (Cluster 4): Cyprus, Czechia, Germany, Spain, Croatia, Luxembourg, 

the Netherlands, Portugal, Sweden, and Slovenia. 
– Group 3 (Cluster 5): Hungary and Poland. 
– Group 4 (Cluster 1): Austria, Estonia, Greece, France, Italy, Lithuania, Latvia, 

and Slovakia. 
– Group 5 (Cluster 3): Bulgaria and Romania. 

Table 6 
Change in cluster membership 

Case Country 
Cluster  

5 4 3 2 

BE Belgium 2 2 2 2 
DK Denmark 2 2 2 2 
FI Finland 2 2 2 2 
IE Ireland 2 2 2 2 
MT Malta 2 2 2 2 
CY Cyprus 4 4 1 1 
CZ Czechia 4 4 1 1 
DE Germany 4 4 1 1 
ES Spain 4 4 1 1 
HR Croatia 4 4 1 1 
LU Luxembourg 4 4 1 1 
NL Netherland 4 4 1 1 
PT Portugal 4 4 1 1 
SE Sweden 4 4 1 1 
SI Slovenia 4 4 1 1 
HU Hungary 5 1 1 1 
PL Poland 5 1 1 1 
AT Austria 1 1 1 1 
EE Ireland 1 1 1 1 
EL Greece 1 1 1 1 
FR France 1 1 1 1 
IT Italy 1 1 1 1 
LT Lithuania 1 1 1 1 
LV Latvia 1 1 1 1 
SK Slovakia 1 1 1 1 
BG Bulgaria 3 3 3 1 
RO Romania 3 3 3 1 
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Conclusion 

At present, the EU is beginning to implement projects toward achieving the goals of 
the 2021-2027 budget framework, which emphasise building up digital capacity and 
infrastructure and boosting advanced digital skills. Our research has important 
implications, including many practical contributions and policy suggestions for 
countries in the region. Based on the results of the literature review, data analysis, and 
discussion, this study synthesises the following conclusions: 

First, human capital in the digital economy has a significant relationship with 
economic and ICT development. Compared to other regions of the world, the EU 
27 is making multiple efforts to improve human resource performance for the digital 
economy and society. While the top EU countries (Denmark, Finland, Ireland) are 
leading in digital skills and employment of ICT specialists, countries, such as Romania 
and Bulgaria, are in a very modest position. 

Second, the gap in human capital between the countries in the EU 27 is huge. At 
the individual level, this gap is a barrier to social participation and exacerbates existing 
socio-economic inequalities. Moreover, at the aggregate level, it can hinder further 
expansion of the digital economy and e-government, and the adoption of new 
technology in the business sector. Suggestions for policies: more attention should be 
paid to investment, development, and education to enhance digital skills, especially in 
Bulgaria, Romania, Cyprus, Hungary, Poland, Slovakia, Slovenia, and Germany, 
particularly those related to data management, which use new data management and 
digital tools at work. 

Third, as digital technology spreads across economies, all sectors, and an 
increasing number of jobs, the digital skills of the labour workforce and the 
percentage of employment ICT specialists are becoming essential. Furthermore, the 
fact that its index can be broken down into different underlying variables, allows an 
assessment of digital skills for the EU workforce and complements further 
investigation of skill shortages. For an individual to be qualified to handle the 
requirements of work in the digital economy, digital skills synthesis must be above 
basic levels. The share of the EU labour force with basic or above basic digital skills 
was 31% in 2021, while the rate of the EU labour force with no, limited, narrow, and 
low digital skills was 37%, which means that more than one third of the EU labour 
force do not have sufficient digital skills to manage their work in the digital economy. 
To adjust to this situation, at the enterprise level, highly skilled workers are most 
productive if they are employed in jobs that fully utilise their skills. Creating these 
high-skilled jobs requires additional investments in fixed assets (such as machinery 
and equipment) and intangible assets (such as research, data, and software). 

Fourth, digitalisation and the rapid advancement of digital technologies are 
unavoidable at the firm level. Enterprises must embrace digital and transformational 
technologies to remain competitive and viable. This will lead to increased concerns 
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among enterprises and workers about the future of work. Therefore, it is important 
to understand employees' perceptions and attitudes toward technological change and 
develop other strategies to enhance their digital capabilities. If employees perceive 
that a particular technology or system is useful for their job, will enhance their 
performance, and is easy to learn and use, they are more likely to accept it. Technology 
adoption and acceptance should be linked to resilience and training opportunities. 

Finally, taking advantage of and developing the potential for human capital by 
enhancing digital capabilities, is the direction of enterprises in developed countries. 
This is a practical lesson for businesses in developing and undeveloped countries. To 
adapt to the digital transformation process and keep up with the trend of the digital 
economy, it is more necessary than ever to identify human capital indicators and pay 
attention to limited dimensions. Once employees' digital skills, cognition, and mindset 
capacity are enhanced, human capital will promote the digitalisation process in 
enterprises. 

This broader investigation was influenced by the scope of the study. Further 
research is planned on the effect of the digital readiness of human resources on 
efficiency indicators at the national economic level. Further research can include 
sectoral analyses based on company data. Businesses operating in different size 
categories and industries have different capabilities and opportunities; therefore, the 
digital readiness of the workforce has different effects on company performance and 
efficiency. 
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