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Abstract
Information and communication technology determines not only the development of companies but also the
development of nations. Among other things, with the usage of eGovernment, the administrations can put
„digitally pressure“ on their citizens which can lead to the appreciation of the role of digital competence.
Based on data from the European Statistical Office, the digital competences of the EU Member States
were examined between 2015 and 2017. A significant relationship was found between the level of digital
knowledge and the level of unemployment. There is a strong positive correlation between the levels
of digital competence and corporates training. In the clustering of countries, three distinct groups were created.
The underdeveloped, developing and developed countries differed not only in the number of digitally
educated people but also in the distribution of the digitally qualified groups.
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Introduction

for employability in the digital age (Dubey
and Gunasekaran, 2015)”?

In our decade the main challenges for companies
are neither technological trends, disruptive
innovations, nor new customer behaviors.
Their aim is to adapt their throughway, culture,
and competencies to the new, digital way of working
(Accenture, 2016; Maedche, 2016). What kind
of change does this revolution cause
for the workforce (Murawski and Bick,
2017)? The publication of Frey and Osborne
generated the biggest attention (Frey and Osborne,
2013). They estimated that 47 % of current US
employment is at risk due to computerization.
Among other things, as a result of this alarming
article, several new reports on this topic have been
published recently (Autor, 2015; Miroudot et al.,
2016). The numerical results and conclusions
of these reports are not similar, but they agree that
the concept of work is going to change significantly
in the coming decades (Murawski and Bick, 2017).
The macroeconomic scientists are still focusing
on the numerical results and conclusions of their
reports, while the consequences for the individual
workers are often neglected (Wang and Haggerty,
2011). One of the most important questions
is “Which digital competencies are required

But what does digital competence exactly mean?
The concept of digital competence has not yet
been applied consistently (Vieru, 2015). There
are several ways to define it (Ferrari, 2012)
because the existing definitions are quite general
(Hoel and Holtkamp, 2012). Digital competence is
one of the eight key competencies that are essential
for lifelong learning within the European Union.
Anusca Ferrari determines it as the confident,
critical and creative use of Information
and Communications Technology to achieve goals
related to work, employability, learning, leisure,
inclusion and/or participation in society. It is also
a transversal key competence (Ferrari, 2013).
It means with the help of digital competence
possible to acquire other key competencies
(e.g. language, mathematics, learning to learn,
cultural awareness).
We can see the rapid change in computer software
and hardware, which can make learned skills
redundant (Lengyel et al., 2017). However, there
are fundamental and enduring concepts of digital
competencies that will be important for future
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Materials and methods

job seekers to master them (Hajkowicz et al.,
2016). Educational institutions, governments
and the players of the industry need to work
together to develop the right e-skills, which
increase competitiveness and productivity (Herdon
et al., 2015). Because of ICT, people have a large
digital footprint so the e-business and internet
marketing are now easily mass-customized. Fake
news is also often found on social sites, so it
is important to learn the basics of digital literacy
at a young age, including which source
or database we consider reliable. The introduction
of the blockchain could help to replace a trusted
third-party in the verification and authentication
of information. Although researchers have
great hopes for blockchain-based technologies,
while they are sufficiently transformative
and fundamental, it is really difficult to evaluate
its payback. Since 2010, Israeli schools have been
gradually implementing the National ICT Program
to align the education system to the digital era
(Albion et al., 2015). Of course, the skills, beliefs,
and attitudes of the teachers affect the effectiveness
of ICT integration (Blau and Peled, 2012). They
need to perceive the integration of technology
in education as an integral part of the development
of professional knowledge in order to maximize
the potential impact of technology on teaching
and learning (Wang et al., 2014). This could
among other things, reduce the digital gap that
causes more and more difficulties for university
teachers and companies (Várallyai et al., 2015).
The increased usage of digital technologies at work
raises the demand for new skills. The employees
need to acquire generic ICT skills to be able to use
new technologies in their daily work (Australian
Industry Group, 2018). However, technology
has blurred borders between work and non-work
activities (Reyt and Wiesenfeld, 2015). The use
of the Internet, e-mailing and the use of social
media is also an integral part of the work, but they
can also be easily used to communicate with family
and friends (Colbert et al., 2016). In spite of this
according to Beitz ICT skills and capabilities are
important for the whole workforce and not just
those engaged in specialist ICT roles (Beitz, 2015).

To analyze the context of digital competence
and human resources, a comprehensive dataset was
needed which consisting of variables measuring
ICT competences and some macroeconomics
indicators of several countries globally. National
statistical offices often estimate domestic values
in their own national currencies. That is why
they are not directly international comparable.
The data was compiled after reviewing
the databases of several international organizations.
The main sources of the database were the European
Statistical Office (Eurostat) and the OECD.
Due to the limited accessibility of ICTs data
for developing countries, only 28 members
of the European Union were analyzed, during
the period of 2015 - 2017. Cyprus and Malta did
not have enough data in the database of Eurostat
to be part of the research. The quantity of these data
and the period under review are not as big as, they
would be ideal, but it can be enough to illustrate
proportions and directions. The variables which
were used in this research are shown in Table 1.
The vast majority of terms in the table are clear,
but there are some definitions that need to be
clarified.
When the Eurostat classified the individuals,
according to their digital skills, it had
to compose digital skills indicators which are based
on selected activities related to internet or software
use performed by individuals aged 16-74 in four
specific areas (information, communication,
problem-solving, software skills). The participants
completed a self-assessment survey. In most
Member States the final sample size was between
3000 and 6000 elements.
When we summarize these results from the four
fields, we can divide the next four groups:
-

-

Mohammadyari and Singh have shown that
the digital competence of the workforce can
contribute to successful technology adoption
outcomes (Mohammadyari and Singh, 2015).

-

no skills: Digitally illiterate. He could not
solve any tasks, despite he used the internet
at least once during the last 3 months.
low: He could not pass minimum one,
maximum three tasks from the four areas.
basic: He could solve all of the tasks, and he
passed at least one at the “basic” level.
above basic: He passed all of the tasks
at the “above basic” level (Eurostat, 2019).

The database was analyzed with SPSS software.
In the first step, the relationships were examined
between the variables. The direction and strength
of the relationship between them are determined
by Pearson's correlation coefficient. During
the correlation analysis, the value range is between
1 and -1. If the absolute value of the coefficient

It is also important, that the companies need
to invest not only in the technologies but also
in people and skills. That is how they can enable
the workforce uses the technologies optimally.
With these acts the companies can reach, what
Soule et al. called „digital dexterity” (Soule et al.,
2016).
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Description

Variable

Individuals who have no overall
digital skills

ind

Individuals who have low overall
digital skills

ild

Individuals who have basic overall
digital skills

ibd

Individuals who have above basic
overall digital skills

iabd

The development of web solutions
is mainly performed by own
employees

dwe

The support for web solutions
is mainly performed by own
employees

swe

ICT functions are mainly
performed by own employees

fpe

Enterprise (SME) provided
training to their personnel
to develop/upgrade their ICT skills
(reduced comparability with 2007)

train

GDP/hour worked
GDP
Harmonized unemployment rate
Inflation

Value

Measurement

Data Source

% of the total number of individuals
aged 16 to 74

The standard deviation
should not exceed
2 % of the overall
proportions

Eurostat

% of enterprises

Based on a sample
of the population.
The results are
therefore subject
to the usual types
of errors associated
with random
sampling.

Eurostat

The OECD is
responsible
for collecting data
and calculating
the rates. (National
Statistical Offices
measure it.)

OECD

gdp/hour

USD (constant prices 2010 and PPPs)

gdp

USD, Per head, current prices,
current PPPs

uemp

In numbers of unemployed people
as a percentage of the labour force
and it is seasonally adjusted

infl

Total, Annual growth rate (%)

Source: own elaboration
Table 1: Descriptive of variables used in models.

is close to one, it means that there is a strong
relationship between the two studied variables
(co-movement). If the value is positive, they move
in the same direction (together), while in the case
of a negative value, they move in the opposite
direction (Field, 2013).

a predetermined number of groups (underdeveloped,
developing and developed) (Sajtos and Mitev,
2007). The K-Means clustering algorithm
uses k as a parameter, divide n objects
into k clusters. The objects from the same cluster
are similar to each other however differing
from the other objects which belong to the other
clusters. The algorithm tries to find the centers
of the clusters, (C1 ,C2, C3,…… Ck), such that
the sum of the squared distances of each data
point, xi, 1 ≤ i ≤ n, to its nearest cluster center
Cj, 1 ≤ j ≤ k, is minimized (Arpit et al., 2017).

The classification of the countries of the European
Union according to their level of development
was made by K-Mean Method. The classification
of similar things is called clustering, where
the alike items are placed into groups.
The basic purpose of this is to classify the
observed units into relatively homogeneous
groups, which are based on certain aspects.
Among the hierarchical clustering methods, the use
of Ward and the average chain method are quite
popular,
but
they
increasingly
become
"complementary" to non-hierarchical methods.
The best solution is to run a hierarchical
method first, to find out how much the ideal
number of clusters would be, and then to run
the non-hierarchical method, where we set that
value to the number of groups. In our case,
the singular use of the K-Mean Method
was sufficient, because our goal was to define

Results and discussion
The connection between the analyzed variables
In these countries where the percentage
of individuals with basic digital skills is higher,
there the harmonized unemployment rate is lower
(-0.273), than in those states where the individuals
have above-average digital skills (-0.242). It can see
in Figure 1. Although the correlation coefficients
are quite weak in both cases and the significant
level is only 95 %, it is obvious that in those places
where the citizens do not have a general digital
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Source: own elaboration
Figure 1: The relationship of different levels of digital competences to unemployment, productivity,
and training.

knowledge, the unemployment rate (0.383, at 95 %
significance level) is higher.

of productivity improvement. With the usage
of ICT, we can eliminate non-value-adding tasks
or make them more efficient. It gives (more)
time for the more important tasks. In their study,
the usage of ICT saved 19.5 minutes for one
person in a week (Miikka et al., 2013). According
to Cardona et al. ICT plays an important role
in everyday lives, and in productivity as well.
The authors say, the effect of the productivity is
not only significant and positive but also increasing
over time (Cardona et al., 2013), so the usage
of ICT will be even more important.

The result is not surprising. Today, even
the simplest tasks require some degree of digital
knowledge. Because of this, the employment
of digital illiterates is difficult.
Kashan and Fouzia had the same result. To own
digital skills like usage of computers, the internet
and the ability to use other technology are very
crucial for getting a job. There are also many other
factors like higher education and health, which
also affect employability, but these are rather
expected in the case of well-payed jobs (Kashan
and Fouzia, 2013). According to Bello et al.
(2013), ICT skills are one of the most important
requirements for employment. In addition,
the dynamic nature of the labour market
and the demand for new skills are the other
considerable factors identified by 21-century
studies.

This raises the question, whether companies
want to train their less skilled people to produce
higher value-added products, or do they promote
the already higher qualified people, to further
develop their high value-added productivity.
Based on the Figure 1., we can say that companies
provide further training to people with at least
basic digital competence. In the case of digitally
unqualified people, we did not get any significant
value, while the other correlation coefficients
depicted were measured at 99% significance level.

In the Figure 1, the correlation was checked
between the rate of productivity and the different
level of digital competences too. Apart from digital
illiterates, there are significant results for all three
groups. In the case of individuals with low digital
competence at 95%, in the case of basic and above
basic individuals at 99% significance level, we can
say that the higher digital competence means higher
productivity.

It is assumed that the training of unskilled people
requires a lot of time and money. It seems economy
to further develop the more skilled people. It is
logical, that from the "basic" level to „above”
level can be achieved by using fewer resources.
The "low” rated people (and the digitally unskilled)
would require much more effort to reach the "basic"
level.

This may be explained by the fact that higher-skilled
people produce higher value-added products. Thus,
they generate many more benefits at the same time,
or in less time they produce the same benefits.
Miikka et al. also think ICT is a potential source

We can interpret the publication of Khawaja
and Nadeem in the same way. According
to the authors, there are organizations that develop

[5]

Diversifying Effect of Digital Competence
employees who apply their abilities and skills
for their organizations and with the training
improve their loyalty (Khawaja and Nadeem,
2013). We can assume from the word “develop”
that the above mentioned employees have at least
a basic qualification. In the case of unskilled labor,
they would use the word “train”, to teach them
the essential of the job.

three clusters were generated in the year 2015.
The final cluster centers are shown in Figure 2.
The chart above shows that there are fewer citizens
with digital competences in the underdeveloped
group than in the developing or in the developed
countries. Only 80% of people have any kind
of digital competences in the developing group,
however, in the developed group this percentage is
higher (94 %).

The work of Costen and Salazar takes the opposite
view. According to the results of their survey,
which made in the lodging industry, managers need
to ensure that all employees receive formal training
to help them learn the essential components
of their jobs and the company standards associated
with successfully performing their jobs (Costen
and Salazar 2011). It is important to emphasize that
the survey was conducted in the lodging industry,
where digital competence and digitization are not
so critical, and it is also important to note that
unskilled employment is also a feature of this field,
which makes it "obligatory " to train the employee.

It is interesting how the dimensions of the groups
in the developed countries look like. While
in the underdeveloped group we cannot speak
of graduality, the developing group already shows
that the goal is to expand higher-level groups.
This "developing" process is already appearing
in a relatively proportional way in developed
countries. People with low competencies make up
the smallest group (17%). Almost two times bigger
is the group of basic users (30%), than the lower
cluster. The group of "above" users is the widest.
Nearly one and a half times bigger (47%) than
the basic cluster. The most significant difference is
in the size of the "Individuals who have the above
basic overall digital skills" group.

Classification of countries
In this research, digital competence is in focus,
so for group creation, variables were defined
for SPSS such as individuals who have
low/basic/above basic digital skills. (It would be
more interesting the classification if I would
test the different levels of digital skills together
with productivity or GDP of the countries.
Unfortunately, there was data e.g. Luxembourg's
productivity / GDP, which would distort the sample
and the further investigation of this would be
meaningless.) Using the K-Mean Cluster method,

The Figure 3 shows the classification of countries
according to the examined indicators.
Surprisingly only Luxembourg and the Netherlands
belong to the group of developed countries
from the (EU) founding states. Finland‘s top ranking
is probably due to the excellent education system,
which is known for its openness and continuous
innovation worldwide (Williams et al., 2013).

Source: own elaboration
Figure 2: Underdeveloped, developing and developed clusters in 2015.
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Note: Missing: Cyprus, because it has not enough data to the classification
Source: own elaboration
Figure 3: The classification of EU members in the year of 2015.

Denmark's developed classification is also could be
connected with its education system and the high
standard of living, that even the wealthy Germans
are threatened by "brain drain" in Denmark.
Excluding Italy, - it is the only founding member who
belongs to the group of underdeveloped countries
- the other founding member countries are
members of the developing group. The otherwise
internationally dominant Italy (it is a member
of the G7), perhaps offers the locals a faster
and easier way to earn money with tourism, thus Italy
has individuals with fewer and lower levels of ICT
than other founding Member States. Interestingly,
Estonia which belongs to the developed Baltic
States's, and its administration is almost completely
digitalized, in spite of this, this country is not
enough developed to be part of the smartest's
cluster. Several countries of the underdeveloped
group (Hungary, Poland, Romania) are affected by
the emigration. In these countries, the unskilled
people -who did not move abroad- work in factories
that hardly create added value (Figure 4).

level increased), while individuals with low
digital competencies were not promoted to reach
the "basic" level. (The proportion of users with low
digital competence increased, while the proportion
of users with basic digital competence decreased)
(Figure 5).
When we compare the data of 2015 and 2017,
it is clear that the group of developing countries
was the largest in both years. During the period
under review, Greece and Hungary moved
forward from the cluster of underdeveloped
countries to the group of developing countries,
while Croatia fell to the underdeveloped countries
from the developing cluster. The setback of Croatia
explicable with its new EU membership. In the first
phase after accession (2013.07.01-2015.06.30),
13 EU member states restricted the employment
of Croatian citizens, in the second stage
(2015.07.01-2018.06.30) only 5 countries applied
restrictions against them. From 1 July 2018, only
Austria regulates the employment of Croatian
citizens (European Commission). Against this
background, we can assume that the more skilled
workforce emigrated from the country, which led
to a decrease in the proportion of digitally competent
residents. Sweden and the United Kingdom stepped
forward. They moved from developing countries
into clusters of developed countries.

In accordance with previous correlation studies,
we can see from these pyramids that basic
users were trained to the above basic level
in the underdeveloped and developed countries
(the proportion of basic users decreased as much
as, the proportion of users with the above basic
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Source: own elaboration
Figure 4: Underdeveloped, developing and developed clusters in the year of 2017.

Note: Missing: Cyprus, because it has not enough data to the classification
Source: own elaboration
Figure 5: The classification of EU members in the year of 2017.

Conclusion

individuals have above-basic digital competence.
In the lower-skilled countries (where citizens do not
have any digital competence), the unemployment
rate is higher. Other authors (Kashan and Fouzia,
2013; Bello et al., 2013) also discuss a similar
relationship between employability and digital
knowledge.

A correlation was found between the level
of digital competence of the country's residents
and the harmonized unemployment rate. In these
countries where the citizens own basic digital
competence, there the harmonized unemployment
rate is lower, than in those countries where
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According to the result of this paper higher digital
competence means higher productivity. Higherskilled people generate many more benefits
at the same time, or in less time they produce
the same benefits. Miikka et al. also think ICT is
a potential source of productivity improvement
(Miikka et al., 2013). According to Cardona
the effect of productivity increasing over time
(Cardona et al., 2013). That is while important
to keep in mind that e-business and internet
marketing are key factors in the 21st century, which
could further boost the economy by engaging
less digitally skilled people. In agriculture,
the technology (especially GPS, RFDI, IoT)
is becoming an increasingly important factor.
With blockchain-based systems, this field can bring
a new kind of added value (food tracking) that
can further expand the economy as a whole, but
in the case of large-scale production and cultivation,
it also can make the digital competence useless
because of automatization.

the
local
population.
Taking
advantage
of the "training wave", in the long run, a wide
"above" layer can be created with fewer "average"
and or "low" digital competences. This can cause
(beyond the "reverse competency pyramid"
and developed status) the so-called "digital
dexterity" by Soule et al (Soule et al., 2016).
However not only certain companies can reach it,
but also whole sectors.
When the Member States of the European Union
were grouped, two interesting findings were made.
The biggest difference between the three groups
(underdeveloped, developing and developed)
was not only the proportion of people with above
basic digital competence but also in the proportion
of individuals with any digital competence.
In addition, in the group of developed countries,
we also can observe an interesting phenomenon,
the so-called "reverse competence pyramid". This
means that as the level of competence increases,
the number of individuals who own it increases
as well. This reverse pyramid is not observed
in underdeveloped countries, while in the developing
countries there are signs of „gradualness”.
The existence of a "reverse competency pyramid"
would also be worth examining in economic
areas, where the salaries of high value-added jobs
(ICT specialists) do not differ significantly between
the countries of the region. Because of the sense
of free labor flow within the European Union,
a "top" digitally competent programmer can move
abroad (by "brain drain") for higher salaries,
so instead of they would increase the income and
the number of well-educated people in their country
of origin, they do these in another country, what we
cannot track.

The openness of companies for training is
also influenced by the digital competence
of the inhabitants of that country. In these countries
where more skilled people live, companies offer
more opportunities for further training, than
in countries with less educated people.
A moderately strong negative correlation was found
between low digital competence and workplace
training. That means the companies do not offer
training in these countries, where low digital
educated people live. According to the above
statement, an EU country has to create its digitally
“educated” competent inhabitants, in order
for a company - to reduce the burden of the country
and increase its revenues - to further educate
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