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Abstract:

As Eurostat’s glossary explains, the term Information and Commu-
nication Technologies (ICT): ‘covers all technical means used to han-
dle information and aid communication. This includes both com-
puter and network hardware, as well as their software.” In both
local and global perspective, the ICT impact on modern economies
and societies is undeniable. Moreover, it is growing, as the usability
and technical capabilities are expanding. The researchers recognised
that the ICT expansion in enterprises is a stimulant for economic de-
velopment, as it strengthens competitiveness and innovation. Its im-
pact on labour markets is significant, and constantly increasing de-
mand for digital competences and ICT specialists can be observed.
In both global and local perspective, the ICT sector is growing dy-
namically along with its value share in GDP. Monitoring the develop-
ment of ICT usage as well as analysing how it stimulates socio-eco-
nomic transformations and growth are crucial for global leaders,
governments and local authorities all over the world in order to for-
mulate policy at all levels. Also, it plays a significant role in modern
businesses expansion, as it strengthens innovativeness and compet-
itiveness.
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The main objective of the paper is to study the ICT usage develop-
ment in Poland against other EU countries from the enterprises’ per-
spective in the years 2010-2019 (before the COVID-19 pandemic
and Brexit). The research presented was based on Eurostat data.
The variables were selected on the basis of the literature review
on ICT usage, as well as the criterion of data availability and com-
prehensiveness. The exploratory data analysis methods dealing with
three-way data structures, i.e. the between and within-class princi-
pal component analysis, were used, and the presentation of the re-
sults was supported by factorial maps (scatterplots and biplots).

In the analysed period, enterprises in all the European Union Mem-
ber States intensified their ICT usage. Despite the positive trend from
2010 to 2019, Poland remained far behind the leading countries,
and more precisely, was in the group of the least developed ones.

Keywords: information and communication technologies, ICT, enterprises,
multivariate exploratory data analysis, principal component
analysis, PCA, EU

JEL: C38, 030, 033

1. Introduction

In the Eurostat glossary term ‘Information and Communication Technologies’ (hence-
forth ICT) ‘covers all technical means used to handle information and aid communica-
tion. This includes both computer and network hardware, as well as their software’ (Eu-
rostat, 2016). Statistics Poland defines it as ‘a family of technologies that are processing,
collecting and sending information in an electronic format’ (Statistics Poland, 2018).

ICT are omnipresent in individuals’ daily life, their personal and professional commu-
nication (e.g.: Ferscha et al., 2012), manufacturing and services sectors (e.g.: Evangelista,
Guerrieri, Meliciani, 2014), as well as in education, health services and public administra-
tion (e.g.: OECD, 2013; European Commission, Directorate-General for the Information
Society and Media et al.,, 2017; Smyrnova-Trybulska, 2018). Moreover, their impact on so-
ciety and business, especially in the sense of strengthening services and production com-
petitiveness by innovation, is significant. It results in social development reinforcement
and acceleration of economic growth (e.g.: Pradhan, Mallik, Bagchi, 2018; Lechman, Ku-
trzeba, Mustakoski, 2020; Cheng, Chien, Lee, 2021), and it also supports achieving goals
of sustainable development (e.g.: Higon, Gholami, Shirazi, 2017).
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The European Commission and all the European Union Member States’ governments,
as well as other nongovernment European organisations, pay a great deal of attention
to collecting and analysing ICT related data. Information on ICT usage, their function-
alities and the ICT sector itself as well as research on the relationship between ICT de-
velopment and various social and economic phenomena are important to understand
the transformations that economies and societies are going through. This knowledge
helps to formulate development policies aimed at enforcing innovations and economic
potential, improving digital competences and reducing digital exclusion (e.g.: Ministry
of Development Funds and Regional Policy, 2014). It is also important in building strate-
gies for sustainable development (e.g.: Hilty, Aebischer, 2015; Kostoska, Kocarev, 2019).
Hence, monitoring, analysing and evaluating the development of ICT, their potential as
well as their impact on other phenomena are valuable for governments, societies and in-
stitutions of all kind all over the world.

There are two main objectives of the paper:

1) to investigate the ICT usage development in Poland against other EU countries
in the years 2010-2019 (before COVID-19) from the enterprises’ perspective;

2) todistinguish subgroups of countries within the European Union similar in terms of:
ICT access and usage in enterprises, frequency and main purposes for using websi-
tes and social media by enterprises and the interest of employers in recruiting ICT
specialists.

The conducted analyses are based on the data provided by Eurostat. Since the da-
tasets constituted data cubes: objects x variables x time, the exploratory data analysis
methods dealing with three-way data structures (i.e. the between and within-class prin-
cipal component analysis) were applied to meet the objectives of the paper. The between
and within-class PCA (Dufour, 2008; Thioulouse et al., 2018) - the exploratory data meth-
ods dealing with three-way data structures — were chosen to meet the above-listed re-
search objectives.

The variables were selected on the basis of the literature review on the usage of ICT
by enterprises and Eurostat’s database variables in the section of Digital economy and so-
ciety statistics: ICT usage in enterprises along with the criterion of data comprehensive-
ness. The frequency and main purposes for using websites and social media, digital
competences and employers’ interest in hiring ICT specialists were taken into account.

The omnipresence of ICT arouses interest of scientists from many disciplines.
The literature discussing ICT themselves and innovations in ICT, analysing their spread
and usage by individuals and enterprises, demonstrating and measuring their impact
on and linkage with various social and economic phenomena, researching their develop-
ment in specific places (locally and globally, within the country and in comparison with
other countries) and in relation to many other associated issues is extensive.
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A great deal of attention is paid to ICT as the stimulants of economic growth (e.g.:
Khalili, Lau, Cheong, 2014; Jorgenson, Vu, 2016; Niebel, 2018; Pradhan, Mallik, Bagchi,
2018; Lechman, Marszk, 2019) and to how positively they affect social development (e.g.:
Ziemba, 2019; Lechman, Kutrzeba, Mustakoski, 2020). Also, the role of ICT in sustaina-
ble development is discussed by researchers, and has been identified as significant (e.g.:
Hilty, Aebischer, 2015; Kostoska, Kocarev, 2019). However, the study of ICT is not limited
only to their positive dimension (e.g.: Higon, Gholami, Shirazi, 2017).

The European Commission provides current data on ICT via Eurostat and releas-
es regularly reports on The Digital Economy and Society Index, where the current sit-
uation concerning digital performance and evolution in digital competitiveness in all
the Member States is described (European Commission, 2020). The World Econom-
ic Forum presents reports on The Networked Readiness Index (Dutta, Lanvin, 2019),
and the ICT Development Index (The International Telecommunication Union, 2018) is
published regularly by the International Telecommunication Union - a specialised agen-
cy of the United Nations. The first of the reports mentioned provides formal information
for the European Union countries about their ICT growth. In the latest years’ reports (Eu-
ropean Commission, 2017; 2020), Poland did not perform well: in 2017 and 2018, it was
listed in the 25" position and it moved to the 23 position in 2019. It needs to be men-
tioned that the score of Poland was equal to 45 (respectively 41.6 and 38.8 in the pre-
vious years), while the European Union average was 52.6 (respectively in the previous
years’ reports: 52.5 and 49.8). Hence, although being below the average, Poland slight-
ly improved at a pace faster than the EU average dynamics. In 2019, Poland was far
away from the leading countries in the ‘business digitalization’ sub-category, holding
the 26™ position with a score equal to 40, while leaders had above 60.

In many papers on analyses and comparisons of the ICT development level, authors
used the mentioned indexes and rankings based on them (Moroz, 2017; Preda et al,,
2019). Research papers on ICT development and related issues contained various statisti-
cal methods - from simple (e.g.: Bajdor, 2015; Preda et al., 2019; Zecevi¢, Radovi¢-Stojano-
vi¢, Cudan, 2019) to more advanced ones (e.g.: Wojnar, 2015; Billon, Marco, Lera-Lopez,
2017; Khan, Sana, Arif, 2020; Cheng, Chien, Lee, 2021). Also other approaches can be
found, for example, econometrical methods were applied by Pradhan, Mallik, and Bag-
chi (2018), and Becker et al. (2018) used the analytic network process (ANP). Regard-
ing ICT usage development in European enterprises, when taking into account the anal-
yses conducted before the COVID-19 by Bajdor (2015), Savulescu (2015), Billon, Marco,
and Lera-Lopez (2017), Ze&evi¢, Radovi¢-Stojanovié, and Cudan (2019) and the ranking
of Poland in the above-mentioned indexes (The Digital Economy and Society Index - DESI,
The Networked Readiness Index - NRI and ICT Development Index - IDI), the country is
in the group of the UE-28 least developed Member States, and although a positive devel-
opment trend can be observed, it lags far behind the EU average.
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2.  Research methodology

The analyses were based on Eurostat data on enterprises with 10 or more persons
employed. The time series describing Internet access in enterprises and the frequen-
cy of possession and usage of the company website covered the years 2010-2019. Da-
tasets on the social media use by type were available for the years 2014-2019 and by
purpose for the years: 2013, 2015, 2017, and 2019. The time series characterising ICT
competence in enterprises and the need for ICT skills covered the years 2014-2019.
The trend-based single imputation was applied to fill in the few missing data.

The proposed datasets would facilitate verification of the following two hypotheses:
1) the level of ICT usage in Polish enterprises was increasing year by year in the consi-

dered period;

2) inthe considered period, in terms of ICT usage in enterprises - although the positive
trend was identified - Poland remained far behind the group of the leading countries.

To analyse the spatial-temporal data, several approaches can be considered. In the re-
search, exploratory data analysis methods dealing with three-way data structures, based
on the principal component analysis (PCA), were selected and applied.

Considering datasets for the years 2010-2019, it is possible to perform ten separate
PCAs, one for each year, or one classical PCA after concatenating all datasets. The sec-
ond approach mixes temporal and spatial typologies (Dufour, 2008: 7). Therefore, there
is a need to separate these two effects.

Spatial-temporal structures can be thought of in terms of groups. In the research,
the groups can correspond to the individual EU countries or to the consecutive years. Tak-
ing the existence of groups of samples in a data table into consideration, Thioulouse et al.
(2018) suggest applying a particular type of analysis, called a between-class analysis,
which models the differences between groups by computing the group means and analys-
ing the resulting table. The aim of such an analysis is to investigate visually the existence
of the specific groups and to describe the main characteristics of the differences between
the groups. In the research, the between-class analysis based on principal component
analysis was applied. As mentioned above, the basis for the between-class analysis is
the table of the group means. For groups corresponding to individual countries, the val-
ues of each variable are averaged across the considered time and then the between-coun-
tries PCA can be performed. If the groups correspond to individual years, then the values
of each variable are averaged across the considered EU countries and the between-years
PCA can be carried out.

The between-class analysis may be complemented by the within-class analysis.
The within-class analysis operates with the residuals between observed data
and the group means. It aims at looking for structures remaining in the data after re-
moving the effect of the differences between groups of samples. Dufour (2008: 11)
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pointed out that the within-class and between-class PCA can be regarded as an explor-
atory generalisation of the one-way ANOVA. For both spatial and temporal effects, the to-
tal inertia (variability) of X (the matrix containing p variables measured on n objects)
can be decomposed into two parts: the inertia of X, (the within model after removing
the effect of groups) and the inertia of X, (the between model, revealing the effect
of groups).

Amoreformal description ofthese methods, based on Thioulouseetal. (2018: 119-135),
is briefly summarised below.

Let X be a nxp matrix with the measurements of p variables for n individuals
(objects).

Let (X,Q,D) be the associated statistical triplet, where Q isa pxp diagonal matrix
of column (variable) weights and D isa nxn diagonal matrix of row (individual) weights:
D= diag(w1 oW, ) Let us also consider a categorical variable with g categories (groups):
Gy,...,Gy,...G,, measured on the n individuals that can be coded as a nx g matrix H= [hik]
of dummy variables:

lifieG
he={ 016 (1)
0ifi ¢ G,

The table X can be decomposed in two additive parts:

X=PX+(I,-P,)X=X,+X,, (2)

where:
T 1T
P, =H(H'DH) H'D. (3)

The nxp matrix X, contains the group means (computed using weights in D), re-

peated within each group (XB = [Y]k ] forieG, ) where X = Y w,x, is the mean of the j-th

variable for the group k. o
The nxp matrix X = contains differences between observed values and the group
means: (XW = [ij —Yﬂ).
The total inertia of the analysis of (X,Q,D) can be decomposed as follows:

Iix.q.0) = Trace(X'DXQ) = Trace((X, +X,,) D(X, +X,,)Q) (4)

Therefore:

I =1

xan) =lx,0p) 1

(Xy Q)" (5)
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The first component (I( ) ) measures the inertia explained by the differences be-

X;.Q,D
tween groups. The between-c(fass analysis focuses on these differences and it is the anal-
ysis of the triplet (XB ,Q,D). The second component (I(XW,Q,D
in groups, hence the within-class analysis is the analysis of the triplet (XW,Q,D) :

For the gx g diagonal matrix of group weights: D, = H'DH, the gxp matrix of group
means: X = D;HTX can be defined. Therefore, the between-class analysis corresponds
also to the analysis of the triplet ()_(,Q,Dg) and can be defined as the principal compo-

nent analysis of the group means table, leading to the diagonalisation of X'D g)_(Q.

)) measures differences with-

The rank of that matrix is equal to r = min(p,g—l). The total inertia of this analysis
equals the between-class inertia.

The between-class analysis searches for a principal axis @ maximising )_(Qaf,y .Hence,
the aim of the analysis is to determine coefficients (a ) to compute a linear combination
of variables (XQa) which best separates the groups by maximising the between-class
inertia. Objects (rows of the initial table) can be projected on the principal axes, their
coordinates are given by XQA .

The within-class analysis is the analysis of the matrix of the residuals obtained by
eliminating the between-class effect. It leads to the diagonalisation of matrix X, DX,,Q.
The total inertia of this analysis is equal to the within-class inertia.

The within-class analysis searches for a principal axis a maximising X,,Qap . Hence,
the aim of the analysis is to determine coefficients (a ) to compute a linear combination
of variables (X,Qa) which best separates the objects after removing the differences
among groups by maximising the within-class inertia.

The PCA-based methods may be recommended as useful tools for an exploratory
and less formal analysis of data. However, their advantages and disadvantages should
be carefully recognised. The strongest advantages of these methods are: the possibil-
ity of graphical presentation of the results using factorial maps (scatterplots and bi-
plots) and the potentiality of drawing conclusions directly from the investigation of fac-
torial maps, where the use of formal mathematics is minimal. Factorial maps show
the approximate relationships between different points (representing e.g.: countries
or years), as well as the relationships between the points and vectors representing
the analysed variables.

According to Gower, Le Roux, and Gardner-Lubbe (2015: 43), an analysis of factorial
maps makes it possible to reveal clusters of points, trends, outliers, and patterns in data
- all in ways that text and tables do not allow. Other advantages of the PCA-based meth-
ods are: the lack of requirements as to the number of observations compared to the num-
ber of variables, and the possibility of analysing numerous variables, including strongly
correlated ones.
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On the other hand, a serious weakness of the proposed approach can be the loss of rel-
evant information, since the applied between-class PCA is based on the table of group
means. Taking this aspect into account, the proposed methods can be considered as
an initial examination of data that should be supported in the next step by more formal
methods of spatial-temporal data analysis, including, for example, the PCA for function-
al data (e.g.: Gorecki, Krzysko, 2012: 71-87) or the nonlinear PCA (e.g.: Krzysko et al,,
2018: 169-181).

To meet the objectives of the study, the between-countries PCA was applied (groups
corresponded to 28 EU countries, so the spatial effect was taken into account). Then,
the within-countries PCA revealed the temporal effect. All the results were presented
graphically with the use of factorial maps: scatterplots and biplots.

All the calculations were performed with the use of the R-environment, specifically
packages: ade4 and adegraphics.

3. Results

Below, in the subsections, the authors provide the results of the conducted analyses
of ICT usage development in a breakdown into five areas: Internet access and usage,
website usage, social media use by type, social media use by purpose, and ICT special-
ists demand.

3.1. The assessment of Internet access and usage changes in enterprises
in the years 2010-2019

The following three variables were taken into consideration for the analysis purposes:
1) enterprises with Internet access (percentage of enterprises; X.);
2) enterprises with broadband access (fixed or mobile, percentage of enterprises; X,);
3) use of computers and the Internet by employees (percentage of total employment; X,).
The results of the between-class PCA for groups corresponding to the EU coun-
tries' are presented in Figures 1 and 2. The total variability (inertia) in the classical
PCA, performed on the combined datasets, equals the number of variables (three in this
research). In the presented analysis, the between-class inertia is equal to 2.2296, i.e.
74.32% of the total inertia is due to the spatial factor.

1 The EU countries abbreviations used in the figures: BE — Belgium, BG - Bulgaria, CZ - Czechia,
DK - Denmark, DE - Germany, EE - Estonia, IE - Ireland, EL - Greece, ES - Spain, FR - France,
HR - Croatia, IT - Italy, CY - Cyprus, LV - Latvia, LT - Lithuania, LU - Luxembourg, HU - Hungary,
MT - Malta, NL - Netherlands, AT - Austria, PL - Poland, PT - Portugal, RO - Romania, SI - Slovenia,
SK - Slovakia, FI - Finland, SE - Sweden, UK - United Kingdom.
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The results of the analysis are summarised with the use of a biplot (Figure 1). The var-
iables are presented as vectors and objects (EU countries) as points. The angles between
all vectors, as well as between the vectors representing the set of variables and the prin-
cipal components (axes), can be used to assess the linear correlation coefficients. The di-
rection of the vector corresponds to the direction of the highest variability of a given
variable, while its length is proportional to the meaning of this variable.

EL

*
HU -
BG*

Figure 1. Internet access and usage in enterprises - the between-countries
PCA biplot

Source: own elaboration based on Eurostat data

The firstaxis in Figure 1 is most strongly correlated with X, (percentage of enterpris-
es with Internet access) while the second one with X, (the use of computers and the In-
ternet by employees), with high levels of both variables towards the left.
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The points representing the EU Member States can be projected perpendicularly onto
the vectors, representing the variables to obtain the approximate ordering of the coun-
tries in order of the increasing level of Internet access and usage in enterprises.

Romania (RO), Bulgaria (BG), Greece (EL), Hungary (HU) and Poland (PL) are the coun-
tries characterised by the lowest percentage of enterprises with access to the Internet, as
well as the lowest use of computers and the Internet by employees. The highest percent-
ages of enterprises with Internet access and broadband Internet connection are identi-
fied in Finland (FI), the Netherlands (NL) and Lithuania (LT). Denmark (DK) and Sweden
(SE) as well as Finland (FI) and the Netherlands (NL) are the countries with the highest
level of computer and Internet usage by employees. The countries located close to the or-
igin of the coordinate system on the biplot, such as Ireland (IE) and Estonia (EE), are
characterised by the average level of all considered variables.

To investigate in more detail the similarities and differences across the EU Member
States related to the assessment of the diversity of Internet access and usage for individ-
ual countries, star plots with ellipses are presented (Figure 2, top).
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3 1 1 | 1

Figure 2. Diversity of Internet usage development in 2010-2019 for all the EU

countries (top) and for Poland (bottom)
Source: own elaboration based on Eurostat data

The ten years for each country are grouped with the ten-pointed star and the ellipse.
Each star is labelled with the country identification letters, which is located at the gravi-
ty of the star centre. In addition, the star plot for Poland is presented (Figure 2, bottom),
where the respective years are labelled on the rays.
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The ellipse shape facilitates the assessment of the diversity of Internet access and us-
age in enterprises within each European Union Member State. The smallest ellipse is
observed for Finland (FI); hence this is the country characterised by the smallest varia-
bility in ICT usage development over the period from 2010 to 2019. The ellipses for Ro-
mania (RO), Bulgaria (BG) and Poland (PL) have elongated horizontal axes and are ori-
ented in parallel to the vectors representing the variables X, (percentage of enterprises
with Internet access) and X, (percentage of enterprises with broadband access). This
means high variability with regard to the Internet and broadband Internet connection
availability, while the percentage of employees using computers and the Internet is rel-
atively stable.

When analysing the ellipse for Poland (PL) with the rays labelled in subsequent years,
a noticeable increase of the percentage of enterprises with Internet access and broad-
band Internet connection year by year can be also observed.

The between-countries PCA was complemented by the within-countries PCA.
The within-class PCA is based on the residuals between observed data and the group
means. It aims at looking for structures remaining in the data after removing differenc-
es between groups of the samples.

The results of the within-countries PCA are presented in Figure 3. The spatial effect
was removed. The within-countries inertia is equal to 0.7703, i.e. 25.68% of the total in-
ertia is due to the temporal effect.

The annual variation for the four selected years is shown in the bottom panel of Fig-
ure 3 (the row score grouped by years). The analysis reveals a rather strong tempo-
ral structure related to broadband Internet connection development (X,). The percent-
age of enterprises with the broadband Internet connection type increases year by year.
The shrinking ellipses in subsequent years indicate a permanent reduction in inequali-
ties between the EU countries due to ICT access and usage in enterprises.
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08 r

0.4 r

Figure 3. The within-countries PCA results: correlation circle (top); the annual

variation in 2010, 2013, 2016, 2019 after removing the spatial effect (bottom)
Source: own elaboration based on Eurostat data
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3.2. The assessment of website usage changes in the years 2010-2019

The following three variables were taken into consideration for the analysis of website
usage in enterprises:

1) enterprises with a website (percentage of enterprises; X );

2) enterprises where the website provided a description of goods or services and price

lists (percentage of enterprises; X,);

3) enterprises where the website provided online ordering or reservation or booking,

e.g.: shopping cart (percentage of enterprises; X.).

The total inertia in the classical PCA equals three. The between-class inertia is equal
to 2.2244,i.e. 74.15% of the total inertia is due to the spatial factor. The results of the anal-
ysis are summarised with the use of a biplot in Figure 4.

The most strongly correlated with the first PCA axis variable is X, (percentage of en-
terprises with the websites), while the second axis is correlated with variables describ-
ing website functionalities: negatively with X, and positively with X..

Bulgaria (BG), Romania (RO) and also Portugal (PT) are among the Member States
where both having a company website and using its functionalities are clearly the most
unpopular. In contrast, Denmark (DK) and the Netherlands (NL) as well as Sweden (SE)
and Czechia (CZ) belong to the group of countries with the highest percentages of the en-
terprises with a website (X,) and where a company website is used for online ordering,
reservation or booking (X,). Poland (PL) is characterised by a relatively low percentage
of enterprises having a website and utilising its functionalities. More popular in Polish
enterprises is the use of a website to provide a description of goods or services and price
lists (X,).
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0.0

Figure 4. Websites and functionalities - the between-countries PCA biplot
Source: own elaboration based on Eurostat data

The star plots with ellipses for all the EU Member States are presented in Figure 5
(top). In addition, the star plot for Poland is also delivered (Figure 5, bottom), the respec-
tive years are labelled on the rays.

The highest variability in website possession and usage can be observed for Ger-
many (DE) and Finland (FI). The ellipse shape for Poland (PL) is rather regular, a slight
increase of the percentage of enterprises with a website (X,) and enterprises where
the website provided a description of goods or services and price lists (X,) can be ob-
served in the last few years.
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0.0 o

0.0 0.5 1.0 1.5

Figure 5. Diversity of website use and website functionalities in 2010-2019

for all the EU countries (top) and for Poland (bottom)
Source: own elaboration based on Eurostat data
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The between-countries PCA was complemented by the within-countries PCA. The re-
sults of the within-countries PCA are presented in Figure 6.

2 T T T T T T T T
-4 -3 -2 -1 0 1 2 3

Figure 6. The within-countries PCA results: correlation circle (top); the annual

variation in 2010, 2013, 2016, 2019 after removing the spatial effect (bottom)
Source: own elaboration based on Eurostat data
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The within-countries inertia is equal to 0.7759, i.e. 25.86% of the total inertia is
due to the temporal factor. It can be observed that the percentage of enterprises where
the website provided a description of goods or services and price lists (X,) increases
year by year. The ellipses are oriented left-up, which means rather high variability due
to the level of using the website for online ordering, reservation or booking (X,).

3.3.  Social media use by type - changes in the years 2014-2019

The complete data were available only for the years 2014-2019, therefore the analy-

sis was conducted for this period. The following five variables were taken into account

for the analysis of the type of social media usage in enterprises:

1) use of social networks (e.g.: Facebook, LinkedIn, Xing, Viadeo, Yammer, etc.; percen-
tage of enterprises; X.);

2) use of company blogs or microblogs (e.g.: Twitter, Present.ly, etc.; percentage of en-
terprises; X,);

3) use of multimedia content sharing websites (e.g.: YouTube, Flickr, Picasa, SlideShare,
etc.; percentage of enterprises; X.);

4) use of wiki-based knowledge sharing tools (percentage of enterprises; X, );

5) having a website and making use of any social media (percentage of enterprises; X.).
The total inertia in the classical PCA equals five. In the presented analysis, the be-

tween-class inertia is equal to 4.0309, i.e. 80.62% of the total inertia is due to the spatial

factor. The results of the between-class PCA for groups corresponding to the EU coun-

tries are presented in Figures 7 and 8.
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Figure 7. Social media use by type - the between-countries PCA biplot
Source: own elaboration based on Eurostat data

With the first PCA axis (biplot in Figure 7), the most correlated are the following
variables: X, (social networks using), X, (having a website and using any social media)
and X, (using multimedia content sharing websites), and respectively with the sec-
ond one: X, (the use of wiki-based knowledge sharing tools), followed by X, (company
blog or microblog usage).

As it can be seen on the biplot, clear clusters of the EU Member States related to dif-
ferent types of social media usage can be observed.

The Netherlands (NL), Ireland (IE), Malta (MT) and also the United Kingdom (UK)
and Cyprus (CY) belong to the group of countries where having a website and using
social media, specifically social networks, blogs and multimedia content sharing web-
sites, are most widespread. In contrast, Lithuania (LT) is characterised by a rather av-
erage level of using social networks, blogs and tools such as YouTube or SlideShare, but
is the leader when it comes to the use of wiki-based knowledge sharing tools.

On the right of the first PCA axis, the group of countries with enterprises charac-
terised by the lowest percentage of enterprises using social media in their business ac-
tivities can be found. This cluster includes Romania (RO), Bulgaria (BG), Poland (PL),
Latvia (LV), and Hungary (HU).
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To analyse in more detail the differences between the EU countries and to assess
the diversity of social media usage for individual countries, the star plots with ellipses
are needed (Figure 8, top).

Additionally, the star plot for Poland is also shown (Figure 8, bottom). The smallest
variability in the development of social media usage by type over the analysed period
can be observed mainly for those countries where the use of social media by enterprises
is the rarest: Romania (RO) and Bulgaria (BG). The highest variability can be observed
for Luxembourg (LU), Sweden (SE), Finland (FI), and Malta (MT). In Poland (PL), the use
of social media in enterprises increases year by year. However, it needs to be empha-
sised that in this area, in comparison with most of the EU countries, Poland does per-
form poorly.

Figure 8. Diversity of social media use by type in 2014-2019 for all the EU

countries (top) and for Poland (bottom)
Source: own elaboration based on Eurostat data
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The between-countries PCA was complemented by the within-countries PCA.
The within-countries inertia is equal to 0.9688, i.e. 19.38% of the total inertia is due
to the temporal factor. The results of the within-countries PCA are presented in Figure 9.

Figure 9. The within-countries PCA results: correlation circle (top); the annual

variation in the years 2014-2019 after removing the spatial effect (bottom)
Source: own elaboration based on Eurostat data

Itis clearly visible that having a website and using social media in business activities
becomes more popular year by year.
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3.4. Social media use by purpose - changes in the years: 2013, 2015,

2017 and 2019

The following six variables were taken into consideration for the analysis of the purpose
of social media usage in enterprises:

1
2)

3)

4)

5)
6)

developing the enterprise’s image or market products (percentage of enterprises; X, );
obtaining or responding to customer opinions, reviews and questions (percentage
of enterprises; X_);

involving customers in development or innovation of goods or services (percentage
of enterprises; X.);

collaborating with business partners (e.g.: suppliers, etc.) or other organisations
(e.g.: public authorities, non-governmental organisations, etc.; percentage of enter-
prises; X,);

recruiting employees (percentage of enterprises; X.);

exchanging views, opinions or knowledge within the enterprise (percentage of en-
terprises; X, ).

Complete data were available only for the years 2013, 2015, 2017 and 2019, therefore

the analysis was conducted for those four years.

The total inertia in the classical PCA equals four. In the presented analysis, the be-

tween-class inertia is equal to 3.8089, i.e. 63.48% of the total inertia is due to the spatial
factor. The results of the between-class PCA for groups corresponding to the EU coun-
tries are presented in Figures 10 and 11.
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Figure 10. Social media use by purpose - the between-countries PCA biplot
Source: own elaboration based on Eurostat data

The first PCA biplot axis (Figure 10) is correlated with X, (exchange of views, opinions
or knowledge within the enterprise), X, (obtaining or responding to customer opinions,
reviews and questions) and X, (collaborating with business partners or other organisa-
tions) and the second one is correlated with X, (involving customers in development or
innovation of goods or services) and X, (recruiting employees).

It can be observed that some clusters of the EU Member States related to differ-
ent purposes of social media usage in enterprises are very clearly visible. On the left
of the first PCA axis, there are countries characterised by the highest percentages of en-
terprises using social media to exchange opinions and knowledge within the enterprise,
to obtain and respond to customer opinions and questions, to collaborate with business
partners, and also to develop the company’s image or market products. Malta (MT),
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the Netherlands (NL), Finland (FI), Cyprus (CY) and Ireland (IE) are included in this
group, as well as Lithuania (LT), the United Kingdom (UK) and Sweden (SE). The point
representing Denmark (DK) is also located close to the mentioned cluster, but the high
percentage of enterprises using social media for recruiting employees makes Denmark
divergent from this group.

On the opposite side of the first PCA axis, there are countries where the use of social
media for any purpose is marginal. Poland (PL) belongs to that group, as well as Hunga-
ry (HU), Romania (RO), Czechia (CZ), and Slovenia (SI).

Figure 11. Diversity of social media use by type in 2013, 2015, 2017, 2019 for all

the EU countries (top) and for Poland (bottom)
Source: own elaboration based on Eurostat data

When analysing the star plots with ellipses for all the EU Member States (Figure 11,
top), it can be observed that the ellipses are oriented left-up for most countries. This means
rather high variability in the analysed years due to the use of social media for recruitment
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purposes (X,), development of the company image (X,), as well as intra-company ex-
change of knowledge and opinions (X,). The ellipse for Poland (Figure 11, bottom) is
oriented in parallel to the first PCA axis, which indicates high variability - mainly with
regard to X, (obtaining or responding to customer opinions, reviews and questions).
The between-countries PCA was complemented by the within-countries PCA.
The within-countries inertia is equal to 2.1911, i.e. 36.52% of the total inertia is due
to the temporal factor. The results of the within-countries PCA are presented in Figure 12.

Figure 12. The within-countries PCA results: correlation circle (top); the annual
variation in the years 2013, 2015, 2017, 2019 after removing the spatial effect

(bottom)
Source: own elaboration based on Eurostat data
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It can be seen that the changes take place along the first within-PCA axis: the per-
centages of enterprises using social media to collaborate with business partners (X,),
develop the enterprise’s image (X,) and obtain and respond to customer opinions (X,)
constantly increase year by year in the analysed period.

3.5. Need for ICT specialists in enterprises - changes in the years
2014-2019

The following three variables were taken into account for the analysis of ICT competence
and demand for ICT skills in enterprises:

1) enterprises that employ ICT specialists (percentage of enterprises; X, );

2) enterprises thatrecruited or tried to recruit ICT specialists (percentage of enterpri-

ses; X,);

3) enterprises that provided training to develop/upgrade ICT skills of their personnel

(percentage of enterprises; X,).

Complete data were available for the years 2014-2019, therefore the analysis was
conducted for this period.

The total inertia in the classical PCA equals three. In the presented analysis, the be-
tween-class inertia is equal to 2.6095, i.e. 86.98% of the total inertia is due to the spatial
factor. The results of the between-class PCA for groups corresponding to the EU Member
States are presented in Figures 13 and 14.

The first axis in the between-countries PCA biplot (Figure 13) corresponds to ICT
specialists employment (X,) and recruitment (X,). The second axis is strongly correlat-
ed with ICT training (X,).

Asitcan be seen in Figure 13, there are clear clusters related to the level of ICT com-
petence and the need for ICT skills in enterprises. Ireland (IE) and Belgium (BE), Malta
(MT), Denmark (DK), the Netherlands (NL), Luxembourg (LU), as well as Hungary (HU)
and Finland (FI) are included in the group of countries characterised by the highest
percentage of enterprises that employ and recruited or tried to recruit ICT specialists.
Interestingly, these countries do not report a high percentage of enterprises providing
ICT training to employees.

Spain (ES) and Austria (AT) are the countries described by the highest percentage
of enterprises that provided training to develop and upgrade ICT skills of their employees.

Romania (RO), Poland (PL) and Italy (IT) perform the worst when compared to other
EU countries in terms of employing ICT specialists in enterprises, as well as providing
training to develop ICT skills for their own employees.
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Figure 13. ICT specialists employment - the between-countries PCA biplot
Source: own elaboration based on Eurostat data

The star plots with ellipses (Figure 14) provide the possibility of assessing the diver-
sity in demand for ICT specialists within each country.

For Poland (PL), only in 2018 and 2019, an increase of the demand for ICT specialists
can be observed.
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Figure 14. Diversity of ICT specialists employment in 2014-2019 for all the EU

countries (top) and for Poland (bottom)
Source: own elaboration based on Eurostat data

The between-countries PCA was complemented by the within-countries PCA.
The within-countries inertia is equal to 0.3905, i.e. 13.16% of the total inertia is due
to the temporal effect. The results of the within-countries PCA are presented in Figure 15.
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Figure 15. The within-countries PCA results: correlation circle (top); the annual

variation in the years 2014-2019 after removing the spatial effect (bottom)
Source: own elaboration based on Eurostat data
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After removing the differences related to the spatial effect, the temporal effect is not
strong. Only in the last two years of the analysis an increase in the need for ICT special-
ists can be seen. Ellipses are oriented left-up. In the studied years, the gap across the EU
Member States due to the level of employment of ICT specialists in enterprises does not
decrease.

4. Discussion

The selected multivariate statistical analysis methods helped to meet the goals present-
ed in the Introduction. The research hypotheses, formulated in the Research method-
ology section of the paper, were positively verified by the obtained results: ICT growth
was identified and its level for all the European Union countries was assessed. Regard-
ing ICT usage by enterprises, in all years of the considered period, the distance of Poland
to the UE-28 leading Member States was considerable. The obtained results are coherent
with the findings of the literature on the ICT development in the European Union’s en-
terprises, presented in the Literature review section: Bajdor (2015), Savulescu (2015),
Zecevié, Radovié-Stojanovi¢, and Cudan (2019), and Billon, Marco, and Lera-Lopez (2017).
It is not possible to make a direct comparison of the results obtained by the au-
thors with the outcomes of the analyses made in the cited literature, as most of them
were based on a descriptive approach with simple statistical tools, including basic types
of charts. The considered time series were rather short. All of the cited authors found
that Poland was lagging behind the EU in terms of ICT growth, and most analyses point-
ed to its poor performance in comparison with the majority of the EU Member States.
Billon, Marco, and Lera-Lopez (2017) reached for more advanced statistical meth-
ods, though data for households and enterprises were mixed. Their research was fo-
cused on investigating relationships between ICT usage by firms and innovation,
the analyses included the European regions at the first level of disaggregation (NUTS1)
data. Regarding the findings on Poland: it was characterised by a similar level of ICT
development as Bulgaria, Romania, Czechia, Hungary, Greece, Portugal, Spain, and Italy.
Savulescu (2015) showed that in 2013 and 2014 Poland was in the group of the Eu-
ropean Union countries where the lowest ICT sector share in the national economy oc-
curred. The author emphasised that in the 2013 ranking based on the Networked Read-
iness Index, Poland held the 23" position among all the Member States.
Bajdor (2015) points out that Poland has a lower average percentage of enterpris-
es using mobile devices than the EU, as well as insufficient usage of e-commerce tools.
Finally, Zecevi¢, Radovié-Stojanovié, and Cudan (2019) listed Poland in the group
of the European Union countries with the lowest percentage of enterprises using a fixed
broadband Internet connection, relatively low usage of social media in business activities,
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the lowest share of enterprises using cloud computing services, alow percentage of enter-
prises using e-commerce tools, and a slightly lower percentage of businesses using ERP
software. In the above-mentioned research, in most of analyses, the same clusters of coun-
tries were identified, while different variables were taken into account.

The authors have noted that this grouping can be explained by certain patterns based
on geographical, historical and political conditions. The outcomes of analyses, which are
described in the Results section, have led to the same conclusions: the Central and East-
ern European countries perform poorly, while countries of the Benelux and Scandinavia
are the leading ones in most of the analyses.

5 Conclusions

ICT usage in enterprises across the EU countries was investigated and significant differ-
ences were found between the Member States. Also, the groups of countries with simi-
lar ICT usage performance were identified. In the years of study, the trend was positive
throughout the European Union. The analysis results obtained show that a systematic
reduction in inequalities across the EU countries was observed, although those belong-
ing to the least developed group of countries remained far behind the leaders. Poland
performs poorly: although it has progressed in general, the country has not caught up
to the EU average.

The results based on exploratory data analysis methods are consistent with the lit-
erature findings and the European Commission’s rankings made for the EU Member
States with the use of the Digital Economy and Society Index (since the DESI was devel-
oped, the highest rank achieved by Poland has been the 22"9; it was the 23" in the DESI
2020 Report).

ICT usage development is an indispensable determinant of economic and social
growth, hence the European Commission and all the EU governments should extensively
support the acceleration of ICT growth. On the basis of the conducted analysis, some rec-
ommendations can be made: attention should be paid to reducing inequalities between
the Members States, in parallel with building bridges between the leading and poor per-
forming ones. ICT usage, spread and implementation are also fundamental in reaching
the sustainable development goals for the EU, hence supporting enterprises in ICT us-
age growth is important.

The exploratory statistical methods dealing with three-way data structures, i.e. the be-
tween and within-class PCA, have great potential in investigating trends and patterns
when multivariate data are considered. The extraordinary advantage they are character-
ised by is the fact that without very complicated mathematical models, friendly for inter-
pretation factorial maps can be drawn. Despite their advantages, researchers in the fields
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of economics, finance and related areas have not recognised them as an efficient tool so

far. The research results concerning ICT usage obtained with the use of these methods

are consistent with other works and reports, therefore it can be concluded that they per-
formed well. However, for a comprehensive overview of the researched phenomenon, sup-
plementing them with others, for example, the PCA for functional data (Gorecki, Krzysko,

2012) and the nonlinear PCA (Krzysko et al., 2018), should be considered.

The time series considered in this research cover 2010 to 2019 data, as the year 2020
was a turning point for ICT usage growth all over the world since the COVID-19 pan-
demic accelerated information and communication technologies development by forc-
ing societies, governments and businesses to expand the existing applications and dis-
cover new ones.

The pandemic forced changes in ICT usage in all perspectives. All the world economies,
societies and governments received an unexpected external stimulus to expand their ICT
products and solutions usage. They were also forced to broaden the scope of ICT usage
(for example, remote work and e-recruitment, e-commence, e-education at all levels, e-health
services, e-administration, or e-courts). The existing stimulants and destimulants of ICT
development have been redefined and a new chapter of ICT growth began in all countries:
from developed, through in transition to developing ones. The authors’ separate study aims
to investigate to what extent the pandemic has intensified ICT usage and its scope in Pol-
ish versus European enterprises and to research how the course of the development path
and the pace of changes in ICT growth have been affected by the COVID-19 pandemic so far.

Eurostat organised a special module in the survey on ‘ICT usage and e-commerce
in enterprise,’ which was dedicated to the impact of COVID-19 on the use of ICT in en-
terprises and covered 2020. The collected data are available in the Eurostat database
(Eurostat, 2022). The module results based on the EU enterprises (without Czechia, Es-
tonia, Ireland, Greece, Spain, France, and Croatia) show that:

1) 50% of enterprises increased the number of remote meetings (Finland, the Nether-
lands, Sweden and Malta by over 70% and Poland by 29%));

2) 33% of enterprises increased the share of employees having remote access to the ICT
systems of the enterprise other than e-mail (Malta: 58%, the Netherlands and Bel-
gium by over 40% and Poland by 21%)).

Also, on the basis of Eurostat data, the dynamics of ICT specialists employment
in the EU-27 sped up, as the average annual rate of change in the years 2012-2019 was
4.1%, while in 2020 there was 7.3% more specialists employed.in comparison with 2019.
It is worth mentioning that employment (all sectors) from 2012 to 2019 grew by 0.92%
yearly, while in 2020 it decreased by 1.58%, which leads to the conclusion that the par-
ticipation of ICT specialists increased in total employment.

The authors conducted separate detailed analyses taking into account the pandemic
period which will be presented in a separate paper.
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Wykorzystanie ICT w przedsiebiorstwach w Polsce i Unii
Europejskiej w latach 2010-2019

Streszczenie:

Wedtug Eurostatu termin technologie informacyjne i komunikacyj-
ne (ICT), ,obejmuje wszystkie $srodki techniczne stosowane do ob-
stugi informacji i pomocy w komunikacji. Dotyczy to [...] sprzetu
komputerowego i sieciowego, a takze ich oprogramowania”. Zarow-
no w ujeciu globalnym, jak i lokalnym wptyw ICT na gospodarke
i spoteczenstwo jest ogromny. Zintensyfikowanie wykorzystania
ICT w przedsiebiorstwach jest czynnikiem stymulujgcym wzrost go-
spodarczy, wzmacnia konkurencyjno$¢ oraz innowacyjnos¢ biznesu,
ma coraz wiekszy wptyw na rynek pracy, podnosi zapotrzebowanie
na kompetencje cyfrowe i specjalistow ICT. Sektor ICT jest obecnie
najszybciej rozwijajacym sie, a jego warto$¢ ma coraz znaczniejszy
udziat w PKB. Monitorowanie rozwoju wykorzystania ICT i analizo-
wanie ich wptywu na rozwoj gospodarczy i spoteczny sg kluczowe
dla wszystkich rzadow i wtadz lokalnych, by rozumie¢ transforma-
cje, jakie wywotuja te technologie oraz by formutowac skutecznag
polityke. Technologie informacyjne i komunikacyjne ksztattuja kie-
runek rozwoju wspotczesnego biznesu, przede wszystkim poprzez
zwiekszanie innowacyjno$ci przedsiebiorstw, a dalej ich konkuren-
cyjnosci.

Gtownym celem artykutu byto zbadanie wykorzystania ICT w przed-
siebiorstwach w Polsce na tle innych krajéw Unii Europejskiej w la-
tach 2010-2019 (przed pandemig COVID-19 oraz brexitem). Analizy
oparto na danych dotyczacych wykorzystania ICT w przedsiebior-
stwach, publikowanych w bazach Eurostatu. Zmienne wybrano
na podstawie przegladu literatury oraz kryterium dostepnosci
i kompletnosci danych. Zastosowano metody eksploracyjnej anali-
zy wielowymiarowej: miedzygrupowa i wewnatrzgrupowa analize
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gtownych sktadowych, jako ze zbiér danych wystepuje w ujeciu troj-
wymiarowym (obiekty x zmienne x czas) w postaci tzw. kostki da-
nych. Do prezentacji wynikéw wykorzystano mapy czynnikowe.

We wszystkich krajach UE w latach 2010-2019 zaobserwowano sys-
tematyczne zintensyfikowanie wykorzystania ICT przez podmioty
gospodarcze. Niestety, pomimo pozytywnego trendu Polska pozo-
stata daleko za liderami UE i znalazta sie w grupie tych krajow czton-
kowskich, w ktorych przedsiebiorstwa w najmniejszym stopniu wy-
korzystywaty technologie informacyjno-komunikacyjne.

Stowa kluczowe: technologie informacyjno-komunikacyjne, ICT, przedsiebiorstwa,
wielowymiarowa eksploracyjna analiza danych, analiza gtéwnych
sktadowych, PCA, EU
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