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ABSTRACT

Information and communication technologies (ICT) are becoming more accessible and more widely used in
different areas of socio-economic activity and in various territories, including rural areas. There is a notice-
able increase in the interest of rural residents in modern technologies, especially those supporting communi-
cation. At the same time, it should be noted that despite the small level of ICT skills and competences, rural
areas have great potential that can be expressed in: human resources, the natural environment biodiversity,
and raw materials. Therefore, rural areas in Europe should be similar in terms of the use of ICT and should
not differ from the level observed in urban areas.

The article presents the use of the AHP method (Analytic Hierarchy Process) for multicriteria decision analy-
sis of the use of ICT by natural persons living in rural areas of the European Union (EU), in 2018. The em-
pirical material used in the research came from the resources of the European Statistical Office (Eurostat).
The result of the survey is the ranking of 27 EU countries (Great Britain was omitted). The obtained results
showed large disproportions in the use of ICT in rural areas between the countries of the European Union.
In the extreme case, between Denmark being the leader of the ranking and Bulgaria, which was in the 27th
place, this differences amounted to 70.7%.
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INTRODUCTION

At present, the transformation of the global economy
towards the digital economy can be seen, and infor-
mation and communication technologies (ICT) have
become its foundation. These changes influenced the
functioning of societies and all branches of the econ-
omy, thus opening up large opportunities in terms of:

innovation, stimulating economic growth and creat-
ing jobs. In May 2015, the European Commission
adopted the Digital Single Market Strategy for Eu-
rope (European Commission, 2015) as one of the top
ten political priorities. According to the creators of
the strategy, the uniform digital market is a space in
which the free movement of goods, persons, services
and capital is ensured and a high level of protection of
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consumers and personal data, and citizens and busi-
nesses can get access to or provide online services
without hindrance and fair competition rules, regard-
less of citizenship or place of residence.

The elaboration of the new rural policy presented
under the OECD’s Rural Policy 3.0 (OECD, 2018)
discusses six major trends that analysts believe will
be observed in these areas in the 21% century. A tech-
nological breakthrough has been mentioned among
a number of global changes. It is expected that many
new communication technologies and digital skills,
including automation and artificial intelligence,
cloud processing and use of the Internet, as well as
nanotechnologies, will lead to significant savings,
expansion of production capabilities, overcoming
distance barriers and changing the ways of access to
goods and services. The use of such solutions as 3D
printing or the use of drones is not excluded.

The aim of the article is to classify EU countries
in terms of the use of ICT by natural persons living
in rural areas in 2018. The studies used the method
of multicriteria AHP decision support. The empirical
material used in the research came from the Eurostat
data (Statistical Office of the European Union).

USE OF ICT IN RURAL AREAS (LITERATURE
REVIEW)

Among the interesting topics discussed in recently
published papers on the use of ICT in rural areas in
the EU there is the digital literacy of older rural com-
munity representatives using a social network with
linear navigation (Castilla et al., 2018). Cavicchi et
al. presented a case of an international student com-
petition which aim was to actively promote one of
the Italian regions (Fermo, Marche region) via social
media (Cavicchi et al., 2018). The issue related to
e-administration and research on its impact on rural
development is included in the article (Rana, 2018).
Changes in the last dozen or so years in the availabil-
ity and use of broadband connections in rural areas
in the UK have been highlighted by the authors of
the article (Price, Shutt and Sellick, 2018). The pa-
per contains proposals for business support that can
contribute to increasing access to new technologies
in rural areas. Nagy et al. presented their thoughts on

smart cities and villages. They characterized barriers
and limitations that occur in rural areas and focused
on the assessment of human resources as one of the
most important preconditions to become intelligent
(Nagy, Kaposzta and Varga-Naget, 2018).

Szeles presented a new perspective on the phe-
nomenon of digital exclusion in the European Union
(Szeles, 2018). The author listed the following as the
factors that could alleviate the regional digital divide:
stimulating regional economic growth, increasing the
achievements of higher education as well as spend-
ing on research and development and discouraging
early educational leave. The next publication in this
area focuses on the potential benefits and challenges
facing ICT in the rural community (Treinen, Van der
Elstraeten and Pedrick, 2018).

Nosecka and Zaremba characterized the infor-
mation society in rural areas in Poland against the
background of other EU member states (Nosecka and
Zaremba, 2018). They pointed out that the society, re-
gardless of the place of residence, relies primarily on
knowledge, and is characterized by: a desire to learn,
increase work efficiency and introduce modern ICT
and innovation. The authors of the article (Costea,
Arionesei and Hapenciuc, 2018) focused on deter-
mining the current state of ICT use by the population
of EU countries living in the central and eastern parts
of Europe. The authors carried out a detailed analy-
sis between Romania and Bulgaria. The factors that
contributed to the poor use of ICT in the analysed
countries include insufficient development of ICT in-
frastructure in rural areas, caused by low: economic
development, population purchasing power and edu-
cational level in the use of ICT. Similar analyses and
forecasts of the phenomenon of digital exclusion in
the countries of Central Europe are presented in the
works (Becker et al., 2018; Ziemba and Becker, 2019)
and in Poland (Becker and Becker, 2018).

THE AHP METHOD

Saaty, the author of the AHP method, began work on
the construction of the algorithm in the 1970s (Saaty,
1977, 1980, 2008; Saaty and Tran, 2007). In many
publications, this method is presented as an effective
tool for solving complex decision problems that can
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be presented in the form of a multi-level hierarchical
structure. It is useful in situations where the criteria
are qualitative, and the assessments are subjective
and result from the knowledge and experience of the
analyst.

The literature discusses many applications of the
AHP method in various areas of socio-economic life,
e.g. multicriteria rating of: real estate offers (Becker
and Becker, 2017), techno-entrepreneurship projects
(Unutmaz Durmutodlu, 2018), risk in supply chain
(Butdee and Phuangsalee, 2019). Over 400 examples
of decision problems, both at governmental level
and of private organizations, have been published in
the book by Saaty and Forman (1996). Among the
works published in the recent period, which address
the problems of rural areas and present solutions us-
ing AHP, the article by Kumar and Kansara (2018)
deserves attention. The authors set a goal of finding
possible barriers to IT applications in the sugar indus-
try supply chain system in India. Another offer was
created by the article by Jafari, Jafari and Shahbazi
(2018), which focuses on the selection of the location
of a rural waste landfill and the complex issues of
managing it. The paper by Ma et al. (2018) contains
an assessment of the impact of the policy protecting
land with the urban-rural construction policy on the
future rural landscape. Interesting results are present-
ed in the article by Zhang, Yang and Zhao (2018). The
authors used AHP and FCE to assess the performance
of various rural heating systems and determine the
most appropriate type of system.

Using the AHP procedure, we begin by defin-
ing the purpose and by defining a coherent family of
criteria relevant to the decision problem. Then, com-
parison matrices for criteria and decision variants are
constructed and appropriate calculations are made to
determine priorities in the form of scale vectors and
their aggregation. A detailed description of the AHP
procedure is presented, among others, in the works of
Saaty (1980, 2008) and Trzaskalik (2006).

The aggregation of assessment in the AHP meth-
od takes place according to the additive utility func-
tion, synthesizing the weight fractions or criteria and
the values of the degree of fulfilment for the frac-
tional objective function by each criteria. Assessment
of the degree of the fulfilment of these criteria for
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the considered decision variants are obtained by the
Saaty method of pair comparisons, used to determine
the normalized eigenvector (Saaty, 2005, 2008).

USE OF ICT BY INDIVIDUALS IN RURAL AREAS
(EMPIRICAL MATERIAL)

The empirical material containing information on the
use of ICT by natural persons in the European Un-
ion (EU), in 2018 came from Eurostat data resources
(Eurostat, 2019a). Participation in the direct interview
was voluntary, and participants were 16—74-year-olds
living in rural areas of the EU-28 member states. The
published data is collected annually by national sta-
tistical offices and is based on the annual model ques-
tionnaires of Eurostat on the use of ICT by natural
persons. A large part of the collected data is used to
monitor the digital economy and society; project for
20162021 (Eurostat, 2019b).

Analysing the collected empirical material, we can
conclude that digital technologies play an important
role in the everyday life of most Europeans. In 2018,
almost 70% of people living in rural areas of the EU
used the Internet every day. The highest percentage of
network users was recorded in Denmark (80%) and the
Netherlands (88%), while the lowest in Romania and
Bulgaria (42%). In Poland, this percentage was 54%.
The most popular types of broadband access to the In-
ternet was a digital subscriber line (DSL), almost uni-
versally available across the EU, or a less widespread
cable (optical fibre). The dominant Internet connection,
at the level of 85%, was the broadband connection.
The inhabitants of the rural areas of the Netherlands
(98%) most often used this type of connection. In turn,
the lowest percentage of broadband access was found
in Bulgaria (60%) and Greece (63%). In Poland, this
solution was at the level of 82%.

Below the average, the Internet was used to com-
municate with public authorities. In 2018, in the EU,
it was at the level of 47%, in Poland — 25%. How-
ever, in Denmark, this percentage was very high and
amounted to 90%. While the lowest percentage was
recorded in Romania — 6%. Among reasons that lim-
ited contact with the administration via the Internet,
there was a lack of skills and knowledge. At the same
time, only 4% of the surveyed residents of rural areas
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of the EU and 5% of inhabitants of Poland were char-
acterized by this feature. There were also countries
where no such obstacles were noticed, for example,
in Finland, France and Portugal.

e-Commerce is an important area of ICT interest in
the EU’s rural areas. More than half (56%) of the sur-
veyed residents of these areas made online purchases
— in Poland 46%. The highest percentage of clients
was recorded in Denmark (82%) and the Netherlands
(78%), while the lowest in Romania (14%) and Bul-
garia (13%). The smallest percentage of people made
online purchases: from sellers of unknown country of
origin and computer hardware. The purchases most
willingly bought were: from domestic sellers, clothes
and sports articles, household goods, films, music or
books, magazines, e-learning materials or compu-
ter software, and accommodation reservations were
made (Eurostat, 2018).

RANKING OF EU COUNTRIES IN TERMS
OF THE LEVEL OF ICT USE IN RURAL AREAS

The aim of the study was to assess the level of ICT
use by natural persons living in rural areas in 27 EU
countries in 2018. Due to the lack of data, Great Bri-
tain was omitted. The research used a set of four main
criteria, which included the:
— C, — frequency of Internet access: once a week,
including every day (w, = 0.210);
— C,— household Internet connection type: broad-
band (w, = 0.098);
— C; — e-government activities of individuals via
websites (w; = 0.346):
+ C;, — Internet use: obtaining information from
public authorities web sites (w5 ; = 0.196),
+ C;, — Internet use: downloading official forms,
last 12 months (w5, =0.311),
+ C;; — Internet use: submitting completed forms,
last 12 months (w5 ; = 0.493),
— C, — Internet purchases by individuals (w, =

=0.346);
+ C4, — last online purchase: in the 12 months
(W4, =0.5),

- C,, — online purchases of products and services
(w,,=0.5), this criterion consists of purchases of:
C,, — food/groceries, C, , , — household goods,

C,,3 — clothes, sports goods, C,, 4 — films/mu-
sic or books/magazines/e-learning material or
computer software, C, , s — computer hardware,
C,, ¢ — electronic equipment, C, , ; — tickets for
events, C,,¢ — travel and holiday accommoda-
tion, C, , ¢ — telecom services (all of the weights
are equal: Wy, |, Wiy oo Wang = 1/9).

All criteria were measurable and expressed in per-
centages. These values on each undivided criterion
(C1, Cp, C31, G35, G35, Gy and Gy, -, Gy p9) Were
transformed into the form of scale vectors, where ele-
ment totals (27 countries) equalled one. The weight
values for individual criteria are shown in brackets.
Weight vectors were determined using the Saaty
method, comparing pairs of criteria at each level
of the hierarchical structure. The principle was ap-
plied, according to which higher priority was given
to criteria reflecting the use of ICT with a higher de-
gree of advancement. The set of main criteria most
strongly preferred C, — e-government activities (w5 =
=34.6%) and C, — Internet purchases (w; = 34.6%).
The weights of sub-criteria for C; were also differen-
tiated, placing Cs 5 in the first place — submitting com-
pleted forms (w; 3 = 49.3%), Cs, in the second place
— downloading official forms (w;, =31.1%) and Cs
in the last place — obtaining information from public
authorities web sites (w; ; = 0.196).

The AHP computational procedure was performed
twice and two rankings were obtained (Fig. 1). The
first ranking was made for comparative purposes,
without taking into account the designated priorities
(all criteria are equally preferred), the second one
with their inclusion (the criteria for using advanced
internet services are more preferred). The assess-
ments of the countries that created the second rank-
ing are additionally presented in Figure 2. The results
of both analyses indicated stable (independent of
changes in preferences) positions in 14 out of 27 sur-
veyed countries. The highest level of ICT use in rural
areas in 2018 was obtained by Denmark. The Neth-
erlands came second with 93.2% and with Sweden
following it (92.9%). The next two places were taken
by: Finland (87.6%) and Estonia (86.6%). The last,
27" place, in the ranking was obtained by Bulgaria,
in which the level of using advanced Internet serv-
ices in rural areas constituted only 29.3% compared
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All criteria are equally
preferred

The criteria for using advanced
internet services are more

Pos. Pos. preferred
| 100% Denmark | 1 1 | Denmark 100%
| 97,2% Netherlands | 2 2 | Netherlands 93,2%
| 93,2% Sweden | 3 3 | Sweden 92,9%
[ 91,7% Finland || 4 4 |[[ Finland 87,6% |
| 88,7% Estonia | 5 5 | Estonia 86,6%
| 86,4% Luxembourg | 6 6 | France 80,7%
| 85,0% Germany | 7 % 7 | Luxembourg 79,8% |
| 83,9% France | 8 8 | Germany 76,7%
[ 80,5% Austria || 9 9 || Austria 74,0%
[78,1% Belgium || 10 10 |[ reland 72,4%|
| 77.9% Malta || 11 % 11 |[ Belgium 71,0% |
[76,6% Ireland || 12 12 || Malta 67,8%
| 73,9% Czechia | 13 13 | Czechia 65,0%
| 70,0% Slovenia | 14 14 | Spain 61,5% |
[ 68,6% spain || 15 E&E 15 || Latvia 61,1%
[ 67,9% latvia || 16 16 || Slovenia 59,3%
| 64,3% Slovakia | 17 17 | Slovakia 56,6%
| 63,7% Hungary | 18 18 | Lithuania 55,4%
| 62,6% Lithuania | 19 >< 19 | Hungary 55,1%
| 61,6% Cyprus | 20 20 | Cyprus 50,8%
[61,0% italy || 21 21 || Poland 50,0%
[60,7% Poland || 22 >< 22 | taly 49,3%
[ 56,3% Croatia || 23 23 |[ cCroatia  45,0%
| 52,0% Portugal | 24 24 | Portugal  44,4%
| 49,6% Greece | 25 25 Greece 40,8%
[452% Romania || 26 26 31,9%
40,0% Bulgaria 27 27 Bulgaria [29,3%

Figure 1. The ranking of EU countries in terms of the level of ICT use by individuals in rural areas in 2018

Source: own study based on Eurostat data (Eurostat, 2019a).

to Denmark. Bulgaria was ranked just before Bul-
garia (31.9%). Slightly better evaluations were ob-
tained by: Greece (40.8%), Portugal (44.4%), Croatia
(45%), Italy (49.3%) and Poland (50%).

Comparison of the positions of the countries
in both rankings distinguished France and Ireland,
which initially, in the ranking with aligned priori-
ties for the criteria, took the 8™ and 12™ place, re-
spectively, and after considering the higher rank for
e-government activities and Internet purchases they
advanced two positions. The reverse phenomenon
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was observed in the case of Slovenia, which dropped
by two positions in the ranking highlighting the level
of use of advanced Internet services.

SUMMARY

Considering the use of ICT by natural persons in
rural areas in 2018, there are significant discrepan-
cies between member states. Northern and western
EU countries have higher ICT usage than countries
located in the south or east (Eurostat, 2018). Based
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on the results of the study, it can be concluded that
the rural areas with the lowest use of ICT and at the
same time with a high degree of risk of physical ex-
clusion of natural persons were: Bulgaria, Romania,
Greece, Portugal, Croatia, Italy and Poland (Fig. 2,
the lightest shade). The evaluations of these countries
did not exceed half (50%) of the rating obtained by
the leader, i.e. Denmark. Together with Denmark, the
Netherlands, Sweden, Finland, Estonia, followed by
France, Luxembourg and Germany (Fig. 2, the dark-
est shade) qualified for the group of countries least

Reating scale
100%

exposed to the phenomenon of digital exclusion in
rural areas. These countries scored more than 75% of
the best result.

The reasons that led to the disproportion presented
include: low income, lack of infrastructure in rural ar-
eas, which limited access to digital technologies and
their availability, insufficient education and computer
skills, as well as cultural factors. In order to reduce
regional disparities, one should strive to raise social
capital, activate the unemployed, pensioners and pro-
mote the use of ICT in professional and private life.

Figure 2. The levels of ICT use by natural persons in rural areas of EU countries in 2018

Source: own study based on Eurostat data (Eurostat, 2019a).
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