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Abstract

Resear ch background: The problem of digital deprivation is already kngvanit the COVID-19
pandemic has highlighted its negative consequercgkbal change in the way of life, work and
socialisation resulting from the epidemic has intéd that a basic level of digital integration is
becoming necessary. During the lockdown, peoplev@rced to use ICTs to adapt to a rapidly
changing reality. Current experience with coronavipandemic shows that the transition to these
extraordinary circumstances is not smooth. Theilityalo rapid conversion to the online world
(due to a lack of skills or technical capabilitis&gnificantly reduces professional mobility, hin-
ders access to public services, and in the cashildiren, exposes them to the risk of remaining
outside the remote education system.

Purpose of the article: This research paper is addressing new issues ofntpact of the
COVID-19 pandemic on deepening and increasing évergty of e-exclusion. The goal of the
paper is to indicate territorial areas in Polandcitare particularly vulnerable to digital depriva-
tion due to infrastructural deficiencies.

Methods: Raster data regarding landform, combined with wedéda regarding population densi-
ty and type of buildings as well as the locationBdfS stations are used in so-called modelling
overland paths (GIS method) to indicate areas vabie to the infrastructural digital divide.
Findings & Value added: The research showed that 4% of Poles remain oattbiel Internet
coverage, and additional ten percent of them arefaine reach of the Internet, allowing efficient
remote work or learning. The research indicated digital ‘accessibility gap' is underestimated.
E-exclusion has become a pressing issue and requigent system solutions, in case of future
lockdowns.
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Introduction

The digital divide, both the first- and second-order, has been the subject of
scientists' interest for a long time, being perceived as one of the factors of
social exclusion and an impediment to sustainable development. However,
due to the outbreak of the COVID-19 pandemic, digital exclusion has be-
come more pronounced than ever before. Just a year ago, no one could have
foreseen that societies will be living in times of controlled movement of
residents, closure of schools and public institutions or limited business ac-
tivity. Unexpectedly, people had to learn to live in a new, restrictive reality,
as most governments around the world have temporarily enforced lock-
downs to stem the spread of the coronavirus (Alfano & Ercolano, 2020).

For many, information and communication technologies (ICTs) turned
out to be a blessing, allowing them to work from home or to participate in
the remote education system. On the other hand, some could not take ad-
vantage of this opportunity due to the lack of digital skills, equipment defi-
ciency or insufficient infrastructure. While essential digital skills could be
acquired relatively quickly, hardware and infrastructure constraints proved
to be more challenging to overcome. The latter is particularly severe, as due
to the stay-at-home orders, people were not allowed to move to places with
potentially better internet coverage. Cutting off from both, the real and
virtual world, apart from psychological consequences, often resulted in the
inability to perform job duties, or in the case of children — deepened edu-
cational backwardness.

This study aims to identify and quantify areas that are highly exposed to
digital exclusion due to infrastructural reasons. The obtained surface data
are then combined with demographic information, allowing to estimate the
scale of infrastructural e-exclusion in Poland. Awareness of the depth and
distribution of digital deprivation is vital; besides gained knowledge can be
implemented in post-COVID infrastructure and social policy planning.

Methods derived from geographic information systems (GIS), in partic-
ular modelling overland paths, are used to identify areas that are beyond
Internet coverage. This approach is based on the spatial analysis of Digital
Elevation Model (DEM) data and combining them with vector data, such as
information about land coverage, base transceiver stations (BTS) location
and population density data.

This paper is organised as follows. The literature review section de-
scribes the framework of digital deprivation and tries to place it in the con-
text of COVID-19 pandemic. In the research methodology section, the
overland flow and pathway analysis of Internet coverage are described. The
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next section presents the results of an empiricalysfor Polish regions in
2020. Finally, the last part of the paper conclugsgarch findings.

Literaturereview

The digital deprivation is a socio-economic phenoamedescribing the gap
in both the access and usage of information andworication technolo-
gies (ICTs) among individuals, households or geglgiaareas (OECD,
2001; Venkatesh & Sykes, 2013, pp. 239-260). Thigept has evolved
over recent years and is being currently consideretree categories: bi-
nary Internet access (first-order digital dividdigital skills (second-order
digital divide), and as the outcomes of Internet (third-order digital di-
vide) (Scheedest al., 2017, pp. 1607-1624; Gladkova & Ragnedda, 2020,
pp. 767-787). It is, therefore, an interdisciplinand multilevel phenome-
non with its foremost causes considered as thedadkgital literacy (Va-
silescuet al., 2020, pp. 1-39), age (Huxhadtdal., 2020, pp. 1-10; Walker
et al., 2020, pp. 603-613), poverty (Witte & Mannon, @0Goedhartet
al., 2019, pp. 2347-2365) or insufficient infrasturet (Tranost al., 2014,
pp. 409-428; Balcerzak, 2017, pp. 49-57 Balcerzakidrzak, 2017a, pp.
5-18; 2017b, pp. 21-28). Regardless of the exclus@ason, researchers
agree that it has negative consequences, not onlyhé individuals but
also for entire societies (Robinsanh al., 2015, pp. 569-582; Loktieva,
2016, pp. 148-157; Helsper, 2017, pp. 223-242; Sealg 2018, pp. 147—
160). Academics are pointing out that the digiprvation might be the
source of economic, social, cultural and politiogrginalisation (Polat,
2012, pp. 589-596; Wamuyu, 2017, pp. 1709-1720).

In recent years, e-exclusion has been gaining populamong re-
searchers (Brunet al., 2010, pp. 16-28; van Deursen & van Dijk, 2011,
pp. 893-911; Somt al., 2019, pp. 13-15; Wilson & Hopkins, 2019, pp.
563-583; Budziewicz-Gilecka & Drab-Kurowska, 2020, pp. 1-18; Jo-
hanssoret al., 2020; Ye & Yang, 2020, pp. 1-16). In contrastyider
audience has enlarged interest in it with the @atbrof COVID-19, as
pandemic showed a new face of this phenomenondditien to already
mentioned negative consequences of digital exalugpandemic exposed
its other dark side — hindering access to publigises, limiting the abil-
ity to work and deepening educational exclusior. fRany, the pandemic
itself was a source of stress and anxiety (Eébail., 2020, pp. 576-582;
Rehmanet al., 2020) resulting from a change in habits andinest (de
Hasset al., 2020, pp. 1-11; Dubest al., 2020, pp. 779-788). The addi-
tional worries associated with staying outside bthte real and virtual
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world have only worsened those feelings. People aitin't have sufficient
access to the Internet at home have suffered mabiieeeducational and
economic harms (Hidalget al., 2020, pp. 1-7).

Since the beginning of 2020, an accelerated proogssansition to-
wards the digital economy (Liu, 2017, pp. 111-1G33scan, 2018, pp. 93—
113; Bilanet al., 2019, pp. 70-93; Rymarczyk, 2020, pp. 185-188r&ak
& Ziemkiewicz, 2018a, pp. 422-427, 2018b, pp. 143M9, 2018c, pp.
283-290) can be observed in many countries. Govamtsydecided to limit
physical meetings and implemented procedures allpar e-learning and
e-working. The social distancing regulations resiiltn many education
systems and business having to close their fasliéind provide all activi-
ties online. Thus, remote work and telecommutingeh@acome an obvious
solution for many professions (notably, so-calleditercollar workers)
(Dingel & Neiman, 2020; Korzeba & Niedzidtka, 202€p. 205-234; Re-
uschke & Felstead, 2020, pp. 208-212). As a cormse®y long hours of
online live meetings have become a new daily reutor many citizens. It
turns out that computer possession or being thetghtme-internet user is
not sufficient to fully participate in home-basegining or working for the
reason that a household must meet a digital thigslosoenable smooth
online professional activities. What was previousist enough to use the
Internet for entertainment purposes, does notentieflect the technical
requirements of remote work or education. Thereftmekdown not only
highlighted existing digital exclusion, but alscchided those who used the
Internet occasionally or outside their househokhdemic showed that the
assumption made by policymakers and entreprenbatsetreryone has at
home decent equipment and broadband internet ctbonego participate
smoothly and efficiently in webinars, online megsrand conferences, was
entirely erroneous. The percentage of citizensgdigitally excluded due
to the lockdown is unknown, and this paper aimfilltthis research gap.

The post-COVID-19 world is still hard to predictyfel, 2020, pp. 181
204), but the increasing prominence of digital textbgy is more than cer-
tain. Therefore, it is crucial to identify the siaed depth of the digital ex-
clusion in every dimension. Having this knowlediewyill be possible to
ensure sufficient ICTs infrastructure to all citize As in most cases, mar-
ket forces alone are not strong enough to do s, thobably governmental
legislation and recommendations will be needed. thewo argument for
comprehensive planning of society's digitisationtie theory of demo-
graphic and epidemiological transition. Alreadyli@98, Olshansky's team
research paper was published (Olshardtssi., 1998, pp. 207-217) sug-
gesting that we could soon face the fifth epideagial transition phase
— the developing return of infectious diseases. [Bg&imacy of this vi-
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sion confirms the ageing of the population, global warming, antibiotic re-
sistance, increased people mobility and the fact that existing endemic dis-
eases are reaching worldwide coverage. Perhaps COVID-19 is just the be-
ginning of a series of infectious diseases that we will have to face.

Research methodology

The increasing availability of GIS data is allowing to utilize geospatial
methods for distance estimation, not only for biology, ecology or epidemi-
ology, but also for social sciences. In this research, modelling overland
paths method will be used to mapping internet coverage. Finding areas
without decent access to the Internet is essential to explain and estimate the
size of infrastructural digital deprivation faced by Polish citizens due to the
COVID-19 outbreak. Previous studies have not taken into account the qual-
ity of the internet connection, because the world has never been so digital
before, and internet usage measurement was rather binary, regardless of the
stability and speed of data transfer. Therefore, it is assumed that the prob-
lem of infrastructural digital deprivation is underestimated. This hypothesis
will be verified in this study.

The starting point in this analysis is vector data on the location of base
transceiver stations (BTS). BTS is an auxiliary signal generator being used
for cellular purposes as an essential element of digital data exchange pro-
cess. The terrain and spatial data are of great importance for smooth com-
munication of data through BTS (Nizamuddin et al., 2020, pp. 1-7). Usual-
ly, the main factor deciding to locate BTS in a specific place is the possibil-
ity of using its full potential, in other words obtaining maximum internet
penetration. Therefore, there will be usually more BTSs in highly populated
areas, which potentially allows operators to increase profits by reaching
more consumers.

One has to remember that the terrain affects the range and strength of
data transmission. The signal will transfer differently on a flat surface, sep-
arately in the mountains and different in the forest. Also, the geographical
terrain is modified by urban buildings (Fry, 2010). All these factors will
affect the performance of a particular BTS. Therefore, in this study, data on
digital elevation model (DEM) and land cover were also included (Cai
2002, pp. 35-63). It may turn out that a given household is theoretically
within the range of operation of a given BTS, but still geographical condi-
tions and the urbanisation will not allow Internet usage for professional
purposes. As already mentioned in the previous section, to work and/or
distance learning — it's not enough to have a computer or the Internet on
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a mobile phone to fully participate in these atida. Depending on the
type of digital activity, the following bandwidtls recommended:

— email and basic computer programs: 3-4 megabits@eond (Mbps),

- Skype, Zoom, MSteams group video calls with screbaring: 10+

Mbps,

— large file transfers: 40+ Mbps,
— 4K video streaming: 150+ Mbps.

The Internet speed declared on the contract igking, but the number
of users and terrain slope may significantly redule actual signal
strength. Therefore, it was assumed in this sthdy all households in an
area below 10 Mbps would be considered as digkzllded, as inhabitants
living there were unable to attend online lessansusiness meetings effi-
ciently.

One of the applications of terrain modelling is iamestigation of the
spread of phenomena under consideration. In thidystthe greater dis-
tance from BTS, the weaker the signal, and thusd&ble internet connec-
tion. The analysis is based on raster data (DENY tzover) to which vec-
tor information is attached (BTS distribution, ptggion density).

The procedure for determining areas which are qdaily vulnerable
to digital deprivation due to infrastructural dédiccies is presented below
(Kennedy, 2009):
gathering raster data from and vector data from,
rasterisation of the vector map,
problem specification,
cost, direction and barriers identification,
defining the cost raster — three cost rasters wezpared: referring to
the distance from BTS, the slope of the terrain @mgllation density,
calculating the distance based on the path distaretbod (Goncalves,
2010, pp. 983-996),
calculating vertical factors based on the vertieddtive moving angle,
mapping infrastructural digital deprivation,
combining surface results with demographic datestimate the size of
digital exclusion.

All calculations have been done in ArcGIS Pro 2e8sion, using such
tools as reclassify, cost distance, path distandecarridor.

Modelling overland path, unlike ordinary bufferirgglows for more ac-
curate results by taking into account the physibalracteristics of the envi-
ronment. The disadvantage of this approach is dbk of differentiation
between BTS types. But, this is the fault of theaoted data, not the meth-
od itself. Since the larger area is a subject @frast, not one specific point,
the results of the analysis should not be biased.

arwdE
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Results

In the empirical analysis, the following data wased:

— DEM data retrieved from Copernicus Land MonitorBeyvice,

— location of BTS transmitters retrieved from Offiok Electronic Com-
munications,

— CORINE Land Cover (CLC 2018) retrieved from Chie$pectorate of
Environmental Protection,

— demographic data (population density, populatia®e,spopulation by
age) from Statistics Poland Local Data Bank. Detenf2019 were used
as an approximation of the demographic situatio20i20.

In the research information about 142134 base ¢ewer stations have
been used, their location is shown in Figure 1-3.

A high density of BTS network can be observed iguFé 1. In Poland,
in June 2020 there was on average 0.45 transrpigtekn? of area. How-
ever, looking at Figures 2 and 3, it can be seanttieir distribution is not
even and depends on the population density anddandIt is assumed
that under laboratory conditions one station hasdius of 15 km. Of
course, in reality, the range is much smaller duebistacles in the form of
buildings or terrain. Visualisation of such ideahditions for one randomly
selected BTS (BTS's ID ZBK3108) is presented inuFeg4. In this ap-
proach, it is assumed that the internet signal de¢€ncounter any physi-
cal obstacles and spreads evenly over the entifacsu

The BTS's range, including buildings and terragnstiown in Figure 5.
It was assumed that the signal strength would dsergvith each kilometre
moving away from the transmitter. It was also expédhat in highly ur-
banised areas, the signal strength would be lokaar in the case of low-
rise buildings. Lower signal strength was assumetthé forest than in the
case of agricultural areas.

Comparing Figures 4 and 5, one can see differeimcése transmitter
coverage. Figure 5 more accurately reflects theahspread of the internet
signal in space. For this particular broadcasimstathe difference in the
covered area is 348.1kniThe difference size between 'ideal' and the real
area coverage by 1 BTS depends in no small extemhe terrain. There-
fore, it will be lower in lowlands, while higher mountainous areas.

An identical analysis was performed for each of B¥Ss. The study
showed that 4% of Poles are within reach of at nows&t BTS station.
Moreover, in the case of 14% of inhabitants, therimet signal strength
enables active participation in teleconferencesjtdge an indispensable
factor enabling involvement in remote work or edimain the case of
a lockdown.
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By applying demographic information to these areas, it turns out that
they are inhabited by approx. — 2.5 million people, of whom around
630000 in working age and 350000 in school age. The conducted analysis
provides a unique view of Poland's infrastructural digital exclusion.

Discussion

To the best of author's knowledge, no other studies on digital 'accessibility
gap' in Poland associated with COVID-19 lockdown have been published
so far. However, the problem of uneven availability to sufficient Internet
connection appeared in the literature. The results obtained in the current
research are consistent with Moroz (2017, pp. 175-190), who revealed the
relatively weak development of the digital economy and ICT impact on
society in Poland. Szarek-Iwaniuk and Senetra (2020, pp. 1-21) indicated
significant differences in access to high-speed Internet among Polish voi-
vodeships, which may contribute to delaying the process of evolution to-
wards e-society. Tomczyk er al. (2019, pp. 159-190) among others, are
dealing with the problem of insufficient availability of high-speed Internet
in schools, which should be 'solved within next several dozen months', as
the result of the implementation of National Educational Network by
Council of Ministers. Some researchers pointed out that weak digital litera-
cy of human capital causes a low level of digitisation amongst Polish SMEs
(Sedziewska & Wtoch, 2018, pp. 415-421) and the country as a whole
(Czaja & Urbaniec, 2019, pp. 324-336).

On the other hand, these shortcomings in accessibility do not prevent
Poles from having one of the fastest developing e-commerce market
(Rokicki, 2016, pp. 563-572) or extensively use social media in travel de-
cision-making processes (Werenowska & Rzepka, 2020, pp. 1-14).

This article is part of the discussion on the problems of digitisation in
Poland, showing that some issues have still not been solved.

Conclusions

This article focuses on the scale of the infrastructural digital exclusion in
Poland associated with COVID-19 lockdown. The intention was to estimate
what percentage of residents could not fully participate in remote profes-
sional or educational life due to the insufficient Internet connection. The
modelling process did not distinguish between the type of BTS transmitter
and the transmission band, assuming the average speed of data transmis-
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sion. However, this simplification should not atfélte size of the analysed
phenomenon.

According to Statistics Poland in 2019 (GUS, 2019):

— 83.1 percent of households have access to a compute
— 72.8 percent of Polish citizens were regular compusers;
— 86.7 percent o of households have access to thméttat home.

At first glance, that data would suggest relativgbpod situation; none-
theless, the conducted analysis showed that ar@usmanillion of Polish
inhabitants were not able to participate in e-worle-learning during the
COVID-19 lockdown. This exclusion resulted from ragtructural defi-
ciencies, proving that the scale of the problemguut to be significant.

Therefore, steps should be taken to mitigate timaediate impact of
potential future lockdowns. Moreover, the dangerdifital competition
and polarisation is increasing. We still do notyfulinderstand the social
and economic implications of a post-COVID-19 realilowever, global
digitalisation is almost inevitable. Thus, theraiseed for complex coop-
eration to close the existing digital gap and redtiee harms of potential
incoming social isolation. As mentioned earliersteyn solutions will be
needed, as the market alone is not able to delalting problem.

It should be emphasised that the study did not eeufigital exclusion
resulting from poverty or lack of digital literaclfs inclusion is planned in
further studies based on survey data from EurofsuBdropean Quality of
Life Survey (EQLS). It is assumed that the digieprivation rate will be
higher than just the one measuring ‘accessibility.dt is essential to real-
ise the negative implications of permanently trarrgfig many activities to
the online world. As this study shows, the assuonmpthat everyone can
smoothly participate in e-education or e-work isleading. Furthermore,
the vision of growing digital gap due to insuffioterevenues seems real. It
may turn out that due to job cuts and redundansiesie people will be
forced to resing for Internet access because affihancial situation. And
this can lead to a vicious circle of socio-econetigital exclusion.

423


http://mostwiedzy.pl

AN\ MOST

OeconomiaCopernicanall(3), 415-431

References

Alfano, V., & Ercolano, S. (2020). The efficacy lotkdown against COVID-19:
a cross-country panel analysipplied Health Economics and Health Policy
Advance online publication. doi: 10.1007/s40258-02696-3.

Balcerzak, A. P. (2017). Digital economy in CzedpRblic, Slovakia and Hunga-
ry. Measurement with TOPSIS based on entropy mea$or objective
weighting. In T. Loster & T. Pavelka (EdsThe 11th international days of sta-
tistics and economics. Conference proceedings.eSdmr 8-10 Prague: Li-
buse Macakova, Melandrium.

Balcerzak, A. P., & Pietrzak, M. B. (2017a). Digieconomy in Visegrad cout-
nries. Multiple-criteria decision analysis at ragablevel in the years 2012 and
2015.Journal of Competitiveness(2). doi: 10.7441/joc.2017.02.01.

Balcerzak, A. P., & Pietrzak, M. B. (2017b). Didieconomy in Polish regions.
Proposal of measurement via TOPSIS with generalidstance measure
GDM. In M. Papie & S. Smiech (Eds.)The 11th professor Aleksander Zelias
international conference on modelling and foreaagtof socio-economic phe-
nomena. Conference proceedin@sacow: Foundation of the Cracow Univer-
sity of Economics.

Bilan, Y., Rubanov, P., Vasylieva, T., & Lyeonov, @019). The influence of
industry 4.0 on financial services: determinantsltérnative finance develop-
ment. Polish Journal of Management Studié§(1). doi: 10.17512/pjms.2019
.19.1.06.

Bruno, G., Esposito, E., Genovese, A., & Gwebu,.(X010). A critical analysis
of current indexes for digital divide measureméntormation Society: An In-
ternationa Journal, 2{/L). doi: 10.1080/01972243.2010.534364.

Budziewicz-Gulecka, A., & Drab-Kurowska, A. (2020). Problems iofrastruc-
ture markets with particular emphasis on the pasiatket in the context of
digital exclusionSustainaibility 12(11). doi: 10.3390/su12114719.

Cai, G. (2002). A GIS approach to the spatial assest of telecommunications
infrastructure Networks and Spatial Economj&s doi: 10.1023/A:1014515329
951.

Chief Inspectorate of Environmental Protection, C®R Land Cover (CLC
2018).

Copernicus Land Monitoring Service, EU-DEM v1.0. tfved form-
https://land.copernicus.eu/imagery-in-situ/eu-derdem-v1-0-and-derived-pr
oducts/eu-dem-v1.0 (12.06.2020).

de Haas, M., Faber, R., & Hamersma, M. (2020). HZ®NID-19 and the Dutch’
intelligent lockdown' change activities, work amdviel behaviour: evidence
from longitudinal data in the Netherlandgansportation Research Interdisci-
plinary Perspectives. doi: 10.1016/j.trip.2020.100150.

Dingel, J. I., & Neiman, B. (2020). How many jolkencbe done at homd&ecker
Friedman institute. White Papet6. Retrieved form https://bfi.uchicago.edu/
working-paper/how-many-jobs-can-bedone-at-home/0&2020).

424


http://mostwiedzy.pl

AN\ MOST

OeconomiaCopernicanall(3), 415-431

Dubey, S., Biswas, P., Ghosh, R., Chatterjee, 8bel, M. J., Chatterjee, S., La-
hiri, D., & Lavie, C. J. (2020). Psychosocial impa¢ COVID-19. Diabetes
and Metabolic Syndrome: Clinical Research and Rexiddvance online pub-
lication. doi: 10.1016/j.dsx. 2020.05.035.

Elhai, J. D., Yang, H., McKay, D., & Asmundson, &.G. (2020). COVID-19
anxiety symptoms associated with problematic srharip use severity in Chi-
nese adultslournal of Affective Disorder274. doi: 10.1016/j.jad.2020 .05.08.

Fry, C. (2010). GIS in telecommunications. In P.LAngley, M. Goodchild, D. J.
Maguire & D. W. RhindGeographic information systems & sciendéley.

Gladkova, A., & Ragnedda, M. (2020). Exploring thgiinequalities in Russia: an
interregional comparative analysi®nline Information Review44(4). doi:
10.1108/0IR-04-2019-012.

Goedhart, N. S., Broerse, J. E. W., Kattouw, RD&dding, C. (2019). Just having
a computer doesn't make sense: the digital divigi the perspective of moth-
ers with a low socio-economic positioNew Media and Societp1(11-12),
doi: 10.1177/1461444819846059.

Gongalves, A. B. (2010). An extension of GIS-bakebt-cost path modelling to
the location of wide path$nternational Journal of Geographical Information
Science, 2&). doi: 10.1080/13658810903401016.

GUS (2019).Information society in Poland. Results of statatisurveys in the
years 2015-2019Szczecin. Statistical Office in Szczecin. CerfitneScience,
Technology, Innovation and Information Society Stats.

Helsper, E. J. (2017). The social relativity of ithi§ exclusion: applying relative
deprivation theory to digital inequalitie€ommunication Theory27(3). doi:
10.1111/comt.12110.

Hidalgo, A., Gabaly, S., Morales-Alonso, G., & Ufag A. (2020). The digital
divide in light of sustainable development: an aggh through advanced ma-
chine learning technique$echnological Forecasting and Social Changg0.
doi: 10.1016/j.techfore.2019.119754.

Huxhold, O., Hees, E., & Webster, N. J. (2020). &o¥s bridging the grey digital
divide: changes in internet access and its predidtom 2002 to 2014 in Ger-
many. European Journal of Ageindidvance online publication. doi: 10.1007/
s$10433-020-00552-z.

Johansson, S., Gulliksen, J., & Gustavsson, C.QR@isability digital divide: the
use of the Internet, smartphones, computers anet$adomong people with dis-
abilities in SwedenUniversal Access in the Information Sociedpi: 10.1007/
$10209-020-00714-x.

Kennedy, M. (2009)Introducing geographic information systems with Gi8.
New Jersey: Wiley.

Korzeb, Z., & Niedzidtka, P. (2020). Resistancecommercial banks to the crisis
caused by the COVID-19 pandemic: the case of Pokagdilibrium. Quarterly

Journal of Economics and Economic Polig$(2). doi: 10.24136/eq.2020.010.

Kufel, T. (2020). ARIMA-based forecasting of thendynics of confirmed Covid-
19 cases for selected European counttigguilibrium. Quarterly Journal of
Economics and Economic Policy5(2). doi: 10.24136/eq.2020.009.

425


http://mostwiedzy.pl

AN\ MOST

OeconomiaCopernicanall(3), 415-431

Liu, C. (2017). International competitiveness ahd fourth industrial revolution.
Entrepreneurial Business and EconomRsview 5(4). doi: 10.15678/EBER.
2017.050405.

Loktieva, . (2016). Approaches to empirical anayaf social exclusion: interna-
tional comparisonEconomics and Sociolog9(2). doi: 10.14254/2071-789X.
2016/9-2/10.

Moroz, M. (2017). The level of development of thgitél economy in Poland and
selected European countries: a comparative analsismdations of Manage-
ment, 9doi: 10.1515/fman-2017-0014.

Nizamuddin, R., Afidh, P. F., Ardiansyah, Sofyan, & Anisah, N. (2020). Spa-
tial analysis for calculating closest distance @emtors' location to Base
Transceiver Station (BTS) in Banda Aceh cityl@P conference series: mate-
rials science and engineering96.The 9th AIC 2019 on Sciences & Engineer-
ing (9thAIC-SE) 18-20 September 20Banda Aceh.

OECD (2001).Information and communication technologies and rutavelop-
ment Paris: OECD Publishing. doi: 10.1787/978926419361.

Office of Electronic Communications. Retrieved frohttps://bip.uke.gov.pl/
pozwolenia-radiowe/wykaz-pozwolen-radiowych-tresteitje-gsm-umts-Ite-
oraz-cdma,12.html#! (12.06.2020).

Olshansky, S. J., Carnes, B. A., Rogers, R. GSmdith L. (1998). Emerging
infectious diseases: the fifth stage of th@demiologic transition®orld
Health Statistics Quarterlyg1(2-3-4).

Ozcan, B. (2018). Information and communicatiorthitwlogy (ICT) and interna-
tional trade: evidence from Turkelurasian Economic Revie®. doi: 10.100
7/s40822-017-0077-x.

Polat, R. K. (2012). Digital exclusion in Turkeypalicy perspectiveGovernment
Information Quarterly29(4). doi: 10.1016/j.giq.2012.03.002.

Rehman, U., Shahnawaz, M. G., Khan, N. H., KhanghiK. D., Khursheed, M.,
Gupta, K., Kashyap, D., & Uniyal, R. (2020). Desies, anxiety and stress
among Indians in times of Covid-19 lockdow@ommunity Mental Health
Journal Advance online publication. doi: 10.1007/s10520-00664-x.

Reuschke, D., & Felstead, A. (2020). Changing wia® geographies in the
COVID-19 crisis.Dialogues in Human Geogphy,10(2), doi: 10.1177/20438
20620934249.

Robinson, L., Cotten, S. R., Ono, H., Quan-Haase,Mesch, G., Chen, W.,
Schulz, J., Hale, T. M., & Stern, M. J. (2015). itaginequalities and why they
matter.Information Communication and Sociefy8(5). doi: 10.1080/1369118
X.2015.1012532.

Rokicki, T. (2016). E-commerce market in Polahtformation Systems in Man-
agement5(4).

Rymarczyk, J. (2020). Technologies, opportunitied ehallenges of the industrial
revolution 4.0: theoretical consideratioritrepreneurial Business and Eco-
nomicsReview 8(1). doi: 10.15678/EBER.2020.080110.

426


http://mostwiedzy.pl

AN\ MOST

OeconomiaCopernicanall(3), 415-431

Pietrzak, M. B., & Ziemkiewicz, B. (20182. Clustaenalysis of digital economy in
the old European Union countries.36" international conference mathemati-
calm methods in economics MME 2018 conference ptings Prague: Mat-
fyzPress, Publishing House of the Faculty of Mataees and Physics Charles
University.

Pietrzak, M. B., & Ziemkiewicz, B. (2018). Digitaconomy in the old European
Union member states. In T. Loster & T. Pavelka (Ed$e 11th international
days of statistics and economics. Conference prbogs. September 6-8
2018 Prague: Libuse Macakova, Melandrium.

Pietrzak, M. B., & Ziemkiewicz, B. (2018). Multipleriteria analysis of digital
economy in the European Union countries. In M. R&iP. Gezik (Eds.)Pro-
ceedings of the international scientific conferencantitative methods in eco-
nomics multiple criteria decision making XIRrertianske Teplice: Letra Edu.

Scheerder, A., van Deursen, A., & van Dijk, J. (201Determinants of internet
skills, uses and outcomes: a systematic reviewhefsecond- and third-level
digital divide. Telematics and Informatic84(8). doi: 10.1016/j.tele.2017.07
.007.

Seda, F. S., Setyawati, L., Pera, Y. H. T., Felaridn & Pebriansyah (2018). So-
cial policies, social exclusion & social well-beig Southeast Asia: a case
study of Papua, Indonesi&conomics and Sociology1(3). doi: 10.14254/
2071-789X.2018/11-3/9.

Song, Z., Song, T., Yang, Y., & Wang, Z. (2019)afig-temporal characteristics
and determinants of digital divide in China: a nwatiate spatial analysi§us-
tainability, 11(17). doi: 10.3390/su11174529.

Szarek-lwaniuk, P., & Senetra, A. (2020). Accesd@d in Poland and the co-
creation of urban space in the process of moderialsparticipation in a smart
city—a case studySustainability 12(5). doi: 10.3390/su12052136.

Sledziewska, K., & Wioch, R. (2018). (Un)digital Rod: the gap in the digital
skills of human capital. IENTRENOVA conference proceedin§SRN.Re-
trieved formhttps://ssrn.com/abstract=3281924.

Tomczyk, t., Wnek-Gozdek, J., Mroz, A., & WojewodzK. (2019). ICT, digital
literacy, digital inclusion and media educationFialand. In £. Tomczyk & S.
S. Oyelere (Eds.)CT for learning and inclusion in Latin America aBdirope
Cracow: Pedagogical University of Cracow. doi: YU9.27/9788395373732.7.

Tranos, E., Kourtit, K., & Nijkamp, P. (2014). Digi urban network connectivity:
global and Chinese internet patterRapers in Regional Scienc@3(2). doi:
10.1111/pirs.12097.

van Deursen, A., & van Dijk, J. (2011). Internetilskand the digital divideNew
Media and Societyi 3(6). doi: 10.1177/1461444810386774.

Vasilescu, M. D., Serban, A. C., Dimian, G. C., lkaau, M. |., & Picatoste, X.
(2020). Digital divide, skills and perceptions oigithlisation in the European
Union - towards a smart labour market.oS ONE15(4). doi: 10.1371/journal.
pone.0232032.

427


http://mostwiedzy.pl

A\ MOST

OeconomiaCopernicanall(3), 415-431

Venkatesh, V., & Sykes, T. A. (2013). Digital dieidhitiative success in develop-
ing countries: a longitudinal field study in a aifle in Indialnformation Sys-
tems Researc¢l24(2), doi: 10.1287/isre.1110.0409.

Walker, D. M., Hefner, J. L., Fareed, N., Huerta, R., & McAlearney, A. S.
(2020). Exploring the digital divide: age and raligparities in use of an inpa-
tient portal. Telemedicine and E-HealtB6(5). doi: 10.1089/tm;j.2019.0065.

Wamuyu, P. K. (2017). Bridging the digital dividmang low income urban com-
munities.Telematics and Informatic84(8). doi: 10.1016/j.tele.2017.08.004.

Werenowska, A., & Rzepka, M. (2020). The role ofiabmedia in generation Y
travel decision-making process (case study in RPldnformation 11(396),
doi: 10.3390/info11080396.

Wilson, R., & Hopkins, J. (2019). The changing shajp Scotland's digital divide.
European Countrysidd.1(4). doi: 10.2478/euco-2019-0031.

Witte, J., & Mannon, S. (2010Yhe Internet and social inequalitieslew York,
Routledge.

Ye, L., & Yang, H. (2020). From digital divide toaal inclusion: a tale of mobile
platform empowerment in rural areaSustainability 12(6). doi: 10.3390/su
12062424.

428


http://mostwiedzy.pl

/\/\ MOST WIEDZY Downloaded from mostwiedzy.pl

-
2 - -
ga——

Annex

Figure 1. Base transceiver stations location in Poland ire 2020
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Note: Visualisation prepared in the ArcGIS Prosafe.

Source: own study based on data taken from the®df Electronic Communications.
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Figure 2. Zoom on selected* base transceiver stations ingfdte Lower Silesian
Voivodeship in June 2020
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Note: *The largest cluster of points is createdApctaw.
Visualisation prepared in the ArcGIS Pro software.

Source: own study based on data taken from the®dfi Electronic Communications.

Figure 3. Zoom on selected* base transceiver stations ingddhte Lower Silesian
Voivodeship in June 2020 including digital elevatimodel data

Note: *The largest cluster of points is createdArpctaw.
Visualisation prepared in the ArcGIS Pro software.

Source: own study based on data taken from the®©#f Electronic Communications and
Copernicus Land Monitoring Service.
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Figure 4. SelectedBTS ZBK3108 (5038'33"N, 1643'24"E, Przedborowa 45)
range in ideal conditions
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Note: Visualisation prepared in the ArcGIS Pro wafe.

Source: own study based on data taken from the®df Electronic Communications.

Figure 5. Selected BTS ZBK3108 (588'33"N, 1643'24"E, Przedborowa 45)
range in real conditions including land cover aswdin

Note: Visualisation prepared in the ArcGIS Pro wafe.

Source: own study based on data taken from the®#f Electronic Communications and
Copernicus Land Monitoring Service.
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