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Tetiana Zatonatska (Ukraine), Oleksandr Dluhopolskyi (Ukraine),
Iryna Chyrak (Ukraine), Nataliya Kotys (Ukraine)

THE INTERNET AND E-COMMERCE
DIFFUSION IN EUROPEAN
COUNTRIES MODELING

AT THE EXAMPLE OF AUSTRIA,
POLAND AND UKRAINE)

Abstract

This article analyzes the influence of Internet and e-commerce diffusion in the develop-
ment of European countries. Conclusions about the faster spread of Internet technolo-
gies in the modern world, especially in developing countries, due to the achievement
of so-called “saturation points” by developed countries of the world (e-commerce mar-
kets in Ukraine and Poland are at the stage of formation and active growth) have been
made. The purpose of this article is to construct an economic and mathematical toolkit
for investigating the impact of the Internet and e-commerce on indicators of economic
development of the country. The methods of scientific analysis, description and syn-
thesis, modeling and statistical analysis are used in the research. Models of technolo-
gies diffusion have been considered, and as a basis, the distribution of the Internet in
Poland, Austria and Ukraine is forecasted.

Findings suggest that Internet technology spread has a significant impact on the devel-
opment of e-commerce, and Internet development in different countries of the world.
This study uses the classification of countries according to the World Bank Country
Classification, which, since 2005, has ranked countries by GDP per capita into four
groups:

1) low-income;

2) lower-middle-income;
3) upper-middle-income;
4)  high-income.

It has been found that the pace of Internet technology and broadband Internet access
spread is a lot higher in low-income countries due to the later beginning of the diffu-
sion process, while in the high-income countries, the peak of Internet development has
passed and the technology spread has slowed down.

Keywords information and communication technologies,
e-commerce, diffusion, Internet, GDP

JEL Classification 50, F02, F20, 186, 030

INTRODUCTION

Due to the development of modern globalized society, the Internet has
become a vital stimulus for progress not only in the world economy,
but also in other spheres of human activity. Nowadays, it’s difficult to
find an area where this technology is not being used. In industry, for
example, the Internet is used not only for the analysis of raw materi-
als stocks, components, finished products, but also for marketing re-
search, forecasting the demand for different types of products, finding
new prospective partners, etc. Accounting transactions of firms are
also based on Internet usage. The effectiveness of the public admin-
istration sector’s activity largely depends on the level of interaction
between households, firms and other sectors of the economy. It is clear

http://dx.doi.org/10.21511/im.15(1).2019.06
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that Internet usage within public administration provides access to organizational, legal, social, psycho-
logical and personnel information, as well as other factors simultaneously. As a result, both the work
and organization of the public administration process become significantly more navigable.

Information and communication technologies are extremely important for the progress of Industry
4.0, which combines solutions, processes and technologies, which describe the high level of IT usage
and the intensive degree of interconnection systems in individual business units. Nowadays, the United
States, Japan, China and Germany have been recognized as the largest markets in the information and
telecommunications sector (digital age transformation).

The purpose of the article is to predict the Internet diffusion in several European countries — Austria,
Poland and Ukraine, which are similar in their territorial characteristics. The authors try to answer the
question about the biggest potential for Internet diffusion among three countries of Europe accepted

for comparison.

1. LITERATURE REVIEW

The research of technology distribution modeling
has been developing since the late 1960s. In most
cases, they were based on the use of logistic equa-
tions varieties that differed in the inclusion of ad-
ditional factors that characterized the peculiari-
ties of the spread of specific technologies.

The modern scientific literature devoted to the
Internet diffusion emphasizes its exceptional
role as a multiplier of socio-economic develop-
ment (Roller & Waverman, 2001; Kenny, 2003;
Terzi, 2011; Zhen-Wei & Pitt, 2003; Zhao et
al., 2007; Niebel, 2018). In the work of Gort and
Klepper (1982), the diffusion has been considered
to “spread among a significant number of manu-
facturers involved in the manufacturing of a new
product”. The number of the Internet users is one
of the indicators of inclusion to the consumption
of a new product. Rogers emphasizes that “diffu-
sion is a process in which innovation spreads over
certain channels over time to members of the so-
cial system” (Rogers, 2003). Nowadays, this defi-
nition is generally accepted and it identifies four
main elements: innovation, communication chan-
nels, time, and social system.

In the work of Pohjola (2003), the analysis of in-
vestments into information and communication
technologies of 49 countries for the period 1993-
2000 was carried out. In the paper of Chinn and
Fairlie (2007), based on data from 161 countries
for the period 1999-2001, the distribution and us-
age of personal computers and the Internet was

http://dx.doi.org/10.21511/im.15(1).2019.06

analyzed. The authors determine the difference in
consumers’ revenues as a key reason for the rapid
expansion of the Internet in developed countries,
as compared to slower progress in developing
countries. The work of Andres et al. (2007) analyz-
ed the distribution of Internet technologies with
an example of 214 countries for the period 1990-
2004. Scientists also established a significant dif-
ferentiation of Internet distribution in high- and
low-income countries.

Internet diffusion models have been researched in
many works devoted to developing countries. For
example, in the work of Chong and Micco (2003),
researchers evaluated Internet distribution in Latin
America and concluded that Latin American coun-
tries had the advantage of lower service cost and
could easily catch up with technology leaders, de-
spite its late distribution. In another work (Beilock &
Dimitrova, 2003), it was proven that income per per-
son is one of the most important factors determin-
ing the speed of Internet technology distribution.

However, in our opinion, it is not necessary to
link the Internet distribution only with econom-
ic welfare. An important factor is also economic
freedom, especially in low-income countries. The
integral elements of the development of high tech-
nologies in the modern world are property rights
protection, development of competition, liberal
tax legislation, developed labor markets, democ-
racy, etc. (Matthews, 2018). While on the contra-
ry, economic secrecy and authoritarianism are in-
herent in low-income countries (Dlugopolskyi &
Zhukovska, 2010; Bergh et al., 2016).
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Table 1. Indicators of Internet cost, GDP per person and Index of Economic Freedom (IEF) in the context

of some African countries, 2017

Source: Built by the authors based on Dilley (2018), McCarthy (2017), Statistics Times (2018), Index of Economic Freedom (2019).

Countries Costs of broadband Internet, $ per month : GDP per capita PPP, $ IEF
dunisia . 196 11,987 58.9
Morocco : o 393 L..8,612 : 61.9
Algeria 320 15,150 44.7
EBYPU 123 12,994 53.4
Mauritania : . 63.7 4,474 i 54.0
Gambia . 65.8 1,686 52.3
Sierraleone : 34 1790 : 518
Mali 1571 2,169 576
NIgeT 115.2 1,153 49.5
Nigeria ... . 801 5927 58.5
Burkinafaso e 9339 . L1884 60.0
SUDAN s - 95.8 4,580 49.4
Ethiopia ... . 659 2113 52.8
Dijibouti e 974 3,567 45.1
Kenya . 862 3,496 54.7
JTanzania 5 . 152 3,283 59.9
Mozambique . 69.5 . 1,266 46.3
Zimbabwe _ 170 2277 44.0
South Africa 593 . 13,403 63.0
Botswana .. . 79.7 18,146 69.9
Namibia 464.3 11,528 58.5
Angola . 139.3 16,813 48.6
Gabon 105.4. 19,266 58.0
Cameroon ... 633 3,359 52.0

Seychelles 96.6 28,712 61.6

For example, in certain African countries, where it
was possible to obtain data of Internet traffic cost
(see Table 1), we may analyze the link between the
cost of the Internet and GDP per person, as well as
the cost of the Internet and the Index of Economic
Freedom.

35000
30000
25000

20000

0 100 200 300 400

As shown in Figure 1, there is an inverse and quite
insignificant link the between the cost of the
Internet and economic welfare in African coun-
tries. Figure 2 indicates a direct but also insignif-
icant link between the cost of Internet and the
Index of Economic Freedom.

Source: Built by the authors.

y =-6,1484x + 8407
R?=0,0262

500 600 700 800 900 1000

Figure 1. Interconnection of the Internet cost and GDP in Africa
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Source: Built by the authors.
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Figure 2. Correlation of the Internet cost and IEF in African countries

In general, a lot of works are devoted to the analy-
sis of the impact of information technology relat-
ed to productivity of the US and Canadian econ-
omies (Jorgenson & Stiroh, 1995; Khan & Santos,
2002; Oliner et al., 1994; Karlsson & Liljevern,
2017), as well as Northern and Western European
countries (Cette et al., 2002; Jalava & Pohjola,
2002; Oulton, 2002). The issue of the spread of IT
in Eastern European countries has not been com-
pletely solved (Zatonatska et al., 2018; Zatonatska,
2018), and therefore eliminates certain gaps in re-
search of the impacts of the Internet technologies
and e-commerce diffusion on the macroeconomic
indicators of Ukraine’s development.

2. RESEARCH
METHODOLOGY

The article wuses data of International
Telecommunication Union (2018), which distin-
guishes both real and potential Internet users. This
change in population is associated with potential
consumers, since the number of Internet users is
most often used in terms of population. This ar-
ticle uses the classification of countries according
to the World Bank Country Classification, which,
since 2005, has ranked countries by GDP per cap-
ita into four groups:

1) low-income;

2) lower-middle-income;
3) upper-middle-income;
4) high-income.

http://dx.doi.org/10.21511/im.15(1).2019.06

The calculations used data from the official web-
sites of the World Bank and Eurostat for the peri-
od 1990-2017 (Eurostat, 2018; World Bank, 2018)
for the distribution of the Internet and broadband
Internet access. All calculations and modeling
were made in Microsoft Excel and R Studio.

3. RESULTS

The number of Internet users is increasing every
year. In 2017, the number of the worldwide net-
work users increased by 6% and amounted to 4 bil-
lion people, or 53% of the Earth’s population (ac-
cording to the data of the UN, in 2017, the world’s
population was more than 7.6 billion people).
However, Internet diffusion is still quite heteroge-
neous in terms of countries and continents. So, if
in 1997 the number of Internet users in the USA
was 22%, and in 2004 it had already increased to
63%, then in China in the same period the increase
was only from 0.03% to 7.2%, in Tanzania — from
0.0% to 0.9% (Andres et al., 2010). However, in
2016, the number of Internet users in the United
States amounted to 88.5%, in China - 52.2%, in
Tanzania - 5.3% (Internet Users by Country, 2016).

The Internet is the main base for the emergence
and rapid development of e-commerce in the world
and Ukraine. That is why the e-commerce growth
rate largely depends on the speed of Internet dis-
tribution. As with any other technology, the pro-
cess of Internet distribution can be described as a
diffusion phenomenon, and its features and pat-
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terns may be reflected through a technology diffu-
sion model.

In general, the model often used to describe the
diffusion of technologies has the following form
(Dubinina, 2015):

dN(?)
dt

=gt NOIN*=N(@®)],

where N(t) is the accumulated sum of all those
who accepted the technology by the time ¢, N* is
the total number of potential consumers of tech-
nology, g(t, N(t)) is the probability of adopting the
technology.

Different models are distinguished by assump-
tions that the authors define concerning to the
function g(t, N(t)). In general, it is assumed that it
is a linear function:

g(t,N(t))=p+qN(@).

It is usually considered that the external factors
which influence the speed of technological adop-
tion are determined by the individuals’ need in in-
novations and levels of marketing and advertising
links, and the term p(N*-N(t)) corresponds to this.
Internal factors are caused by the links and con-
tacts between the active users of the technology
and its potential customers, as a result of which
information about the technology is transmitted,
and the term g- N(t)- [N * —N(t)] corresponds
to this process.

@

In the technology distribution model proposed in

the work of Bass (1969), it was assumed that an indi-
vidual’s decision to use technology at time ¢ depend-
ed on the number of previous customers taking into

account the innovation and imitation effect:

S = (p+-LN@)- (NN, o

where N* is a market potential, N(¢) - the total
number of those who accepted the technology at
time ¢, p — the coefficient of innovation, q — the
coefficient of imitation, 7(¢)=dN / dt - the
number of those who accepted the technology at
time t.

70

For such a model, total sales on technology at time
t are determined by the formula:

1— e—(p+q)t

C)

N(t)=N*. .
1— 1 . e—(p+q)t

p

In the Bass’s model, the time of the sales peak is
defined as:

T*=

1
In(L). G)
P

p+q

The total sales at the peak of sales are calculated
as follows:

NT*=N*05-L2).

2q
Most of the works devoted to the Internet distri-
bution use the S-curve to describe the diffusion
of technologies. It is necessary to investigate data
from the very beginning of technology in order to
get the most accurate description of the distribu-
tion process.

In the work (Dubinina, 2015), this model was used to
assess the Internet distribution in countries, divided
into three groups by the population’s income level.

The data about the Internet and broadband
Internet access distribution in several countries
was used from the World Bank’s official website
for the period 1990-2015 (World Bank, 2015). The
basis of these calculations was a discrepancy ver-
sion of the Bass model in the assumption that
for one yeardN(t)/dt=N(t)— N(t—-1),

which is presented in the formula:

n(t+1)= pN*+

Hg = PINO =L N, 7

where N* is the total number of potential users of
the technology; N(t) is the cumulative sum of all
users of technology at time #; p — the coefficient of
innovation; g - the coefficient of imitation; n(t) -
the growth of the number of the technology users
in the period [t-1, t].

http://dx.doi.org/10.21511/im.15(1).2019.06
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Table 2. The estimation of the parameters of the Internet distribution model and broadband Internet

access by groups of countries (per 100 population)

Source: Dubinina (2015).

Diffusion of Internet

Diffusion of broadband Internet

access
Groups of countries :
N @ b RN N e e MRS
Group 1 Countries with high income level 700 026 0017 197 272 0.38 0032 1.00
Group 2 Countres with medium income level | 424 0.34 0003 138 71 044 0017 030
Group3 Countries with low income level  10.8 040 0001 04 02 085 0014 002

The estimation of the model’s parameters for the
considered period is given in Table 2.

As it was confirmed in the work of Dubinina
(2015), in the low-income countries, the process of
Internet diffusion began later. If in the first group
of countries Internet users averaged 0.23 per 100
people of the population in 1990, then for the sec-
ond group the distribution process began in 1993,
and for the third one - only in 1997. While the
countries of the first group have passed the peak
of development of this technology, and the process
of its spread has slowed down approaching the so-
called “saturation point”, then the third group
was characterized by the continuation of growth.
The imitation coeflicient value (g) is the highest of
the groups considered, and the innovation coeffi-
cient (p) is the lowest one here. The forecast for the
Internet distribution for these groups of countries

90,00
80,00
70,00
60,00
50,00
40,00
30,00
20,00
10,00

0,00

1990 1995 2000

—4—Group 1

2005

with preservation of existing trends is represented
in Figure 3.

Similarly, the technology of broadband Internet
access in the above-mentioned groups of countries
is developing (see Table 2). One of the differences
in the distribution of this technology is the lack
of a large time delay at the beginning of its dis-
tribution in countries of second and third groups,
when comparing to the first group. In general, as
well as for Internet diffusion, group 3 received the
lowest innovation p and the highest imitation coef-
ficients q.

However, according to Dubinina (2015), the de-
gree of Internet distribution within a particular
group to a large extent depends on the econom-
ic development of each individual country. Thus,
among countries in group 2, the lowest value of

Source: Dubinina (2015).

2010 2015 2020

Group 2 Group 3

Figure 3. The forecast of Internet diffusion for different groups
of countries for the period up to 2022

http://dx.doi.org/10.21511/im.15(1).2019.06
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Table 3. The indicators of Internet distribution and broadband Internet access in some countries (per

100 people)

Source: Dubinina (2015).

Diffusion of Internet : Diffusion of broadband Internet access

Countr ‘ : : : :

B R T IR -+ B N T R 4

India 35.22 0.34 0.000 i 0.87 1.30 0.69 0.008 i 0.08
Brazil 8056 042 0023 | 359 . 1095 040 0015 047
Columbia 6178 037 0003 231 1035 . 044 . 0018 048
China 4999 046 0.001 214 1830 035 0015 061
Turkey 4867 037 0009 208 1019 076 0039 073
Romamia 4736 040 . 0009 193 1537 072 003 109
Mexico 7813 o018 . 0007 159 1090 073 0010 070

the parameter N*, which estimates the total num-
ber of potential technology users (market poten-
tial), is obtained for India, which, according to the
World Bank, is in the group of countries with an
income below the average (see Table 3).

Among the countries with average develop-
ment, the lowest indicator of market potential for
Internet and broadband Internet access distribu-
tion has been obtained for India, while the highest
market potential and the highest innovation rate
are for China. Undeniably, the speed of Internet
distribution and the number of Internet users di-
rectly affects the development of e-business and
the consumers’ ability to buy products and ser-
vices online. Therefore, it is relevant to determine
the pace of development of this technology in
Ukraine comparing to other European countries
(the results of Poland and Austria). Such a choice
of countries is caused by their territorial similar-
ities — all three countries are situated in Europe,
where there is mostly plain terrain and they are
located in close proximity to one another, and al-
so have similar indicators of population per meter
square of the country’s territory (in 2017, the den-
sity of the population in Ukraine was 74 persons/
m?, in Poland - 123 persons/m?, in Austria — 98
persons/m?) (Wikipedia, 2018).

The basis for the calculations was the difference
version of the Bass model, which is given in for-
mula 7. The study used the annual data on the
number of Internet users in Ukraine, Poland and
Austria in thousands of people, the growth rate of

72

Internet users for each year was calculated. Using
the model 7, we can obtain the model of Internet
technology diffusion for each country, the evalua-
tion of which is given in Table 4.

Table 4. The estimation of parameters of the
Internet distribution model in the researched
countries (data per 100 people)

Source: Completed by the authors as a results of modeling on the basis of
Eurostat (2018), World Bank (2018), State Statistics Service of Ukraine (2018).

Diffusion of Internet

Country N* Standard

q P deviation
Ukraine © 65.0 0.4 . 0.004 1.89
Poland . 745 0.03  0.007 1.87
Austria 870 | 0.04 i 0.054 : 1.22

Thus, analyzing the results of the modeling, it
should be mentioned that the process of active
Internet development in Ukraine began later in
comparison to Poland and Austria - only in 1996
(in Poland and Austria — in 1992). The coeflicient of
imitation in Ukraine is the highest (0.14), and the
innovation coeflicient is the lowest (0.004), which
indicates continuation of the active increase in the
number of Internet users in the country and dis-
tribution of this technology. Austria as a country
with a higher level of technological development
at this stage also has the highest rates of Internet
distribution and e-commerce development. That
is why the rate of potential Internet users here is
the largest one (87 per 100 people).

http://dx.doi.org/10.21511/im.15(1).2019.06
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Source: Compiled by the authors on the results of the modeling.

2007 2011 2015 2019 2023

Poland Austria

Figure 4. The forecast of Internet diffusion for Ukraine,
Poland and Austria for the period up to 2025

Additionally, it should be noted that the growth
rates of the development of Internet technology in
Poland and Austria are slowing down every year,
as their technology markets are closer to the point
of full saturation when comparing to Ukraine. If
the trends that currently exist in these countries
are saved, then it is possible to can get a forecast
for the spread of Internet technology by 2025 (see
Figure 4).

Thus, it can be argued that Austria has the highest
potential for Internet diffusion among the coun-

tries accepted for comparison - it is a country with
a high level of technological development and the
highest rate of the Internet penetration (85% of the
total population of the country in 2017). Poland
takes the second position among the three coun-
tries and also has significant potential for the de-
velopment in this direction. Ukraine, which does
not have technological development indicators yet,
in comparison to its two European neighbors, how-
ever, it is still ahead of them for the growth rate of
Internet users, and thus has all chances to catch up
with Austria and Poland in the near future.

CONCLUSION

The pace of Internet technology spread has a significant impact on the development of e-commerce, and
Internet development, in turn, depends on the level of development of the country. It has been found
that the pace of Internet technology and broadband Internet access spread is a lot higher in low-devel-
oped countries due to the later beginning of the diffusion process, while in the high-income countries
the peak of Internet development has passed and the technology spread has slowed down, approaching
the “point of saturation”.

Taking into account the results of modeling, we consider that the spread of Internet technologies
undoubtedly contributes towards the development of e-commerce in Austria, Poland and Ukraine.
Ukraine has significant potential for accelerating the spread of Internet and e-business. The processes
of decentralization associated with the creation of united territorial communities in Ukraine only ac-
celerate the spread of broadband Internet access, since each united community must be provided with a
connection that requires joint efforts of telecommunication operators and authorities of different levels
of government.

/3
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