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UKRAINE IN THE INFORMATION AND COMMUNICATION
TECHNOLOGY DEVELOPMENT RANKING. 1l

The paper considers the level and evolution of information and communication technology developments in Ukraine and its ex-
perience relative to other Eastern European and post-Soviet countries based on the Information and Communication Technology
Development Index over 2002—2017. Also modeling of the indicators characterising the development of information and tele-
communication technologies in Ukraine is presented. The GMDH models are built to forecast when the percentage of individuals
using the Internet in Ukraine will achieve the same level as Kazakhstan and Belarus. This models shown that Ukraine will be on
the point of overtaking Belarus in the end of the forecasted period but won’t reach the level of Kazakhstan because of much more
extensive development of ICTs there.
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Introduction

This research continues the study of information
and communication technology development in
Ukraine in comparison with other Eastern Euro-
pean and post-Soviet countries. The first part of
the article [10] analyzes the potential of Ukraine to
achieve the goals defined in the “Digital Agenda of
Ukraine 2020” based on its progress in the Infor-
mation and Communication Technology Develop-
ment Index (ICT Development Index, or IDI) over
2002—2017. The second part of the article focuses
on the analysis of evolution of the sub-indices and
their components and the key features of informa-
tion and communication technology development
in Ukraine. Modeling of the indicators describing
the ICT development in Ukraine will be done in
order to establish the relationship among these in-
dicators.

Ukraine In the IDI Sub-indices

The sub-indices of the IDI and their change bet-
ween the first and the last studies should be ana-
lyzed in order to define a reason of such a regress
for Ukraine. They are presented in Table 3.

As the Table 3 shows Ukraine is highly ranked
in the Skills sub index in both 2002 and 2017 — 21
and 15 respectively. In 2002 Ukraine was only be-
hind Poland (17) and Russia (20). In 2017 Ukraine
was on the 3 position again — this time behind Be-
larus (5) and Russia (13). This sub-index seeks to
capture capabilities or skills that are important for
ICTs. As these are proxy indicators, rather than di-
rectly measuring [CT-related skills, the skills sub-
index is given less weight in the computation of the
IDI than the other two sub-indices.

Access sub-index captures ICT readiness that
reflects the level of networked infrastructure and

62 ISSN 2706-8145, CHCcTeMH KepyBaHHA Ta KoMM'toTepH, 2019, N° 4



Ukraine in the Information and Communication Technology Development Ranking. 11

Table 3. The values of the ICT sub-indices and the ranks by these sub-indices for Eastern European and CIS countries in

2002 and 2017

Country Access | Rank | Access | Rank Use Rank Use Rank | Skills | Rank | Skills | Rank

2002 2002 2017 2017 2002 | 2002 | 2017 | 2017 2002 | 2002 | 2017 | 2017
Czech Republic 4,73 32 7,14 55 0,8 34 6,62 39 7,65 30 8,27 28
Hungary 4,05 36 7,78 37 0,61 44 5,71 56 8,12 34 7,7 46
Slovakia 3,76 39 7,22 51 1,34 23 6,67 36 7,36 45 6,67 36
Poland 3,34 43 7,58 40 0,72 39 5,47 64 8,57 17 8,35 25
Bulgaria 2,64 54 6,83 65 0,3 61 6,23 45 7,81 37 8,17 35
Romania 2,4 59 6,98 60 0,22 66 5,59 61 7,16 48 7,25 60
Russian Federation | 2,36 60 7,23 50 0,14 80 6,13 51 8,53 20 8,62 13
Ukraine 1,94 72 6,6 71 0,06 104 | 3,17 116 8,41 21 8,56 15
Belarus 1,92 74 7,87 34 0,3 62 6,54 40 8,19 31 8,93 5
Moldova 1,63 85 7,56 42 0,12 83 5,12 70 7,15 49 6,89 68
Georgia 1,56 90 6,26 79 0,05 110 | 4,47 80 7,39 43 7,49 54
Kazakhstan 1,55 93 7,55 43 0,06 109 5,69 58 7,69 39 7,48 55
Armenia 1,52 95 6,52 72 0,07 100 | 4,42 83 6,98 57 6,94 66
Kyrgyzstan 1,05 119 4,54 114 0,1 90 2,91 118 7,54 41 6,96 65
Uzbekistan 0,96 132 5,24 95 0,04 117 3,93 93 6,77 69 6,17 87
Azerbaijan 0,91 136 6,62 70 0,12 82 5,55 62 6,49 72 6,67 72

access to ICTs. In this rating Ukraine almost didn’t
change its position being 72 among 154 countries
in 2002 and 71 among 176 countries in 2017. But in
2002 Ukraine was outrun only by Russia (60) and
the post-socialist states of Eastern Europe (they
ranked from 32 (Czech Republic) to 59 (Romania).
In 2017 Ukraine was excelled also by Belarus (34),
Moldova (42), Kazakhstan (43), and Azerbaijan
(70). So the dynamics by the access sub index was
rather negative for Ukraine, moreover taking into
consideration the remarkable progress of other CIS
countries.

But the worst situation lies within the position of
Ukraine in the Use sub index ranking that chara-
cterizes the ICT impact — the results/outcomes
of more efficient and effective ICT use. In 2002
Ukraine ranked 104 leaving behind only Kazakh-
stan (109), Georgia (110), and Uzbekistan (117).
In 2017 Ukraine became one of the outsiders by
that sub-index (116) along with Kyrgyzstan (118).
Ukraine lost 12 positions at the same time when
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Belarus gained 22 positions, Moldova — 13, Geor-
gia — 20, Kazakhstan — 51, Armenia — 17, Uzbeki-
stan — 24, Azerbaijan — 20 positions respectively.
Therefore, it’s necessary to explore how the in-
dicators that constitute the Use sub index have
changed.

The Component Indicators of the
ICT Use Sub-index

This sub index includes three intensity and usage
indicators: individuals using the Internet, fixed-
broadband subscriptions and mobile-broadband
subscriptions.

In 2002 the percentage of individuals using the
Internet in Ukraine (0,72) was very low in com-
parison with 4 Eastern European countries: Czech
Republic (9,78), Slovakia (9,43), Poland (7,29),
and Hungary (7) but quite comparable with other
countries of the region. The quantity of Internet
users in Ukraine in 2000—2016 compared with
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Fig. 1. The percentage of individuals using the Internet in
Ukraine and Czech Republic, Slovakia, Poland, Hungary,

Bulgaria in 2000—2016
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Fig. 2. The percentage of individuals using the Internet in
Ukraine and Russian Federation, Belarus, Armenia, Mol-

dova, Kyrgyzstan, Kazakhstan, Georgia in 2000—2016

several other countries of Eastern Europe and the
CIS is shown at the Fig. 1 and 2. However, by 2006
Ukraine hasn’t succeeded to increase the quan-
tity of internet users substantially, the percentage
of internet users equalled only 4,51 that was more
than in Kazakhstan only (3,27). All other listed
countries were ahead. For example, in Moldova,
the Russian Federation, and Belarus 19,62; 18,02,
and 16,2 percent of inhabitants respectively used
the Internet. The Czech Republic which back then
still was ranked as a regional leader had 56,08%
of Internet users, more than the half of the whole
population. Since 2010 Ukraine has ranked above

Kyrgyzstan and Uzbekistan and behind all other
countries. Moreover, Uzbekistan (46,79) has got-
ten quite closely to Ukraine (53) by 2016. Mean-
while, Kazakhstan (76,43) and Azerbaijan (79)
have achieved the same level by that indicator as
Slovakia (81,63), Czech Republic (78,72), and
Hungary (76,75) in 2017.

The number of fixed broadband subscriptions
per 100 inhabitants was extremely low in the whole
region from 6,91 in Czech Republic to 0,02 in Be-
larus in 2005. Ukraine was in the middle of the list
with 0,28 % of subscriptions.

The number of fixed broadband subscriptions
per 100 inhabitants in Ukraine and Czech Repub-
lic, Slovakia, Poland, Hungary, Bulgaria, Romania
in 2002—2017 shown on Fig. 3. The number of
fixed broadband subscriptions per 100 inhabitants
in Ukraine and Russian Federation, Belarus, Ar-
menia, Moldova, Kyrgyzstan, Kazakhstan, Geor-
gia, Azerbaijan, Uzbekistan in 2002—2017 shown
on Fig. 4.

Since 2008 Ukraine has been losing its position
in the middle and was outrun by other countries: in
2008 by Belarus, in 2009 by Moldova, in 2011 by
Kazakhstan and Azerbaijan, in 2012 by Georgia, in
2014 by Armenia. But in 2015 Ukraine managed
to register more fixed broadband subscriptions per
100 inhabitants than Armenia.

The quantity of active mobile-broadband sub-
scriptions per 100 inhabitants was also very low in
all countries in 2007: from 6,3 in Poland to 0,1 in
Belarus. There were only 0,6 of mobile-broadband
subscriptions in Ukraine then. By 2012 the num-
ber of mobile-broadband users had increased quite
significantly.

The Russian Federation took the lead with 60,2
subscriptions and Ukraine was an outsider with 6,7
subscriptions in 2012. Moreover, the second lo-
west rated country Georgia had 17,4 active mobile-
broadband subscriptions per 100 inhabitants then.
Therefore, Ukraine obviously hadn’t developed
that technology to any sufficient extent as of 2007—
2012. In 2016 Ukraine was still far behind other
countries in the region with only 22,6 subscriptions.
Meanwhile, there were 88,4 active mobile-broad-
band subscriptions per 100 inhabitants in Bulgaria,
78,7 — in Slovakia, 76 — in Czech Republic.
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Connection between IDI and GNI

There isastrong and significant correlation between
the IDI 2017 values and GNI per capita, sugges-
ting that the level of economic development has a
significant bearing on ICT development [9]. This is
probably, at least to some degree, a self-sustaining
phenomenon: it is likely that GNI per capita le-
vels influence both the level of consumer demand
to make use of ICTs and the level of infrastruc-
ture investment in access networks to meet that
demand. Outliers, which show significantly better
IDI performance than might be anticipated from
GNI per capita, are worth to be considered further,
as their experience may indicate that countries have
implemented policy or investment choices which
are more effective in leveraging ICT access and use.
Not surprisingly, outliers that significantly outper-
form their GNI per capita level include countries
at the top of the IDI 2017 distribution, such as Ice-
land, the Republic of Korea and Denmark. Over-
achieving countries at lower levels of economic
performance include Estonia, Bulgaria, Belarus,
Serbia, Ukraine and Moldova.

The relationship between GNI per capita and
IDI for Ukraine is shown at the Fig. 5.

The trend of a strong interrelationship between
the IDI values and GNI per capita is quite relevant
for Ukraine. In 2007—2008 the growth of GNI per
capita was accompanied by the increase in IDI al-
most in the same pace. After a disastrous drop of
income in 2008 the IDI 2009 didn’t rise almost at
all in comparison with the IDI 2008. After 2009
GNI per capita grew rather quickly approximately
at the same pace as in 2007—2008 but IDI increased
constantly but not as fast as income. In 2014—2015
GNI per capita fell drastically again almost to the
level of 2009. At the same time IDI 2014—2016
froze. Thus, it has only slightly exceeded the level
of 2013 by 2016. In 2017 the significant increase in
GNI per capita allowed Ukraine to reach the in-
come level of 2014. It was the fastest growth of this
indicator during 2007—2017. Also it was the first
time after 2013 when IDI rose substantially.

Ukraine was outperforming in the IDI 2002 be-
cause it excelled such countries as Romania, Bul-
garia, and Kazakhstan in ICT development by the
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Fig. 3. The number of fixed broadband subscriptions per
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IDI Rank though their GNI per capita was higher
then. The GNI of Azerbaijan outran the GNI of
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Ukraine in 2006 but in the IDI Azerbaijan man-
aged to leave Ukraine behind only in 2012. Geor-
gia outdistanced Ukraine in both IDI and GNI in
2015. Moldova is the only exception in this trend,
because its GNI is still lower then in Ukraine but its
IDI exceeded the IDI of Ukraine in 2010 [11].

Digital Divide

Another important issue of measuring the IDI is
digital divide. The digital divide is usually measured
in terms of people’s access to ICTs. Penetration
levels of mobile cellular telephones, Internet and
personal computers are some of the most common
measures used.

However, a country may excel in one area, for ex-
ample mobile cellular penetration, but lag in ano-
ther, such as Internet penetration. This is where a
composite index serves its purpose. The digital di-
vide is known as a relative concept. It compares the
level of ICT development in a country, or group of
countries, with that in another at a certain point
in time. One of the benefits of having a composi-
te measure, such as the IDI, is that it captures the
magnitude of the digital divide and how it is evol-
ving over time. According to this concept countries

Table 4. Ukraine: The Key ICT Development Indicators

need to be grouped based on different ICT levels.
In the first report Ukraine was referred to as the
“Upper” group because its IDI value was between
3,41 and 5,25. Economies included in this category
are those that have achieved an elevated level of ac-
cess to and use of ICTs, and ICT skills, for a major-
ity of their inhabitants. That group included coun-
tries from different regions such as Mauritius from
Africa, nine countries from Eastern Europe, three
countries from South-Eastern Asia, two countries
from the Caribbean, four countries from Latin
America and seven countries from Western Asia.
In total, they accounted for almost 780 million
people. The economies included in both that group
and in the “High” group accounted for more than
27 percent of the world’s population in 2007.

The State of the ICT Market in
Ukraine

The state of the ICT markets is characterized by in-
frastructure developments, and government policy
as well as initiatives to improve the access and use
of ICTs for households and individuals. It is struc-
tured around three key areas: mobile services, fixed
services, and government policy.

Key indicators for Ukraine (2016) CIS World
Fixed-telephone sub. per 100 inhab. 19,8 20,7 13,6
Mobile-cellular sub. per 100 inhab. 132,6 141,2 101,5
Fixed-broadband sub. per 100 inhab. 12 15,8 12,4
Active mobile-broadband sub. per 100 inhab. 22,6 59,7 52,2
3G coverage (% of population) 90 77,1 85
LTE/WiMAX coverage (% of population) 1,4 45,9 66,5
Mobile-cellular prices (% GNI pc) 1,2 1,7 5,2
Fixed-broadband prices (% GNI pc) 1,1 3,3 13,9
Mobile-broadband prices 500 MB (% GNI pc) 1,2 1,4 3,7
Mobile-broadband prices 1 GB (% GNI pc) 0,9 3,1 6,8
Percentage of households with computer 65,1 67,4 46,6
Percentage of households with Internet access 54,8 68 51,5
Percentage of individuals using the Internet 52,5 65,1 45,9
Int. Internet bandwidth per Internet user (kbit/s) 79,9 59 74,5

66
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Mobile broadband coverage is growing dramati-
cally in Ukraine. More than 20 million people used
the 3G network by the end of 2016. Most of broad-
band access Internet connections are wireless (66
per cent) [12]. The number of fixed telephone users
has been decreasing, as well as operator revenues in
fixed telephony. Fixed broadband services generate
most of the income from Internet access services.
Fibre-optic connections are increasingly prevalent
among new subscribers. Government policy aims
to liberalize legislation. The regulatory authority is
planning to simplify market entry of telecommu-
nication companies, and cancel existing practices
of licensing specific types of telecommunication
services, etc. A legislative framework for effective
infrastructure use by market players has been de-
veloped. One of the main priorities of government
policy is to facilitate the quality of services im-
provement. Authorities are working on legislation
alignment to the European Union framework.

The key indicators for ICT development in
Ukraine in comparison with CIS countries and the
world level are presented in Table 4.

The data were collected in the spring of 2017
through the short World Telecommunication/ICT
Indicators (WTTI) questionnaire and the short ques-
tionnaire on ICT Access and Use by Households
and Individuals. The data on ICT prices were col-
lected in the last quarter of 2016 by means of the
ICT Price Basket Questionnaire.

The comprehensive definition of the ICT sector
has evolved over time, and its inherent economic
activities are grouped into three areas: ICT manu-
facturing industries, ICT trade industries and ICT
services industries [13].

Decrease of telecommunication revenues in
Ukraine is a part of a regional trend (Table 5). Reve-
nues fell 14,7 percent in Europe and 36,5 percent
in the CIS. The only exception in CIS region is
Uzbekistan. This is the result of a combination of
factors, including increasing market saturation,
weakening macroeconomic growth, intensifying
competition and a continued pressure on retail
prices. Total telecommunication revenues largely
depend on the population of the country. Roughly
speaking, the higher the population, the higher ex-
pected revenues are supposed to be. That is why

Table 5. Total telecommunication revenues (USD mil-
lions), 2014—2016

The World Economy 2014 2015 2016
Rank
15 Russian 39 506 25089 | 22778
Federation
24 Poland 12 567 10517 | 10040
51 Czech 3836 3039 2964
Republic

52 Hungary 4037 3078 2931
53 Romania 3380 2 840 2 869
55 Uzbekistan | 1362 1742 2191
57 Kazakhstan | 3799 3167 2111
59 Ukraine 3485 2033 1910
61 Slovakia 2240 1 840 1863
75 Bulgaria 1502 1236 1197
79 Belarus 1402 1096 1084
81 Azerbaijan 2185 1602 1005
103 Kyrgyzstan 519 418 368
107 Georgia 420 311 310
108 Armenia 382 316 288
115 Moldova 325 260 225

the Russian Federation has the highest rank (15) in
the group. The fact that Poland ranks 24 position
means that the revenues per capita are much higher
there. Ukraine ranks 59 among the 154 countries.
The mobile ecosystem consists of mobile opera-
tors, infrastructure providers, retailers and distribu-
tors of mobile products and services, mobile device
manufacturers, and mobile content, application
and service providers.

The CIS region witnessed the largest mobile reve-
nue decline between 2014 and 2016, of 44 percent.
The Russian Federation and Azerbaijan each re-
ported over USD 1 billion in losses in mobile reve-
nues during that period, followed by Kazakhstan,
with just over USD 800 million lost mobile reve-
nues. The region can be described as highly satu-
rated, with stalling growth in mobile subscriptions
(1,8 per cent between 2014 and 2016) and regional
mobile-cellular penetration reaching 141 per cent
in 2016, while mobile-broadband subscriptions
continue to drive regional growth for the mobile
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Table 6. Average revenue per user (ARPU), mobile subscrip-
tions, 2014-2016

The USD / subscription / month

World | geonomy 2014 2015 2016

Rank
44 Hungary 17 12,9 13,4
45 Slovakia 17,8 14,1 12,9
48 Czech Re- 15,1 12,3 12

public
70 Bulgaria 8,9 7,3 7,1
72 Poland 8,2 7 6,7
76 Romania 7,1 5,8 6,1
86 Uzbekistan 4 4,1 4,9
90 Belarus 6,2 4.7 4,6
97 Armenia 6,9 5 4,3
99 Azerbaijan 12 6,6 4,2
106 Russian 7,1 4 3,5
Federation

115 Moldova 3,9 3,1 2,9
117 Georgia 4 2,7 2,7
118 | Kyrgyzstan 3,8 3,2 2,6
123 | Kazakhstan 4,6 3,7 2,3
127 Ukraine 3,1 1,7 1,8

ecosystem (from 47,3 to 59,7 per 100 inhabitants in
the period 2014-2016) [13].

Ukraine had the lowest average revenue per mo-
bile subscriber in the group in 2014 being behind
Kyrgyzstan, Moldova, and Uzbekistan (Table 6).
In 2015-2016 Ukraine was on the last position
again outrun by other countries substantially. This
can also be explained by the 30% lower prices for
mobile cellular subscriptions along with a high sat-
uration of the market compared with the average
level in CIS.

Amongtransitioning economiessuch as Ukraine,
the prospects for inward Foreign Direct Investment
(FDI) (all sectors included) is moderately positive.
In Ukraine, the business environment is characte-
rized by slow reforms which limit greenfield invest-
ment. These trends are largely reflected in telecom-
munication-specific FDI which, between 2015 and
2016, declined by 10 percent in Ukraine [13].

Nevertheless, as the authors of the ,,Measuring
Information Society 2017 Report® state, Ukraine
has a great potential regarding the mobile and
fixed-broadband market development. Operators
are eager to introduce new services and attract
new subscribers. They also come to conclusion
that work is underway to develop new legislation in
the sector of information and telecommunication
technologies in Ukraine. New strategies for digital
transformation, big data, blockchain and agile are
discussed at state level. The mobile ecosystem con-
sists of mobile operators, infrastructure providers,
retailers and distributors of mobile products and
services, mobile device manufacturers, and mobile
content, application and service providers.

The CIS region witnessed the largest mobile reve-
nue decline between 2014 and 2016, of 44 percent.
The Russian Federation and Azerbaijan each re-
ported over USD 1 billion in losses in mobile rev-
enues during that period, followed by Kazakhstan,
with just over USD 800 million lost mobile reve-
nues. The region can be described as highly satu-
rated, with stalling growth in mobile subscriptions
(1,8 per cent between 2014 and 2016) and regional
mobile-cellular penetration reaching 141 per cent
in 2016, while mobile-broadband subscriptions
continue to drive regional growth for the mobile
ecosystem (from 47,3 to 59,7 per 100 inhabitants in
the period 2014—2016) [13].

Ukraine had the lowest average revenue per mo-
bile subscriber in the group in 2014 being behind
Kyrgyzstan, Moldova, and Uzbekistan (Table 6). In
2015—2016 Ukraine was on the last position again
outrun by other countries substantially. This can
also be explained by the 30% lower prices for mo-
bile cellular subscriptions along with a high satu-
ration of the market compared with the average
level in CIS.

Among transitioning economies such as
Ukraine, the prospects for inward Foreign Direct
Investment (FDI) (all sectors included) is modera-
tely positive, In Ukraine, the business environ-
ment is characterized by slow reforms which limit
greenfield investment, These trends are largely re-
flected in telecommunication-specific FDI which,
between 2015 and 2016, declined by 10 percent in
Ukraine [13]. Nevertheless, as the authors of the

638 ISSN 2706-8145, CucreMHn KepyBaHHA Ta KOMIT'toTepH, 2019, N° 4



Ukraine in the Information and Communication Technology Development Ranking. 11

,Measuring Information Society 2017 Report*
state, Ukraine has a great potential regarding the
mobile and fixed-broadband market development,
Operators are eager to introduce new services and
attract new subscribers, They also come to conclu-
sion that work is underway to develop new legisla-
tion in the sector of information and telecommu-
nication technologies in Ukraine, New strategies
for digital transformation, big data, blockchain and
agile are discussed at state level.

The forecast of the percentage of
individuals using the Internet in
Ukraine, Belarus, and Kazakhstan

The forecasted percentage of individuals using the
Internet by 2025 will be calculated, Then the results
of these calculations will be compared for Ukraine,
Belarus, and Kazakhstan.

The procedure given in [14—15] will be used for
this purpose, This forecast is built by the means of
the combinatorial GMDH algorithm with after-
determtnation model by the error bias criterion
[16—17].

To do this, prepare a data sample of individuals
using the Internet in Ukraine for the period from
2005 to 2016 (Tabl. 6).

The output value is set the number of Internet
users in Ukraine for the year ahead (y=x,,, ), the
input variables select the variables: x, — the current
value of the number of Internet users in Ukraine,
x,, — the value of Internet users in Ukraine a year
ago (delayed value), x,_, — two years ago, etc.

Such an autoregressive models will be developed
for this purpose:

y = xk+1 = f(xk > 'xk—l > 'xk—Z > 'xk—3 > xk74 ).

According to the combinatorial GMDH algo-
rithm of we get a model for Ukraine:

Yy =2,194+1,678 x,,, —0,703x,,_, ,
AR =8,198, BS =0,0177,
where AR — the regularity accuracy criterion; BS —
the error bias criterion,
Similarly, we will build a model for Belarus:
Yy =2,213+1,520x,, —0,595x,, ,,
AR=2,74, BS = 1,389,
For Kazakhstan: y, =7,34+0,96 x,,,
AR =8,33,BS =0,018.

In order to make calculations for the forecast the
Table 7 is built where the percentage of individuals
using the Internet for one step forward is an out-
put variable. The results of forecasting for Ukraine,
Belarus, and Kazakhstan by 2025 are shown in the
Table 8 and on the Fig. 7.

Therefore, the percentage of individuals using
the Internet in Ukraine will reach the same level as
in Belarus by 2022. At the same year Kazakhstan is
supposed to achieve the level of full saturation of its
market because the whole population of this coun-
try is forecasted to get a possibility to use Internet
then. Thus, growth rates of Internet users show the
most impressive pace in Kazakhstan; meanwhile
the indicators for Ukraine have increased much
slower since 2009. The percentage of Internet users
in Belarus keeps on the same level in 2025 as nowa-
days. Therefore, Ukraine will be on the point of
overtaking Belarus in the end of the forecasted pe-
riod but won’t count on the same number of indi-
viduals using the Internet as in Kazakhstan because
of extensive development of ICTs there.

Analysis of the obtained results

Analysis of the IDI 2017 sub-indices of Ukraine
showed that Ukraine is the only country in the
world where both the difference between the skills
and overall IDI rankings and the difference be-

Table 7. Data for forecasting of the percentage of individuals
using the Internet

Var. X, X, X, ., X, 4 X, , y=x,,
2005 | 3,75 | 3,49 | 3,15 | 1,87 | 1,24 | 4,51
2006 | 4,51 | 3,75 | 3,49 | 3,15 | 1,87 6,55
2007 | 6,55 | 4,51 | 3,75 | 3,49 | 3,15 | 11,00
2008 | 11,00 | 6,55 | 4,51 | 3,75 | 3,49 | 17,90
2009 | 17,90 | 11,00 | 6,55 | 4,51 | 3,75 | 23,30
2010 | 23,30 | 17,90 | 11,00 | 6,55 | 4,51 | 28,71
2011 | 28,71 | 23,30 | 17,90 | 11,00 | 6,55 | 35,27
2012 | 35,27 | 28,71 | 23,30 | 17,90 | 11,00 | 40,95
2013 | 40,95 | 35,27 | 28,71 | 23,30 | 17,90 | 46,24
2014 | 46,24 | 40,95 | 35,27 | 28,71 | 23,30 | 48,88
2015 | 48,88 | 46,24 | 40,95 | 35,27 | 28,71 | 53,00
2016 | 53,00 | 48,88 | 46,24 | 40,95 | 35,27 —
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Table 8. The results of the forecasting of the percentage of
individuals using the Internet in Ukraine, Belarus, and Ka-
zakhstan till 2025.

Country Belarus Ukraine Kazakhstan
2000 1,86 0,72 0,67
2001 4,30 1,24 1,01
2002 8,95 1,87 1,67
2003 10,76 3,15 2,00
2004 12,58 3,49 2,65
2005 14,39 3,75 2,96
2006 16,20 4,51 3,27
2007 19,70 6,55 4,02
2008 23,00 11,00 11,00
2009 27,43 17,90 18,20
2010 31,80 23,30 31,60
2011 39,65 28,71 50,60
2012 46,91 35,27 61,91
2013 54,17 40,95 63,30
2014 59,02 46,24 66,00
2015 67,30 48,88 70,83
2016 71,11 53,00 74,59
2017 74,44 56,74 76,43
2018 75,39 59,94 81,32
2019 75,36 62,77 86,07
2020 73,07 65,27 90,66
2021 69,00 67,47 95,11
2022 70,00 69,40 99,41
2023 63,30 70,67 103,58
2024 70,60 71,75 107,62
2025 75,00 72,67 111,52

tween access and the use rankings are the biggest
in the world.

Ukraine belongs to the 14 countries within IDI
2017 that have rankings for access 20 or more
places higher than their rankings for usage. And in
Ukraine this divergence is the highest in the world
and it equals 45 positions. This imbalance in fa-
vour of the access sub-index suggests that there is
scope for policy interventions to stimulate demand
and usage in the country. Demand-side policies to
stimulate greater use of available infrastructure are

more likely to raise the level of ICT development.
The largest positive differences between the skills
sub-index and the overall IDI 2017, which have the
effect of improving overall IDI performance, are
those for Cuba (which ranks 62nd in the skills sub-
index but 137th in the overall Index) and Ukraine
(which ranks 15th in the skills sub-index but 79th
overall).

Also it should be mentioned that the skills sub-
index rather assess the length and involvement of
population in the process of education but not its
quality. Therefore, this sub-index definitely im-
proves the position of Ukraine in IDI, and in reali-
ty the situation in the field of development of neces-
sary skills for use of ICTs may be worse.

Analysis of three intensity and usage indicators
of the Use-subindex reveals that though in 2002 the
number of individuals using the Internet in Ukraine
was very low, whereas on the same level as in other
CIS countries.

Ukraine hasn’t managed to increase this indica-
torin contrast to othersby 2006. Since 2010 Ukraine
has ranked above Kyrgyzstan and Uzbekistan and
behind all other countries of the region. Moreover,
the percentage of individuals using the Internet in
Ukraine was 20% lower than the average of CIS in
2016. As for fixed broadband subscriptions per 100
inhabitants, this service only arose in 2005. The
progress of Ukraine in developing this service was
very slow and since 2008 Ukraine has been losing
its position in the ranking of this indicator towards
other countries situated in our region.

The number of fixed-broadband subscriptions
per 100 inhabitants in Ukraine was 24% lower than
the average in CIS in 2016. The ranking based on
the quantity of active mobile-broadband subscrip-
tions per 100 inhabitants was established for the first
time in 2007. This market started to grow thereaf-
ter. But by 2012, Ukraine had shown the lowest
pace of developing this service in the region. The
number of active mobile-broadband subscriptions
per 100 inhabitants was 62% lower than the average
in CIS in 2016.

This means that even though Ukraine made
progress in developing these services the pace how
it was done was enormously slow in comparison
with other CIS countries.
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Analysis of the key ICT development indicators
of Ukraine shows that Ukraine was behind or far
behind (by some indicators) other CIS countries in
2016. Only few indicators such as fixed-telephone
subscriptions per 100 inhabitants, mobile-cellular
subscriptions per 100 inhabitants, percentage of
households with computers are just a bit lower than
average in CIS and higher than the world average.
But the first two indicators (fixed-telephone and
mobile-cellular subscriptions) will be excluded
from the next IDI 2018 and replaced by new ones.
Therefore, it may even worsen the overall position
of Ukraine in the IDI 2018. Ukraine lags behind
CIS average by about 20% in the fields of fixed-
broadband subscriptions per 100 inhabitants, per-
centage of households with Internet access, and
percentage of individuals using the Internet — also
on the same level by the first indicator, but exceeds
the world average by the remaining two.

However, Ukraine fell back considering the
number of active mobile-broadband subscriptions
per 100 inhabitants by 62% (that pulls down its po-
sition in the Use-subindex and overall IDI) and by
LTE/WiMAX coverage (% of population) in 97%
in 2016. Thus, only 1,4% of Ukrainian population
was covered by 4G in comparison with 45,9% in
the CIS region and 66,5% globally. Hopefully, the
indicator will rise in the next report because Ukrai-
nian mobile providers have actively introduced 4G
technology recently.

Respectively, if Ukrainians didn’t have access
to 4G they had to use 3G extensively. Thus the
3G coverage (% of population) indicator was 90 in
Ukraine in 2016 when it was 77,1 in CIS and 85
in the world. Only the International Internet band-
width per Internet user (kbit/s) was 35% higher
than the CIS average and 7% higher than the world
average in 2016.

As for the ICT services prices, mobile-cellular
prices (% GNI pc) were 30% lower than the CIS
average, fixed-broadband prices (% GNI pc) 57%,
mobile-broadband prices 500 MB (% GNI pc)
14%, and mobile-broadband prices 1 GB (% GNI
pc) 71% lower. Such low mobile-cellular and fixed
as well as mobile broadband prices can sometimes
be a mixed advantage: on the one hand, they bring
affordable services to the reach of people living on
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Fig.7. The results of the forecasting of the percentage of in-
dividuals using the Internet in Ukraine, Belarus, and Ka-
zakhstan till 2025

low-income; on the other hand, if prices are too
low, they may threaten the long-term sustainability
of the market.

It is the task of regulators and policy-makers to
strike a balance between these two forces because
Ukraine had the lowest average revenue per mobile
subscriber in the CIS group in 2014—-2016.

Therefore, broadband in Ukraine is fast and
cheap (affordable), though take-up is still relatively
low — around half the population are connected to
the internet. It means there is a substantial digital di-
vide between those who use the internet under very
favourable conditions (mostly urban population)
and those who have no internet access (predomi-
nantly those who live in rural areas and small towns).
Ukraine has lagged in development of mobile broad-
band by 2016 though that technology became the
main driver for the mobile ecosystem revenues in the
region. This also may be a reason for the lowest ave-
rage revenue per mobile subscriber in CIS.

Anyway, since 2016 4G technology has been
widely developing and the number of active mobile-
broadband subscriptions grew constantly, hope-
fully Ukraine will decrease its digital divide with
other countries of the region. Ukraine is featured
as a country that has great potential for mobile and
fixed-broadband market development. However,
the slight pace of progress in IDI that Ukraine
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demonstrated in 2014—2016 is definitely not suf-
ficient in order to outperform in ICT development
in the nearest future. Efficient efforts of the govern-
ment are necessary to be made in this field.

Conclusions

The IDI of Ukraine and its subindices were analyzed
in comparison with the same indicators of Eastern
European and CIS countries in 2002—2017. The
reason of slow progress of Ukraine in this ranking is
turned out to be insufficient growth of such compo-

nents of use subindex as the percentage of individu-
als using Internet, the number of fixed broadband
subscriptions per 100 inhabitants, and the number
of active mobile-broadband subscriptions per 100
inhabitants.

The results of the forecasting of the percentage of
individuals using the Internet in Ukraine, Belarus,
and Kazakhstan till 2025 showed that Ukraine will
be on the point of overtaking Belarus in the end of
the forecasted period but won’t reach the level of
Kazakhstan because of much more extensive deve-
lopment of ICTs there.
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VYKPATHA Y PEUTUHIY PO3BUTKY
[HOOPMALIIMHO-KOMYHIKALUIMHUX TEXHOJOTIH. 11

Beryn. Innexc po3suTKy iHdbopMatiiiHo-KoMyHikamiitHux texHosorit (IKT) — 1me komrmexcHuit, yHiBepcaabHUIA i
3araJibHOBU3HAHUI TTOKA3HMK, 1110 XapaKTepU3y€e NOCITHEHHS KpaiHu 3 Touku 30py po3BUTKY IKT. Bin po3paxoByeTbcst
MixXHapOIHUM COIO30M eeKTpo3B'si3Ky. Lleit iHmekc obOpanmii Takumu KpaiHamu sk Kaszaxcran i Pocis ongHum 3
KOHTPOJBHUX s AochimkeHHs: po3BUTKY IKT y nux kpaiHax. OCKiJibKY 11i KpaiHU AOCSTIM 3HAYHOT'O YCIiXY Y PO3BUTKY
IKT 3a ocTaHHi poKH, TO HEOOXiTHO BUBYATH iXHi MiIXOAM O BUMipIOBaHHS 3MiH Y 1iiii cepi.

Merta crarri. 17151 OlliHIOBaHHS PiBHS PO3BUTKY i Mporpecy Ykpainu y po3Butky [KT nopiBHsIHO 3 iHIIMMU KpaiHAaMK1
Cxinnoi €por i CHI mpoBeeHO AOCTIIKEHHS TOTO, SIK YKpaiHa 3MiHIOBaJjIa CBOIO IMMO3ULIII0 Y PEUTHUHTY, pO3pO0JICHOMY
Ha ocHOBI iHmekcy po3ButKy IKT, y mepiox 3 2002 mo 2017 poku. TakoX METOO CTaTTi € AOCIIIKEHHS IUISIXiB IS
CKOpPOYEHHST LM(MPOBOTO po3puBy, TOOTO pizHMLi Yy piBHI po3BuTKy IKT, sika BUHMKIa MiX YKpaiHOIO Ta IHIIMMU
KpaiHaMM perioHy, a TaKoX BMBUYEHHS MOTeHUiany nogaibiioro po3Butky IKT B YkpaiHi i cTyneHs, y siKkoMy YKpaiHa
MOXe CKOPUCTATUCS HUMM JUIT eKOHOMIYHOTO 3pOCTAaHHS, BUXOISAUN 3 HAIBHUX iHMPACTPYKTYPHUX, TEXHOJOTIYHMX i
JIIOJICBKUX PECYPCiB.

Metomu. CucTeMHMIT MiIXia, aHaTi3.

Pesynbrar. [IpoBeneHo aHasiz mporpecy YKpaiHu y peUTUHTY, CKJIaAeHOMY Ha OCHOBI iHaeKcy po3BUTKY I KT, y mopiBHSIH-
Hi 3 IHIIMMU KpaTHAMU pErioHy, MpoBeIeHO JOCTIIXKEHHS AMHaMiKU MigiHAeKCiB iHaekcy po3BuTKy I KT ta ix KOMIOHEHTIB
y 2002—2017 pokax, OCHOBHMX XapaKTepuCTUK piBHs po3BUTKY IKT B Ykpaini Ha 2016 pik, TeJeKOMyHIKalLliitHOTO PUHKY
VYkpainny 2014—2016 pokax, a TaKOX MPOBEACHO AOCTiIKeHHS 3B's13Ky Mixk BH/I i inmekcom po3putky IKT. [To6ynmosaHo
MOJIeJi, SIKi T03BOJISIIOTh aHAJTi3yBaTH PO3BUTOK iH(GOpMaLliiHUX 1 TeJIEKOMYHIKaLlIHHUX TEXHOJIOTi B YKpaiHi.

BucnoBok. Pe3yisraTit Ib0TO TOCTIIKEHHS TOKA3YIOTh, 110, TOYMHAIOYH 3 CAMOTO TTOYATKYy TOCIIIKYBAHOTO TIEPiomy,
nporpec Ykpainu y po3Butky IKT OyB ayxe MOBiIbHUM Yy MOPIBHSHHI 3 iHIIMMM KpaiHaMu peTioHy. YKpaiHa Bincraia
Bin cepeaHboro piBHs no periony CHJI maiixe 3a ycima rnokasHukamu. OgHak, B OCTaHHiI pOKU 3’SIBUJIMCS TTO3UTUBHI
TEeHJEHILIil, 30KkpeMa OyJia 3ampoBakeHa TexHoJoris 4G, 30LIbIIYETbCS KiIbKICTh KOPUCTYBayiB IIMPOKOCMYTOBOTO
TOCTYITY, SIKUi € OCHOBHUM YMHHUKOM 3POCTaHHS TeJeKOMYHiKalliiHOro puHKy. OnHaK, Ul IIBUIKOTO CKOPOUYSHHS
LM(OPOBOTO PO3PUBY, IO BUHUK MiX YKpPaiHOIO Ta 11 cycilaMmu, MOTPiOHO 11I€ TOKJIACTU YUMAJIO 3YCUJTb.

Karouosi caosa: inoexc po3eumky iHgopmauitiHux i KOMYHIKAUIUHUX MeXHOA02Il, YUPPOBUI pO3pUE, NOKA3HUKU 2100a1bHO0
PO3BUMKY, Uudposuil hops0ok deHHuil Ykpainu.
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YKPAMHA B PEUTUHTE PA3BUTUA
WH®OPMALIMOHHO-KOMMYHUKALIMOHHBIX TEXHOJIOTUH. 11

Beenenne. Mupekc paszButusi mHpOpPMAIMOHHO-KOMMYHUKAIMOHHBIX TexHoymoruit (MKT) — 2T0 KOMIUIEKCHBIN,
YHUBEPCATbHBIN W OOLIETIPU3HAHHBIN MTOKAa3aTelb, XapaKTepU3YIOIINI JOCTYKEHUS CTPAHbI C TOYKHU 3PEHUsT Pa3BUTHS
MUKT. On paccuntbiBaeTcss MeXIyHApOAHBIM COIO30M 3JIEKTPOCBSI3M. DTOT MHAEKC M30paH TaKMMU CTpaHaAaMM Kak
Ka3zaxcran u Poccust B kauecTBe OZHOTO M3 KOHTPOJBHBIX TSl uccienoBanus pazsutust UKT B atux crpanax. [Tockonbky
9TU CTPaHbl IOCTUIJIM 3HaYUTEIbHOTO yeriexa B pazButur MKT 3a nmociaenHue roibl, TO HEOOXOAMMO U3Yy4aTh UX MTOIXObI
K U3MEpPEHMUI0 Iporpecca B 3Toii cdepe.

Henb crateu. 11 OLIGHKW YPOBHSI pa3BUTUs U mporpecca YKpauHbl B pa3Butuu MKT B cpaBHeHUU ¢ Apyrumu
crpanamu Boctounoii EBpornisl 1 CHI mpoBeneHo ucciieoBaHre TOTO, KakK YKparHa MEHsIa CBOIO TTO3UIIMIO B PEHTUHTE,
pa3paboraHHoM Ha ocHoBe mHuekca pas3putusi MKT, B nepuon ¢ 2002 nmo 2017 roasl. TakKe 1Leabl0 CTaTbu SIBJSETCS
HccaeqoBaHue MyTel UIst coKpaleHus 1IMdpoBOro pa3peiBa, T. €. pa3HULEI B ypoBHe pa3Butust MKT, kotopas Bo3HukIIa
MeXAy YKpauHoOU U APYTUMU CTPAaHAMU PErMOHa, a TAaK:Ke M3ydyeHue moTeHana naipHeliiero pa3sutus MKT B Ykpanne
U CTETNIEHU, B KOTOPOW YKpanHa MOXET BOCIOJIb30BaTbCS UMU IS 9KOHOMUYECKOTO POCTA, UCXOAS U3 UMEIOLIUXCS
WHOPACTPYKTYPHBIX, TEXHOJIOTUUECKUX U YETIOBEUECKIX PECYPCOB.

Mertoapl. CUCTEMHBII TOIXOM, aHAU3.

Pesyabrar. [IpoBeneH aHanu3 nporpecca YKpauHbl B peUTUHIE, COCTaBIEHHOM Ha ocHOBe uHaekca pazputusi MKT,
B CPaBHEHUU C APYIMMU CTPAaHAMMU PErMOHa, MPOBELEHO UCCIENOBAHME OTMHAMUKHU MOLUHIEKCOB MHAECKCA PA3BUTUS
UKT u nx xommoneHntoB B 2002—2017 romax, OCHOBHBIX XapakTepucThK ypoBHs pa3sutusi UKT B Ykpaune Ha 2016
roji, TeJEKOMMYHMKALIMOHHOTO peiHKa YKpauHbl B 2014—2016 rogax, a TakxKe IPOBEIEHO MCCIEIOBAHUE CBI3U MEXIY
BH/I 1 nnnexkcom passutust MKT. [TocTpoeHBI MOIE/IN, TTO3BOJISIONINE aHATM3UPOBATh Pa3BUTHE MH(MOPMAIIMOHHBIX 1
TEJeKOMMYHUKAIIMOHHBIX TEXHOJIOTUH B YKpauHe.

BeiBoa. PesynbsraThl aTOro McciaeqoBaHuUsl MOKa3bIBAIOT, YTO, HAUMHASI C Hayajla MCCJIeAyeMOro Mepuoja, Mporpecc
Ykpaunsl B pa3zButuu MKT Obu1 04eHb MEAJIEHHBIM B CPAaBHEHUM C APYTMMU CTPAaHAMU perroHa. YKpanHa oTcTajia oT
cpeaHero ypoBHs 1o peruony CHI moutu o Bcem nokaszatesisiM. OHaKo, B MOCAEIHUE TO/Ibl TOSIBUJIMCH MOJOXUTEIbHbIE
TEH/ICHIINY, B YaCTHOCTH ObI1a BBelleHa TeXHONOTUs 4G, yBETMINBAETCS KOJTMYECTBO MOTh30BaTeN e IMIMPOKOITOIIOCHOTO
JOCTYTIA, KOTOPBIN SIBJISIETCSI OCHOBHBIM (DAKTOPOM POCTa TEIEKOMMYHUKAIIMOHHOTO phIHKA. OqHAKO, IUIsi OBICTPOTO
COKpalieHus1 IudPOBOro pa3pbiBa, BOZHUKILIETO MEXIY YKPaWHOW U €€ COCeNsIMHU, HYXKHO elle MPWJIOXUTbh HeMajio
YCUIIMA.

Karoueevte caosa: unoexc pazeumust UHPOPMAYUOHHBIX U KOMMYHUKAUUOHHbIX MEXHOA0UIL, UUPPOBOL pa3pwle, NOKa3amenu
2100a1bH020 pazeumust, YUpposas nosecmra O1s s Ykpaunol.
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