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The aim of this paper is to compare the development of the digital economy in Russia with
that of the 28 countries of European Union (EU). Data were compiled from the European
Commission’s International Digital Economy and Society Index (I-DESI 2018) database.
After providing a brief overview of various alternative ways to measure the impact of infor-
mation and communications technologies (ICT), we examine the most important features,
advantages, and drawbacks of this database. We then describe the structure of our dataset
and proceed with the analysis of the digital competitiveness of Russia and the EU-28. Our
main research questions are concerned with the robustness of the EU data supply and the
stability of its ranking. For this, we use the data envelopment analysis (DEA) method and
the one-dimensional version of multidimensional scaling, which can also be employed for
ranking issues. In addition to the conventional DEA method, we also investigate the vi-
ability of common-weights DEA models. We compare the results obtained to answer our
questions. In evaluating the results, we also discern how data from Russia matches EU
data on the digital economy. The comparison suggests that methods used in our study pro-
vide a similar solution, but the ranking of a few countries (including Russia) show wider
variation.

Keywords: DESI index, digital public administration, innovation, data envelopment analysis,
multidimensional scaling, ranking.
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Introduction

The International Digital Economy and Society Index (I-DESI) was designed to pro-
vide “an overall assessment of where the EU stands, compared to non-EU economies, in
its progress towards a digital society and economy”. First published in 2016, it aims to
“mirror and extend” the results of the European Commission’s original (EU-only) Digital
Economy and Society Index (DESI) by “finding indicators that measure similar variables
for non-EU countries’, including Russia. Both of these are composite indices that combine
several individual indicators and use similar (but not identical) weighting systems to rank
each country based on its digital performance with the aim to benchmarking the devel-
opment of the digital economy and society. They measure performance in five principal
dimensions or policy areas: connectivity, human capital (digital skills), use of Internet by
citizens, integration of technology and digital public services.

The aim of this article is to compare the development of the digital economyof Russia
with the 28 countries of European Union (EU). Data were compiled from the 2018 edi-
tion of the International Digital Economy and Society Index (I-DESI 2018) database?. We
investigatethe robustness of the EU data supply, and the stability of its ranking. For this,
we used the data envelopment analysis (DEA) method and the one-dimensional version
of multidimensional scaling, which can also be used for ranking. We compare the results
obtained to answer our questions. In evaluating the results, we can also find out whether
Russia faresbetter or worsethan the EU in the digital economy.

The paper is organized as follows. In the second part, the measurement method of
DESI data is supplied with the five dimensions of the scales. The next chapter presents the
ranking of the countries involved in the examinations with the five dimensions. We outline
six models for ranking. First, the countries involved in the study are sorted by a weighting
method known as the scoring model. The resulting index is the DESI overall index. The
following two models are closely related, as we use the classic data envelopment analysis
model in both of them. However, we use two slightly different databases. The reason for
this is that the input criteria in our case have the best values, but in the DEA model they
have to be sorted for the worst values. This sorting can be achieved in two ways: either the
reciprocal of the input data is taken, or our initial data is placed on a new scale with a linear
transformation. Both approaches are followed and their results are compared in this arti-
cle. A disadvantage of the basic DEA model is that we need to solve a linear programming
problem for as many objects as we have in our dataset (29 in our case). In the next two
models, while maintaining the assumption on inputs, we use the DEA common weights
analysis method, i.e. we count all countries with the same weight as the scoring model. Our
last ranking is linked to the multidimensional scaling method known from multivariate
statistics. Namely, if we project our points from the multi-dimensional space to the straight
line, that is to say, one-dimensionally, we get a sequence that we use. The next chapter
compares these six types of ranking. The comparison suggests that the methods described
provide a similar solution. The last, fifth chapter of the paper concludes the results.

! I-DESI 2018: How digital is Europe compared to other major world economies? // European Com-
mission 26.10.2018. URL: https://ec.europa.eu/digital-single-market/en/news/international-digital-econo-
my-and-society-index-2018 (accessed: 04.06.2019).

2 International Digital Economy and Society Index 2018. URL: https://ec.europa.eu/digital-single-
market/en/news/international-digital-economy-and-society-index-2018 (accessed: 05.06.2019).

Becmmuux CII6TY, xonomura. 2019. T. 35. Bown. 4 589



1. Short Literature Review

The literature on measuring the development and impact of the digital economy and
society is very diverse and we only attempt to provide a short overview of some of the
relevant themes that have been explored in this context. A recent study by a joint Czech-
Latvian teamanalyzed ICT-relatedhuman capital elements and government policies in the
Czech Republic and Latvia, finding that there was no statistically significant difference in
adults’ readiness to study online between the two countries [Mirke, Kasparova, Cakula,
2019]. A paper of Gotzanalyzed the impact of Industry 4.0 on German-Polish economic
relations. The author concludes in herwork that the digital economy can have a positive
effect on German-Polish relationships [Gotz, 2017]. Another recent study by Silvaggi and
Pesce looked at how digitalization and the digital economy “can win” in Portugal, Italy and
Greece. Their research focused on the impact of digitization on museums, including the
redemption of workplace skills [Silvaggi, Pesce, 2018].

Russian and Ukrainian scholars have also been fairly active in the field. Grytsulenko
and Umanets evaluated the spread of the digital economy in an international context.
The comparison was carried out with the involvement of the European Union, the Com-
monwealth of Independent States and Ukraine. Their analysis was mainly done by pro-
cessing the available statistical data [Grytsulenko, Umanets, 2018]. Another recent article
by Belanova and co-authors sought to identify the main directions and indicators for the
development of the digital economy. The authors carry out a comparative analysis of in-
ternational indices related to Information and Communication Technologies (ICT) and
digitalization, including the I-DESI [Belanova, Kornilova, Sultanova, 2020]%. A paper of
Afonasova, Panfilova and Galichkina analyzed indicators that characterize the level of
digital sector development with a view to developing measures stimulating the digitali-
zation process[Afonasova, Panfilova, Galichkina, 2018]. A recent study by Dobrulyova,
Alexandrov and Yefremov aims to benchmark Russian ICT development with that in the
EU countries and identify some important preconditions for the digital transformation.
The authors conclude that Russia’s lag in terms of connectivity, digital skills, and business
adoption of digital technology is significant and is likely to further increase [Dobrolyubo-
va, Alexandrov, Yefremov, 2017]. Finally, Petrenko and co-authors analyzed sub-indices of
the international Networked Readiness Index (NRI) in order to understand the problems
of transition to the digital economy in Russia and determine the ways to resolve them
[Petrenko et al., 2017].

2. Measurement of the Digital Economy

Due to the pervasiveness of ICT, data about its application and impact is generated
in unprecedented magnitudes. There are several indices, scores, indicators, measurement
units that describe the status of the digital economy, society, public administration and
used as descriptors of digital transformation.

Firstly, there are the scoring systems describing and comparing global impacts and
situation in digitization. These are for instance the UN, OECD, World Bank or ITU re-

3 Although the study is due to be published in 2020 as a book chapter, it is already available online
from February 2019 at the publisher.
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ports serving similar objectives as some major consulting firms’ regular research projects
such as Forrester, IDC, Gartner or McKinsey surveys.

The second category of these measures are the ones that focus on regional or well-
defined country clusters belonging to a geopolitical area. Typical surveys of this kind are
the EU scoreboards: the Digital Economy and Society Index (DESI)*, Digital Skills Indica-
tor (DSI)® or the Consumer Conditions Scoreboard (CCS)®.

Finally, the third set of data that is collected for describing the ICT impacts are coun-
try specific collections usually carried out by National Statistical Offices or domestic re-
search firms.

Although DESI is being debated by experts, and as we will show there are several
problems of its method and collection system, it is still the most robust, unavoidable and
arguably the best choice for describing European progress on digitalization.

The DESI reports track the progress made by Member States in terms of their digiti-
zation. They are structured around five chapters (Table 1).

Table 1. Dimensions of DESI

DESI Dimensions Relevant policy areas and indicators
Connectivity Fixed broadband, mobile broadband and prices
Human Capital Internet use, basic and advanced digital skills
Use of Internet Services Citizens use of content, communication and online transactions
Integration of Digital Technology Business digitization and e-commerce
Digital Public Services eGovernment and eHealth

Based on:The Digital Economy and Society Index (DESI) // European Commission. URL: https://
ec.europa.eu/digital-single-market/en/desi (accessed: 04.06.2019).

It is a widely used and quoted measurement system by the experts and policy mak-
ers but it certainly has its advantages and serious limitations. Its main advantage is that
it is measured in 28 countries, and by doing so allows comparison, it is accepted by the
European Union and allows compliance, and it provides the big picture of the digital eco-
system in the Union and the member countries.A separate dataset (International Digital
Economy and Society, I-DESI) aims to mirror and extend the results of DESI to all 28 EU
and 17 non-EU countries for benchmarking purposes.

Disadvantages are rooted from similar sources as advantages: the fact that measure-
ments are collected in 28 different countries entails that the methodology is determined
to be general and applicable in all. Therefore, the results are also fairly general and not
suitable for deep analysis and explanation of certain phenomena. Specifically, major draw-
backs are that measurement factors often have the impression of improvised choice in a

4 The Digital Economy and Society Index (DESI) // European Commission. URL: https://ec.europa.
eu/digital-single-market/en/desi (accessed: 04.06.2019).

> A new comprehensive Digital Skills Indicator // European Commission. URL: https://ec.europa.eu/
digital-single-market/en/news/new-comprehensive-digital-skills-indicator (accessed: 04.06.2019).

¢ Consumer Scoreboards // European Commission. URL: https://ec.europa.eu/info/policies/consumers/
consumer-protection/evidence-based-consumer-policy/consumer-scoreboards_en (accessed: 06.06.2019).
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given year and they often change. It often seems biased by industry lobbies, the time be-
tween the data collection and publication is very long — resulting frequently in outdated
assessments. Indicators and sub-indicators change year by year which makes it difficult to
compare time series performances because these corrections are not emphasized enough.
There are also significant differences between the statistical offices and data collection
methods between countries and these problems are only exacerbated for the extended
database’.

3. Ranking of Countries Russia and EU-28

Our dataset (Table 2, fig. 1) was compiled from the I-DESI website®. The original
dataset contains data from 45 countries: data from the EU-28 and data from 17 non-EU
countries, including Russia. From this dataset, we collected data from the 28 EU Member
States and supplemented with Russia’s sub-indicators to obtain a dataset with 29 coun-
tries.The five indicators/variables were used for ranking analysis. We were looking for
answers to the following questions with data envelopment analysis (DEA):

(a) what is the ranking with scoring model under known weights used in EU materi-
als;

(b) are the results changed with basic DEA method; is DEA/CWA a robust method;

(c) is DEA/CWA a robust method;

(d) are the results with multidimensional scaling significant?

Since the x; scores for the dimensions are calculated from a weighted sum of nor-
malized individual indicators, the numbersin Table 2 “have little meaning as quantities
in themselves™, but they should allow us to compare the relative performance of our
29 countries in each dimension and evaluate their overall digital competitiveness. Russia
ranks 10th in the Human Capital dimension, 18-19™ (tied with Poland) in Digital Public
Services, 23™ in the Use of Internet, 28" in the Integration of Digital Technology and 29t
in Connectivity.

The European Commission uses a weighted sum of these dimensions to calculate
the DESI overall index (and their own ranking), but data envelopment analysis (DEA)
and multidimensional scaling (MDS) offer viable alternative solutions to the aggregation/
ranking problem, allowing us to test the robustness of their ranking. Six analyses are pre-

7 The authors of the I-DESI 2018 report them selves note that although “the match-up between I-DESI
and EU28 DESI indicators is generally good”, “[p]erfection could only be achieved if the sample sizes and
data collection methods used by national statistical agencies inEU28 Member States was replicated in other
countries” (p. 30). They also add that “[g]iven a reliance on secondary data to build the 2018 I-DESI it was
necessary tomake estimations to compensate for missing and incomplete data” (p. 33). International Digital
Economy and Society Index 2018 // SMART 2017/0052 — Final Report. A study prepared for the European
Commission DG Communications Networks, Content & Technology by Tech4i2 (Paul Foley, David Sutton,
Tan Wiseman, Lawrence Green, Jake Moore). URL: https://ec.europa.eu/digital-single-market/en/news/
international-digital-economy-and-society-index-2018 (accessed: 05.06.2019).

8 International Digital Economy and Society Index 2018. URL: https://ec.europa.eu/digital-single-
market/en/news/international-digital-economy-and-society-index-2018 (accessed: 05.06.2019).

° International Digital Economy and Society Index 2018 // SMART 2017/0052 — Final Report
(p. 10). A study prepared for the European Commission DG Communications Networks, Content &
Technology by Tech4i2 (Paul Foley, David Sutton, Jan Wiseman, Lawrence Green, Jake Moore). URL:
https://ec.europa.eu/digital-single-market/en/news/international-digital-economy-and-society-
index-2018 (accessed: 05.06.2019).
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sentedin this chapter. First, we determine the classical DESI overall index with the weights
suggestedby the Commission. This investigation is known in the decision theory as a scor-
ing model. The values in Table 3 are used for this.

Table 2. The basic data (x;)

Human Use of Integration Digital
Country Code | Connectivity Capital Internet Tof}ll)igital SPub'lic
echnology ervices
Austria AT 0.63 0.59 0.60 0.59 0.72
Belgium BE 0.68 0.60 0.62 0.61 0.61
Bulgaria BG 0.61 0.47 0.42 0.36 0.45
Croatia HR 0.54 0.45 0.49 0.46 0.56
Cyprus CY 0.54 0.45 0.54 0.39 0.49
Czech Republic | CZ 0.67 0.58 0.58 0.39 0.43
Denmark DK 0.77 0.80 0.79 0.71 0.71
Estonia EE 0.62 0.66 0.70 0.53 0.85
Finland FI 0.72 0.73 0.78 0.67 0.83
France FR 0.59 0.62 0.59 0.53 0.82
Germany DE 0.64 0.62 0.66 0.59 0.69
Greece EL 0.50 0.48 0.46 0.45 0.48
Hungary HU 0.60 0.62 0.55 0.51 0.46
Ireland IE 0.63 0.77 0.56 0.51 0.66
Ttaly IT 0.51 0.50 0.42 0.47 0.68
Latvia LV 0.65 0.47 0.58 0.32 0.56
Lithuania LT 0.61 0.53 0.58 0.46 0.63
Luxembourg LU 0.65 0.67 0.79 0.77 0.64
Malta MT 0.64 0.48 0.57 0.57 0.66
Netherlands NL 0.75 0.69 0.76 0.75 0.76
Poland PL 0.53 0.53 0.51 0.33 0.57
Portugal PT 0.60 0.43 0.47 0.39 0.55
Romania RO 0.61 0.43 0.48 0.27 0.39
Russia RU 0.39 0.64 0.49 0.30 0.57
Slovakia SK 0.57 0.65 0.59 0.40 0.38
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End of Table 2

Human Use of Integration Digital
Country Code | Connectivity Capi of Digital Public
apital Internet .

Technology Services
Slovenia SI 0.60 0.44 0.53 0.43 0.67
Spain ES 0.64 0.62 0.58 0.55 0.82
Sweden SE 0.75 0.69 0.78 0.65 0.73
United Kingdom | UK 0.74 0.65 0.72 0.68 0.90

Based on:International Digital Economy and Society Index 2018. URL: https://ec.europa.eu/digi-
tal-single-market/en/news/international-digital-economy-and-society-index-2018 (accessed: 05.06.2019).
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Fig. 1. Spread of the basic data
Note: see Table 2.

Based on: International Digital Economy and Society Index 2018. URL: https://ec.europa.eu/digital-
single-market/en/news/international-digital-economy-and-society-index-2018 (accessed: 05.06.2019).

Table 3. The weights of the variables for DESI overall index (vector w)

Human Integration Digital
Connectivity . Use of Internet of Digital gt
Capital Public Services
Technology
0.25 0.25 0.15 0.2 0.15

Based on:International Digital Economy and Society Index 2018. URL: https://ec.europa.eu/dig-
ital-single-market/en/news/international-digital-economy-and-society-index-2018 (accessed: 05.06.2019).

We then place the DEA model at the center of the analysis. In the DEA model, the
sub-indicators (criteria) are divided into two groups: input and output criteria. The input
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criteria are connectivity and human capital, while the output criteria are use of Internet,
integration of digital technology and digital public services!. However, we need to trans-
form our data, because in the case of our two input criteria, we have to convert the best
maximum value to the minimum. This can be achieved in two ways: by reciprocating the
criteria values or by linear transformation. Both methods are used to analyze whether they
give significantly differingresults.

Similarly, we perform the data envelopment analysis/common weights analysis
(DEA/CWA) with two different data sets. The advantage of this method is that we do not
have to solve 29 linear programming problems in our case, only one, and we take the data
of all countries into account with the same weight.

Finally, multidimensional scaling is projected to a one-dimensional one, giving us a
ranking.

3.1. DESI Overall Indices for the Given 29 Countries
with Scoring Model

In decision theory [Parmigiani, Inoue, 2009], scoring models assign value to decision
making units (DMU) to multiply the given criteria with a predetermined weight vector.
Suppose that for weight vector w the i" DMU values along the criteria are vector x;. Then
we assign a w-x; value to ith DMU:

m
E=w-x, =ij-xji (i=1,2,...,n).
j=1

where the number of criteria is m and the number of DMU’s is n. The values F; are then
the DESI overall indices.

The indices are contained in Table 4. The countries with the top rankingsare Den-
mark, Netherlands, and Finland. Russia ranks 26, outperforming Greece, Bulgaria, and
Romania, which are the countries with the least favorable rankings.

3.2. Basic DEA Model with Reciprocal Values of Input Criteria

The DEA method is a general framework to evaluate countries in the absence of
weights of the criteria. The basic method was initiated by Charnes with co-authors to de-
termine the efficiency of decision-making units (DMU) [Charnes, Cooper, Rhodes, 1978;
Charnes et al,, 2013]. The model offered by them is a hyperbolic programming model
under linear conditions. A general solution method for this kind of model was first in-
vestigated by Martos, who examined the problem as a special case of linear programming
models [Martos, 1964]. The aim of the DEA model is to construct the weights for the input
and output criteria. The weights are vectors v and u for the input and output criteria. Let

19 The delineation of input and output criteria was based on the characteristics of their sub-dimensions
and individual indicators. The DESI 2018 methodological note also suggests that Connectivity and Human
Capital “represent the infrastructure of the digital economy and society”, while the other dimensions “are
enabled by the infrastructure and their contribution is strengthened by the quality of such infrastructure”
(p. 18). DESI 2018 Digital Economy and Society Index. Methodological note // European Commission.
URL: http://ec.europa.eu/information_society/newsroom/image/document/2018-20/desi-2018-methodol-
ogy_E886EDCA-B32A-AEFB-07F5911DE975477B_52297.pdf (accessed: 04.06.2019).
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us formulate the DEA model in the next form, assuming that we examine the efficiency of
the 1st decision making unit:

u-y;/v-x;—> max (1)

s.t.
u-yilv-x<1;j=1,2,...,29. (2)
u>0,v>0. 3)

— (3) is the basic DEA method, which can be reformulated in a linear programming
model (LP) in the following form:

u-y;—> max (4)
s.t.
vex;=1, (5)
u-yi—v-x<0;j=1,2,...,29. (6)
u>0, v=0. 7)

(4)-(7) can be solved with commercial software, e. g., with Microsoft Excel Solver.
Throughout the paper, we apply this software to construct our calculations.

The input criteria/variables of the evaluation are Connectivity and Human Capital,
while the outputs are Use of Internet Services, Integration of Digital Technology, and Digi-
tal Public Services. To determine the efficiencies of countries, 29 linear programming (LP)
problems must be solved.

First, let us transform the values of the input criteria. The new input values are equal
to xj;=1/x;;. The new transformed values are shown in Appendix (Table 1).

After obtaining the results of 29 LP problems, the DEA efficiencies are presentedin

Table 4.

The best countries are still Denmark, Finland, and theNetherlands. The worst coun-
tries on the field are Croatia, Bulgaria, and Greece. In this case, Romania and Russia per-
form considerably better, with the latter ranking 20t

Table 4. The calculated rankings

L Lo Efficiencies | Efficiencies
DESI overall Efﬁc1enc1es E.‘lfﬁc1enc1es with DEA/ | with DEA/ MDS
index with DEA | with DEA (on
Country (scoring) | (reciprocal) a scale) CWA CWA (ona values
(reciprocal) scale)
Value | Rank | Value | Rank | Value | Rank | Value | Rank | Value | Rank | Value | Rank
Austria 0.621 12 [0.727 | 13 0.128 12 0.697 11 [0.128 10 |-0462| 11
Belgium 0.627 11 0.738 | 11 0.143 10 0.717 10 | 0.131 8 -0.422| 13
Bulgaria 0.473 28 [0.451| 28 | 0.030 28 0.451 | 27 ]0.030 | 26 1.241 28
Croatia 0.497 22 10479 | 27 0.046 25 0478 | 24 |0.046| 21 0.789 20
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End of Table 4

DESI overall Eﬂ.iciencies I?ﬂiciencies aﬁﬁlglgff aﬁﬁlgﬁs MDS
index with DEA |with DEA (on
Country (scoring) | (reciprocal) ascale) CWA CWA (ona values
(reciprocal) scale)
Value | Rank | Value | Rank | Value | Rank | Value | Rank | Value | Rank | Value | Rank
Cyprus 0.480 | 25 |0.481| 26 | 0.031 26 0481 | 23 [0.031| 24 | 0999 | 25
Czech Rep. 0.542 17 10.639| 15 | 0.077 18 [0.598 | 18 |0.036| 22 0.748 19
Denmark 0.760 1 1.000 1 1.000 1 1.000 1 1.000 1 -1.660 1
Estonia 0.659 7 0.926 6 0.170 8 0.804 7 0.164 7 |-0.959 7
Finland 0.738 3 1.000 1 0.382 5 0.985 3 0.382 5 -1.545 2
France 0.620 13 10.839 9 0.131 11 0.686 | 12 |0.131 9 -0.582 9
Germany 0.636 8 0.737 | 12 | 0.126 13 1 0.735 9 0.126 | 11 [-0.568| 10
Greece 0.476 27 10.414| 29 | 0.031 27 10.400| 28 |0.025| 27 1.045 26
Hungary 0.559 15 10.559 | 22 | 0.060 21 0.529 | 19 |0.032| 23 0.431 16
ITreland 0.635 9 0.839 | 10 | 0.339 6 0.645| 14 |0.108| 14 |-0.461| 12
Ttaly 0.512 21 [0.566 | 21 | 0.065 20 | 0454 | 26 [0.065| 18 0.705 18
Latvia 0.515 | 20 |[0.636| 16 | 0.083 17 10.636 | 15 |[0.083| 17 | 0.823 21
Lithuania 0.559 16 [0.626| 17 | 0.086 16 |0.626 | 16 |0.086| 16 | 0.208 15
Luxembourg | 0.699 6 0914 | 7 0.161 9 0.814 6 |0.115| 12 |[-1.341 5
Malta 0.579 14 10.684| 14 | 0.115 14 10.662| 13 |0.115| 13 |-0.065| 14
Netherlands | 0.738 2 1.000 1 0.570 3 0.975 5 0.570 3 |-1.536| 4
Poland 0.493 23 |0.500| 24 | 0.047 24 0484 | 22 |0.047| 20 | 0917 23
Portugal 0489 | 24 |0514| 23 [0.058| 22 |0514| 20 [0.058| 19 | 0962 | 24
Romania 0.445 29 10.481| 25 | 0.023 29 |0465| 25 [0.012| 28 1.572 29
Russia 0.477 | 26 |0.602| 20 | 0.066 19 10348 | 29 [0.030| 25 1.222 | 27
Slovakia 0.531 18 10.607 | 18 | 0.056 23 | 049 | 21 |[0.007| 29 0.912 22
Slovenia 0.526 19 [0.604| 19 | 0.093 15 10.600 | 17 [0.093| 15 | 0.516 17
Spain 0.635 10 |0.849 8 0.174 7 0.737 8 0.174 6 [-0.659 8
Sweden 0.717 5 0976 | 5 0.528 4 0.976 4 10528 4 |-1294| 6
UK 0.727 4 1.000 1 0.613 2 1.000 1 0.613 2 -1.537 3

Based on:International Digital Economy and Society Index 2018. URL: https://ec.europa.eu/dig-
ital-single-market/en/news/international-digital-economy-and-society-index-2018 (accessed: 05.06.2019).
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3.3. Basic DEA Model with Linearly Transformed Values of Criteria

The transformation of the basic data is based on a utility function. The utility func-
tions of criteria have a range between 1 and 20. For the input, data we have chosen the
function 19 x;"“"

U," S E———— -19 ——-—1,
y K hAx _ 4 min Y xmax _ j min
j i i j

where value x7 is the most preferable value of criterion j, and value x;"i" is the worst
value of this criterion. For the output data we have developed

19 i
Uij :W "xij -19- x]—+20,
j i j i
where value X" is the most preferable value of criterion j, and value X7 is the worst
value of this criterion. The used transformation is an affine one, as analysed by Fare and
Grosskopf [Fire, Grosskopf, 2013]. (See Appendix, Table 2 for the transformed values.)
After obtaining the results of 29 LP problems, the DEA efficiencies are presented in
Table 4.
Denmark and the Netherlands retain their place in the top three, but in this case, they
are joined by the United Kingdom instead of Finland. Greece, Bulgaria and Romania are
at the bottom, and Russia ranks 19th, outperforming several Eastern and Southern Euro-

pean EU countries.

3.4. The DEA Common Weights Analysis (DEA/CWA) Model
with Reciprocal Values of Input Criteria

Regarding the basic model of DEA, the question arises as to why each decision mak-
ing unit (DMU) should be evaluated with different weights. This means that as many
linear programming problems must be solved as the number of DMUs. In contrast, the
DEA/CWA model is based on the assumption that it is sufficient to solve only a single LP
problem with which we evaluate each DMU with the same weights. The purpose of LP is
then to minimize the sum of differences between the outputs and the inputs for all DMUs.

Let us use the linear programming problem (4)-(7) for the case, when the sum of
inequalities (6) is maximized. The problem (4)-(7) can be reformulated in the following
form (4")-(7"):

u-Y-1-v-X-1->max (4"
s.t.
v-l=1, (59
u-Y—v-X<0, (6"
u>0,v=>0. (7"

In problem (4")-(7") vectors 1 are the summation vectors with elements one, matrices
Y and X are the input and output matrices of the decision making units in the following
form

Y= [yb V25 oees )’p], X= [xb X2 vees xp]'
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Equality (5') guarantees the boundedness of the set of the weights. Inequalities (6")
subsume the efficiency indices. Goal function (4') summarizes the deviations from the
maximal efficiency. The solution of problem (4')-(7’) are the common weights for our
problem. The next, second phase determines the efficiency of the decision making units.
The optimal solution and the efficiencies are presented in Table 4.

The country with the best ranking is still Denmark, joined by the UK at the top. Rus-
sia ranks 29'h, below Greece and Bulgaria.

3.5. The DEA Common Weights Analysis (DEA/CWA) Model
with Linearly Transformed Data

Solve problem (4)-(7") now with numbers in Appendix 2 (Table 2). The optimum
efficiencies are in Table 4.

Denmark is first in this ranking as well, while now Slovakia is at the bottomwith Rus-
sia ranking 25

3.6. Ranking with Multidimensional Scaling (MDS)

Multidimensional Scaling is a well-known multivariate statistical method. The es-
sence of the method is to map points from a higher dimensional space to a lower di-
mensional space so that the distances are kept as high as possible. If the MDS method is
mapped into one-dimensional space, that is to say the line, then we get a sequence if the
distances in the two spaces are well correlated.

Table 4 shows the distances received. The method’s stress is 0.24235, which can be
called good. Correlation between the distances of the two spaces, i.e. the R square, is 0.902,
which is strong enough to be regarded as a sequence at the same time. In the ranking,
Denmark is still on top, Russia is in 27 place above Bulgaria and Romania.

4. Comparison of the Results

The rankings obtained with DEA and multidimensional scaling are very similar to
each other andtheranking using the original DESI weights (as evidenced by the fairly
strong correlations between them), indicating their robustness. The rankings according to
the DEA efficiencies, MDS values and DESI overall indices are presented below in Table 4,
fig. 2 while the correlations between the ranking methodsused in our study areshown in
Appendix (Table 3).

For most countries, the rankingis fairlystable regardless of which method is used,
with Denmark ranking first in all of them. For Russia, however, it exhibitswider variation,
asthe country ranks as high as 19th if the basic DEA model is used with linearly trans-
formed data, but only 29" according to the DEA/CWA model with reciprocal data.

Conclusions

The paperdescribes the structure of the Digital Economy and Society Index with its
five principal dimensions. The aim was to compare the indices of Russia and the 28 mem-
ber states of European Union with the available data. We created six indices: the DESI
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Fig. 2. Spread of the extreme rankings
Note: see Table 4.

Based on: International Digital Economy and Society Index 2018. URL: https://ec.europa.eu/digital-
single-market/en/news/international-digital-economy-and-society-index-2018 (accessed: 05.06.2019).

overall index, two efficiency indicators that can be determined by the DEA method, two
DEA/CWA indicators, and finally an index of the multidimensional scaling of multivari-
ate statistics.

Comparing the six indicators shows that the sequences exhibitvery similar results.
This may also mean that weights for DESI do not significantly affect the order of countries.
In our calculations, Russia is part of the last third of EU countries in digital development,
although their ranking shows marked variation. Where Russia is considered to be strong
is the dimension of Human Capital. This is the reserve that the country can draw onin the
digital economy.

Future research should answer the question of how the results can contribute to the
formulation of policy recommendations. To do this, the five dimensions of DESI should
be examined in terms of how to improve the coherence of dimensions. It is also advisable
to examine additional methods for conducting the ranking because the scoring model
does not differentiate countries sufficiently if there is redundancy between the data.
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Appendix

Table 1. The reciprocally transformed data

Human Use of Integration Digital
Country Code | Connectivity Capital Internet of Digital Pub.lic
Technology Services
Austria AT 1.59 1.69 0.60 0.59 0.72
Belgium BE 1.47 1.67 0.62 0.61 0.61
Bulgaria BG 1.64 2.13 0.42 0.36 0.45
Croatia HR 1.85 2.22 0.49 0.46 0.56
Cyprus CY 1.85 2.22 0.54 0.39 0.49
Czech Republic CZ 1.49 1.72 0.58 0.39 0.43
Denmark DK 1.30 1.25 0.79 0.71 0.71
Estonia EE 1.61 1.52 0.70 0.53 0.85
Finland FI 1.39 1.37 0.78 0.67 0.83
France FR 1.69 1.61 0.59 0.53 0.82
Germany DE 1.56 1.61 0.66 0.59 0.69
Greece EL 2.00 2.08 0.46 0.45 0.48
Hungary HU 1.67 1.61 0.55 0.51 0.46
Ireland IE 1.59 1.30 0.56 0.51 0.66
Italy IT 1.96 2.00 0.42 0.47 0.68
Latvia LV 1.54 2.13 0.58 0.32 0.56
Lithuania LT 1.64 1.89 0.58 0.46 0.63
Luxembourg LU 1.54 1.49 0.79 0.77 0.64
Malta MT 1.56 2.08 0.57 0.57 0.66
Netherlands NL 1.33 1.45 0.76 0.75 0.76
Poland PL 1.89 1.89 0.51 0.33 0.57
Portugal PT 1.67 2.33 0.47 0.39 0.55
Romania RO 1.64 2.33 0.48 0.27 0.39
Russia RU 2.56 1.54 0.49 0.30 0.57
Slovakia SK 1.67 2.27 0.59 0.40 0.38
Slovenia SI 1.56 1.61 0.53 0.43 0.67
Spain ES 1.33 1.45 0.58 0.55 0.82
Sweden SE 1.35 1.54 0.78 0.65 0.73
United Kingdom UK 1.59 1.69 0.72 0.68 0.90

Based on: International Digital Economy and Society Index 2018. URL: https://ec.europa.eu/digital-
single-market/en/news/international-digital-economy-and-society-index-2018 (accessed: 05.06.2019).
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Table 2.The linearly transformed data

Counry | Code | Comnectviy | Humat | Ueof | igiar | Digial Pl
echnology
Austria AT -8.00 -11.78 10.24 13.16 13.42
Belgium BE -5.50 -11.27 11.27 13.92 9.40
Bulgaria BG -9.00 -17.95 1.00 4.42 3.56
Croatia HR -12.50 -18.97 4.59 8.22 7.58
Cyprus CY -12.50 -18.97 7.16 5.56 5.02
Czech Republic CzZ -6.00 -12.30 9.22 5.56 2.83
Denmark DK -1.00 -1.00 20.00 17.72 13.06
Estonia EE -8.50 -8.19 15.38 10.88 18.17
Finland FI -3.50 -4.59 19.49 16.20 17.44
France FR -10.00 -10.24 9.73 10.88 17.08
Germany DE -7.50 -10.24 13.32 13.16 12.33
Greece EL -14.50 -17.43 3.05 7.84 4.65
Hungary HU -9.50 -10.24 7.68 10.12 3.92
Ireland IE -8.00 -2.54 8.19 10.12 11.23
Ttaly IT -14.00 -16.41 1.00 8.60 11.96
Latvia LV -7.00 -17.95 9.22 2.90 7.58
Lithuania LT -9.00 -14.86 9.22 8.22 10.13
Luxembourg LU -7.00 -7.68 20.00 20.00 10.50
Malta MT -7.50 -17.43 8.70 12.40 11.23
Netherlands NL -2.00 -6.65 18.46 19.24 14.88
Poland PL -13.00 -14.86 5.62 3.28 7.94
Portugal PT -9.50 -20.00 3.57 5.56 7.21
Romania RO -9.00 -20.00 4.08 1.00 1.37
Russia RU -20.00 -9.22 4.59 2.14 7.94
Slovakia SK -11.00 -8.70 9.73 5.94 1.00
Slovenia SI -9.50 -19.49 6.65 7.08 11.60
Spain ES -7.50 -10.24 9.22 11.64 17.08
Sweden SE -2.00 -6.65 19.49 15.44 13.79
United Kingdom | UK -2.50 -8.70 16.41 16.58 20.00

Based on: International Digital Economy and Society Index 2018. URL: https://ec.europa.eu/digi-
tal-single-market/en/news/international-digital-economy-and-society-index-2018 (accessed: 05.06.2019).
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Table 3. Correlations between the DESI, DEA and MDS scores

DEA DEA DEA/CWA | DEA/CWA MDS values
(reciprocal) | (onascale) | (reciprocal) | (on ascale)

DESI overall |Pearson .968** .810%* 961** 791%% -.991**
index Correlation

Sig. (2-tailed) .000 .000 .000 .000 .000
DEA Pearson .785%* .940** 757** -.959**
(reciprocal) |Correlation

Sig. (2-tailed) .000 .000 .000 .000
DEA Pearson 821%* 981** =773
(onascale) |Correlation

Sig. (2-tailed) .000 .000 .000
DEA/CWA  |Pearson .829** —-.952*%
(reciprocal) |Correlation

Sig. (2-tailed) .000 .000
DEA/CWA  |Pearson -.761**
(onascale) |Correlation

Sig. (2-tailed) .000

Based on:International Digital Economy and Society Index 2018. URL: https://ec.europa.eu/digi-

tal-single-market/en/news/international-digital-economy-and-society-index-2018 (accessed: 05.06.2019).
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CpaBHUTENbHBIIT aHAMN3 Pa3BUTIA 1M PoBoIi skoHOMuUKH B Poccun u EC:
npunioxenne Meroga DEA k ganabiM nnpgexkca DESI

3. Banxuou, M. Jobow, A. Hemeuinaxu

Bymanemrcknit yHuBepcuTeT TEXHOMOTUM Y SKOHOMMUKM,
Benrpus, 1117, Bynauent, 6y1. Benrepckux YueHsix, 2

st puruposanms: Banhidi Z., Dobos 1., Nemeslaki A. (2019) Comparative Analysis of the
Development of the Digital Economy in Russia and EU Measured with DEA and Using Dimensions
of DESI. Becmnux Canxm-IlemepOypaeckozo yHusepcumema. Sxonomuka. T.35. Bpim. 4. C.588-605.
https://doi.org/10.21638/spbu05.2019.405

Llenbio paboTHI SAB/IsIETCS CpaBHEHME Pa3BUTHS 1M POBOIL aKoHOMMKM B Poccym n B 28 ctpa-
Hax EBpomerickoro corosa. [lanuble 661111 cO6paHbl 3 6a3bl FaHHBIX MeXXyHapOSHOTO MH-
mexca undposoit skoHomuku u obiiectsa (I-DESI 2018) Espomnerickoit kommccun. B cratbe
IIOCTIe KPAaTKOTO 0030pa pas3jMYHbIX a/JbTePHATUBHBIX CIIOCOOOB M3MepeHMs BO3AECTBUA
MHPOPMAIIVIOHHBIX U KOMMYHUKAIMOHHBIX TE€XHOJIOTMII pacCMOTpeHbIHanbo/mee Ba>KHbIe
0COOEHHOCTH, IPEVMYIIeCTBA U HeJOCTATKYU 9TOil 6a3bl JaHHBIX. 3aTeM OmMcaHa CTPYKTY-
panccienyemMoro Habopa JaHHBIX ¥ IPOBefleH aHamu3 LnppPOBOIl KOHKYPEHTOCIOCOOHO-
ctu Poccun n EC-28. OcHOBHBIE BOIIPOCH! MCCTIENOBaHMA KacaloTCA HafIeKHOCTU JaHHBIX
EC n crabunbpHOCTHM UX pefiTuHra. [l 9TOTO UCIONb30BaH METON aHa/IN3a OXBaTa JaHHBIX
(DEA) u opHOMepHas Bepcus MHOTOMEPHOTO MAacIITaOMpOBaHMA, KOTOpas TaKKe MOXET
HIPUMEHSTHCS JYIsl PAH)KMPOBAHMsI BOIIPOCOB. B jononHenne kK o6praHomy metony DEA nc-
crepyeTcst XusHecrnocobHocTs Mogpeneit DEA ¢ o6mmum BecoM. JIjist OTBeTa Ha IOCTaB/IeH-
Hble B paboTe BOIPOCHI [O/TydeHHbIe Pe3y/IbTaThl CPABHMBAIOTCS. VIX OIjeHKa IIOKa3bIBaeT,
HaCKO/IbKO laHHble 13 Poccuu coorBercTByIoT AanHbIM EC B 1ngposoit skoHomuke. Cpas-
HeHMe IeMOHCTPUPYeET, YTO METO/bl, ICIIONb30BAHHbIE B HallleM MCCeOBaHNM, JAl0T aHa-
JIOTMYHOE pellleHNe, HO A/I1 PeifTUHIa HeCKONbKUX CTpaH (BKmodas Poccuio) xapakTepeH
6oree MMpPOKUIL pasbpoc.

Kniouesvte cnosa: nupexc DESI, ndpoBoe rocygapcTBeHHOE yIIpaBIeHe, MHHOBAINM, aHa-
713 OXBATa JAHHBIX, MHOTOMEPHOE MacIITabMpOBaHMe, PAHKMPOBAHIeE.
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