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Abstract

The application of information and communications technologies (ICTs) in all
spheres of human activities has a significant impact on the development of each
country. A better understanding of the relationship between these phenomena can
contribute to the policy of a more balanced and long-term sustainable development on the
national level. In this regard, the aim of the paper is to investigate the link between ICT and
development profiles, taking the European countries as an example. We use several
composite indexes (i.e., the ITU ICT development index, the global competitiveness index
[GCI], and the Legatum prosperity index [LPI]) to investigate these countries’ profiles and
find a common structure among their respective relationships. We applied the partial
least squares regression (PLS-R) model and included a new welfare index — the prosperity
index, which integrates all the key dimensions of country development (economic, social,
and environmental). Our main finding is that PLS-R models successfully extract important
information on common structure vis-a-vis the observed countries’ ICT and development
profiles. Certain ICT indicators — namely, Use of ICT and Price of ICT services — can be
considered predominant indicators, given their impact on a set of competitiveness and
prosperity features within a country. These ICT indicators influence certain competitiveness
attributes - Technological readiness, Business sophistication, Institutions, and Innovation,
and certain prosperity attributes - Governance, Economic quality, and Personal freedom of
the observed countries. These observations may be of great importance, as policy-makers
can leverage them when designing the appropriate ICT and development strategies at
national level.
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CTPYKTYPHA BE3A UBMEBY UKT
N PA3BOJHOI' TPO®UJIA EBPOIICKUX 3EMAJBA

Arncrpakr

IIpumena nadopmanmono-komyHrkanuoHux texuonornja (MKT) y cBum chepa-
Ma 4OBEKOBUX aKTHBHOCTH MMa 3Ha4yajaH yTHUIIA] Ha pa3Boj cBake 3eMibe. bosbe pasy-
MeBame Bese u3Mely oBa nBa (heHOMEHa MOXKe JONPHHETH Bohemy ypaBHOTEKEHE
HOJIUTHKE JlyTOPOYHOT OZPKUBOT Pa3Boja Ha HALMOHAIHOM HHMBOY. Y TOM CMHMCIY,
LIJb OBOT paja jecte aa uctpaxu Besy uaMehy KT u pazBojaux mpoduna Ha mpumMe-
Py HH3a eBPOICKUX 3eMajba. Y paay CMO KOPHCTHIHM HEKOJIMKO KOMITO3UTHHX HHJIEK-
ca (UKT pa3Bojuu uHIeKC YjeIubCHUX HallMja, [00ATHH HHICKC KOHKYPEHTHOCTH U
JleratyM MHIEKC IPOCIIEPUTETa) Ca IUJBEM Ja UCTPAKUMO OJHOCHE NpOQuIE T0-
CMaTpaHuX 3eMajba U IpoHal)eMo 3ajeJHUUKy CTPYKTYpy y BHXOBHM Bezama. [Ipume-
HHJIK CMO METOJIOJIOTH]jy MaplifjajiHe perpecuje HajMamux kBagpara (PLS-R) u yk-
JbYYMIIM HOBU MHJIEKC, MHIEKC POCIICPUTETA, KOjH HHTETPHILIEC CBE KIbY4YHE AUMCH3HU-
j€ HallMOHAIHOT pa3Boja (EKOHOMCKY, COLMjaJIHy ¥ IUMEH3U]y OKpykema). HajBaxk-
HUju pe3ynrar jecte Aa PLS-R meTonosoruja ycrenHo oTKpHBa 3ajeITHHYKY CTPYKTY-
py y UKT u pa3BojuoM npodmny nocmarpannx 3emasba. Onpehenn UKT nanuxaropu
— VYnompeba UKT w llena UKT ycnyra — mokasanu Cy ce Kao JOMHHAHTHH HHJIMKA-
TopH, nMajyhu y BUy BbUXOB YTHIIa] HA KOHKYPEHTHOCT M IpocrepuTeT 3eMasba. OBH
WMHJUKAaTOPHU IOCEOHO MMajy yTHlaj Ha cienehe arpnbyTe KOHKYPEHTHOCTH — exHo-
nowka cnpemnocm, Ilocnoeno okpyorcerve, HUncmumyyuje n Hnosayuje, ka0 1 Ha
aTpulyTe mpocrepuTeta — Ynpasware, Kearumem exonomuje u Jluune crobooe epa-
hana mocMaTpaHux 3eMasba. JloOHMjeHH pe3ynTaTh MOTy OUTH O] BEIHKOT 3Hadaja, ¢
003MpOM Ha YHHCHUILY J1a UX KPEaTOpU HAIlHOHAJIHHUX MOJIMTHKA MOTY YIOTPEOUTH 32
nm3ajaupame HarmoHanHuxX KT u pa3BojHUX cTpareruja.

Kbyune peun: VKT npodun 3emibe, pa3BojHE TPOGIIT 3eMIbE, EBPOIICKE 3eMIBE,
PLS-R merononornja, HarmoHaIHA pa3BojHA CTpaTeruja

INTRODUCTION

The topic of the link between information and communications
technology (ICT) and national socioeconomic development is widely dis-
cussed and elaborated in literature. It is undeniably accepted that in the
current digital age, ICT is a powerful driver that not only boosts econom-
ic development but also offers many social benefits to developed and de-
veloping countries alike. Indeed, as Savulescu notes, “ICT represents a
fundamental factor, with several effects on productivity, innovation,
competitiveness and economic growth” (2015, p. 515). Although many
researchers have discussed the importance and role of ICT in socioeco-
nomic development, this issue has attracted considerably more attention
lately, mainly on account of the dynamic changes occurring in the ICT
field. Changes in the ICT domain include the widespread use of mobile
devices, leading in turn to the explosive growth of mobile applications,
cloud computing, the internet of things, ‘big data’, artificial intelligence,
5G networks, streaming computing and advanced data analytics.



The Structural Relationship between ICT and the Development Profiles of European Countries 791

Aside from this aforementioned trend, in the most recent decade
we have observed a general tendency to measure phenomena with com-
posite indexes. These are used in diverse branches of science, including
ICT and the development field. We opted for the International Telecom-
munication Union (ITU) development index as a measure of ICT devel-
opment, and the global competitiveness index (GCI) and the Legatum
prosperity index (LPI) as the measures of national socioeconomic devel-
opment. We consider the relationship between the ICT and the sustaina-
ble development profiles of the observed European countries by using the
given composite indexes. Thus, the main research question and purpose
of this paper is to elucidate the relationships of the aforementioned phe-
nomena and determine the nature of the common structure among these
relationships, if one exists. This knowledge can be used to pursue a bal-
anced and long-term policy of the sustainable development of any society.

The literature relating to ICT and development includes a number
of studies that focus on statistical data and quantitative analysis. The cur-
rent study belongs to this strand of research, but underlines some notable spe-
cifics. Unlike previous research, it includes a new development dimension
(i.e., an environmental dimension) and attempts to explore the inner structure
of the relationship between ICT and development, while bearing in mind the
complexity of the measurement involved. We apply a specific multidimen-
sional approach that is promising in terms of potentially generating new find-
ings that cannot be detected with conventional techniques.

For empirical analysis purposes, we applied the partial least
squares (PLS) methodology. Why did we opt for this methodology? First-
ly, this methodology provides a multivariate approach where all variables
are analyzed simultaneously. As Haenlein and Kaplan (2004, p. 284)
write, citing Jacoby (1978), “We live in a complex, multivariate world
[and that] studying the impact of one or two variables in isolation, would
seem...relatively artificial and inconsequential” (p. 91). Secondly, our re-
search question corresponds to the PLS objective, which is to analyze
multiple relationships between various blocks of variables. In addition,
PLS is an appropriate methodology for research characterized by a great
number of highly correlated explanatory variables (which may cause the
problem of multicollinearity) and a relatively small number of observa-
tions, as is the case with our study.

The paper is organized as follows. After the introduction, Section 2
reviews the literature on the relationship between ICT and socioeconomic
development, with special emphasis on the quantitative analysis of this rela-
tionship. Section 3 describes this study’s conceptual framework, data and
the applied methodology, while Section 4 discusses the main empirical re-
sults. The next section summarizes the results and discusses some possible
practical implications. Finally, the paper concludes with a brief description
of the limitations of this research and future directions of research.
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LITERATURE REVIEW

Research into the relationship between the two complex phenome-
na—ICT and development—has a decades-long tradition. As Walsham
(2017) states, “information and communication technology for develop-
ment (ICT4D) research, has a history going back some 30 years” (p. 18).
Walsham provides a broad historical review of the diverse research that
has been conducted since the mid-1980s vis-a-vis ICT and development,
and discusses future research agendas. Bearing in mind the current perva-
sive nature of ICT usage in our everyday lives, he concludes “that the fu-
ture [of the field] lies in a multidisciplinary interaction between research-
ers, practitioners, and policy-makers” (Walsham, 2017, p. 18). Also, the
focus of research has chiefly been on developing countries, as this topic
is, undoubtedly, likewise relevant for developed economies. Poverty is a
ubiquitous phenomenon with many faces which vary from country to
country. A real challenge for development theorists and practitioners is
the fact that adequate ICT implementation can improve people’s lives
worldwide, regardless of their country’s development level (Qureshi,
2015; Sein, Thapa, Harakka & Saebo, 2019). More about the theoretical
foundations of ICT for development research can be found in the works
of Avgerou (2017), Sein, et.al. (2019) and Rothe (2020).

The Millennium Development Goals (MDGs), as one of the most
successful initiatives for poverty eradication, contributed to a broader
view of development, and shaped the international development agenda
in the period between 2000 and 2015 (United Nations, 2001, 2015). ICT
is recognized as an enabler of MDGs, and a powerful tool which can be
used to facilitate and support different aspects of the process of socio-
economic development (World Bank, 2003, 2016, 2019, 2020, 2020a).

A new dimension was given to the analysis of the relationship be-
tween ICT and sustainable development by a global post-2015 develop-
ment agenda, aimed at the fulfilment of Sustainable Development Goals
(SDGs), which substituted MDGs (United Nations, 2015). Unlike MDGs,
the SDGs refer to not only developing but also developed countries, and
they completely cover the economic, social and ecological aspects of de-
velopment (Perovi¢, D. & Radukié, S., 2017; Trlakovi¢, J., Despotovic,
D. & Risti¢, L., 2018). The great potential of ICT for achieving all three
aspects of SDGs by 2030, i.e. for achieving economic prosperity for all,
social equity and environmental sustainability, was recognized in litera-
ture (Krsti¢, B, Stanojevi¢, J, & Stanisi¢, T., 2016; Tjoa, A., & Tjoa, S.,
2016; Gligori¢, M., Jovanovi¢ Gavrilovi¢, B. & Savi¢, Lj., 2018).

The literature related to the subject of ICT and socio-economic de-
velopment includes a number of papers which treat some aspects of the
topic using statistical data and quantitative analysis, such as: Kowal, J., &
Roztocki, N. (2013), Skaletsky, M., Soremekun, O. & Galliers, R.D.
(2014), Ayanso, A., Cho, D. I. & Lertwachara, K. (2014), Alderete, M. V.



The Structural Relationship between ICT and the Development Profiles of European Countries 793

(2017), Kowal, J. & Paliwoda-Pekosz, G. (2017), Cioaca, Cristache,
Vuta, Marin, & Vuta, M. (2020). Here we point out the works of Kowal,
J., & Roztocki, N. (2013) and Kowal, J. & Paliwoda-Pekosz, G. (2017),
as the main idea of these works is quite similar to the idea and concept
presented in this paper. However, there are significant differences. We
discuss them below.

The first paper addresses the issue of the impact of a few variables,
such as proportion of households with computer, proportion of house-
holds with internet access, mean years of schooling, expected years of
schooling, working hours, self-employment rate, innovation rank on gross
national income, well-being, and human development. The authors used
the Human Development Index (HDI) and life expectancy as a repre-
sentative of well-being and human development. They analyzed the dif-
ferences between four groups of countries (developed, transition, emerg-
ing and developing economies) in light of the correlations between the
mentioned variables. The results of their analysis showed that HDI and
life expectancy at birth are highly correlated with the variables: gross na-
tional income, proportion of households with Internet access, proportion
of household with computer, innovations, expected years of schooling,
and mean years of schooling. While the correlation between the previous-
ly enumerated variables was positive and high, the variables self-
employment rate and working hours showed a negative correlation with
gross national income, HDI and life expectancy at birth. Also, their anal-
ysis demonstrated that all four group of countries differ significantly in
relation to the examined factors. Finally the authors concluded that “sta-
tistical analysis confirms well-known fact that high standards of living in
investigated countries are related to computer use, education of the popu-
lation and the ability to innovate” (Kowal & Roztocki, 2013, p. 9).

The second paper addresses the significance of ICT for Global
Competitiveness and Economic Growth in Emerging Economies. The au-
thors examined the relationships between ICT, innovations, competitive-
ness, human capital and human development, taking into account the fol-
lowing indexes: gross national income (GNI), human capital development
index (HDI), ICT infrastructure (ICTDI), human capital index (HCI),
global competitiveness index (GCI), global innovation index (GlI), psy-
cho-social and economic factors of innovations (Gll, GllI efficiency), life
expectancy (LE) and mean years of schooling (MSCH). They also con-
centrated on the following four groups of countries (European countries):
advanced, advanced in transition, emerging in transitions, and emerging.
The study results indicate “strong correlations between global indexes of
ICTDI, HCI and HDI, GCI and GNI” for countries in transition (Kowal &
Paliwoda-Pekosz, 2017, p. 305).

Compared with the previous two works, this paper has a slightly
different approach in terms of the variables covered, the methodology ap-
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plied, and the focus of research. This paper analyzes the relationship be-
tween three composite indexes: ITU ICT Development index, Global
Competitiveness Index and Prosperity Index. The focus is not on the rela-
tionship between summary measures (which was the case in previous
works), but the relationship between their indicators: 14 ICT indicators,
113 GCI indicators (12 pillars) and 33 LPI indicators (9 pillars). In this
complex coverage, novel aspects of development are involved as ele-
ments of the Prosperity index, such as Safety & Security, Personal Free-
dom, Social capital and Natural environment. According to our
knowledge, the Prosperity Index has not been included in previous studies
on the relationship between ICT and development. Also, the proposed
methodology is specific, as it is based on the correlation of the observed
variables with some latent constructs, which can be extracted from the
complex multidimensional space of individual variables. Thus, the focus
of this work is on discovering the common structure of the investigated
indicators, and, consequently, examining the position of the observed
countries in this space. Given the above, we believe this study comple-
ments previous research, offering a more detailed picture of the structural
relationship between ICT indicators and indicators of the socio-economic
development of the chosen countries.

METHODS

The Conceptual Framework of the Research

As explained in the introductory part, we chose three composite
indexes for ICT and socioeconomic development, and explored the rela-
tionship between them. For ICT data, we opted for the ITU ICT devel-
opment index. To address national-level socioeconomic profiles, we in-
vestigated two composite indexes - the GCI and the LPI respectively.

Our research hypotheses are as follows.

Hypothesis H1: The relationship between ICT and the global com-
petitiveness profiles of the observed countries is characterized by a com-
mon structure, which can be explained in terms of some significant latent
constructs (components) derived from the original ICT and GCI indicators.

Hypothesis H2: The relationship between ICT and the prosperity
profiles of the observed countries is characterized by a common structure,
which can be explained in terms of some significant latent constructs
(components) derived from the original ICT and LPI indicators.

Description Of Data

The data used in this study relates to 36 European countries (Table
1), each of which is described in terms of their ICT, competitiveness, and
prosperity features.
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Table 1. Countries included in the analysis

Number Country Country code  Number Country Country code
1 Albania Alb 19  Lithuania Lit
2 Austria Aus 20  Luxembourg Lux
3 Belgium Bel 21 Macedonia Mac
4 Bulgaria Bul 22 Malta Mal
5  Croatia Cro 23 Montenegro Mon
6  Cyprus Cyp 24 Netherlands Net
7  Czech Republic Cze 25  Norway Nor
8 Denmark Den 26 Poland Pol
9 Estonia Est 27  Portugal Por
10  Finland Fin 28  Romania Rom
11  France Fra 29  Serbia Ser
12 Germany Ger 30  Slovakia Slovak
13 Greece Gre 31  Slovenia Sloven
14 Hungary Hun 32 Spain Spa
15  Iceland Ice 33 Sweden Swe
16  lIreland Ire 34  Switzerland Swi
17 ltaly Ita 35  Turkey Tur
18 Latvia Lat 36  United UK
Kingdom

Table 2 lists the 14 key ICT indicators, the 12 GCI pillars, and the
9 LPI pillars used herein. Also, 113 competitiveness indicators and 33
prosperity indicators were the subject matter of the analysis. The data
used in the analysis refers to the years 2017 and 2018.

Methodology

As noted earlier, we applied the PLS methodology in our analysis.
Broadly conceived, PLS is a wide class or family of data analysis meth-
ods. It may be described as a broad set of methods aimed at modelling re-
lationships between two sets of observed variables — X and Y sets, by
means of extracting some latent components from the structural relation-
ship of these sets. The main idea of the PLS methods is the projection of
the observed data onto a derived latent structure (Tenenhaus, M., 2004;
Tenenhaus, M., Pagés, J., Ambroisine, L., & Guinot, C., 2005, Maitra, S.,
& Yan, J., 2008, Abdi, H., Chin, W.W., Vinzi, V.E., Russolillo, G. &
Trinchera, L., 2013). The projection is performed on the orthogonal score
vectors (PLS components or latent components - LC) by maximizing the
covariance between the observed sets of variables.
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Table 2. Variables used in the analysis

ICT key indicator (X) Variable GClI pillar (Y) Variable
code code

Fixed-telephone subscriptions per 100 ICT_1 Higher education GCIL_5

inhabitants and training

Mobile-cellular subscriptions per 100 ICT_2 Goods market GCI_6

inhabitants efficiency

Fixed-broadband subscriptions per 100 ICT_3 Labor market GCl_7

inhabitants efficiency

Active mobile-broadband subscriptions per ICT_4 Financial market GCI_8

100 inhabitants development

3G coverage ICT_5 Technological GCIL_9

(% of population) readiness

LTE/Wimax coverage ICT_6 Marketsize GCI_10

(% of population)

Mobile-cellular prices ICT_7 Business GCl_11

(% GNI pc) sophistication

Fixed-broadband prices (% GNI pc) ICT_8 Innovation GCI_12

Mobile-broadband prices 500MB ICT_9 LPlI pillar (Y)

(% GNI pc)

Mobile-broadband prices 1GB ICT_10 Economic quality LPI_1

(% GNI pc)

Percentage of households ICT_11 Business LPI_2

with computer environment

Percentage of households ICT_12 Governance LPI1_3

with internet access

Percentage of individuals using the internet ICT_13 Education LPI_4

International internet bandwidth per ICT_14 Health LPI 5

internet user (kbit/s)

GCl pillar (Y) Safety & security LPI_6

Institutions GCI_1 Personal freedom LP1_7

Infrastructure GCI_2 Social capital LPI_8

Macroeconomic environment GCI_3 Natural environment  LP1_9

Health and primary education GCl 4

Source: ITU 20173, b; World Economic Forum, 2017, 2018; Legatum Institute, 2018a, b
The PLS-R model can be presented in a more formal way, as

follows (Bastien, Vinzi, & Tenenhaus, 2005). The PLS regression model
for variables y, xy,...., Xj, ..., Xp, With k components is written as:

k
y=>c¢, [iwﬁjxjjﬂesidual Q)
j=

h=1

p *
with the constraint that the PLS components t, = > wixjX; are orthogonal.
j=1
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The parameters c, and W™y in the previous model are to be estimated.
PLS regression is an algorithm for estimating these parameters and is written
as:
A k [ p [k . P
yzzch(zwhjxj) :Z(Zchwhj)xj =2 b;x;. 2
h=1 j=1 h=1 j=1

j=1\h=
where coefficients ¢, are estimated by multiple regression of y on the PLS

p *
components th. As previously stated, these components t, = > Wy;Xj are
j=1

orthogonal.
The first PLS component t, = Xw; is defined as:

L 3 cov(y. x;)x, )

=77
Y b cov(y,x )’ I

It is obvious that the importance of the variable x; in the construction of the
component t; is determined by its correlation with y. In the next step, the
second component t2 is calculated. The following regressions are performed
first:

y=ct +y, (4)
X; =Pyl +X ©)
followed by the calculation of the second component. The second PLS

component is defined as:
1

P
ty = —o-—o-— 2 CoV(Yy, X)X,
Y acov(yrxg )

where y1 and xy; are residuals from formulas (4) and (5).
Bearing in mind that the partial covariance between y and x;, given
11, is defined as the covariance between residuals y; and xyj, that is,

(6)

cov(y, X; |t1) =cov(y,, le) (7

the second PLS component ¢, = Xw, is written as:

1 p
t,= = > cov(y, X [t.)xq ;- (8)
JElacovy.x; fty)° I

Next, components - t,=Xw, are calculated in a similar way. The
procedure stops when all partial covariances are not significant.
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EMPIRICAL RESULTS AND DISCUSSION

To investigate the research question and test the proposed hypothe-
ses, we examined two structural relationships.

The first hypothesis, which pertains to the relationship between ICT
features and the global competitiveness of the observed countries, was tested
with two models, as follows:

= GCl pillars (12 pillars) regressed on ICT indicators (ICT-GCI-1

model), and

= GCI indicators (113 indicators) regressed on ICT indicators

(ICT-GCI-2 model).
The second hypothesis, which pertains to the relationship between ICT
features and the prosperity of the countries studied, was tested with two
additional models, as follows:

= LPI pillars (9 pillars) regressed on ICT indicators (ICT-LPI-1

model), and

= LPI indicators (33 indicators) regressed on ICT indicators

(ICT-LPI-2 model).

All models were run with the XLSTAT Addinsoft software pack-
age (ver. 2019.1.3; Addisonsoft, Inc., New York, N. Y. USA).

Estimated regression equations for the ICT-GCI-1 and ICT-LPI-1
models are presented in Appendix 1.

First, we present the general quality of the applied PLS method for
regression (PLS-R models) as a function of the number of LCs. Table 3
shows the metrics of two indexes: R?Y cum and R?X cum indexes.

Table 3. PLS-R model quality: basic statistics

Summary statistics LC, LC, LCs LCs
ICT-GCI-1 model

R2Y cum 0.544 0.607 0.646 0.680

R2X cum 0.483 0.555 0.627 0.688
ICT-GCI-2 model

R2Y cum 0.385 0.432 0.470 0.508

R2X cum 0.497 0.577 0.660 0.730
ICT-LPI-1 model

R2Y cum 0.670 0.700 0.729 0.750

R2X cum 0.483 0.565 0.627 0.687
ICT-LPI-2 model

R2Y cum 0.461 0.493 0.537 0.564

R2X cum 0.483 0.570 0.628 0.702

Note: PLS component t: - Latent Componentl: LCi, PLS component tz- Latent
Component2: LCz PLS component ts- Latent Component3: LCs, PLS component ts -
Latent Component4: LCa.

Source: Authors’ calculations, based on the data in Table 2.
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For the purpose of our analysis, two indexes are especially im-
portant — namely, R?X cum and R2Y cum, which show the correlation of
the ICT and GCI (LPI) indicators, respectively, with LCs. Generally, the
values of the R2Y cum and R?X cum indexes increase with an increased
number of LCs, and approach 1. In the case of the ICT-GCI-1 model, the
explanatory power of the first four LCs is higher for the ICT variables,
relative to the GCI variables (ICT-GCI-1: 0.688 vs. 0.680; ICT-GCI-2:
0.730 vs. 0.508). On the other hand, for the ICT-LPI model, the explana-
tory power of the first four LCs is higher for the ICT variables when the
LPI variables are LPI indicators (ICT-LPI-1: 0.687 vs. 0.750; ICT-LPI-2:
0.702 vs. 0.564). Generally, these values show that the PLS-R models
with the four LCs share a common structure among indexes and ade-
quately explain both the ICT as an independent variable, and the GCI and
LPI as dependent variables. Thus, these results support our research hy-
potheses H1 and H2.

Figures 1 and 2 show the levels of correlation between the ob-
served ICT and development features, and the first two LCs: the former is
a correlation map generated by the ICT-GCI-1 model, while the latter is
the corresponding map generated by the ICT-LPI-1 model.

Correlations witht on axes t1 andt2

Figure 1. Correlation map generated by the ICT-GCI-1 model: Correlation

between ICT indicators (Xs) and GCI pillars (Ys) with two LCs
Note: t1: LCy; t2: LCa. X: ICT indicators; Y: GCI pillars
Source: Authors’ calculations, based on the data in Table 2.
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Correlations witht onaxest1 andt2

Figure 2. Correlation map generated by the ICT-LPI-1 model: Correlation
between ICT indicators (Xs) and LPI pillars (Ys) with two LCs
Note: t1: LC1; t2: LC2. X: ICT indicators; Y: LPI pillars
Source: Authors’ calculations, based on the data in Table 2.

Figures 1 and 2 reveal the direction and the magnitude of correla-
tion between the ICT and GCI (LPI) indicators with the first two LCs. At
first glance, one can see that the correlation pattern is similar for these
two models. We see that the majority of the input variables correlate posi-
tively with the first LC; for this reason, they are mainly concentrated on
the right-hand side of the map. Regarding the ICT indicators, we see in
both Figures 1 and 2 that four independent variables related to prices (i.e.,
Mobile-cellular prices, Fixed-broadband prices, Mobile-broadband pric-
es 500MB, and Mobile-broadband prices 1GB) strongly and negatively
correlate with t;. These four variables comprise a block of variables that
strongly and positively correlate among themselves, but correlate nega-
tively with all other ICT indicators. At the same time, on the opposite side
of the chart, other variables — namely, Percentage of households with
computer, Percentage of households with internet access, and Percentage
of individuals using the internet — show very strong and positive correla-
tions among themselves, and a very strong and negative correlation with
the first block of variables. This holds for both models. Additionally, we
note that three ICT indicators, i.e., Mobile-cellular subscriptions per 100
inhabitants, 3G coverage, and International internet bandwidth per inter-
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net user, near the center of the map, show weak correlation with both PLS
components and other ICT indicators.

The development indicators (GCI and LPI indicators) are concen-
trated on the right-hand edge of the correlation maps. In the case of the
ICT-GCI-1 model, all the GCI variables except GCI_3 (Macroeconomic
environment) and GCI_10 (Market size) strongly correlate with the first
latent component (t1) (i.e., correlation coefficient>0.6). The Competitive-
ness variables GCI_3 (Macroeconomic environment), GCI_8 (Financial
market development), and GCI_10 (Market size) correlate more strongly
with the second LC (t2). On the other hand, with the ICT-LPI-1 model,
there is a demonstrably strong correlation between all LPI variables and
the first LC (i.e., all correlation coefficients >0.765). These results con-
cerning the correlation structure of the observed ICT and development
indicators, and derived LCs are significant and ‘speak in favor’ of our re-
search hypotheses.

Additionally, other maps that show the countries’ positions regard-
ing their ICT and development profiles are also very useful. Figures 3 and
4 respectively are observation maps generated by the previous models.

Observations on axes t1 and l2

4

Figure 3. Observation map: GClI pillars regressed on ICT indicators
Note: t1: LCy; t2: LCo.
Source: Authors’ calculations, based on the data in Table 2.
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Observations on axes t1 and t2

4

1

Figure 4. Observation map: LPI pillars regressed on ICT indicators
Note: t1: LCy; t2: LCa.
Source: Authors’ calculations, based on the data in Table 2.

Interpretations of the observation maps are very intuitive: the more
tightly clustered the countries are on the map, the more similar they are in
terms of ICT, global competitiveness, and prosperity features. Note that
the Scandinavian countries are located along the upper right-hand edge of
the map, while the West Balkan countries are located on the opposite side
of the map, along the left-hand edge.

Additionally, these observation maps reveal the following findings:
a) the two models generate very similar projections for the studied coun-
tries, and this indicates that the relationship between ICT and competi-
tiveness profiles is very similar to the relationship between ICT and pros-
perity profiles (with the exception of Luxembourg); b) it is interesting
that the distribution of the observed countries on the map mainly resem-
bles a geographical map; and c¢) we see a pattern of clustering among the
European countries regarding their ICT and development profiles. Based
on the visualization, we point to one possible grouping solution (i.e.,
countries in highlighted circles in Figures 3 and 4).

CONCLUSION

Bearing in mind the previously mentioned empirical results, we

can summarize the principal findings of our study as follows:
= Exploring the relationship between ICT and the development
profiles of the European countries, we found that there is a sig-
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nificant common structure among these profiles. By applying
the PLS methodology, the common structures of the observed
variables (i.e. all ICT, competitiveness and prosperity country
features) were extracted and analyzed in the domain of latent
components (LCs). It is shown that the correlation between ICT
and socioeconomic variables (through the use of LCs) exhibited
large values. The appropriate model statistics R2X cum index
values were in the range of [0.687, 0.730] and R?Y cum index
values were in the range of [0.508, 0.750]. As such, these re-
sults support our research hypotheses, H1 and H2;

= |t is interesting that the correlation ‘pattern’ between ICT and
competitiveness features, as well as between ICT and prosperi-
ty features, was similar across the applied models (as seen in
the correlation maps). For this reason, we can say that the struc-
ture of the relationship between ICT and competitiveness pro-
files, and the relationship between ICT and the prosperity pro-
files of the European countries are very similar. This conclu-
sion is additionally supported by the use of observation maps,
wherein we can see very similar projections for virtually all the
European countries. This indicates that the ICT features of the
observed countries are similarly reflected on their competitive-
ness and prosperity;

= |t is remarkable that the observation maps generated in the
course of the current study, which reflected the location of the
countries in the ICT and development environment, resemble a
geographical map of the countries. Additionally, these maps
provide an indicative picture of the ‘natural’ groupings of the
countries studied, based on their ICT and competitiveness
(prosperity) profiles. We proposed one grouping solution for
each observation map.

Based on these findings, we can put forward some practical im-
plications of the study. Our results may be of practical importance to
creators of national-level ICT and development policies; they may be par-
ticularly salient to policy-makers and executives in developing countries
and transition economies. Here, we refer specifically to the fact that cer-
tain ICT indicators - namely, Use of ICT and Price of ICT services - can
be considered predominant indicators, given their impact on the set of
competitiveness and prosperity features of the observed countries. In par-
ticular, these ICT indicators generally share a common structure and in-
fluence the following competitiveness features of the observed countries:
Technological readiness, Business sophistication, Institutions, and Inno-
vation. Also, they are closely correlated and have an impact on certain
prosperity country features: Governance, Economic quality, and Personal
freedom. For this reason, this observation can help inform policy-makers
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which ICT indicators to pay special attention to, and where they can ex-
pect significant results. They can also benefit from the proposed correla-
tion maps, which provide an intuitive understanding of the relationships
among a large number of indicators and the related countries in a com-
plex ICT and development environment. Using these maps, one can mon-
itor the location and grouping of a particular country, and compare them
to those of other countries.

LIMITATIONS AND FUTURE RESEARCH

The main limitation of this study lies in the fact that it included on-
ly European countries as a whole. It would be interesting to conduct a
similar analysis on multiple groups of countries which are at different
stages of socio-economic development. In doing so, the focus would be
on developing countries and countries in transition. As a starting point,
this research can serve groups of countries that are represented on the ob-
servation maps in this paper, but the data sample may be extended to non-
European countries. We believe that a comparative analysis of the results
would be worthy of attention.

Also, for some future work, the wider context of the ICT and de-
velopment country profiles can be analyzed applying an extended variant
of the methodology applied in this study - PLS Path Modelling (PLS-
PM). For that purpose, in addition to the phenomena analyzed, some new
concepts may be included.
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CTPYKTYPHA BE3A UBMEBY UKT
N PA3BOJHOI' TIPO®PUJIA EBPOIICKHUX 3EMAJBA

Jacna Cosinuh Asexcuh, bubana Josanosuh I'aspunosuh, Page Crankuh
Vuusep3urer y beorpany, ExoHomcku dakynrer, beorpan, Cpouja

Pe3ume

V 0BOM pajly MpHKa3aHU Cy Pe3yJITaTi eMITHPHjCKOT HCTPAKUBAA CTPYKTYPHUX OfI-
Hoca mMel)y 1Ba OnTHa (heHOMEHa HAIMOHATHUX €KOHOMHja: 3aCTYIUBEHOCTH U IPHMEHe
MH(OPMAIMOHO-KOMYHHKAIMOHUX TexHojoruja - KT kapakTepucTrka, ca jeaHe cTpaHe,
U pa3BOjHHUX KapaKTEpPHCTHKa, Ca Apyre CTpaHe. Y pamy je moceOaH aKIeHaT CTaBJbeH Ha
caryeqjaBambe KOMIUIETHOT Pa3BOjHOT MPOQuiIa MOCMAaTPaHUX 3eMajba, KOji 00yXBaTa Kako
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€KOHOMCKE, TaKo ¥ COLMjaTHe M eKOJIOIIKE acleKTe pa3Boja, ITo je y ckiamy ca Llnmbesn-
Ma OAPKMBOT pasBoja mpemioxkeHux of crpane YH. Mmajyhu To y Buny, n3abpane cy
OCHOBHE METPHKE Ha OCHOBY KOjHUX j€ CIIPOBEIEHO HCTpaXkuBambe. To Cy TpH KOMITO3UTHA
nazexca — KT pa3BojHH MHIEKC, ITI00ATHN HHIEKC KOHKYPEHTHOCTH U JleraTyM HHIEKC
npocriepuTeTa 3eMasba. VcTpakuBame je 00yxBaTHiIo 36 eBpOrCKHX 3eMasba. OCHOBHA
METOJIONOTHja UCTpaKUBaa jecTe MeTononoruja [lapimjanse perpecuje HajMambHUX KBa-
npara (PLS-R), xoja 06e30ehyje MynTHANMEH3MOHAIHU TIPUCTYI IIpeMa KOMe Cy CBE IIpo-
MEHJBUBE CHUMYJITAHO YKJby4eHe Y aHaiu3y. [IpuMeHOM OBE METOAOJIOTH]e UCTPAKEHA je,
ca jerHe cTpaHe, cTpykTypHa Be3a m3Mel)y KT u HiuBoa KOHKYpeTHOCTH 3eMasba (TT0CTaB-
JbCHA Cy JIBa MOJZIENIa), a ca JIpyre CTpaHe, cTpykTypHa Be3a u3mely KT u HuBoa npocre-
puTeTa I0CMaTpaHKX 3eMasba (Takohe MPUMEHOM J1Ba MOJIENa).

HajBakHujn pesynTatm OBOT E€MIMPH]CKOT HWCTPaKUBAamba OTKPHBAjy 3HaAdYajHY
cTpykTypHy mose3zanocT m3Mehy UKT u pa3BojHHX KapaKTepHCTHKa 3eMaba, OWiIo 1a
ce HHBO pa3Boja MocMaTpa Kpo3 KOMIETUTHBHE KapaKTEPHCTHKE WM KapaKTEPHCTHKE
npocrHepuTeTa HallMOHAMHUX eKkoHommja. To ykasyje ma ce MKT kapakrepuctuke Ha
CIMYaH Ha4MH pedIIeKTyjy Ha HUBO KOHKYPETHOCTH H IPOCIEpPUTETa. Y TOM IIOTJIELY
IpHKa3aHe Cy Mare, Koje OTKPHBajy MO3MIHjy CBaKe Of MOCMaTpaHUX 3eMajba y II0T-
nexy VKT u pa3BojHHX KapaKTepHCTHKA. IHTepecaHTHa je YMI-eHHIA ]a OBE MaIe yr-
JaBHOM IIpaTe reorpad)cKu pacropes 3eMajba U Ipyskajy MoryhHocT 3a carnenaBame
BHXO0BOT rpynucama y oonactu UKT u pa3Bojuor nomena. Opx ceux UKT nuaukaropa
noceOHO ce M3/ABaja yTriaj nBa nHaukaropa - Ymorpeda UKT u Llena UKT ycayra Ha
cneziehe pa3BojHE KapaKTEPHCTHKE 3eMasba: TeXHOJIOIIKa CIIPEeMHOCT, [10CI0BHO OKpY-
Kemwe, MHctutynje u MHoBanyje, Kao U Ha HaYMH YTIpaBJbama, KBamuTer exoHOMMIjE
u Jlmune cnobone rpalhaHa mocMaTpaHux 3eMasba. [1o0WjeHN pe3ynTaTH MOTY TTOCITYKH-
TH 3a KpEHPambe Pa3BOjHUX CTpaTeruja 3eMaba, oceOHo ca acrnekra yruuaja KT un-
JMKaTopa Ha pa3BOjHE KapakrepucTHke. Takole, on 3Hauaja Moxe OutH npaherme pe-
synrara yrunaja UKT uamukaropa Ha HEBO peanusanuje L{iusbeBa ompkuBor paspoja,
Koje Cy NpeyIoKIiIe YjeanmbeHe Halyje 3a HallMOHAIHEe eKOHOMUje.

APPENDIX 1

ICT-GCI-1 model equations:

GCI_1=1,051-0,001*ICT_1+0,02 *ICT_2+0,017*ICT_3+0,010*ICT_4-
0,015*ICT_5+0,014*ICT_6 +0,007*ICT_7-0,057*ICT_8+0,095*ICT_9-
0,233*ICT_10+0,001*ICT_11+0,006*ICT_12+0,021*ICT_13 +0,000005*ICT_14

GCI_2 =-0,372+0,018*ICT_1-0,001*ICT_2+0,021*ICT_3+0,003*ICT_4+
0,028*ICT_5+0,012*ICT_6-0,087*ICT_7-0,123*ICT_8+0,031*ICT_9-
0,253*ICT_10-0,004*ICT_11- 0,00026 *ICT_12 +0,009*ICT_13-0,000076*ICT_14

GCI_3 = 4,686-0,023*ICT_1+0,002*ICT_2-0,004*ICT_3+0,007*ICT_4-
0,032*ICT_5+0,006*ICT_6+0,050*ICT_7-0,057*ICT_8-0,155*ICT_9-
0,096*ICT_10+0,014*ICT_11+0,014*ICT_12+0,012*ICT_13+0,000087*ICT_14

GCI_4 = 4,569+0,005*ICT_1-0,00028 *ICT_2+0,010*ICT_3+0,004*ICT_4+
0,003*ICT_5+0,007*ICT_6+0,001*ICT_7-0,034*ICT_8+0,007*ICT_9-
0,093*ICT_10-0,004*ICT_11-0,001*ICT_12+0,007*ICT_13-0,000047*ICT_14

GCI_5 = 2,628+0,002*ICT_1-0,002*ICT_2+0,014*ICT_3+0,007*ICT_4+
0,001*ICT_5+0,013*ICT_6+0,036*ICT_7-0,110*ICT_8+0,026*ICT_9
-0,153*ICT_10-004*ICT_11+0,001*ICT_12+0,011*ICT_13-0,00012*ICT_14
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GCI_6 = 3,233-0,001*ICT_1+0,002*ICT_2+0,006*ICT_3+0,004*ICT_4-
0,006*ICT_5+0,005*ICT_6 -0,007*ICT_7-0,020*ICT_8+0,026*ICT_0-
0,099*ICT_10+0,002*ICT_11+0,003*ICT_12+0,009*ICT_13 +0,000022*ICT_14

GCI_7 =2,223+0,002*ICT_1+0,002*ICT_2+0,014*ICT_3+0,007*ICT_4-
0,010*ICT_5+0,009*ICT_6+0,007*ICT_7-0,013*ICT_8+0,134*ICT_9
-0,149*1CT_10-0,003*ICT_11+0,001*ICT_12+0,015*ICT_13-0,0000054*ICT_14

GCI_8 = 3,648-0,014*ICT_1+0,003*ICT_2+0,007*ICT_3+0,011*ICT_4
-0,037*ICT_5+0,009*ICT_6+0,079*ICT _7+0,003*ICT_8+0,097*ICT_9
-0,107*ICT_10+0,002*ICT_11+0,006*ICT_12+0,019%ICT_13+0,000029*ICT_14

GCI_9 = 1,020+0,008*ICT_1+0,001*ICT_2+0,017*ICT_3+0,006*ICT_4+
0,008*ICT_5+0,012*ICT_6-0,052*ICT_7-0,084*ICT_8+0,045*ICT_O-
0,237*ICT_10- 0,00021*ICT_11+0,003*ICT_12+0,014*ICT_13-0,000015*ICT_14

GCI_10 = 1,061+0,004*ICT_1-0,010*ICT_2+0,003*ICT_3
-0,002*ICT_4+0,047*ICT_5+0,012*ICT_6-0,001*ICT_7-0,319*ICT_80,399*ICT_9
-0,111*ICT_10+0,001*ICT_11+0,004*ICT_12-0,013*ICT_13-0,00026*ICT_14

GCI_11 =0,737+0,005*ICT_1-0,00005*ICT_2+0,017*ICT_3+0,007*ICT_4
+0,004*ICT_5+0,013*ICT_6-0,014*ICT_7-0,101*ICT_8+0,035*ICT_9
-0,217*I1CT_10-0,002*ICT_11+0,003*ICT_12+0,014*ICT_13-0,000057*ICT_14

GCI-12 = -0,111+0,005*ICT_1+0,001*ICT_2+0,021*ICT_3+0,010*ICT_4-
0,004*ICT_5 +0,017*ICT_6 +0,005*ICT_7-0,095*ICT_8+0,107*ICT_9-
0,256*ICT_10-0,003*ICT_11 +0,003*ICT_12+0,020%ICT_13-0,000064*ICT_14

ICT-LPI-1 model equations:
LPI_1=42,211+0,034*ICT_1-0,021*ICT_2+0,118*ICT_3+0,046*ICT_4-
0,001*ICT_5+0,064*ICT_6-0,530*ICT_7-1,212*ICT_8-0,906*ICT_9-
2,113*ICT_10+0,050*ICT_11+0,078*ICT_12+ 0,109*ICT_13 + 0,0000082 *ICT_14

LPI_2 =67,658+0,011*ICT_1-0,042*ICT_2+0,148*ICT_3+0,091*ICT_4-
0,368*ICT_5+0,039*ICT_6-0,165*ICT_7-0,053*ICT_8+0,740*ICT_9-
2,792*ICT_10+0,017*ICT_11+0,055*ICT_12 +0,187*ICT_13-0,001*ICT_14

LPI_3 = 32,874+0,068*ICT_1-0,047*ICT_2+0,231*ICT_3+0,100*ICT_4-
0,157*ICT_5+0,098*ICT_6-0,780*ICT_7-1,104*ICT_8-0,325*ICT_9-
4,394*ICT_10+0,063*ICT_11+0,114*ICT_12 +0,238*ICT_13-0,001*ICT_14

LPI_4 =70,258-0,013*ICT_1+0,025*ICT_2+0,092*ICT_3+0,062*ICT_4-
0,260*ICT_5+0,074*ICT_6-0,520*ICT_7+0,453*ICT_8+0,736*ICT_9-
2,707*ICT_10+0,042*ICT_11+0,037*ICT_12+0,126*ICT_13-0,001*ICT_14

LP1_5 = 62,002+0,060*ICT_1-0,040%ICT_2+0,080*ICT_3+0,017*ICT 4+
0,085*ICT_5+0,008*ICT_6-0,145*ICT_7-0,489*ICT_8-0,221*ICT_9-
1,123*ICT_10+0,003*ICT_11+0,031*ICT_12 +0,064*ICT_13 +0,00023 *ICT 14

LPI_6 =39,915+0,089*ICT_1+0,046*ICT_2+0,104*ICT_3+0,011*ICT_4+
0,166*ICT_5+0,084*ICT_6-0,954*ICT_7+1,398*ICT_8+1,273*ICT_9
-3,625*ICT_10+0,037*ICT_11+0,007*ICT_12+0,093*ICT_13-0,000081*ICT_14

LP1_7 = 18,974+0,187*ICT_1-0,056*ICT_2+0,240*ICT_3+0,049*ICT_4+
0,217*ICT_5+0,061*ICT_6-0,841*ICT_7+0,482*ICT_8+1,052*ICT_9
-4,981*ICT_10+0,017*ICT_11+0,055*ICT_12+0,212*ICT_13 +0,00019*ICT_14
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LPI_8 = 49,636+0,066*ICT_1-0,081*ICT_2+0,153*ICT_3+0,065*ICT_4
-0,129*ICT_5+0,007*ICT_6-0,031*ICT_7-0,647*ICT_8+0,133*ICT_9
-2,137*ICT_10-0,002*ICT_11+0,057*ICT_12+0,159*ICT_13-0,00029 *ICT_14

LPI_9 =49,662+0,015*ICT_1-0,022*ICT_2+0,093*ICT_3+0,040*ICT_4-
0,013*ICT_5+0,055*ICT_6-0,408*ICT_7-1,500*ICT_8-1,237*ICT_9-
1,417*1CT_10+0,048*ICT_11+0,077*ICT_12+0,084*ICT_13 +0,000063 *ICT_14



