TEME, . XLIII, 6p. 3, jyn — cenrembap 2019, crp. 807-824

OpHTrHHAIHHE Hay9HH Paj https://doi.org/10.22190/TEME190617049J
ITpumiseno: 17. 6. 2019. UDK 502.131.1:339.137
PeBunnpana Bep3mja: 12. 10. 2019.

OnoOpeno 3a mrammy: 20. 10. 2019.

THE EFFECTS OF APPLYING STATISTICAL METHODS
IN GLOBAL SUSTAINABLE COMPETITIVENESS INDEX
CREATION

Vesna Jankovi¢-Mili¢*, Sonja Jovanovié¢

University of Ni§, Faculty of Economics, Nis, Serbia
“vesna.jankovic@eknfak.ni.ac.rs

Abstract

Linking the concept of sustainable development, as demanding per capita prosperity,
does not decline over a long period of time, and the concept of competitiveness which
reflects the level of productivity of national economies is a new approach to development
called sustainable competitiveness. The care for the scarcity of resources and the
preservation of their base so that future generations will have the same level of well-being
as today's generation have, requires the incorporation of environmental and social issues
and problems into the concept of competitiveness. In this way, a new context of
competitiveness analysis is introduced and it meets the challenges of the concept of
sustainable development.

The methodology of the composite index of sustainable competitiveness was first
developed by the World Economic Forum (WEF), followed by organizations such as
SolAbility - Sustainable Intelligence. SolAbility methodology of Global Sustainable
Competitiveness Index (GSCI) creation is the subject of research in this paper. The aim of
the research is to suggest a new methodology for calculating GSCI based on different
weights assigned to the pillars included in the Index. The paper concludes that the highest
relative importance in the structure of the GSCI belongs to the Intellectual capital
dimension. The originality of this work is reflected in the creation of a new ranking of
countries in terms of sustainable competitiveness. An analysis of possible changes in the
ranking list is a good basis for a new analysis of the sustainable competitiveness of
countries, in which some of the professional and statistical rules comments on its
calculation methodology are accepted.

Key words: sustainable development, competitiveness, composite indexes,
weighting.
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E®EKTHU IIPUMEHE CTATUCTUYKUX METOJA
Y KPEUPABY I'VIOBAJIHOT' UHAEKCA
OJAP’KUBE KOHKYPEHTHOCTHU

AnCTpaKT

IloBe3uBame KOHIIENTa OJPXKUBOT Pa3Boja, Kao 3aXTeBa Jia ce OlarocTame MO IJIaBU
CTQaHOBHHMKa HE CMamyje TOKOM Jy)XeI BPEMEHCKOI IIepHOJa, W KOHIIENTa KOHKY-
PEHTHOCTH, KOjH OfpakaBa HUBO MPOAYKTUBHOCTH HALMOHATHIX €KOHOMH]A, TIPE/ICTaB-
Jba HOBH NIPUCTYII Pa3BOjy Ha3BaH 00poicuea KoHKypenmuocm. bpura 3a ocKyaHOCT pe-
cypca U ouyBame BUXOBe 0aze, kako Ou Oyzmyhe reHepanuje UMane UCTH HUBO Oiaro-
CTama Kao W JaHallba TeHepalnja, 3aXTeBa yKJbYyUHUBAHE €KOJNOMIKUIX M COLHjaTHUX
NHTaka U IpoblieMa y KOHIENT KOHKYpPEeHTHOCTH. Ha oBaj HaunH yBeseH je HOBU KOH-
TEKCT aHaJlM3e KOHKYPEHTHOCTH KOjU MCTOBPEMEHO M3JIa3H y CyCpeT M3a30BHMa KOH-
IIENITa OIP’KHBOT Pa3Boja.

MeTozos0rHjy KOMIIO3UTHOT HMHIEKCA OJP)KMBE KOHKYPEHTHOCTH IIPBH jeé Pa3sBHO
Caercku ekonomcku popym (World Economic Forum — WEF), a 3atum ¢y ce npuapy»xu-
Jie ¥ Apyre opraHu3anyje kao mTo je SolAbility — Sustainable Intelligence. Metomomnoruja
SolAbility, npumemeHa npu Kpenpamy [ 100aHOr MHAEKCa OAP)KHBE KOHKYPEHTHOCTH
(Global Sustainable Competitiveness Index — GSCI), npeicraBiba IpeIMET HCTPAKHUBAA
y oBOM pany. Lip nctpakuBama je mpejiarame HOBE METOAONIOTH]E 32 H3pauyHaBahe
GSCI Ha OCHOBY pa3IMYMTUX IIOHIEpA KOjU Ce JOAeIbY]y CTyOOBHMa YKJBYYCHHM Y
Wunekce. Y pay ce 3akbydyje 1a HajBUILIH peaTHBHU 3Ha4aj y ctpykTypu GSCI npunana
JIMMEH3HjY MHTEJIEKTYaIHOT KanuTaina. OpUrHHAIHOCT OBOT paja OIiefia Ce y KPEeHpamy
HOBE PaHT-JIMCTE 3eMajba MpeMa JOCTUTHYTOM HHBOY OJP)KHBE KOHKYPEHTHOCTH. AHAIU-
3a MOryhHX IMpOMeHa Ha paHr-JMCTH Jo0pa je OCHOBA 3a MPUMEHY HOBE aHAIN3E y TpH-
CTYITy OZIp’)KHBE KOHKYPEHTHOCTH 3eMaJba, y K0joj OH ce y3ena y 003up KPUTHYKA MHIILBE-
a M CTAaBOBH O METOJOJIOTHjY M3padyHaBama KOMIIO3WTHHX ITOKa3aTesba, Kao IITO je U
GSCl.

Kiby4yHe peun: OJpKHBH pa3Boj, KOHKYPEHTHOCT, KOMIIO3UTHN HH/EKC, IOHIEPHCAIHE.

INTRODUCTION

Sustainable development represents a contemporary concept of
development incorporated into all policies, strategies and development
programs. Creating indicators that show the state and trends in the field of
economic development, environmental protection, people's wellbeing, and
wider, sustainable development, is an important prerequisite for pursuing
economic, social and environmental development policies. Indicators of
sustainable development and sustainable competitiveness are an effective
instrument in the strategic determination of countries to consistently
implement the concept of sustainable development. In order to assess
progress in achieving competitiveness, through the integration of all three
dimensions of sustainable development - environmental, economic and
social, SolAbility has developed the Global Sustainable Competitiveness
Index (GSCI).

This model of competitiveness gives equal importance to all
indicators included in the analysis. However, the literature raises the



809

question of whether all factors included in Index are equally important for
achieving sustainable development. This remark is the starting point for
the research in this paper.

The subject of research in this paper is the methodology for
calculating the Global Sustainable Competitiveness Index. The aim is to
present a recommendation for a new methodology for calculating
Sustainable Competitiveness Index based on different weighting, or
adding value to the pillars included in the Index. The information base is
data of the SolAbility. For this research the following statistical methods
are used: Factor analysis (i.e. the Principal component method, as a
method of factor extraction in factor analysis), linear aggregation and
Wilcoxon signed ranks test.

SUSTAINABLE DEVELOPMENT CONCEPT

Interest in environmental issues, the existence of possible limits of
growth and future economic growth are beginning at early seventies of
the last century. At that time, the first warnings about future development
by eminent experts have appeared (Meadows, Meadows, Randers &
Behrens, 1972). The formation of numerous ecological organizations at
the national and international level has begun. “First of all, this was
influenced by the unfavourable state of the environment caused by
economic growth, but also by the fear of the scarcity of the basic natural
resources on which modern production is based." (Jovanovi¢-Gavrilovic,
2006, p. 53) In addition to the issues of economic growth, sufficient
resources of the natural environment, pollution, awareness of the future
generations and the heritage that will be left to them are raised.

In response to this concern, a new concept of development emerged -
sustainable development. “The basic idea is that sustainable development
goes beyond the concept of economic growth solely and refers to
tangible as well as intangible aspects and needs of living” (Bankova, 2016, p.
81). The basis of this concept is the simultaneous recognition and inclusion of
three key dimensions - economic, environmental and social. In order to
achieve the goals of sustainable development, there is a need for
interconnectivity and complementarity between all three dimensions, i.e.
pillars of sustainable development. It is also important to respect the rule that
all three pillars have an equal contribution to the realization of the concept of
sustainable development. In policy development, no pillar should be viewed
separately from others. If each pillar was viewed separately, from different
perspectives, it is certain that some would gain more importance or priority
than others (Giddings, Hopwood & O’Brien, 2002, p. 189). If all three
components were equal, it would mean that there is a trade-off between them.

The essence of the concept of sustainable development is the care
of heritage. This implies that the quality of life of future generations must
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not be worse than the quality of life of today's generation. This idea is
best promoted by the definition of sustainable development formulated by
the World Commission on Environment and Development (WCED), at
the Brundtland Conference in 1987. At this conference, sustainable
development was defined as “development that meets the needs of the
present generation without compromising the ability of future generations
to meet their needs." There are several characteristics of the concept of
sustainable development arising from this definition. These are the most
important ones (Hussen, 2004, p. 269):
= Equality. The definition of sustainable development clearly
highlights the issue of equality. The care for future generations and
the demand for at least equal quality of life of today's and future
generations explicitly emphasize this sustainability characteristic.
= Ethics. The needs of the present generation must not be met for the
detriment of the benefits of future generations. This characteristic
of sustainable development is known as intergenerational justice.
= Efficiency. Economic efficiency is one of the key conditions for
optimal use of natural resources.
Nowadays, sustainable development represents a contemporary
concept of development incorporated into all policies, strategies and
development programs.

CONCEPTS OF COMPETITIVENESS AND SUSTAINABLE
COMPETITIVENESS

Competitiveness is the ability to survive long-term in the conditions
of a market economy, that is, the ability of the country to achieve success
on the world market, which implies a highly productive economy and a
better living standard of the population (Cvjeticanin, 2003, p. 88).
According to the definition of The Organisation for Economic Co-operation
and Development (OECD) “competitiveness is a measure of a country's
advantage or disadvantage in selling its products in international markets”
(OECD). It can be said that competitiveness implies ensuring stability and
sustainability of growth and development and can be viewed at three levels:
at the enterprise, sector, and national level (Cvjetiéanin, 2003, p. 88).

The World Economic Forum deals with the definition, measurement
and ranking of the level of competitiveness of national economies (WEF).
World Economic Forum defines competitiveness as “the set of institutions,
policies, and factors that determine the level of productivity of an economy,
which in turn sets the level of prosperity that the economy can achieve”
(WEF, 2017-2018, p. 11). The competitiveness of the national economy is
measured with the help of a large number of indicators that are included in
the calculation of the subindexes of competitiveness and finally determine
the value of the overall, i.e. composite index of competitiveness. Composite
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index - Global Competitiveness Index (GCI) was developed by Xavier
Sala-i-Martin in collaboration with the Forum since 2005. The GCI
combines more than hundred indicators that capture concepts that matter
for productivity and long-term prosperity (WEF, 2014-2015).

Over the years, the World Economic Forum has changed the
methodology for measuring competitiveness, as the result of the efforts to
take into account all the new changes in the modern business and political
environment (Savi¢, 2008, p. 379). “Competitiveness is not only about
performance of a nation, it is also about the environmental and social
performance. The synergy between them will create sustainable
competitiveness™ (Herciu, Ogrean, 2014, p. 651). Thus, in addition to
economic performance, there is a need to look at the “soft" factors of
competitiveness, such as environment, quality of life, technology,
knowledge, etc. (Balkyte, Tvaronaviciene, 2010, p. 344). Since interest in
implementing the concept of sustainable development and measuring its
achieved level has been gaining increasing attention, WEF has created a
framework for assessing sustainable competitiveness in 2011. “Contribution
to the operational use of the concept of sustainability, especially with regard
to the simultaneous treatment of its economic, social and environmental
dimensions is an approach to measure the competitiveness of countries by
World Economic Forum” (Cvetanovi¢, Despotovi¢ & Nedi¢, 2016, p. 336;
Filipovi¢, Despotovi¢, 2014, p. 80). In this way, a new context of
competitiveness analysis is introduced which is meeting the challenges of the
concept of sustainable development. “The concept of competitiveness is a
multifaceted term that has evolved over the years based on sustainable
development paradigms from responsible competitiveness to sustainable
competitiveness. The latest economic literature refers to the concept of
sustainable competitiveness by expanding the traditional importance of
competitiveness” (Urbaniec, 2016, p. 39).

In 2015, WEF presented Sustainability-Adjusted GCI in its Global
Competitiveness Report (Figure 1). GCI is corrected by factors that
present social and environmental sustainability. The definition of
competitiveness has been extended and WEF “define sustainable
competitiveness as the set of institutions, policies, and factors that make a
nation productive over the longer term while ensuring social and
environmental sustainability” (WEF, 2014-2015, p. 55).

Competition is a necessary condition for future growth and
development. However, the care for the existence of scarcity of resources
and the preservation of their base so that future generations will have the
same level of wellbeing as the present generation, requires the
incorporation of environmental and social issues and problems into the
concept of competitiveness. Only on that way is it possible to maintain
competitiveness in the long run. “This model presents a framework for
adapting the measurement of global competitiveness by factors including
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social and environmental dimensions of sustainable development. The
competitiveness model plays a key role as a factor of social welfare,
where a high level of competitiveness is crucial for sustained prosperity”
(Urbaniec, 2016, p. 40).

GLOBAL COMPETITIVENESS
INDEX (GCI)

—

Environmental
sustainability

Social
sustainability
pillar

pillar

v v

Social sustainability — Environmental sustainability
adjusted GCI —adjusted GCI
(GCI) x (social sustainability (GClI) x (environmental
coefficient) sustainability coefficient)

SUSTAINABILITY-
ADJUSTED GCI

Figure 1 The structure of the sustainability-adjusted GCI
Source: WEF, The Global Competitiveness Report 2014-2015, p. 64.

Indicators of sustainable development and sustainable competitiveness
are an effective instrument in the strategic determination of countries to
consistently implement the concept of sustainable development. “Generally,
globalization, economic dynamism and social progress, sustainability and
competitiveness go hand-in-hand. The different sets of competitive
advantages interact and reinforce each other. In this context, it should be
pointed out that there is a need of research initiatives to develop further the
concept of “sustainable competitiveness” and the new theoretical models,
with much focus on how international globalization, economic growth,
sustainable development, wellbeing and competitiveness interact” (Balkyte,
Tvaronaviciene, 2010, p. 359).
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THE GLOBAL SUSTAINABLE COMPETITIVENESS INDEX

In order to assess progress in achieving competitiveness through the
integration of all three dimensions of sustainable development -
environmental, economic and social, SolAbility has developed the Global
Sustainable Competitiveness Index (GSCI). Definition of sustainable
competitiveness managed by SolAbility “means that current wealth levels are
not in danger of being reduced or diminished through over-exploitation of
resources (i.e. natural and human resources), the lack of innovative edge
required to compete in the globalised markets (i.e. education), or the
discrimination, marginalisation or exploitation of segments of a society”
(SolAbility, p. 8). That is, the methodology of sustainable competitiveness
implies unhindered satisfaction of the needs of the present generation, while
maintaining or even increasing the wealth and prosperity of future
generations.

The Global Sustainable Competitiveness Index methodology is
based on five pillars which have equal importance in composite indicator
of sustainable competitiveness determination (SolAbility, p. 7):

= Natural Capital: the given natural environment, including the

availability of resources, and the level of the depletion of those
resources.

= Social Capital: health, security, freedom, equality and life

satisfaction within a country.

= Resource Management: the efficiency of using available resources

as a measurement of operational competitiveness in a resource-
constraint world.

= Intellectual Capital: the capability to generate wealth and jobs

through innovation and value-added industries in the globalized
markets.

= Governance Efficiency: results of core state areas and investments

— infrastructure, market and employment structure, the provision
of a framework for sustained and sustainable wealth generation.

The starting assumption of the methodology is that all pillars
interact and influence each other. Each of the pillars contains a number of
variables, or indicators of sustainable competitiveness. The composite
index is based on a total of 106 indicators. Figure 1 illustrates the GSCI
pillars and basic indicators of sustainable competitiveness.

In the model of sustainable competitiveness, pillars are positioned in
the pyramidal system so that the higher level has an impact on the state at the
lower pyramidal level. At the top of the pyramidal system is Natural capital,
followed by Resource intensity, Social capital, Intellectual capital and
Governance.
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Figure 1 The Sustainable Competitiveness Index
Source: The competitiveness of sustainability, www.solability.com

Some of the indicators within the Natural resources pillar are:
renewable freshwater availability, electricity from hydropower, forest area,
arable land, land degradation, population density, average rainfall, fertilizer
consumption, tourist attractiveness, etc. Indicators that reflect pillar
Resource intensity are: energy per capita, CO2 emissions, electricity from
coal, electricity from oil, air pollution, hazardous waste per GDP, water
usage per capita, waste per capita... Pillar named Social capital consists of
indicators: number of doctors per 1000 people, hospital beds availability,
number of nurses per 1000 people, child mortality, public health spending,
suicide rate, life expectancy, GINI coefficient, women in parliament...
Indicators within the pillar Intellectual capital are: primary education
completion, secondary education enrolment, spending on education, patent
application, R&D spending, high tech exports... Pillar Governance
efficiency contains the following indicators: internet availability, employment
in the manufacturing sector, unemployment, investments, quality of public
services, government debt, imports, access to electricity... Characteristic of
this model of sustainable competitiveness is that quantitative indicators are
used exclusively in calculating the composite index in order to avoid
subjectivity in their assessment.

RESEARCH METHODOLOGY AND HYPOTHESIS

Composite indexes, including the above mentioned indicators, have
been identified as a useful tool for measurement and evaluation. Since the
creation of the first composite index, there has been controversy about their
use until now. In addition to specifying good use of composite indexes, there
is also a lot of warnings about possible errors in the formation and application
of composite indexes, but these warnings mostly relate to problems of
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aggregation and weighing. The majority of composite indexes, GSCI also,
rely on equal weighing. However, this method often conceals the lack of the
statistical basis in assigning weight coefficients. The emphasis in this paper is
on the effects of applying statistical methods in the composite indexes
creation.

Rules and Approaches in the Weights Calculation

Although equal weighing certainly represents an explicit weighting
scheme, a priori decision to apply an equal weighing technique for
methodological purposes makes the choice of weights seemingly less
subjective (Sharpe, 2004). It does not necessarily mean that the differential
weighing necessarily corresponds to the identification of different weights,
but rather corresponds to the choice of the most adequate approach with the
aim of "identifying the weights among all identified" (Nardo et al, 2005).
Assigning differential weights can be a subject of controversy, especially if
the decision is not supported by theoretical considerations that attach
importance to each of the indicators.

It is necessary to emphasize that there is no generally accepted
methodology for determining weights. In literature and practice, it is
basically possible to distinguish two basic approaches: objective and
subjective. Each of the weighing methods has its advantages and
disadvantages in terms of potentiating one and marginalizing other factors
that influence the expression of the preference of the decision-makers. For
this reason, the need for combining several methods of determining weights
is imposed. From the aspect of the problem of differential weights
calculation, statistical methods have always been representative and
respected, above all, correlation analysis and Principal components analysis.

It should be emphasized that there are several methods of aggregating
the weighed values of the indicators. The linear aggregation method is
applied when all individual indicators are expressed in the same
measurement units, provided that some mathematical properties are
respected. The method of geometric aggregation is more convenient if in the
formation of a composite index it is desired to maintain a certain degree of
noncompliance between individual indicators or dimensions.

Factor Analysis as a Basis for Weight Coefficients Determination

Principal component analysis, or more specifically Factor analysis,
group variables that are collinear to form a new factor or attribute capable
of capturing as much of common information of those attributes as
possible (https://ec.europa.eu/jrc/en/coin/10-step-guide/step-6). The purpose
of applying this multivariate analysis method is to reduce the original
number of variables to a smaller number of new latent variables (factors)
that are highly correlated with the original variables. Due to this, this
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method is often used in the construction of composite indices (see Greco
et al. 2019).

Factor analysis provides several possibilities for weights
determination. The first possibility occurs in the first phase, which covers
constructing a correlation matrix. The correlation matrix contains the
coefficients of simple linear correlation of each pair of variables, which
represent the basis for conducting factor analysis. One of the prerequisites for
conducting factor analysis is the correlation between source variables, and the
correlation matrix is the basis for detecting groups of associated variables. At
this stage, KMO (Kaiser-Mayer-Olkin) statistics, as a measure of sample
adequacy, is also calculated. This statistics compares the size of the observed
correlation coefficients and the partial correlation coefficients. The low
values of these statistics indicate that the correlations between the pairs of
original variables cannot be explained by other variables and that there is
little justification for applying factor analysis.

Except for the value of the Kaiser-Meyer-Olkin measure can be
calculated for the entire matrix, it can also be calculated for individual
variables. In this way, it is possible to examine the suitability of each
individual variable in the analysis and can exclude variables that do not
have a sufficiently large value. This increases the value of the Kaiser-
Meyer-Olkin measure of the entire matrix. The Kaiser-Meyer-Olkin
measure can be valued in a closed interval from 0 to 1. These values can
serve as the basis for determining the weight coefficients of each attribute
(the second possibility).

The third possibility for determining weight coefficients (applied
in this paper) occur in the fourth step in the factor analysis process. It is
possible to construct the weights from the matrix of factor loadings after
rotation, given that the square of factor loading represents the proportion
of the total unit variance of the attribute which is explained by the factor.
Notice that different methods for extraction of principal components
imply different weights. The rest of the variance, which is not explained
by the factor or factors involved, that is, the difference in the total variance
and the value of the square of the factor loadings is a specific part of the
variance, unique for each individual attribute.

Having in mind the object and purpose of the research, the key
hypothesis in this paper would be that the application of factor analysis in the
weighing dimensions in the structure of GSCI affects the global level of
sustainable competitiveness. Information base for this analysis consists of
data in the SolAbility Report 2017. This report contains information on the
106 dimensions of the sustainable competitiveness of 180 countries in the
world.
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RESEARCH RESULTS

In line with the goal of the research, factor analysis has been applied
on five dimensions included in the Global Sustainable Competitiveness
Index. Firstly, data adequacy check was performed in order to confirm
compliance with conditions for factor analysis application. Based on the
Kaiser-Meyer-Olkin Measurement of Sampling Adequacy, which was
higher than 0.5 (Table 1), it can be concluded that the conditions for the
factor analysis application are met. Also, based on realized significance
level of the Bartlett's Test of Sphericity (by which the correlation matrix
was tested), it can be concluded that the data are suitable for the application
of factor analysis.

Table 1 KMO and Bartlett's Test results

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.699
Bartlett's Test of Sphericity Approx. Chi-Square 306.169
Degrees of freedom 10
Significance 0.000

Source: Authors calculation

After checking the adequacy of the data set, the adequacy of each
of the dimensions (pillars within GSCI) that would be included in the
factor analysis was also checked. Measures of Sampling Adequacy are
shown in the Table 2.

Table 2 Measures of Sampling Adequacy (MSA) for dimensions

Dimension Measure of Sampling Adequacy
Natural Capital 0.518
Resource Intensity 0.714
Intellectual Capital 0.708
Government Capabilities 0.763
Social Capital 0.508

Source: Authors calculation

Based on the Measures of Sampling Adequacy values, it has been
concluded that each of the dimensions meets the requirement to be
included in the factor analysis, since all MSA values are greater than 0.5
(Tabachnick, Fidell, 2013).

After checking the assumptions, factor analysis was carried out.
Within the factor analysis, the Principal Component Method was applied,
whereby within factor extraction definition, criteria for number of
extracted factors were initial eigenvalue higher than 1 and share of
explained variance higher than 60% (Tabachnick, Fidell, 2013).



818

Table 3 Realized values of factor extraction criteria

Initial Eigenvalues Extraction Sums of Rotation Sums of
Squared Loadings Squared Loadings
Total %of Cumulative Total %of Cumulative Total %of Cumulative
Component Variance % Variance % Variance %

1 2455 49.109 49.109 2.455 49.109 49.109 2.389 47.785 47.785
2 1.294 25.887 74.996 1.294 25.887 74.996 1.361 27.211 74.996
3 671 13.415 88.411
4 324 6.476 94.888
5 256 5112 100.000

Source: Authors calculation

According to the above mentioned criteria, two factors (main
components) were extracted. The first component explains 49.109% of the
total variance in the observed data, while the second component explains
additional 25.887% of total variance. Thus, the total variance explained by
those two factors amounts 74.996% (Table 3), which is in line with the set
criteria.

After factors extraction, Varimax rotation has been performed.
Factor loadings, which show the direction and level of correlation
between dimensions (pillars) and the defined component (factor) after
rotation, are shown in the second and the third column of Table 4.

Table 4 Factor loadings

. . Component .
Dimension 1 > Weights
Natural Capital 0.818 0.1726
Resource Intensity 0.894 0.2192
Intellectual Capital 0.910 0.2232
Government Capabilities 0.866 0.2124
Social Capital 0.816 0.1726

Source: Authors calculation

The weight coefficients have been calculated according to values of
factor loadings and same time percentage of explained variance. Dimensions
Resource Intensity, Intellectual Capital and Government Capabilities (First
Component) explain 49.109% of total variance, while dimensions Natural
Capital and Social Capital (Second Component) explain 25.87% of total
variance. Within the first component, the largest share is related to
Intellectual Capital, while the remaining two dimensions have equal
participation. Dimensions Natural Capital and Social Capital are equally
correlated with second component extracted in factor analysis. Based on all
this criteria, the appropriate weights for each of the dimensions within the
GSCl are calculated (Table 4).
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It should be noted that this is not a new composite indicator, but rather
a different approach in determining the weights in the existing indicator.
Thus, a high level of correlation with the current GSCI (Spearman’s rho
correlation coefficient = 0.991, Sig. < 0.0001) could be expected.

DISCUSION

Changing the methodology of calculating the GSCI, reflected in
different weight coefficients assigned to individual dimensions, leads to a
significant change in overall sustainable competitiveness. Table 5 shows a
comparative overview of the descriptive measures for the GSCI score
according to the current methodology (applied in reports) and according to
the proposed methodology.

Table 5 Descriptive measures of GSCI scores — comparative preview

Variable N  Minimum Maximum Mean Std.
Deviation
GSCl score — Report 180 30.20 60.50 43.67 5.83

(current methodology)
GSCI score — new methodology 180 30.05 60.44 4349 6.11

Source: Authors calculation

Based on descriptive measures, it can be concluded that the change
in the GSCI calculation methodology would change the min and max
values of the GSCI, as well as the average GSCI value from 3,821 to
4,074. However, the variability will also increase. Namely, according to
the new methodology, the average deviation of each country's score from
the average GSCI score would be 6.11, which is higher than the deviation
according to the current methodology.

Since the assumptions for applying the parameter tests were not met,
Wilcoxon Signed Ranks Test (Wilcoxon, 1945), as a non-parametric
alternative of the dependent samples t-test, was applied in order to test the
significance of differences in the average values of GSCI according to the
current and new methodology. Decrease in the average GSCI value of
0.174 after the application of the new methodology was found to be
statistically significant (Z =-3,024, p-value =0.002). This confirms the
hypothesis that changing the methodology significantly influences the
average measured level of sustainable competitiveness of analyzed
countries.

The change in methodology results in a change in the rank of
countries for which GSCI is accounted for. Firstly, an overview of the
changes in the top 10 positions on the ranking list is given (Table 6). The
position of the first three countries on the list would not change, but
South Korea and Germany, which according to the current methodology
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are ranked 16th and 14th respectively, would be included in the 10 best
ranked countries.

Table 6 Top 10 countries — comparative preview

Top 10 countries Top 10 countries
according to GSCI report  according to new methodology
Country Rank  Country Rank
Sweden 1 Sweden 1
Norway 2 Norway 2
Iceland 3 Iceland 3
Finland 4 Denmark 4
Denmark 5 Finland 5
Ireland 6 Switzerland 6
Switzerland 7 Ireland 7
Austria 8 Austria 8
Latvia 9 South Korea 9
Estonia 10 Germany 10

Source: Authors calculation

It can be noted that changes in the methodology would cause positive
and negative changes in the ranking of countries towards sustainable
competitiveness. From a total of 180 countries analyzed, 76 of them would
improve their position in the rankings, while 84 would record negative
changes on the list. Table 7 shows the countries where the highest positive
change occurred in the ranking. The biggest positive change in the ranking
would be reflecting Bahrain, which would reach the 116th position from the
137th position. Global Sustainable Competitiveness Index score for this
country, according to the current methodology based on equal weights, is
39.60, but after unequal weighing the score is 40.47. In general, the biggest
positive changes at the ranking list would be recorded in countries that have
lower scores of dimensions Natural Capital and Social Capital.

Table 7 Countries with the highest positive change

Country Difference Country Difference
Bahrain 21 Tunisia 11
Jordan 19 Cyprus 11
Oman 14 Kuwait 11
Turkmenistan 14 Azerbaijan 11
Singapore 13 St. Kitts and Nevis 11
Maldives 13 India 10
Sri Lanka 13 Trinidad and Tobago 10
Cuba 12 Lebanon 10

Source: Authors calculation
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The biggest negative change was reflected in the Democratic
Republic of Congo, with the GSCI scoring from 41.90 down to 39.96,
which caused a decrease in the rankings for 21 positions. Interestingly,
Brazil's position is lower by as much as 10, as it moves from position 42 to
position 52, with GSCI scores reduced by 0.81 points.

Methodological changes in GSCI calculation, i.e. the allocation of
adequate weights to the dimensions of sustainable competitiveness would
positively affect the position of the Republic of Serbia. The score increase
from 46.80 to 47.32 would lead to the position improvement on the list.
Namely, from the 50th place Serbia would reach 45th place, which, given
the changes in the countries from the region, is the biggest improvement.

Twenty countries would not change their existing ranking by a new
methodology. Majority of them are European countries, such as Sweden,
Norway, Austria, Luxemburg Belgium, Spain etc. Those countries are, in
the same time, high ranked on the list according to GSCI score.

CONCLUSION

In order to assess progress in achieving competitiveness through the
integration of all dimensions of sustainable development SolAbility has
developed the Global Sustainable Competitiveness Index (GSCI). The
GSCI methodology is based on five pillars which have equally importance
in composite indicator of sustainable competitiveness determination:
Natural Capital, Social Capital, Resource Management, Intellectual Capital
and Governance Efficiency.

The use of equal weighting in the creation of composite indexes is,
according to the opinion of a large number of experts, the one of the key
deficiencies of these indicators. Most critics consider that the calculation of
the weights to be assigned to individual dimensions in the structure of the
composite index should be based on one of the statistical methods or
methods of multi-criteria analysis. Realizing this as a recommendation,
Principal component analysis was applied in this paper in order to determine
the relative importance of certain dimensions in the structure of the GSCI.

The application of this method has led to significant changes in the
ranking of countries involved in measuring sustainable competitiveness.
From a total of 180 countries analyzed, 76 of them would improve their
position in the rankings, while 84 would record negative changes on the list.
The major positive changes in the ranking list would be recorded in countries
that have lower scores of dimensions Natural Capital and Social Capital.
Majority of high ranked countries, mostly European countries, did not change
their existing ranking by a new methodology. The observed changes in the
ranking list caused by methodological changes will serve as the basis for
further and deeper analysis of the place and the role of individual indicators
in the structure of the Global Sustainable Competitiveness Index.
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E®EKTU IPUMEHE CTATUCTUYKUX METOJA
Y KPEUPABY I'VIOBAJIHOT' UHAEKCA
OP’KUBE KOHKYPEHTHOCTH

Becna JankoBuh Muuh, Coma JoBanouh
Vuusepaurer y Humry, Exonomckn daxynrer, Hum, Cpouja

Pe3ume

Y caBpemeHoj IuTEpaTypu Mory ce Hahu OpojHe neduHHLMje, 3HAYCHA U TyMadekha
KOHIICNITa OZIP’KMBOT pa3Boja. JlaHac, OAP)KMBH Pa3Boj MPEICTaBIba CABPEMEHH KOHLIEHT
pa3Boja KOjH je HHKOPIIOPUPAH Yy CBE MONUTHKE, CTPaTErdje 1 mporpame paszpoja. Kako ou
Ce TIPOLICHHO HANpEJaK y MOCTH3alky KOHKYPEHTHOCTH, aji KpPO3 WHTErpalyjy CBE TPH
JIMMEH3Hje OJP)KMBOI Pa3Boja — EKOJIOIIKE, EKOHOMCKE M COLMjajlHe — OpraHu3alyja
SolAbility je passuna ['mobamuyu mHnekc oxpxuBe KoHKypeHtHoctH (GSCI). Merozmoro-
ruja ro0aTHOr MHEKCa OfIp)KMBE KOHKYPEHTHOCTH 3aCHHMBA Ce Ha MET CTyOOBa KOju
UMajy TOJ/je/IHAKY BaKHOCT Y KOMIIO3UTHOM IOKa3aTesby OJPXKUBE KOHKYPEHTHOCTH:
HPUPOJIHM KallUTAJl, IPYLITBEHH KallUTAJl, YIIPaBIbatbe PECYPCUMa, HHTEIICKTYAIHH Kalu-
TaJ, epUKACHOCT yIpaBJbamba.

GSCI, ka0 1 MHOTH ApYT'H KOMITO3UTHH HHAEKCH, OCIIarha Ce Ha jeIHaKe TIOHIepe KOjU
ce JIofieJbyjy CBHM MHIMKaTOpHMa KOje MHIEKC caapku. MeljyTiM, oBakaB HauMH KOH-
CTpyHcamba KOMIIO3UTHUX WHJEKCA KapaKTepuIlle HeJoCTaTaK IPUMEHE CTaTHCTHIKHUX M0-
JIa3uInTa y oapehuBamy TEKUHCKUX KoeduijeHara (mouaepa). Harnacak y oBoM pajy je
Ha e(eKTHMa MPUMEHe CTAaTHCTHYKUX METO/la Y Kpeupamy KOMIIO3UTHUX MHekca. Llib
je aBambe Tpeayiora HOBe METOAOJIOTHjE 3a M3padyHaBame [ T00ATHOT HHIEKCa OAPIKUBE
KOHKYPEHTHOCTH Ha OCHOBY Da3JM4MTOr TIOHACpUCAa WM TpHAaBamba 3HaYaja
KOMIIOHEHTaMa yKJby4eHuM y MHaeke. Meron (hakropcke aHanu3e MpUMEHEH je Ha CBe
KOMIIOHeHTe [ ofaiHor MHIEKca OAPKHBE KOHKYpPeHTHOCTH. MH(OpMalmoHy OCHOBY
UCTpaXMBamba YMHM 0a3a roparaka opranusanuje SolAbility. YV oBoM ucTpaxuBamy
kopuithere cy cnenehe cratuctnuke merone: daxropcka aHamm3a (Tj. METOA TIABHUX
KOMIIOHEHaTa, NpUMemeH y (a3u ekcrpakuuje Qakropa y (akTopckoj aHamusn),
nuHeapHa arperanuja 1 Wilcoxon TecT-paHrosa.

TlpumeHa MeTone IVIaBHUX KOMIIOHEHaTa JoBeia OM 10 3HayajHHX HpOMEHa Y
paHTHpamy 3eMajba Koje Cy YKIbyueHe Y MEeperhe OpKUBE KOHKYPEHTHOCTH. O YKYITHO
180 aHayM3MpaHuX 3eMasba, BUX 76 M000JBIIaI0 OM CBOjY MO3UIM]Y Ha PAHT-JIUCTH, TOK
6u 84 3emsbe 3abenexmie HeraTHMBHE MpOMEHe Ha paHr-imctd. Hajeehe mosuTHBHE


http://www.solability.com/
http://www3.weforum.org/docs/WEF_GlobalCompetitivenessReport_2014-15.pdf
http://www3.weforum.org/docs/WEF_GlobalCompetitivenessReport_2014-15.pdf
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MPOMEHE Ha PaHT-JIMCTH NMajle OM 3eMJbe ca HIDKHM OLICE-eHIM BPEeJHOCTHMA IIPHPOIHOT
U coljayHor Kanwtajga. BehwHa BHCOKO paHTHpaHHX 3eMaba, YITTaBHOM EBPOIICKUX
3eMaJba, He O NMPOMEHMIIa CBOj IOCTOjehin paHT y CKJaxy ca HOBOM METOIONOTHjOM. Y
pazy Cy M3HeTa caMO HeKa 3anaxama NPHIMKoM Koprihema kopurosanor GSCI u ucra
NpeIICTaBIbajy MOBOJ 32 PeaHHje U JAcTaJbHUje BPEAHOBAKE KOMIIOHEHATa KOMIIO3UTHOT
THIOKa3aTesba OJIPXKUBE KOHKYPEHTHOCTH.



