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Assessment of Macroeconomic Performances and Human Development
Levels of BRICS and MINT Countries Using CRITIC and COPRAS Methods
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economic superiority is assessed compared to others. However, the
status of the economics of the country or how superior the related
country from the others do not provide, by itself, sufficient information
regarding the human development of the people in the country. Thus,
besides the macroeconomic performance data of the countries, also the
Human development level data are used in this study and so the
assessment of the countries is aimed. In the evaluation conducted,
CRITIC, among the objective weighting methods, is used and the
criteria are weighted, then these weight are utilized and the countries are
assessed according to the COPRAS method. In the assessment held
according to three different scenarios, the countries assessed both by
using the macroeconomic performance and human development level
data together and also by using the macroeconomic performance and
human development level data separately (scenario 1- all criteria,
scenario 2 — human development level criteria, scenario 3 —
macroeconomic performance criteria). The BRICS and MINT which are
at a trend of economic development are selected as sample to assess
whether this development trend brings also the Human Development
Index (HDI). In the first scenario where all the criteria are used and third
scenario where just the macroeconomic performance indicators are used
as criteria, according to the results of the CRITIC method, the most
important criteria are defined in order as economic growth,
unemployment rates and inflation rate. In the second scenario, based on
the weights of the criteria, the most important criteria are found in order
as mean years of schooling, the life expectancy at birth and GNI per
capita. These weights determined are used within the COPRAS method
and the most successful countries are found in order, according to the
scenario 1 and scenario 3, as China, Russia and Indonesia. According to
the scenario 2, the most successful countries are found in order as
Russia, Turkey and Mexico.

Keywords: BRICS and MINT Countries, CRITIC, COPRAS,
Macroeconomic Performance, Human Development Index
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Introduction

Inrecent years, country groups named differently at various
regions of the world are driving the global economy.
Among such groups, the European Union states are the ones
drawing most attention both economically and politically.
In addition, the economies that are rapidly growing in
recent years, that can draw the interest of most of the
foreign investors and have rapidly increasing powers in
influencing the globe are started to be grouped differently
(BRIC; N-11; CIVETS; MINT; MIST; EAGLESs; 3G;
SAMI). Among these, BRIC countries (Brazil, Russia,
India, China) draw attention as the group that creates high
growth opportunity due to cheap labor and thus low
production costs, that can draw directly in the foreign
capital investments, that increases its export, foreign
currency reserves and national income, that is effected less
from the economic crises faced (Agir & Yildirim, 2015:
40). The concept of BRIC countries is used first in the
“Building Better Global Economic BRICs” report prepared
by Jim O'Neill from the International Investment Bank
Goldman Sachs. In this report, the BRIC countries are
referred by using a resemblance to the word brick.
According to the report, it is stipulated that the block
created from bricks shall replace G7 in time and until the
year 2050, BRIC countries shall be the most important
actors of world economics. BRIC countries, holding their
first summit in the year 2009, via inviting South Africa in
the summit in 2011 became BRICS countries (Akgemci,
2011: 3). Due to the threats and opportunities represented
by the BRICS countries in economic, social and political
aspects, it is believed that they have the capacity to “change
the world” (Bornmann etal.,2015: 1507).

It can be seen that O'Neil qualifies Mexico, Indonesia,
Nigeria and Turkey which he did not include in the group
when he created the BRICS term but in fact assessed in the
same regard, as “climbing economic giants” as of the
beginning of 2014 and defines them as a new group
competing the BRICS with the acronym “MINT”
(Yalginkaya & Temelli, 2014: 203). There are some
common properties playing arole in taking MINT countries

as a separate group. First of all, compared to the aging and
narrowing populations of many developed countries and
China, they have relatively large, young and growing
populations. Secondly, Indonesia positioned close to
China, Turkey neighboring the European Union, Mexico at
the doorsteps of America and Nigeria having the potential
to serve as the economic center of Africa are at fine
locations to benefit from the large markets geographically
close to them. Among the four MINT countries, only
Nigeria is not a member of G20 group, however it has great
natural resource riches especially oil and gas (Asongu et al.,
2018: 27). Furthermore when BRICS and MINT countries
combined, according to the World Bank 2018 data, they
form 50.4% of the world population and 27.5% of the total
GPD (World Bank, 2018). These data shows the
contributions of the BRICS and MINT countries to the
development of the world. On the other hand, the question
of whether the macroeconomic development trend in
BRICS and MINT countries brings the citizens of these
countries any human development or not comes into minds.

Human development is to focus on improving the lives the
humans lead instead of assuming that the economic growth
rate shall automatically create wellness for everyone.
Income increase is seen as a tool for development rather
than a goal within itself. The three determinants of the
human development are having a long, healthy and creative
life; being knowledgeable, and accessing the resources
required for a good standard of life (UNDP, 2020).
Therefore, the Human Development Index (HDI)
published regularly by the United Nations Development
Program each year, includes indicators related to the life
expectancy and educational opportunities besides the
income. For example, despite the GNI (Gross National
Income) of Greece is same as Turkey's, in HDI Turkey is at
the 59th position whereas Greece is at 32nd. This supports
that individual income or economic development is not
solely sufficient for human development. However, the
income of most of the countries at the higher ranks of HDI
being high proves that one of the most fundamental
indicators of human development is income. In addition,
the income rests inadequate to solely reflect the
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macroeconomic performance of the countries. Financially,
besides the income as an indicator of the economic stability,
unemployment, inflation rate, external trade debt, growth
rate, budget balance, debt load, real interest rate in the
market and many similar indicators can also be used. As the
result of analyses conducted with all or part of these
indicators, the macroeconomic performance of the
countries can be monitored. The assessment of the
macroeconomic performance of the countries is hard in
several aspects. First of all, assessment of all these
indicators together is not possible technically as they are
not represented in a common unit and the importance of the
change in each of them shall not be same. Secondly, some of
these indicators are associated with each other
economically. They move sometimes in the same and
sometimes in opposite directions. In other words, there can
be controversy between macroeconomic goals (Gliran &
Tosun, 2005: 90). In order to overcome especially the
conflict in the selection of the indicators, some calculations
are used in the measurement of the Macroeconomic
performance consisting of different indicators. Misery
Index (sum of the inflation rate and the unemployment
rate), Calmfors Index (difference between the
unemployment rate and the normalized trade balance), and
Magic Diamond (GDP growth rate, inflation rate,
unemployment rate and normalized trade balance) can be
given as examples of these calculations. Each of these
calculations, despite being informative, has some
deficiencies. Misery Index and Calmfors Index have just
two indicators and both indicators are equally weighted.
The Magic Diamond has four indicators however this
method also operates under equal weight principles. The
main deficiency of these calculations is the arbitrary
weighting chart they share (Lovell et al., 1995: 508). In this
study, in order to overcome these disadvantages, the
indicators to optimally represent the macroeconomic
performance of the countries are selected taking the
literature and specialist views into account.

The fundamental goal of the study conducted via using
macroeconomic performance indicators selected via taking
the expert views and literature into account and the HDI
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indicators is determined as to assess the BRICS and MINT
countries with COPRAS and CRITIC methods. In this way
it is examined whether the economically developed
countries provide human development to their citizens. In
addition, instead of giving equal weights both to the
macroeconomic indicators and to the human development
indicators, the objective weighting method CRITIC is used
and the arbitrary weighting is avoided.

Literature Review

Since the years the BRICS and MINT countries are
referenced together, they had been the subject of many
academic studies. Yalginkaya & Temelli (2014) in
economic growth rate and current transactions balance
relationship, Basaretal. (2016) in the effect of terrorism on
the touristic activities, Asongu et al. (2018) in direct foreign
investors, Bozma et al. (2018) in economic growth rate and
energy consumption relationship, Asongu & Odhiambo
(2018) in determinants of economic growth, Gryczka
(2018) in comparison of the economic indicators, Belke &
Demir (2019) in the relation of public spending and
economic growth, and Shao et al. (2019) in the relation of
direct foreign investors and the environmental pollution,
had combined or compared BRICS and MINT countries.
However, in the examined literate, no study was found that
examines the macroeconomic performance and the human
development of the BRICS and MINT countries.

MCDM methods, as in many fields, have been used also in
many studies where human development levels and
macroeconomic performance are examined. In some of the
studies related to the human development, only HDI
indicators are used as criteria, whereas in other HDI
indicators are used together with different criteria. In
studies related to the macroeconomic performance the
basic economic indicators are used according to the
preferences of each author. In general, when selecting
criteria, the data accessibility and expert views had played a
role. The studies where MCDM methods are used and
where the human development levels or macroeconomic
performance of the countries/regions are assessed are given
onthe Table 1.
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Table 1.MCDM Studies where human development and macroeconomic performance are Assessed

Authors Method Country/Area

Despotis (2005) DEA All Countries

Despotis (2005a) DEA 27 Asia-Pacific Countries

Lozano & Gutiérrez (2008) DEA All Countries

Hatefi & Torabi (2010) MCDEA Asia-Pacific Economic Cooperation (APEC)

Countries

Soltanpanah et al. (2010)

Entropy, AHP,

All Countries

TOPSIS, SAW
Vierstraete (2012) DEA 146 Countries
Blancard & Hoarau (2013) DEA 122 Developing Countries
Reig-Martinez (2013) DEA 42 countries in the European Economic Area, North
= Africa and the Middle East
]
i Bilbao-Terol et al. (2014) TOPSIS 105 Countries
< Paksoy (2015) VIKOR 31 European Countries
>
2 Sieng & Yussof (2015) Fuzzy TOPSIS 6 Developed Countries, 6 Developing ASEAN
= Countries
E Balcerzak & Pietrzak (2017) TOPSIS 29 European Countries
- Eren et al. (2017) DEA All Countries
Eren & Kaynak (2017) Grey Relation Analysis | 28 European Countries
(GRA)
Orak¢1 & Ozdemir (2017) Entropy, CRITIC, 30 European Countries
GRA, MOORA
Sahin & Oztel (2017) COPRAS BRICS Countries and Turkey

Erpolat Tasabat & Baser

TOPSIS, WSA, AHP

33 European Countries

(2017)
Basar & Turanli (2018) MOORA 49 Countries with High Human Development Level
do Carvalhal Monteiro ELECTRE TRI All Countries
(2018)
Fare et al. (1994) DEA 17 OECD Countries
Lovell et al. (1995) DEA 19 OECD Countries
® Linetal. (2011) DEA, AHP 31 Provinces of China
E Mohamad & Said (2011) DEA 57 Organization of the Islamic Conference (OIC)
E Member Countries
*j; Poveda (2011) DEA 23 Cities of Colombia
% Podvezko (2011) SAW, COPRAS 4 European Countries
'E Chattopadhyay & Bose (2015) | TOPSIS, Entropy 48 Countries from All Regions
§ Eytiboglu (2016) AHP, TOPSIS 10 Developing Countries
§ Onder & Boz (2017) GRA 36 Mediterranean Countries
é Skare & Rabar (2017) DEA 30 OECD Countries
Ela & Kurt (2019) TOPSIS 8 Sub-Saharan African countries
Ozbek & Demirkol (2019) AHP, ARAS, 29 European Countries
COPRAS, GRA
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As shown on Table 1, MCDM methods have been used in
many studies where human development or
macroeconomic performance are handled. However in
general, in order to weight the criteria Entropy, AHP; and to
assess the alternatives TOPIS, DEA methods are frequently
preferred. Whereas in this study, in order to weight the
criteria, CRITIC method is used which is stipulated by
Diakoulaki et al. (1995) and used in many decision
problems like climate selection (Vujicic et al., 2017), risk
assessment (Ayrim & Can, 2017), third party logistics
service provider selection (Keshavarz Ghorabaee et al.,
2017), assessment of construction equipment (Keshavarz
Ghorabaee et al., 2018), assessment of financial
performance (Senol & Ulutas, 2018), bank performance
assessment (Akbulut, 2019), cargo firm assessment (Ulutas
& Karakdy, 2019), corporate sustainability performance
analysis (Yal¢in & Karakas, 2019), assessment of venture
capital investment partnerships (Apan & Oztel, 2020),
personnel selection process (Aygin, 2020), assessment of
R&D performance of the countries (Orhan & Aytekin,
2020), and 5G industry assessment (Peng et al., 2020). For
the evaluation of the alternatives, COPRAS method is
preferred which is developed in 1996 by Zavadskas and
Kaklauskas, and used solely or together with different
MCDM methods like equipment selection for structure
consolidation (Kaklauskas et al., 2006), risk analysis
(Yazdani et al., 2011), technical institutions performance
assessment (Das et al., 2012), maintenance strategy
selection (Fouladgar et al., 2012), market segment
assessment (Aghdaie et al., 2013), social media platform
selection (Tavana et al., 2013), supplier selection
(Keshavarz Ghorabaee et al., 2014), green supplier
selection (Liou et al., 2016), storage location selection
(Ozbek & Erol, 2016), material selection (Mousavi-Nasab
& Sotoudeh-Anvari, 2017), cloud storeage service provider
assessment (Cakir & Karabiyik, 2017), database
management system selection (Aygin, 2018), and financial
performance assessment (Ay¢in & Cakin, 2019).
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In some of the studies where human development levels are
examined with MCDM methods, economic data are used
however no study is found in the literature where
macroeconomic performance and human development
levels are examined together. In addition, other than the
study where Deepa et al. (2019) recommended a new
criteria weighting method based on CRITIC and assessed
agricultural lands with COPRAS, no studies are seen that
use CRITIC and COPRAS together. In this regard, this
study have provided authentic results regarding both the
used data set and the methods preferred, and had filled a gap
in the literature.

Method

Purpose of the Research, Sample, Data Collection
Method and Data

The fundamental goal of the research is determined as to
assess the BRICS and MINT countries according to the
human development and macroeconomic performance.
BRICS is composed of Brazil, Russian Federation, India,
China and South Africa, and MINT is composed of Mexico,
Indonesia, Nigeria and Turkey. The common
characteristics of these countries are that they are
developing countries and have the potential to have a say in
world economics. In accordance with the goals of the
research, in order to assess whether the countries with
economic consolidation potential like BRICS and MINT
has the same potential in human development, these
countries are taken as sample. In order to assess the BRICS
and MINT countries according to the human development
and macroeconomic performance, the criteria given on the
Table 2 are determined considering the expert views and the
literature. While assessing the countries according to
human development levels, the HDI indicators, selected as
criteria in this study, are used frequently. However, as there
are no generally acknowledges indicator groups for the
assessment of macroeconomic performance, the most
frequently used indicators are selected as criteria for this
study.
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Table 2. The Criteria Used In the Study

x1- Life Expectancy at Birth (Year)

DI

x2- Mean Years of Schooling (Year)

H

x3- Expected Years of Schooling (Year)

x4- GNI Per Capita ($)

Soltanpanah et al. (2010); Bilbao-Terol vd. (2014); Safari &
Ebrahimi, (2014); Orakg¢1 & Ozdemir (2017); Krylovas vd.
(2019); Omrani vd. (2020)

xs- Economic Growth Rate (%)

Eyiiboglu (2016); Karakis & Goktolga (2016); Ozbek &
Demirkol (2019);

x6- Unemployment Rate (%)

Podvezko (2011); Fare  etal. (2014); Eytiboglu (2016);
Karakis & Goktolga (2016); Ozbek & Demirkol (2019); Skare
& Rabar (2017)

x7- Inflation Rate (%)

Lovell etal. (1995); Eytliboglu (2016); Karakis & Goktolga
(2016); Skare & Rabar (2017); Ozbek & Demirkol (2019);

xg- Foreign Trade Balance (Export/Import)

Lovell etal. (1995); Ozbek & Demirkol (2019); Podvezko
(2011); Skare & Rabar (2017)

x9- GDP Per Capita ($)

Macroeconomic Performance

Lovell et al. (1995); Lin et al. (2009); Podvezko (2011); Fare
etal. (2014); Karakis & Goktolga (2016); Skare & Ra  bar
(2017)

The data of the criteria selected for the assessment of the
human development and macroeconomic performance of
the BRICS and MINT countries are acquired from the
World Bank and United Nations Human Development

Reports (HDR) (The World Bank, 2020; HDR, 2019). The
definitive statistical information on the selected criteria are
given on the Table 3.

Table 3. Definitive Statistics of the Criteria

Criteria Min Max Mean Std. Dev.
x1- Life Expectancy at Birth 54,3 77,4 70,7 7,45
x2- Mean Years of Schooling 6,5 12,0 8,3 1,75
x3- Expected Years of Schooling 9,7 16,4 13,7 2,01
x4- GNI Per Capita 5086 25036 14743 7043
xs- Economic Growth Rate 0,8 6,8 3,3 2,28
x¢- Unemployment Rate 3,3 26,9 8,94 7,43
x7- Inflation Rate 2,1 16,3 6,06 4,82
xs- Foreign Trade Balance (Export/Import) 0,83 1,47 1,02 0,18
x9- GDP Per Capita 2010 11288 7045 3579

Despite the BRICS countries are referenced together with
the MINT countries, both their human development data
and macroeconomic performance data show great
differences. The countries are assessed both with a criteria
group where HDI indicators and macroeconomic
performance indicators are present together (scenario 1)
and with criteria groups where HDI indicators and
macroeconomic performance indicators are taken

separately (scenario 2 and scenario 3). In the analysis
conducted by using the criteria selected for the assessment
of the BRICS and MINT countries, the CRITIC and
COPRAS methods are used. Firstly using CRITIC method
the criteria weights are determined and then these weight
are used in the COPRAS method and the countries are
sorted according to three different scenarios.
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CRITIC

In decision making problems the criteria are seen as
information sources. The weight of importance of the
criteria reflects the amount of information on each of them
on the decision matrix. In order to gather information from
the criterion some methods (MACBETH, SWARA etc.)
utilize expert opinions. In CRITIC method, the achieved
weights do not contain expert views so they can be qualified
as “objective weights”. The weights acquired by this
method contain the contrast intensity of each criterion and
the conflicts between the criteria. The contrast intensity of
the scales are evaluated with the standard deviation and the
conflict among them is measured with the correlation
coefficient (Ghorabaee etal., 2018).

CRITIC method consists of different number of steps at
different resources however it is in general defined in five
steps (Diakoulaki et al., 1995: 764-765; Akbulut, 2019:
254-255; Aye¢in, 2020: 4-5; Ghorabaee et al., 2017: 69; Xu
etal.,2020: 69).

Step 1: Establishment of the Decision Matrix

As in all MCDM methods, CRITIC method starts with
formation of the decision matrix. As shown in the Equation
(1), the decision matrix named as X is created as formed
fromn criteria and m alternatives.

A1 X11 X12 e Xln
A X21 X22 en XZn

X= ;2 : : : (1)
Ap [Xm1 Xm2z - Xmn

In the Equation (1) the x, values, represent the values taken
by the ith alternative according to the j” assessment criteria.
(j is the assessment criterion number j=1,2,....,n and i is the
decision alternative numberi=1,2,....,m;).

Step 2: Establishment of the Normalized Decision Matrix

The values of the criteria may not be represented by the
same unit so that the criteria values should be reduced to the
range of [0, 1]. Therefore, in the second step of the CRITIC
method, the benefit direction (maximization) and cost
direction (minimization) criteria are normalized via using
Equation (2) and Equation (3).
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Xij — X
= 2)
Xt — i
] tj
Ty = = (3)

While calculating the Equation (2) and Equation (3), x;
represents the minimum value at the related criteria and xj*
represents the maximum value.

Step 3: Establishment of the Correlation Coefficient Matrix

CRITIC method is dependent on relations between the
criteria couples so that in the third step the Equation (4) is
used to calculate the linear correlation coefficients (p,)
between criteria couples. Then the linear correlation
coefficients calculated are used to create a correlation
coefficient matrix.

Pjk = ;(rij 7). (T —@)/\/;(m - 7)2-;(?1‘;( -7)? k=12,..,n @

Step 4: Calculation of the Total Information Measurement (Hj)

CRITIC method aims to acquire information from contrast
intensity and conflicts. Higher the Hj value called the total
information that is acquired from both sources, larger the
information amount transmitted by the corresponding
criterion shall become. In order to calculate the said total
information the Equation (5) is used.

Hy =0 ) (1=pjk)
j ]kz=1 j 5)

To calculate the H; value indicating the total information
standard deviation information are used. In order to
calculate the standard deviation values the Equation (6) is
used.

o= |2y =5) /m=1)

i (6)

Step 5: Determination of the Criteria Weights (7))
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In order to calculate the final criteria weights (w) the Hj
values of the criteria are used. Increase in the H, value
increases the relative importance for the decision making
process. In order to calculate w, value the Equation (7) is

wj = Hj/i Hy, ()
k=1

COPRAS

The decision analysis is related to the situations where the
decision maker should make choice among the various
alternatives generally considering the conflicting criteria.

used.

Therefore, Zavadskas and Kaklauskas had developed an
alternative assessment method called COPRAS (Complex
Proportional Assessment) in 1996 (Aghdaie et al., 2013:
222). COPRAS method focuses on the importance and
benefit degrees of the current alternatives under the
presence of conflicting criteria. It takes in to account the
performance of the alternatives according to the different
criteria and related criteria weights. This method considers
both the good and bad solutions and choses the best
alternative (Chatterjec etal.,2011: 852).

COPRAS method, different from the other MCDM
methods, stipulates how much each alternative is better or
worse than the others as percentage while comparing
alternatives. Among the advantages of the COPRAS
method, solution steps being short and easy, not requiring a
special computer software can be counted (Aygin, 2019:
64). While COPRAS method consist of different number of
steps considering different solution paths, it is generally
calculated in six steps (Kaklauskas et al., 2005: 363-364;
Dasetal.,2012:237; Ozdagoglu, 2013: 235-237):

Step 1: Establishment of the Decision Matrix

The decision matrixes are formed similarly in most of the
MCDM methods. The decision matrix formed of n criteria
and m alternatives and called as D in CRITIC method is
formed in the same way for COPRAS as shown in the
Equation (1).

Step 2: Normalization of the Decision Matrix

In this step, in order to render non-dimensional the different
units of the criteria, the criteria values on the X matrix are

subjected to normalization transaction. To perform the
normalization calculation the Equation (8) is used.

m
xjj = xij/z Xij
i=1 (8)

Step 3: Establishment of the Weighted Normalized Decision
Matrix

In order to weight the normalized decision matrix, the
Equation (9) is used. The weights can be used as equal and
also can be calculated by MACBETH, SWARA methods
that are based on expert opinion or by Entropi, CRITIC
methods that are not based on expert opinion.

*

dij = xl]"Wj

)

Later on the acquired values are used to form the weighted
normalized decision matrix called D' as shown on the

Equation (10).
di;  diz .. dpg
D, — d:zl d?z en d?n (10)
dml dmz dmn

Step 4: Sum of the Weighted Normalized Indexes

The sum of the weighted normalized values are calculated
for both benefit direction (maximization) and cost direction
(minimization) criteria in order. The sum of the benefit
direction criteria weighted normalized values is calledS,,,
and the sum of the cost direction criteria weighted
normalized values is called S;. While calculating S..
Equation (11), and while calculating S; Equation (12) are

utilized.
m
Sep= ) duy (11)
i=1
m
i=1

www.pbr.co.in



For the benefit direction criteria the higher values indicate
as better situation while for cost direction criteria a lower
value indicates a better situation.

Step 5: Calculation of Relative Importance Levels of the
Alternatives

In order to calculate the relative importance level of the
alternatives represented by O, the Equation (13)isutilized.

j=15-j
A=Sut ST (1Y)
IS

Q, reflecting the relative importance of an alternative shows
the satisfaction level the said alternative reaches. The
alternative with the highest relative importance level (Q,,,.)
among all alternatives is qualified as the best alternative.

Step 6. Calculation of the Performance Index (P) of the
Alternatives

0...., reflects the maximum relative importance value. The
(P)), the performance index calculated for each alternative

Volume 14 issue 10 April 2022

viausing Q. is used to achieve the complete ranking of the
candidate alternatives.
P, = @ ] .100% (14)
Qmax

Alternative with the Pi named as the performance index
equal to 100 is assessed as the best alternative and the rest of
the alternatives are sorted from bigger to smaller values and
the order of the alternatives is achieved.

Findings

In order to determine the weights of nine criteria
determined considering the purpose of the research, the
CRITIC method is used. Later on these weights are used in
the COPRAS method and the countries are sorted. The
solution is conducted according to the solution steps of the
CRITIC and COPRAS methods. First of all, the decision
matrix is formed by using the Equation (1) which is the
most fundamental stage of all MCDM methods. The
decision matrix used for both the CRITIC and COPRAS
methods is shown on the Table 4.

Table 4. Decision Matrix

Criteria Aspect Max Max Max Max Max Min Min | Max Max
Criteria/Countries X1 X2 X3 X4 X5 X6 X7 X8 X9

Brazil 75,7 15,4 7,8 14068 1,3 12,3 3,7 1,0671 9001,2
Russia 72,4 15,5 12 25036 2,3 4.8 2,9 1,4791 11288
India 69,4 12,3 6,5 6829 6,8 53 4,9 0,8352 2010

China 76,7 13,9 7,9 16127 6,6 43 2,1 1,0403 9770,8
South Africa 63,9 13,7 10,2 11756 0,8 26,9 4,5 1,0106 6374
Mexico 75 14,3 8,6 17628 2,1 33 4,9 0,9547 9673,4
Indonesia 71,5 12,9 8 11256 5,2 4,5 32 0,9692 3893,6
Nigeria 54,3 9,7 6,5 5086 1,9 8,2 12,1 0,9479 2028,2
Turkey 77,4 16,4 7,7 24905 2,8 10,9 16,3 0,9609 9370,2

In order to reduce the criteria values conflicting to each
other and mostly indicated in different units to the range of
[0, 1], normalization transaction is applied. In order to
realize the normalization of the benefit direction
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(maximization) criteria the Equation (2) and for the
normalization of the cost direction (minimization) criteria
the Equation (3) are utilized. The normalized decision
matrix formed by the achieved normalized criteria is given
onthe Table 5.



Pacific Business Review (International)

Table 5. CRITIC Normalized Decision Matrix

Criteria Aspect Max Max Max Max Max Min Min Max Max

Criteria/Countries X1 X2 X3 X4 X5 X6 X7 X8 X9
Brazil 0,926 0,851 0,236 0,450 0,083 0,619 0,887 0,360 0,754
Russia 0,784 0,866 1,000 1,000 0,250 0,936 0,944 1,000 1,000
India 0,654 0,388 0,000 0,087 1,000 0,915 0,803 0,000 0,000
China 0,970 0,627 0,255 0,553 0,967 0,958 1,000 0,319 0,836
South Africa 0,416 0,597 0,673 0,334 0,000 0,000 0,831 0,272 0,470
Mexico 0,896 0,687 0,382 0,629 0,217 1,000 0,803 0,186 0,826
Indonesia 0,745 0,478 0,273 0,309 0,733 0,949 0,923 0,208 0,203
Nigeria 0,000 0,000 0,000 0,000 0,183 0,792 0,296 0,175 0,002
Turkey 1,000 1,000 0,218 0,993 0,333 0,678 0,000 0,195 0,793

As the CRITIC method is a method beads on binary
correlations between the criteria, in the next step the

correlation coefficients between the criteria are calculated

by using the Equation (4) and shown on the Table 6.

Table 6. Matrix for Correlation Coefficient between Criteria

Criteria Aspect Max | Max Max Max Max Min Min Max Max
Criteria/Countries X1 X2 X3 X4 X5 X6 X7 X8 X9
X1 1 0,835 0,166 0,688 0,268 0,311 0,231 0,177 0,708
X2 0,835 1 0,503 0,877 -0,203 -0,091 0,049 0,443 0,851
X3 0,166 0,503 1 0,602 -0,411 -0,242 0,388 0,840 0,612
X4 0,688 0,877 0,602 1 -0,204 0,119 -0,110 0,617 0,886
X5 0,268 -0,203 -0,411 -0,204 1 0,569 0,261 -0,302 -0,281
X6 0,311 -0,091 -0,242 0,119 0,569 1 0,121 0,075 0,047
X7 0,231 0,049 0,388 -0,110 0,261 0,121 1 0,320 0,163
X8 0,177 0,443 0,840 0,617 -0,302 0,075 0,320 1 0,626
X9 0,708 0,851 0,612 0,886 -0,281 0,047 0,163 0,626 1

In the next stage, while calculating the Hj indicating the
total information measurement, the correlation values
between the criteria given on the Table 5 and the standard
deviation values of the criteria are used. The standard
deviations of the criteria are calculated by the Equation (6),

and the Equation (5) is used for the calculation of the total
information measurement Hj. Then Hj value is used to
achieve final criteria weights by utilizing the Equation (7).
The total information measurement Hj and the criteria

weights are shown on the Table 7.

Table 7. Total Information Measurements (H)) and Criteria Weights (W)

X1 X2 X3 X4 Xs X6 X7 Xs X9
H 1,4899 1,4212 1,7710 1,5976 3,1575 2,2329 2,2325 1,4639 1,6934
w, 0,0873 0,0833 0,1038 0,0936 0,1851 0,1309 0,1309 0,0858 0,0993

According to the criteria weights achieved in Table 6, the
most important criterion is determined as the “x,- Economic
Growth Rate (0.1851)”. This criterion is followed, in order,
by the “x,-Unemployment Ratio (0.1309)”, “x,-Inflation
Rate (0.1309)” and “x,- Mean Years of Schooling (0.1038)”
criteria. Thus, when the weights reached as the result of the
CRITIC method, the criteria regarding the macroeconomic
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performance had shown more importance.

At the subsequent stage, the criteria weights achieved by
the CRITIC method are used in the solution steps of the
COPRAS method. COPRAS method also, like the CRITIC
method, starts with the formation of the decision matrix. As
the same decision matrix is used for both COPRAS and
CRITIC methods, the decision matrix is as shown on Table
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3. However as the normalization steps of COPRAS method
and CRITIC method are different, in this stage the
normalization transaction of the COPRAS method is
conducted. In order to render dimensionless the criteria in

Volume 14 issue 10 April 2022

different units, the Equation (8) is used that is given in the
second step of the COPRAS method. The achieved
normalized values are given on the Normalized decision
matrix given on the Table §.

Table 8. COPRAS Normalized Decision Matrix

Criteria Aspect Max Max Max Max Max Min Min Max Max

Criteria/Countries X1 X2 X3 X4 X5 X6 X7 Xs X9
Brazil 0,119 0,124 0,104 0,106 0,044 0,153 0,068 0,115 0,142
Russia 0,114 0,125 0,160 0,189 0,077 0,060 0,053 0,160 0,178
India 0,109 0,099 0,086 0,051 0,228 0,066 0,090 0,090 0,032
China 0,121 0,112 0,105 0,122 0,221 0,053 0,038 0,112 0,154
South Africa 0,100 0,110 0,136 0,089 0,027 0,334 0,082 0,109 0,101
Mexico 0,118 0,115 0,114 0,133 0,070 0,041 0,090 0,103 0,153
Indonesia 0,112 0,104 0,106 0,085 0,174 0,056 0,059 0,105 0,061
Nigeria 0,085 0,078 0,086 0,038 0,064 0,102 0,222 0,102 0,032
Turkey 0,122 0,132 0,102 0,188 0,094 0,135 0,299 0,104 0,148

In the third step of the COPRAS method, the normalized
criteria are weighted using the weight values achieved the
CRITIC method. Primarily, the Equation (9) is used to
weight each criterion value, and then the weighted

normalized decision matrix given in the Equation (10) is
formed. The weighted normalized decision matrix is shown
on the Table 9.

Table 9. Weighted Normalized Decision Matrix

Criteria Aspect Max Max Max Max Max Min Min Max Max
Criteria/Countries X1 X2 X3 X4 X5 X6 X7 X8 X9
Brazil 0,010 0,010 0,011 0,010 0,008 0,020 0,009 0,010 0,014
Russia 0,010 0,010 0,017 0,018 0,014 0,008 0,007 0,014 0,018
India 0,010 0,008 0,009 0,005 0,042 0,009 0,012 0,008 0,003
China 0,011 0,009 0,011 0,011 0,041 0,007 0,005 0,010 0,015
South Africa 0,009 0,009 0,014 0,008 0,005 0,044 0,011 0,009 0,010
Mexico 0,010 0,010 0,012 0,012 0,013 0,005 0,012 0,009 0,015
Indonesia 0,010 0,009 0,011 0,008 0,032 0,007 0,008 0,009 0,006
Nigeria 0,007 0,007 0,009 0,004 0,012 0,013 0,029 0,009 0,003
Turkey 0,011 0,011 0,011 0,018 0,017 0,018 0,039 0,009 0,015

On the next step, the sums of the benefit direction and cost
direction criteria's weighted normalized values are
calculated. In order to reach the sum of the weighted
normalized values of seven benefit direction criteria the
Equation (11) and to reach the sum of the weighted
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normalized values of two cost direction criteria the
Equation (12) are utilized. The sums of both the benefit
direction and the cost direction weighted normalized values
are shown on the Table 10.
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Table 10. Sum of the Weighted Normalized Indexes

Countries S, S,
Brazil 0,07347 0,02887
Russia 0,10023 0,01475
India 0,08469 0,02036
China 0,10807 0,01202

South Africa 0,06465 0,05452
Mexico 0,08123 0,01711

Indonesia 0,08483 0,01499
Nigeria 0,05028 0,04233
Turkey 0,09080 0,05679

The last stage of the COPRAS method is the calculation of
the relative importance levels and the performance indexes.
Primarily, using the sum of the weighted normalized
indexes, by the help of the Equation (13) the relative
importance levels are calculated. Later on, the relative
importance levels are used and by the help of the Equation

(14) the performance indexes are calculated. Finally, the
countries are sorted in order according to the performance
indexes achieved. The achieved relative importance levels,
performance indexes and the order of the countries are
given on the Table 11.

Table 11. Relative Importance Levels (Q,) Performance Indexes (P)and Order of the Alternatives

Countries 0, P, Rank
Brazil 0,09509 59,44414 7
Russia 0,14252 89,09728 2
India 0,11534 72,10275 5
China 0,15997 100 1

South Africa 0,07610 47,57046 8
Mexico 0,11771 73,58328 4

Indonesia 0,12647 79,06127 3
Nigeria 0,06502 40,64791 9
Turkey 0,10179 63,62961 6

As the result of the assessment conducted by using CRITIC
weighted COPRAS method, it is determined that the China
is the best country according to the human development and
macroeconomic performance. China is followed in order
by Russia, Indonesia and Mexico. The countries with the
worst performance are found out to be Brazil, South Africa
and Nigeria.

In the study the ranking is found according to the model
where all the criteria (four HDI indicators and five
macroeconomic performance indicators) are used. These
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rankings are named as the “Scenario 1”. In addition, the
CRITIC based COPRAS solutions are performed
according only to HDI indicators or only to macroeconomic
performance indicators. The rankings achieved according
to the HDI indicators are named as “Scenario 2” and the
rankings achieved according to the macroeconomic
performance indicators are named as “Scenario 3”. The
rankings achieved for all three scenarios are given on Table
12.
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Table 12. Rankings According to the Scenarios

Countries Scenario 1 Scenario 2 Scenario 3
Brazil 7 6 6
Russia 2 1 2
India 5 8 4
China 1 4 1

South Africa 8 5 8
Mexico 4 3 5

Indonesia 3 7 3
Nigeria 9 9 9
Turkey 6 2 7

In the “World Bank” and “United Nations Human
Development Report” from which the research data are
gathered, there are rankings of all countries according to
different indicators. These lists are composed for about 200
countries (some countries have 2018 data). In order to
compare the rankings achieved within the three scenarios as
the result of the study with the real lists, the rankings of the
countries according to the HDI and macroeconomic
indicators are given on the Table 13. As the HDI list is

calculated with four indicators, the separate rankings for
each indicator are not shown. As there is no index using the
indicators of the macroeconomic performance, the
rankings of these indicators are given separately. Also
instead of the places of these countries among the 200
countries, the nine countries are sorted among themselves
via considering their places at that list. For example, Russia
being 49th according to HDI is at the first place and Turkey
being 59th is at the second place.

Table 13. Lists According to the Real Data

Countries HDI Growth Rate | Unemployment Rate | Inflation Rate Foreign Trade GDP Per
Rank Rank Rank Rank Balance Rank Capita Rate
Brazil 4 8 8 4 2 5
Russia 1 4 2 1
India 8 1 5 6 9 9
China 5 2 2 1 3 2
South
Africa 7 9 9 5 4 6
Mexico 3 6 1 6 7 3
Indonesia 6 3 3 3 5 7
Nigeria 9 7 6 8 8 8
Turkey 2 4 7 9 6 4

The relations between the rankings achieved from the three
scenarios in this study and the real lists of the indicators are
examined with the spearman rank correlation. Spearman
rank correlation is used frequently in the literature to
examine the relations between the different rankings

achieved with the MCDM methods (Peng, 2015; Kou etal.,
2012). On Table 14, the spearman rank correlation values
between the rankings achieved for the three scenarios by
using CRITIC and COPRAS method and the real rankings
ofthe used indicators are given.

Table 14: Spearman's Rank Correlation Values between Rankings

Scenarios HDI Rank Growth Rate Unemployment Rate Inflation Foreign Trade GDP Per
Rank Rank Rate Rank Balance Rate Capita Rate
Scenario 1 0,483 0,667* 0,783* 0,695* 0,367 0,600
Scenario 2 0,917* -0,017 -0,200 -0,209 -0,533 0,900*
Scenario 3 0,367 0,683* 0,700* 0,778* 0,400 0,483
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The rankings of the Scenario 1 where all the criteria resides
and the Scenario 3 where the macroeconomic performance
indicators reside have significant relation with the rankings
of growth rate, unemployment rate and inflation rate. Also,
there is a significant relation between the ranking of the
Scenario 2 where the HDI indicators reside and the real HDI
ranking and GDP per capitaranking.

Conclusion

For long years, the countries are assessed in many aspects in
order to follow their own development levels and also to
indicate the differences between them and other countries.
In order to conduct these assessments, the indexes used
frequently and containing different indicators compared to
each other are started to be used by many economic and
social institutions (World Bank, OECD, United Nations
etc.) in the recent years. Of course, the indicators within
these indexes vary according to the goals of the related
institution. Besides, in many academic studies, different
indicators are used to assess the countries. Many of the
assessments used similar indicator combinations. The
difference of this study from the other studies is to assess
the human development and macroeconomic performance
indicators jointly and severally. While conducting this
assessment, the CRITIC method that is an objective
weighting method is used. In this way, the problems that
may arise due to subjective judgments (human factor) are
tried to be avoided by using an objective weighting method.

In the first stage of the study, the criteria weights are
determined by the CRITIC method. According to the
criteria weights of the scenario 1 where all indicators are
included, the most important criterion is found out to be the
“economic growth”. This criterion is followed by the
inflation and unemployment rate criteria. Thus, in the
assessment where all the criteria are included, the most
important criteria consist of macroeconomic performance
indicators. According to the assessment made only with the
macroeconomic performance indicators (scenario 3), the
criteria weight follow the same ranking. In the assessment
made by only the HDI indictors, the most important
criterion is found out to be the “Mean Years of Schooling”
and this criterion is followed by the “life expectancy at
birth” and “GNI per capita” criteria.
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In the second stage of the study, the assessment of the
countries is realized with the COPRAS method. The
weights achieved in the CRITIC method are used and the
country rankings for three scenarios are assessed. For the
scenario 1 consisting of both HDI and macroeconomic
performance indicators and the scenario 3 consisting of
only the macroeconomic performance indicators, the most
successful countries are, in order, China, Russia and
Indonesia. According to the scenario 2 consisting of only
HDI indicators, the most successful countries are, in order,
Russia, Turkey and Mexico. When the results are
examined, as can be understood from the weights achieved
by the CRITIC method, macroeconomic performance
indicators play an import role for the rankings of the
countries. Therefore, in the assessments made according to
the scenario 1 consisting of both HDI and macroeconomic
performance indicators and the scenario 3 consisting of
only the macroeconomic performance indicators, the
countries had similar rankings. In addition, as can be
understood according to the rankings of the countries
according to the real data on Table 12, the ranking revealed
according to the macroeconomic performance indicators
and the real HDI rankings do not show similarities. For
example, while India is at the first place according to the
growth ratio, it is at 8th rank according to the HDI.

The relation between the country rankings acquired as the
result of the study and the country rankings revealed
according to the real data is also important to provide an
idea about the reliability of the study results. For this
purpose, in order to test the relation between rankings
achieved for each scenario in the result of the study and the
real rankings of the countries, the Spearman's rank
correlations are observed. The relations between the
rankings achieved for the scenario 1 and scenario 3 and the
real data rankings show similarities. The rankings achieved
for both scenarios are in significant relations with the
rankings of growth rate, unemployment ratio and the
inflation rate. The rankings achieved for the scenario 2
where only HDI indicators are used are in significant
relations with the real HDI ranking and the GDP per capita
ranking. The real HDI ranking to be in a significant relation
with the ranking of the scenario 2 is an expected condition,
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whereas the GDP per capita ranking being in a significant
relationship with the scenario 2 is in quality to prove the
effect of the economic well-being of the people on the
human development.

When the study results are examined, the countries should
try to improve their critical indicators to show a better
performance and climb the rankings. Especially, the
countries can take measures to improve the macroeconomic
performance indicators (economic growth, unemployment
ratio, inflation rate) that come forth as the most important
criteria as the result of the CRITIC method. In fact,
providing the economic growth rate that is the most
important one of the criteria, shall contribute directly to the
improvement of other indicators in the study. In order to
provide economic growth, especially the production sector
can be supported and additional employment can be
created, thus unemployment can be reduced and also as the
domestic production shall decrease the general level of the
prices, the related country can be relived off the inflation
pressure. Furthermore, as the growth of the economy shall
direct the countries to spend more on health and education,
the most fundamental indicators of the humandevelopment
level, the life expectancy at birth and the education
opportunities can be improved.

In the conducted study, a model based on CRITIC and
COPRAS that may assess the countries regarding the
macroeconomic performance and human development is
established. In future studies, this model can be utilized in
assessment of different countries. The methods used in this
study are objective methods that do not require expert
opinions. In the future studies, the MCDM methods where
expert opinions are used can be utilized and the countries
can be assessed according to the same criteria. Also again in
the future studies, different criteria combinations from the
criteria used in this study can be adopted and different
results can be achieved.
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