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Abstract: The purpose of this study is to identify the most significant issues to handle brain drains
to provide sustainability in emerging economies. In this framework, a new model has been created
that consists of two different stages for this situation. Firstly, necessary criteria are identified based
on the key items of the balanced scorecard approach. These factors are weighted by using a bipolar
q-rung orthopair fuzzy multi stepwise weight assessment ratio analysis (BOFQ M-SWARA) approach
with golden ratio. Next, seven emerging economies are ranked with respect to their performance
in decreasing brain drains by BOFQ, the elimination and choice of translating reality (ELECTRE)
with the golden ratio. An evaluation is also carried out with intuitionistic fuzzy sets (IFSs) and
Pythagorean fuzzy sets (PFSs) to test the validity of the findings. The results are similar for all
different fuzzy sets, which indicates that the findings are quite coherent and reliable. The most
important factor in reducing brain drain has been identified as technical competency. It would be
appropriate for countries to provide tax exemptions for research and development studies. This
situation can easily attract the attention of companies, as it will contribute to the reduction of costs.
Thus, it will be easier to provide technological innovations in the country in the future. Thanks to
technological development, it is possible to increase the productivity of enterprises in the country.
In this way, the brain drain problem can be minimized as qualified personnel stay in the country.
With the high number of qualified people in the country, it will be possible to produce eco-innovative
products and develop clean energy technology. Due to this issue, sustainability can be provided in
the economic development of emerging economies.

Keywords: sustainability; economic development; brain drain; emerging economies

1. Introduction

Sustainability means that a natural balance should be taken into consideration while
meeting needs. In other words, it advocates that the environment should not be harmed in
the relevant process. This concept has also become very popular in the economic field [1].
Each country aims to develop its economy, but it has been observed that some steps taken
regarding economic growth can harm the environment. A significant amount of energy
is needed in the industrial production process, which positively affects economic growth.
However, with the supply of this energy from fossil fuels, significant carbon emissions
occur. In summary, while the economy is growing, it starts to harm the environment [2]. It
is not possible for this situation to be permanent in the long run. There are some actions
that countries should take to achieve this goal [3]. First, energy must be used efficiently. By
using less electricity in the production process, the negative impact on the environment
will be reduced [4]. Secondly, the use of clean energy has a very important role in reducing
air pollution. This contributes to the sustainability of economic growth.
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To achieve sustainable economic development goals, it is essential for countries to
invest in certain aspects. In this context, technological developments are necessary to
achieve these goals. Thanks to the developing technology, the efficiency of the companies
can be increased. This both positively affects the profitability of companies and reduces
the amount of energy used [5]. Thus, the economic growth of countries will become more
sustainable. On the other hand, the country needs qualified personnel to achieve this goal.
Issues such as clean energy use and energy efficiency are projects that involve complex
engineering processes. Therefore, it is necessary to have qualified personnel to carry out
these processes effectively [6].

Companies also play an important role in ensuring sustainability. Complying with the
sustainability criteria of companies in a country is important for the country to achieve its
sustainable economic development goals. This situation also provides some advantages to
companies. First, companies that pay attention to environmental issues in their activities
will have a positive image in the market [7]. In this way, related companies will be more
preferred by both consumers and investors. The fact that consumers prefer a company’s
products more will contribute to the competitiveness of this company. Thus, it will be
possible to increase the profitability of the company in the long run. Moreover, as investors
prefer a company more, it will be much easier for the company to reach the financial
resources it needs. This will contribute to the effective management of costs and the cash
balance. In this context, companies need to take some actions in order to achieve their
sustainability goals. First, companies should prioritize the use of clean energy [8]. Due
to the absence of carbon emissions from energy consumption, businesses will not harm
the environment with their activities. Furthermore, energy efficiency is another important
issue in this process. Less energy consumption also helps minimize the damage to the
environment. These mentioned issues significantly support the sustainability of companies.

On the other hand, companies need qualified personnel to be sustainable. In order
for clean energy projects to be used for a long time, enterprises must employ qualified
personnel. These projects involve complex engineering processes, and the negative experi-
ences to be had in the process reduce the performance of these investments. Therefore, it is
important to solve these problems quickly [9]. In this process, taking quick action to solve
problems is only possible with qualified personnel. Additionally, innovative investment
ideas are needed in order to achieve energy efficiency targets in a business. In this context,
companies with qualified personnel also have a very important competitive advantage
compared to their competitors. In summary, companies need to be able to employ qualified
personnel in order to be sustainable. On the other hand, having a sufficient amount of
qualified labor in the country is also of vital importance in this process [10]. Migration of
qualified personnel to other countries for a number of reasons is an important obstacle for
businesses and countries to achieve their sustainability goals.

Brain drains also pose an obstacle for countries to achieve their sustainable economic
development goals. In its most basic form, “brain drain” refers to the movement of skilled
labor from one country to another. It is possible to talk about some negative effects of this
situation on the country. Countries that suffer brain drain are more backward than others
in every sense [11]. In addition, it is very difficult for countries experiencing brain drain to
innovate in technology. Contrary to this situation, these countries must buy technological
innovations from other countries by paying money. This situation causes the economies
of countries to become fragile. In summary, for economic development to be sustainable,
countries should be able to minimize the brain drain problem.

There are some measures that countries can take to combat the brain drain problem.
First, it is necessary to improve the economic conditions in the countries. The low unem-
ployment rate in a country increases the likelihood of people finding a job in that country.
This helps to reduce the brain drain. High inflation reduces the country’s purchasing
power while also increasing market uncertainty [12]. This situation creates the problem that
qualified personnel prefer to live abroad. The lack of development in technology is another



Sustainability 2022, 14, 16244 3 of 24

issue that increases the brain drain. Therefore, to attract the attention of qualified personnel,
they need to give importance to the research and development work of the country.

Political issues are also important for the solution of the brain drain problem. Ensuring
local political conditions for skilled workers is a necessary aspect of solving this problem.
Necessary measures should also be taken against problems such as weak legal order and
job insecurity. Moreover, it is essential for the country to be successful in the field of social
policies to minimize the brain drain [13]. In this framework, it is necessary to provide
effective social conditions for talented employees. On the other hand, factors related to the
security of the country also have an impact on the brain drain. People may prefer to live in
other countries if they do not feel safe.

Brain drain is a problem that must be prevented for economic development to be
sustainable. Otherwise, countries will have a lower level of development compared to
others. However, there are many different factors that affect the brain drain problem. In this
context, it is not very reasonable for countries to take action on all issues [14]. Given that
all of the proposed measures will incur new costs, many improvements for all factors may
have a negative impact on the countries’ budget balance. Therefore, it is vital to determine
the priority of these measures to ensure efficiency in this process [15].

The goal of this study is to identify the most important factors for dealing with
brain drains and ensuring sustainability in emerging economies. A novel model has been
constructed that includes two different stages. First, necessary criteria are identified based
on the main perspectives of the balanced scorecard approach. These factors are evaluated
by using BOFQ M-SWARA with the golden ratio. Next, seven emerging economies are
ranked with respect to the performance of decreasing brain drains by BOFQ ELECTRE
with the golden ratio. To test the validity of the findings, IFSs and PFSs are also evaluated.

The main contributions of the paper are as follows:

(i) Priority strategies can be generated for the countries to minimize brain drain problems
so that governments can take action without having too much of a budget deficit.
Qualified manpower is a crucial element for sustainable economic development.
Therefore, this situation helps both businesses and the country achieve their sustain-
ability goals. In the literature, there are several studies that focus on the importance
of the brain drain problems. However, there are limited studies that identify the most
significant factors to manage this problem. Hence, this study can have a positive
contribution to satisfy this missing point.

(ii) A causal relationship between the key determinants of brain drains can be identified.
Many studies in the literature have emphasized the importance of qualified manpower
in achieving the sustainability goals of a country or company. On the other hand,
there are a limited number of studies that establish a causal relationship between
the criteria for keeping qualified manpower in the country. There may be a causal
relationship between the factors affecting this process, such as economic development,
security in the country and low bureaucracy. Analyzing this relationship also helps
to develop more accurate strategies. In this context, it is thought that the causality
analysis increased the originality of this study compared to the others.

(iii) Appropriate policies can be defined that contribute to sustainability in economic
development. In a significant part of the studies in the literature, it is seen that the
factors affecting the sustainability issue are examined in general. However, analyses
of specific issues will help develop clearer recommendations in this process. In this
study, the focus is on qualified manpower, which is very effective for sustainability.
Thanks to the policies that will be developed based on the results of the analysis,
clearer strategies will be offered for both businesses and governments to achieve their
sustainability goals.

(iv) A new model has been created by integrating BOFQ, SWARA, ELECTRE and the
golden ratio. In summary, it is believed that this study has both theoretical and
methodological contributions to the literature. The proposed decision-making model
also has some superiorities in comparison with the previously generated ones. In
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this study, the classical SWARA technique is improved, and a new methodology
(M-SWARA) is created. This new technique provides an opportunity to understand
the causal relationship between the items. However, the studies that considered
classical SWARA or analytical hierarchy process techniques could not identify the
causal relationship between the factors. The reasons for brain drains can have an
impact on each other. For example, the economic problems in the country can also
prevent the development of technology. Similarly, because of political problems in the
country, expectations in the market may change negatively. Therefore, a technique
that can measure the causal relationship between the variables should be preferred
in the priority analysis to be made. In this context, the M-SWARA method is an
appropriate method for this issue.

In addition to this situation, calculating the degrees in the analysis process appropri-
ately is another key issue. This condition plays a key role in handling uncertainty in this
process. By using the golden cut, it is aimed to both increase the originality of the model
and minimize uncertainty in the evaluation. Additionally, due to the use of bipolar fuzzy
sets, both positive and negative membership functions are used. This situation provides
an opportunity to work with a more detailed information set. Because of this issue, we
have integrated BOFQ, M-SWARA, ELECTRE and the golden ratio to create a novel model
so that appropriate and effective strategies can be generated to overcome the brain drain
problems with the aim of achieving sustainability. Finally, the comparative analysis, while
also considering IFSs and PFSs, helps to check the coherency, reliability and validity of
the findings.

The literature examination is detailed in the following section. The techniques con-
sidered in the analysis are explained in the next section. The fourth part includes the
results. The final sections give information about the discussions, policy recommendations
and conclusions.

2. Literature Review

The literature is reviewed first in this section to understand the main ways to increase
sustainability in businesses. Secondly, studies that have focused on brain drain problems
are examined. Finally, significant points of the literature review are underlined.

2.1. Literature Review for Sustainability

Sustainability is a very important concept for businesses. Reducing the damage
they cause to the environment in their activities will provide a very serious advantage
to these institutions. For example, if a business continues to operate without harming
the environment, it will increase its reputation in the eyes of investors [16,17]. This will
contribute to the fact that businesses are preferred by both consumers and investors. As a
result of consumers preferring the products of this company more, the sales revenues of the
company will increase significantly. This will help increase the profitability of the business.
Similarly, as a business is preferred more by investors, it will be possible for the business to
reach the financial resources it needs more easily [18]. Therefore, many different studies
have been carried out in the literature on how to increase sustainability in businesses.

One of the most important ways to increase sustainability in businesses is to increase
the use of clean energy. Energy is one of the most important raw materials in the industrial
production of enterprises [19]. Therefore, if fossil fuels are preferred in this process, busi-
nesses cause significant damage to the environment through their activities [20]. In this case,
due to the preference for renewable energy sources, no carbon gas will be released into the
atmosphere [21]. By minimizing air pollution, it will be much more possible for businesses
to ensure sustainability in their activities [22]. Mukoro et al. [23] aimed to identify ways
to increase sustainability for African companies. They underlined that companies should
mainly focus on clean energy investments to reach this objective. Similarly, Madaleno
et al. [24] also identified that companies should make significant investments in clean
energy technologies so that they can become more sustainable.
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Energy efficiency is another critical factor for businesses to be sustainable. Businesses
use a significant amount of energy in their operations [25]. Today, a very important part
of this energy need is produced from fossil fuels [26]. Therefore, industrial production
leads to more energy consumption which leads to an increase in the carbon emission prob-
lem [27]. In this process, the decrease in the amount of energy consumed also contributes
to the minimization of the damage the enterprises cause to the environment through their
activities [28]. Thus, businesses can reach their sustainability goals more easily. Soleimani
et al. [29] examined the main determinants of sustainability for companies. They defined
energy efficiency as playing a crucial role in achieving this purpose. Additionally, Moerk-
erken et al. [30] evaluated the indicators of sustainability for the Dutch dairy sector. They
reached a conclusion that companies should provide energy efficiency so that environ-
mental damage in the production process can be decreased. This situation has a powerful
impact on the sustainability of these companies.

Qualified personnel also play a very important role in ensuring the sustainability of
businesses. Most of the actions to be taken for businesses to reach their sustainability goals
include comprehensive processes [31]. For example, employees with high engineering
knowledge are needed for the implementation of clean energy projects [32]. On the other
hand, innovative ideas are needed to ensure energy efficiency in a business [33]. This
situation can only be made possible with the employment of qualified personnel in enter-
prises. Thanks to the investment ideas developed by these personnel, the same amount
of work can be carried out by consuming less energy [34]. Thus, businesses will be able
to reach their sustainability goals much more easily. Kayack et al. [35] generated a new
decision-making model to identify important points for the companies to be included in
the sustainability index. They concluded that having qualified personnel is a critical factor
in this situation. Furthermore, Kafka et al. [36] also aimed to define the critical issues to
increase sustainability for the companies. They stated that the companies should give
priority to employing qualified employees so that they can achieve their sustainability
goals more effectively.

2.2. Literature Review for Brain Drains

There is a wide range of literature regarding brain drains. Some scholars focus on
the main indicators of this problem. Based on different studies, economic problems play a
key role in this framework. Unemployment problems can have an impact on brain drains.
In the absence of job opportunities in the country, people may prefer to work in other
countries. Thissen et al. [37], Stukalina et al. [38] and Yousuf et al. [39] also discussed that
the unemployment problem should be solved to manage the brain drain problem. High
salary opportunities are also one of the factors to be considered in preventing people from
going to other countries in many studies [40–42]. Nghia [43], Foo [44] and Asenikova
et al. [45] carried out an evaluation regarding the brain drain problem. They concluded
that high salaries should be provided for qualified employees to overcome this problem.
Labrianidis and Sykas [46], Méndez [47] and Aytaç and Aydın [48] identified that in case of
economic recession in countries, there is a risk that the brain drain problem will increase in
a significant manner.

Political negativity is also a factor in the rise of the brain drain problem. As a result
of the political problems in the country, the anxiety of the citizens increases. In this case,
people will prefer to migrate to other countries. Roudgar and Richards [49], Torbat [50] and
Nghiêm-Phú and Nguyễn [51] also identified that political instability in countries is one of
the main causes of the brain drain problem. Moreover, Raggl [52], Ghulam et al. [53] and
Olga Orosová and Kulanová [54] focused on the brain drain problem. It is found that due
to the high level of bureaucracy in government institutions, there are disruptions in the
processes. This will reduce people’s happiness, and those who have the opportunity will
prefer to live abroad. Problems in the health sector also lead to an increase in the problem
of brain drain. In countries where there are not enough hospitals or doctors, people cannot
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receive effective health services [55–57]. This issue also plays an important role in the rise
of the brain drain problem [58–60].

Social problems in the country also cause the problem of brain drain. In this process,
cultural factors are also very important. If there are differences between people’s lifestyles
and the cultural structure of the country, people’s dissatisfaction increases [61,62]. These
people also prefer to immigrate to other countries [63,64]. Labrianidis and Sykas [46] and
Ma et al. [65] focused on the brain drain problems in different countries. It is determined
that one of the most important causes of the brain drain problem is culture clash. The
existence of racism in a country is another problem that makes people nervous. As a result
of racism, some people in the country cannot find a job comfortably [66,67]. On the other
hand, these people have significant problems in their relations with other segments of
society [68,69]. This situation forces people to leave the country, thus causing brain drain.
Gérard and Sanna [70] and Li and Sun [71] also carried out an evaluation to overcome the
brain drain problem. It has been underlined that to combat this problem, the problem of
racism must be solved first.

2.3. Literature Review Results

The literature examination indicates that it is a very crucial issue to understand the
ways to increase sustainability in businesses. This situation has a positive influence on
the image of the company, making it more appealing to customers and investors. Hence,
the company can both find financial resources much more easily and increase the sales
volume. It is also seen that the brain drain problem is quite significant. Because of this
issue, most countries aim to take actions to overcome this situation for the purpose of
sustainable economic development. Most of the scholars have focused on the main reasons
for the brain drain problem. However, the main problem is that it is not very reasonable
for countries to take action on all issues. Each action to handle this problem leads to an
increase in costs. Many improvements for all factors may have a negative impact on the
countries’ budget balance. Due to this situation, it is a crucial issue that the priority of
these measures be identified to ensure efficiency in this process. As a result, the goal of
this study is to define the most important issues in dealing with brain drains in order to
provide sustainability in emerging economies using an original model. Thus, it is believed
that this study has both theoretical and methodological contributions to the literature.

3. Methodology

Sustainability is a very important phenomenon for companies. This situation con-
tributes to a positive increase in the image of the companies. Companies that take action
on sustainability are preferred by both investors and consumers. Thus, it will be possible
for companies to find financing sources more easily. Moreover, as consumers prefer more,
it will be easier for companies to increase their sales volumes. Thus, the profitability of the
companies will be increased more effectively. For companies to achieve their sustainability
goals, they need to take some actions. The use of clean energy and ensuring energy effi-
ciency in the production process are suitable examples for this situation. Companies need
qualified personnel to achieve these goals. Actions to be taken for sustainability involve
very complex processes. Therefore, businesses need to employ qualified personnel to
achieve this goal. As a result of a brain drain in a country, there is a risk that the competent
workforce will migrate abroad. In summary, the brain drain problem is an important
obstacle for both companies and the country to achieve their sustainability goals. Thus, it is
significant to understand the most efficient solution for the countries that minimize brain
drain. In the literature, there is a substantial amount written about the ways to increase
sustainability in companies and the significance of the brain drain problem. However, there
have been few studies that have focused on ways to reduce brain drains in order to increase
sustainability. Accordingly, this study aims to identify key strategies to overcome brain
drain problems so that sustainability can be provided. In this circumstance, a new model
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has been created by considering different methods. In this section of the study, the details
of these methods are explained.

3.1. BOFQ with Golden Cut

The problems have become quite complex with the emergence of so many influencing
criteria. Therefore, it has become difficult to solve these problems with decision-making
techniques. In this process, new applications are needed to reach an effective solution. New
fuzzy numbers have been developed within the scope of these applications. Intuitionistic
fuzzy set (I) was introduced by Atanassov [72]. The main difference between these sets by
comparing with classical fuzzy sets is that the degree of non-membership is identified in
addition to the degree of membership. The details are demonstrated in Equations (1) and (2)
where (µI , nI) refer to the membership and non-membership degrees.

I = {〈ϑ, µI(ϑ), nI(ϑ)〉/ϑεU} (1)

0 ≤ µI(ϑ) + nI(ϑ) ≤ 1 (2)

Another improvement in this process in the Pythagorean fuzzy sets (P) introduced
by Yager [73]. In this framework, a wider area can be covered in the analysis process.
Equations (3) and (4) explain the details of these sets.

P = {〈ϑ, µP(ϑ), nP(ϑ)〉/ϑεU} (3)

0 ≤ (µP(ϑ))
2 + (nP(ϑ))

2 ≤ 1 (4)

Furthermore, q-ROFSs were also created by Yager [74] while integrating I and P. There
are two different q levels in these sets. In the first level, “I” is taken into consideration
whereas “P” is demonstrated in the second level. In these sets, it is aimed to consider larger
space so that a better evaluation can be conducted. Equations (5) and (6) indicate the details
of these sets.

Q =
{〈

ϑ, µQ(ϑ), nQ(ϑ)
〉
/ϑεU

}
(5)

0 ≤
(
µQ(ϑ)

)q
+
(
nQ(ϑ)

)q ≤ 1 , q ≥ 1 (6)

Additionally, to manage uncertainty in this process, bipolar fuzzy sets (BOF) were
also introduced by Zhang [75]. In these sets, there are both positive and negative poles that
represent desirable and undesirable conditions. These sets are explained in Equation (7)
where µB

+ shows satisfaction degree and µB
− demonstrates the satisfaction of the same

element to some implicit counter property. Additionally, B represents bipolar fuzzy sets.

B =
{〈

ϑ, µB
+(ϑ), µB

−(ϑ)
〉
/ϑεU

}
(7)

The integration of BOF with I, P and q-ROFSs is indicated in Equations (8)–(13).

BI =
{〈

ϑ, µBI
+(ϑ), nBI

+(ϑ), µBI
−(ϑ), nBI

−(ϑ)
〉
/ϑεU

}
(8)

BP =
{〈

ϑ, µBP
+(ϑ), nBP

+(ϑ), µBP
−(ϑ), nBP

−(ϑ)
〉
/ϑεU

}
(9)

BQ =
{
〈ϑ, µBQ

+(ϑ), nBQ
+(ϑ), µBQ

−(ϑ), nBQ
−(ϑ)〉/ϑεU

}
(10)

0 ≤
(

µBI
+(ϑ)

)
+
(

nBI
+(ϑ)

)
≤ 1,−1 ≤

(
µBI
−(ϑ)

)
+
(

nBI
−(ϑ)

)
≤ 0 (11)

0 ≤
(

µBP
+(ϑ)

)2
+
(

nBP
+(ϑ)

)2 ≤ 1, 0 ≤
(

µBP
−(ϑ)

)2
+
(

nBP
−(ϑ)

)2 ≤ 1 (12)

0 ≤
(

µBQ
+(ϑ)

)q
+
(

nBQ
+(ϑ)

)q
≤ 1,−1 ≤

(
µBQ

−(ϑ)
)q

+
(

nBQ
−(ϑ)

)q
≤ 0 (13)
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In this context, µBI
+, µBP

+, µBQ
+, nBI

+, nBP
+, nBQ

+ : U → [0, 1] and define the posi-
tive member and non-membership degrees. Also, µBI

−, µBP
−, µBQ

−, nBI
−, nBP

−, nBQ
− :

U → [−1, 0] are the negative member and non-membership degrees.
Operations of these sets are identified in Equations (14)–(17).
BQ1 =

{〈
ϑ, µBQ1

+(ϑ), nBQ1
+(ϑ), µBQ1

−(ϑ), nBQ1
−(ϑ)

〉
/ϑεU

}
and

BQ2 =
{〈

ϑ, µBQ2
+(ϑ), nBQ2

+(ϑ), µBQ2
−(ϑ), nBQ2

−(ϑ)
〉

/ϑεU
}

BQ1 ⊕ BQ2 = (((µBQ1
+)q + (µBQ2

+)q − (µBQ1
+)q.(µBQ2

+)q)
1
q , (nBQ1

+. nBQ2
+),−(µBQ1

−. µBQ2
−),−((nBQ1

−)q

+ (nBQ2
−)q − (nBQ1

−)q.(nBQ2
−)q)

1
q )

(14)

BQ1 ⊗ BQ2 = ((µBQ1
+.µBQ2

+), ((nBQ1
+)q + (nBQ2

+)q − (nBQ1
+)q.(nBQ2

+)q)
1
q ,−((µBQ1

−)q + (µBQ2
−)q

−(µBQ1
−)q.(µBQ2

−)q)
1
q ,−(nBQ1

−. nBQ2
−))

(15)

λBQ1 =

((
1−

(
1−

(
µBQ1

+
)q )λ

)1/q
,
(

nBQ1
+
)λ

,−
(
−µBQ1

−
)λ

,−
(

1−
(

1−
(
−nBQ1

−
)q )λ

)1/q
)

, λ > 0 (16)

BQ1
λ =

((
µBQ1

+
)λ

,
(

1−
(

1−
(

nBQ1
+
)q )λ

)1/q
,−
(

1−
(

1−
(
−µBQ1

−
)q )λ

) 1
q
,−
(
−nBQ1

−
)λ
)

, λ > 0 (17)

Defuzzified values are given in Equations (18)–(20). Within this context, S(ϑ)BI , S(ϑ)BP ,
S(ϑ)BQ are the score functions of the bipolar IF, PF and q-ROF sets, respectively.

S(ϑ)BI =
((

µBI
+(ϑ)

)
−
(
nBI

+(ϑ)
))
−
((

µBI
−(ϑ)

)
−
(
nBI
−(ϑ)

))
(18)

S(ϑ)BP =
((

µBP
+(ϑ)

)2 −
(
nBP

+(ϑ)
)2
)
+
((

µBP
−(ϑ)

)2 −
(
nBP
−(ϑ)

)2
)

(19)

S(ϑ)BQ =
((

µBQ
+(ϑ)

)q
−
(

nBQ
+(ϑ)

)q)
−
((

µBQ
−(ϑ)

)q
−
(

nBQ
−(ϑ)

)q)
(20)

Computing degrees effectively is a critical issue in this process. In this study, it is calcu-
lated by golden ratio (G) to increase both appropriateness and originality. Equations (21)–(23)
give information about this ratio in which a and b show the large and small quantities [76,77].
Additionally, µGBQ

and nGBQ
refer to the degrees.

G =
a
b

(21)

G =
1 +
√

5
2

= 1.618 . . . (22)

G =
µGBQ

nGBQ

(23)

Equations (24)–(26) are used to generate bipolar q-ROFSs (BOFQ).

GBQ =
{
〈ϑ, µGBQ

+(ϑ), nGBQ

+(ϑ), µGBQ

−(ϑ), nGBQ

−(ϑ)〉/ϑεU
}

(24)

0 ≤
(

µGBQ

+(ϑ)
)q

+
(

nGBQ

+(ϑ)
)q
≤ 1,−1 ≤

(
µGBQ

−(ϑ)
)q

+
(

nGBQ

−(ϑ)
)q
≤ 0 (25)

0 ≤
(

µGBQ

+(ϑ)
)2q

+
(

nGBQ

+(ϑ)
)2q
≤ 1, 0 ≤

(
µGBQ

−(ϑ)
)2q

+
(

nGBQ

−(ϑ)
)2q
≤ 1 (26)
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3.2. M-SWARA Method with BOFQ

SWARA represents step wise weight assessment ratio analysis and Kersuliene et al. [78]
introduced this methodology to compute the significance weights of different items. Few
pairwise comparisons can be made in this technique that is accepted as a key advantage.
With the help of this issue, it can be possible to increase efficiency in this process. Moreover,
the expert team can also consider their priorities in the evaluation process. This situation
has a positive impact on the effectiveness of the analysis. In this study, some improvements
are made to this model and a new technique is created by the name of multi SWARA
(M-SWARA). Owing to these improvements, the causal relationship among the criteria can
be found. Opinions are collected from decision makers. Secondly, relation matrix (Q) is
created as in Equation (27).

Qk =



0 Q12 · · · · · · Q1n
Q21 0 · · · · · · Q2n

...
...

. . . · · · · · ·
...

...
...

. . .
...

Qn1 Qn2 · · · · · · 0

 (27)

Next, BOF sets are generated. Fourthly, sj, k j, qj and wj values are calculated by
Equations (28)–(30). In this context, k j identifies the coefficient value, qj shows the recalcu-
lated weight, sj demonstrates the comparative importance rate and wj explains the weights
of the factors.

k j =

{
1 j = 1

sj + 1 j > 1
(28)

qj =

{
1 j = 1

qj−1
kj

j > 1 (29)

I f sj−1 = sj, qj−1 = qj; I f sj = 0, k j−1 = k jwj =
qj

∑n
k=1 qk

(30)

Stable values are identified while transposing and limiting the matrix with the power
of 2t + 1. Finally, both causal relationship and weights are identified.

3.3. ELECTRE with BOFQ

ELECTRE is created by Benayoun et al. [79] with the aim of alternative ranking. Binary
superiority comparisons between alternative decision points are taken into consideration
in the analysis process so that concordance and discordance intervals can be computed.
In this study, ELECTRE is integrated with BOFQ. First, the opinions of the experts are
obtained. Secondly, a decision matrix is generated as in Equation (31).

Xk =



0 X12 · · · · · · X1m
X21 0 · · · · · · X2m

...
...

. . . · · · · · ·
...

...
...

. . .
...

Xn1 Xn2 · · · · · · 0

 (31)

BOFQ sets are generated and score values are calculated. Equation (32) is used for the
creation of the normalized matrix (rij) in the next step.

rij =
Xij√

∑m
i=1 X2

ij

. (32)
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Next, the weights (vij) of the values are calculated in Equation (33).

vij = wij × rij (33)

The concordance C and discordance D interval matrixes are created with
Equations (34)–(39). Also, cab and dab are the concordance and discordance interval sets.

C =



− c12 · · · · · · c1n
c21 − · · · · · · c2n
...

...
. . . · · · · · ·

...
...

...
. . .

...
cn1 cn2 · · · · · · −

 (34)

D =



− d12 · · · · · · d1n
d21 − · · · · · · d2n

...
...

. . . · · · · · ·
...

...
...

. . .
...

dn1 dn2 · · · · · · −

 (35)

cab =
{

j
∣∣∣vaj ≥ vbj

}
(36)

dab =
{

j
∣∣∣vaj < vbj

}
(37)

cab = ∑
j∈cab

wj (38)

dab =
maxj∈dab

∣∣∣vaj − vbj

∣∣∣
maxj

∣∣vmj − vnj
∣∣ (39)

Moreover, Equations (40)–(47) are taken into consideration to construct the concor-
dance E, discordance F and aggregated G index matrixes.

E =



− e12 · · · · · · e1n
e21 − · · · · · · e2n
...

...
. . . · · · · · ·

...
...

...
. . .

...
en1 en2 · · · · · · −

 (40)

F =



− f12 · · · · · · f1n
f21 − · · · · · · f2n
...

...
. . . · · · · · ·

...
...

...
. . .

...
fn1 fn2 · · · · · · −

 (41)

G =



− g12 · · · · · · g1n
g21 − · · · · · · g2n

...
...

. . . · · · · · ·
...

...
...

. . .
...

gn1 gn2 · · · · · · −

 (42)
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{
eab = 1 i f cab ≥ c
eab = 0 i f cab < c

(43)

c =
n

∑
a=1

n

∑
b

cab/n(n− 1) (44)

{
fab = 1 i f dab ≤ d
fab = 0 i f dab > d

(45)

d =
n

∑
a=1

n

∑
b

dab/n(n− 1) (46)

gab = eab × fab (47)

Finally, the net superior ca, inferior da, and overall oa values are identified as in
Equations (48)–(50) so that the alternatives can be ranked.

ca =
n

∑
b=1

cab −
n

∑
b=1

cba (48)

da =
n

∑
b=1

dab −
n

∑
b=1

dba (49)

oa = ca − da (50)

3.4. Research Methodology

This study aims to evaluate the ways to minimize brain drain with the aim of providing
sustainability in emerging economies. An original model is generated that consists of two
different stages. Firstly, necessary criteria are identified based on the key items of balanced
scorecard approach. Additionally, these factors are evaluated by using BOFQ M-SWARA
approach with the golden ratio. Secondly, seven emerging economies are ranked with
respect to the performance of decreasing brain drains by BOFQ ELECTRE with the golden
ratio. The steps of this model are explained in Figure 1.

Figure 1 gives information that this proposed model has two different stages. In the
first stage, the weights of the determinants are computed. In this framework, firstly, the
factors that can prevent brain drain problems are identified. Secondly, expert opinions are
provided. Thirdly, average values are computed. The score values are defined in the fourth
step. Step 5 includes the computation of sj, kj, qj and wj values. Sixthly, the relation matrix
is created. The stable matrix is constructed in Step 7. In the eighth step, the weights of the
determinants are calculated.

On the other side, the second stage of the proposed model is related to evaluating
emerging economies regarding brain drain prevention policies. Within this context, the
ninth step gives information about the collection of the expert opinions of the alternatives.
The tenth step focuses on the calculation of the average values. Step 11 includes the
calculation of the score values. Normalization procedures are implemented in the following
step. Step 13 is related to the construction of the weighted matrix. The next step explains
the generation of the interval matrixes. In Step 15, index matrixes are constructed. Step 16
includes ranking the economies.
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4. Analysis
4.1. Computing the Weights of the Determinants (Stage 1)

In Step 1, the factors that can prevent brain drain problems are identified. In this scope,
balanced scorecard technique is taken into consideration. This methodology focuses on both
financial and nonfinancial issues that are accepted as the key superiority. Balanced scorecard
approach considers mainly four different issues that are finance, customer, internal process
and learning and growth. Balanced scorecard-based determinants are given in Table 1.
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Table 1. Determinants.

Balanced Scorecard
Perspectives Proposed Criteria References

Finance Financial needs (FLD) Caniglia et al. (2021) [1]

Customer Market expectations (MKX) Wintzheimer et al. (2021) [2]

Internal process Self-development (SPM) Müller et al. (2021) [3]

Learning and growth Technical competency (TPC) Defraigne (2021) [14]

Financial issues help to minimize the brain drain problem. In this framework, finan-
cial incentives, economic growth and unemployment ratios are taken into consideration.
Secondly, market expectations play a key role in this circumstance. Positive expectations
in the market can attract the attention of a qualified workforce. As well, with respect to
self-development, opportunities on the job and off the job trainings are significant. Finally,
technical competency includes the use of updated systems and upgraded equipment for
the efficient outcomes of global markets.

In Step 2, opinions are taken into account. In this context, the scales are no (n),
some (s), normal (n), high (h) and very high (vh) for the criteria and poorest (w), bad (p),
normal (f), important (g) and perfect (b) for the economies. On the other side, positive
membership/non-membership (0.4, 0.45, 0.5, 0.55, 0.6/0.25, 0.28, 0.31, 0.34, 0.37) and
negative membership/non-membership (−0.6, −0.55, −0.5, −0.45, −0.4/−0.37, −0.34,
−0.31, −0.28, −0.25) are considered for these scales.

The expert team consists of three decision makers. These people have more than
26-year work experience. Two of them are professors that make significant research in the
area of social policies. The third expert works as a top manager in a department of the
government that aims to create effective social policies. Expert opinions for criteria are
provided in Table A1 (Appendix A).

Average values are computed regarding Step 3 and are detailed in Table A2. Addition-
ally, Step 4 includes the definition of the score values as in Table A3. Step 5 considers the
computation of sj, kj, qj and wj values. The results are indicated in Table A4. The relation
matrix is created in Step 6 and shown in Table A5. A stable matrix is constructed in Step 7
and the values are presented in Table A6. The causal degrees are demonstrated in Figure 2.
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It is found that there is a mutual relationship between financial needs and technical
competency. Similarly, financial needs also have influence on the market expectations.
Additionally, technical competency is also affected by self-development. In Step 8, the
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weights of the determinants are computed. In this framework, a comparative evaluation is
conducted by using bipolar I, P and q-ROFSs. The details are stated in Table 2.

Table 2. Weights.

BOF IFSs BOF PFSs BOFQs

FLD 3 3 3

MKX 2 2 2

SPM 4 4 4

TPC 1 1 1

Technical competency is found as the most critical factor for the purpose of mini-
mizing the brain drain problem. Market expectations also play a significant role in this
respect. Countries should give priority to technological competence to solve the brain drain
problem. Developing technology offers benefits to countries in many areas. Thanks to
technological developments, it will be possible to increase the efficiency of companies. This
will help companies to increase their profitability, as this will reduce costs. Technological
developments also enable the emergence of qualified job opportunities. This situation will
attract the attention of talented people and thus it may be possible to reduce the brain
drain problem.

4.2. Evaluating Emerging Economies Regarding Brain Drain Prevention Policies (Stage 2)

In the first stage, the most important items to minimize brain drain problems are
identified. In the second part of this proposed model, an application has been made for
emerging economies by considering these weighted criteria. For this purpose, seven emerg-
ing countries are examined: Russia (RSI), Brazil (BRI), India (INI), China (CIN), Turkey
(TKE), Indonesia (ION) and Mexico (MIO). As for Step 9, the opinions are demonstrated
in Table A7. Average values are computed in Step 10 and presented in Table A8. Step 11
includes the calculation of the score values that are presented in Table A9. Normalization
has been implemented in Step 12 and the calculated matrix is given in Table A10. Step 13 is
related to the construction of the weighted matrix as in Table A11. Interval matrixes are
generated in Step 14 and detailed in Table A12. In Step 15, index matrixes are constructed.
The results are given in Table A13. Step 16 includes ranking the economies with BOFQ. The
results are presented in Table A14. The comparative results are demonstrated in Table 3.

Table 3. Ranking results for the economies.

Economies BOFQ M-SWARA-
ELECTRE

BOF PF M-SWARA-
ELECTRE

BOF IF M-SWARA-
ELECTRE

RSI 6 7 5

BRI 7 6 7

INI 2 2 2

CIN 1 1 1

TKE 4 4 4

ION 5 5 6

MIO 3 3 3

The ranking results are similar for all the different fuzzy sets. This situation indicates
that the findings are quite coherent and reliable. China and India are found as the most
successful countries to handle the brain drain problem. On the other hand, Russia and
Brazil rank last.
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5. Discussions

Countries need to pay great attention to sustainability while developing their economies.
This situation has become more important, especially with problems such as global warm-
ing. As a result of carbon emissions, the environment is seriously damaged. If necessary
measures are not taken to address this problem, the world will become unlivable. In this
context, both countries and businesses must implement sustainability measures. Countries
should try to prevent practices that harm the environment with legal regulations. On the
other hand, as a result of providing incentives for the use of clean energy, it will be possible
to minimize carbon emissions in the industrial production process.

To achieve this goal, it is important for companies to take some precautions. The most
basic reason for this is that it is not possible to reach the sustainability goals with the actions
taken by the states alone. This will also increase the image of the companies in the eyes of
both customers and investors. Thus, companies will be able to increase their sales revenues
and access the financial resources they need more quickly. Thus, companies will be able to
gain a significant competitive advantage compared to their competitors. This will allow
businesses to increase their profitability in the long term.

It is possible to discuss different actions that companies can take regarding sustain-
ability. First, it would be appropriate for companies to prefer clean energy sources instead
of fossil fuels in their energy consumption. This will help to significantly reduce the carbon
emission problem. Moreover, it will be possible to reduce the amount of energy used
in the production process by ensuring energy efficiency within the company. This will
significantly reduce the damage caused by companies to the environment during their
activities. Companies need qualified personnel to achieve these goals. To adapt clean
energy technologies for the company, engineers who have knowledge of comprehensive
processes should be employed. Similarly, there is a need for well-equipped personnel who
will develop investment projects for innovative technologies in order for companies to
increase their energy efficiency.

Brain drain has become very important for countries. Every country wants its economy
to develop. In addition, it takes some actions to ensure that this economic progress is
sustainable. On the other hand, brain drains create an obstacle to achieve sustainability
goals. Due to the brain drain, countries are losing their qualified people. This situation also
leads to a decrease in the skilled manpower required for the development of countries. In a
country where the number of qualified people is decreasing, it will be very difficult to take
innovative steps. Therefore, it is difficult to ensure sustainability in the development of
the economy.

In this context, it is necessary to reduce the brain drain problem to ensure sustainability
in the economic progress of countries. In this process, it is important for states to take some
actions and contribute to the solution of this problem. There are many different factors
that affect brain drain. On the other hand, it is not very reasonable financially to make
improvements in every area. A new model has been developed in this study to present
effective strategies for the solution of this problem. According to the results of the analysis
obtained, it is seen that technological developments play a very important role in the fight
against the brain drain problem. Therefore, it is very important for the countries to develop
their technologies first in terms of the efficiency of the actions to be taken.

Technological development is effective on many factors that are of key importance
for the country’s economy. Thanks to technological development, it is possible to increase
the productivity of enterprises in the country. In this way, companies operating in the
country will be able to compete with other international companies. This will contribute
to the selection of talented personnel from these companies. In this way, it will be easier
to minimize the brain drain problem as qualified personnel stay in the country. Segal [80]
evaluated the main reasons for the brain drain in Africa. They determined that inadequate
technological infrastructure is one of the most important indicators of brain drain. Shahe-
brahimi et al. [81] focused on this problem in Iran. They reached a conclusion that research
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and development works should be increased so that it can be much easier to overcome the
brain drain problem.

As a result of technological developments, the need for qualified personnel in com-
panies will increase significantly. In other words, companies will need more qualified
personnel to increase their competitiveness. As a result, companies will prioritize the re-
cruitment of talented personnel. In this case, companies will offer high salaries to attract the
attention of these personnel. Thus, skilled personnel in the country may be prevented from
going abroad. Ajeeb [82], Enkhtaivan et al. [83] and Asso [13] carried out an examination
about the drivers of brain drains for different countries. They underlined that high salaries
should be provided to attract the attention of qualified personnel.

This situation is in parallel with the sustainable development goals. Providing quality
education is a very important consideration in achieving these goals. In this context,
regardless of gender, all individuals living in the country should have equal access to
education. Minimizing the problems that cause brain drain in the country also contributes
to achieving this goal. In a country where equal educational opportunities are offered
to citizens, skilled labor will not migrate. In this way, it will be easier for the country to
achieve its sustainability goals. Accessible and clean energy is one of the most important
sustainable development goals. This purpose basically emphasizes the access of citizens
living in the country to sustainable and modern energy. On the other hand, clean energy
projects both involve complex processes and require the use of up-to-date technology. A
qualified workforce is needed to address these issues successfully. In other words, it is
important for countries to take actions that can minimize the brain drain problem to reach
sustainable development goals.

In the literature, a new technique was also generated with the name of triple bottom
line for the concept of sustainability. This concept considers people, planet and profitability
to provide sustainability. Issues such as the income that the sector adds to the gross national
product and the growth of business areas are considered under the name of profit. Environ-
mental considerations include elements such as fossil fuel use and energy consumption.
The educated workforce is considered among the social variables in this method. This
situation is quite similar with respect to the analysis results of this study. In this context, the
qualified workforce is quite significant to reach sustainable development goals more easily.
This situation plays a crucial role for each of the three elements of the triple bottom line.
With the help of qualified people, sustainable profitability can be obtained. Moreover, these
people are also helpful for taking necessary actions regarding environmental considerations.
Hazardous waste management resulting from energy consumption can be carried out much
more successfully thanks to the qualified workforce. In summary, the prevention of brain
drain is important for each element of the triple bottom line model, which is important
for sustainability.

6. Policy Recommendations

It has been concluded that to prevent the brain drain problem in countries, it is
necessary to focus on technological development first. In this framework, it would be
appropriate for countries to provide tax exemptions for research and development studies
first. This will easily attract the attention of companies as it will contribute to the reduction
of costs. As a result, it will be possible to have companies that carry out more research
and development activities in the country. Thus, it will be easier to provide technological
innovations in the country in the future. Another measure that can be implemented by the
state to increase technological developments is to provide financial resources to companies
engaged in research and development activities. Thanks to the low-interest loans, the
costs of the companies will be reduced. As a result, it will be easier for companies to be
financially sustainable. These issues will contribute to the technological development in the
country, and this will contribute to the fight against the brain drain problem more easily.
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7. Conclusions

A novel model has been constructed in this study with the aim of examining the ways
to minimize brain drains with the aim of providing sustainability in emerging economies.
Firstly, necessary criteria are identified based on the key items of the balanced scorecard
approach. By using the BOFQ M-SWARA approach with the golden ratio, these factors are
evaluated. Secondly, emerging seven economies are analyzed regarding the performance
of decreasing brain drains by BOFQ ELECTRE with the golden ratio. An evaluation is also
made with IFSs and PFSs to test the validity of the findings. The results are similar for all
different fuzzy sets. This situation indicates that the findings are quite coherent and reliable.
Technical competency is found as the most critical factor for the purpose of minimizing the
brain drain problem.

The fact that companies have advanced technology allows countries to reach their
sustainable development goals more easily. In this context, it would be appropriate for
countries to provide incentives for technological investments. In a country where there are
companies with high-tech equipment, qualified personnel will not have to migrate abroad.
As the qualified workforce in the country grows, it will be possible to expand renewable
energy projects even further. On the other hand, these qualified personnel will also be
able to develop effective ideas for energy efficiency. Thanks to these situations, it will be
possible to achieve sustainability goals more easily.

In this study, priority strategies are generated for the countries to minimize brain
drain problems by a new model. The analysis results pave the way for the countries to
handle this situation in an efficient manner. The most important limitation of this study
is that only seven emerging countries are taken into consideration in the analysis process.
On the other hand, the problem of brain drain is an important issue for other countries
as well. If necessary measures are not taken for this problem, it is likely that developed
economies will have problems in the future. Therefore, it would be appropriate to examine
developed countries in new analyses. In addition, new decision-making models can be
established in future studies. In this context, the results obtained in the models to be
created by considering the newly-found numbers can also be a guide to reach effective
solution suggestions.
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Appendix A

Table A1. Linguistic evaluations of criteria.

Decision Maker 1

FLD MKX SPM TPC

Positive
Degrees

Negative
Degrees

Positive
Degrees

Negative
Degrees

Positive
Degrees

Negative
Degrees

Positive
Degrees

Negative
Degrees

FLD VH H M H M S

MKX H N VH VH M H

SPM S N H S H M



Sustainability 2022, 14, 16244 18 of 24

Table A1. Cont.

Decision Maker 1

FLD MKX SPM TPC

Positive
Degrees

Negative
Degrees

Positive
Degrees

Negative
Degrees

Positive
Degrees

Negative
Degrees

Positive
Degrees

Negative
Degrees

TPC N N VH M N N

Decision Maker 2

FLD MKX SPM TPC

Positive
Degrees

Negative
Degrees

Positive
Degrees

Negative
Degrees

Positive
Degrees

Negative
Degrees

Positive
Degrees

Negative
Degrees

FLD VH N H H M N

MKX H S VH S H N

SPM S N H S H S

TPC H S H M N N

Decision Maker 3

FLD MKX SPM TPC

Positive
Degrees

Negative
Degrees

Positive
Degrees

Negative
Degrees

Positive
Degrees

Negative
Degrees

Positive
Degrees

Negative
Degrees

FLD M H M H M S

MKX M VH VH VH M H

SPM M H M VH H H

TPC M N VH VH N H

Table A2. Average values.

FLD MKX SPM TPC

Positive
Degrees

Negative
Degrees

Positive
Degrees

Negative
Degrees

Positive
Degrees

Negative
Degrees

Positive
Degrees

Negative
Degrees

µ n µ n µ n µ n µ n µ n µ n µ n

FLD 0.57 0.35 −0.50 −0.31 0.52 0.32 −0.45 −0.28 0.50 0.31 −0.57 −0.35

MKX 0.53 0.33 −0.52 −0.32 0.60 0.37 −0.45 −0.28 0.52 0.32 −0.50 −0.31

SPM 0.47 0.29 −0.55 −0.34 0.53 0.33 −0.50 −0.31 0.55 0.34 −0.50 −0.31

TPC 0.48 0.30 −0.58 −0.36 0.58 0.36 −0.47 −0.29 0.40 0.25 −0.55 −0.34

Table A3. Score values.

FLD MKX SPM TPC

FLD 0.000 0.234 0.175 0.234

MKX 0.221 0.000 0.235 0.201

SPM 0.205 0.211 0.000 0.223

TPC 0.238 0.229 0.176 0.000
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Table A4. Sj, kj, qj, and wj values.

FLD Sj kj Qj Wj MKX Sj kj qj Wj

TPC 0.234 1.000 1.000 0.351 SPM 0.235 1.000 1.000 0.400

MKX 0.234 1.234 1.000 0.351 FLD 0.221 1.221 0.819 0.327

SPM 0.175 1.175 0.851 0.299 TPC 0.201 1.201 0.682 0.273

SPM Sj kj Qj Wj TPC Sj kj qj Wj

TPC 0.223 1.000 1.000 0.398 FLD 0.238 1.000 1.000 0.399

MKX 0.211 1.211 0.826 0.329 MKX 0.229 1.229 0.813 0.325

FLD 0.205 1.205 0.685 0.273 SPM 0.176 1.176 0.692 0.276

Table A5. Relation matrix.

FLD MKX SPM TPC

FLD 0.351 0.299 0.351

MKX 0.327 0.400 0.273

SPM 0.273 0.329 0.398

TPC 0.399 0.325 0.276

Table A6. Stable Matrix.

FLD MKX SPM TPC

FLD 0.250 0.250 0.250 0.250

MKX 0.251 0.251 0.251 0.251

SPM 0.245 0.245 0.245 0.245

TPC 0.254 0.254 0.254 0.254

Table A7. Linguistic evaluations of economies.

Decision Maker 1

FLD MKX SPM TPC

Positive
Degrees

Negative
Degrees

Positive
Degrees

Negative
Degrees

Positive
Degrees

Negative
Degrees

Positive
Degrees

Negative
Degrees

RSI B P P F G W B G

BRI G F F W B G P F

INI B W B G P F G W

CIN B F P W G G B W

TKE B W G W B G P G

ION G W B G P W G G

MIO B P B F P W B W

Decision Maker 2

FLD MKX SPM TPC

Positive
Degrees

Negative
Degrees

Positive
Degrees

Negative
Degrees

Positive
Degrees

Negative
Degrees

Positive
Degrees

Negative
Degrees

RSI F P P F G W F B

BRI G B F W B G P F

INI F W B B P B G W

CIN G F B W G G B W
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Table A7. Cont.

Decision Maker 2

FLD MKX SPM TPC

Positive
Degrees

Negative
Degrees

Positive
Degrees

Negative
Degrees

Positive
Degrees

Negative
Degrees

Positive
Degrees

Negative
Degrees

TKE B B G W B G P B

ION G W B B P W G G

MIO F B B F P B F W

Decision Maker 3

FLD MKX SPM TPC

Positive
Degrees

Negative
Degrees

Positive
Degrees

Negative
Degrees

Positive
Degrees

Negative
Degrees

Positive
Degrees

Negative
Degrees

RSI G P P F G W G P

BRI G P B W B G G F

INI B W B G P P G W

CIN B P P P G G B W

TKE B W B W B P P G

ION B W B P P W G G

MIO B P B F B P B P

Table A8. Average values.

FLD MKX SPM TPC

Positive
Degrees

Negative
Degrees

Positive
Degrees

Negative
Degrees

Positive
Degrees

Negative
Degrees

Positive
Degrees

Negative
Degrees

µ n µ n µ n µ n µ n µ n µ n µ n

RSI 0.55 0.34 −0.55 −0.34 0.45 0.28 −0.50 −0.31 0.55 0.34 −0.60 −0.37 0.55 0.34 −0.47 −0.29

BRI 0.55 0.34 −0.48 −0.30 0.53 0.33 −0.60 −0.37 0.60 0.37 −0.45 −0.28 0.48 0.30 −0.50 −0.31

INI 0.57 0.35 −0.60 −0.37 0.60 0.37 −0.43 −0.27 0.45 0.28 −0.48 −0.30 0.55 0.34 −0.60 −0.37

CIN 0.58 0.36 −0.52 −0.32 0.50 0.31 −0.58 −0.36 0.55 0.34 −0.45 −0.28 0.60 0.37 −0.60 −0.37

TKE 0.60 0.37 −0.53 −0.33 0.57 0.35 −0.60 −0.37 0.60 0.37 −0.48 −0.30 0.45 0.28 −0.43 −0.27

ION 0.57 0.35 −0.60 −0.37 0.60 0.37 −0.47 −0.29 0.45 0.28 −0.60 −0.37 0.55 0.34 −0.45 −0.28

MIO 0.57 0.35 −0.50 −0.31 0.60 0.37 −0.50 −0.31 0.50 0.31 −0.52 −0.32 0.57 0.35 −0.58 −0.36

Table A9. Score values.

FLD MKX SPM TPC

RSI 0.254 0.165 0.292 0.205

BRI 0.213 0.281 0.235 0.182

INI 0.304 0.227 0.156 0.292

CIN 0.257 0.247 0.197 0.330

TKE 0.281 0.304 0.251 0.132

ION 0.304 0.243 0.235 0.197

MIO 0.234 0.260 0.201 0.291
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Table A10. Normalized matrix.

FLD MKX SPM TPC

RSI 0.361 0.249 0.486 0.320

BRI 0.303 0.424 0.390 0.284

INI 0.432 0.343 0.259 0.456

CIN 0.365 0.373 0.327 0.516

TKE 0.399 0.459 0.418 0.206

ION 0.432 0.367 0.390 0.307

MIO 0.333 0.394 0.334 0.454

Table A11. Weighted matrix.

FLD MKX SPM TPC

RSI 0.090 0.063 0.119 0.081

BRI 0.076 0.106 0.096 0.072

INI 0.108 0.086 0.064 0.116

CIN 0.091 0.094 0.080 0.131

TKE 0.100 0.115 0.102 0.052

ION 0.108 0.092 0.096 0.078

MIO 0.083 0.099 0.082 0.115

Table A12. Concordance and discordance interval matrixes.

Concordance Matrix Discordance Matrix

RSI BRI INI CIN TKE ION MIO RSI BRI INI CIN TKE ION MIO

RSI 0.000 0.749 0.245 0.245 0.499 0.499 0.495 0.000 1.000 0.624 1.000 1.000 1.000 1.000

BRI 0.250 0.000 0.496 0.496 0.254 0.496 0.496 0.534 0.000 1.000 1.000 1.000 1.000 1.000

INI 0.755 0.504 0.000 0.250 0.504 0.504 0.504 1.000 0.733 0.000 0.994 0.611 0.848 0.741

CIN 0.755 0.504 0.750 0.000 0.254 0.505 0.504 0.783 0.263 1.000 0.000 0.283 0.317 0.325

TKE 0.501 0.746 0.496 0.746 0.000 0.496 0.746 0.550 0.824 1.000 1.000 0.000 1.000 1.000

ION 0.501 0.749 0.746 0.495 0.504 0.000 0.495 0.797 0.449 1.000 1.000 0.903 0.000 1.000

MIO 0.505 0.504 0.496 0.496 0.254 0.505 0.000 1.000 0.319 1.000 1.000 0.326 0.664 0.000

Table A13. Concordance, discordance and aggregated index matrixes.

Concordance Matrix Discordance Matrix Aggregated Matrix

RSI BRI INI CIN TKE ION MIO RSI BRI INI CIN TKE ION MIO RSI BRI INI CIN TKE ION MIO

RSI 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0

BRI 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0

INI 1 0 0 0 0 0 0 0 1 1 0 1 0 1 0 0 0 0 0 0 0

CIN 1 0 1 0 0 0 0 1 1 0 1 1 1 1 1 0 0 0 0 0 0

TKE 0 1 0 1 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0

ION 0 1 1 0 0 0 0 1 1 0 0 0 1 0 0 1 0 0 0 0 0

MIO 0 0 0 0 0 0 0 0 1 0 0 1 1 1 0 0 0 0 0 0 0
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Table A14. Net superior, inferior and overall values of the economies.

Economies Net Superior Values Net Inferior Values Overall Values

RSI −0.535 0.961 −1.496

BRI −1.270 1.946 −3.215

INI −0.207 −0.696 0.489

CIN 0.542 −3.025 3.567

TKE 1.463 1.250 0.213

ION 0.488 0.320 0.168

MIO −0.483 −0.756 0.273
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