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Abstract

The aim of this study is to measure the capacity of human capital in E7 economies. Within this fra-
mework, 4 different dimensions and 21 criteria, emphasized in the Global Human Capital report, are
taken into the consideration. In the first phase of the analysis, fuzzy DEMATEL methodology is used
in order to weight these dimensions and criteria. In addition to this situation, the MOORA approach
is considered to rank E7 economies with respect to the capacity of human capital. The findings show
that deployment and know-how are the most important dimensions. Additionally, it is defined that
underemployment rate and availability of skilled employee have the highest weights among criteria.
Moreover, it is concluded that Russia and India are the best countries whereas Mexico and Brazil are on
the last rank with respect to the human capital capacity. Hence, it is recommended that the countries,
which have the lowest rank, should increase technological investment and conduct a new and effective
training program to increase the skills and the qualifications of the employees. Therefore, it can be pos-
sible to reach sustainable socio-economic development.
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Oz

Bu caligmanin amaci, E7 ekonomilerinde beseri sermaye kapasitesini 6l¢mektir. Bu cercevede Kuresel
Insan Sermayesi raporunda vurgulanan 4 farkli boyut ve 21 kriter ele alinmgtir. Analizin ilk agama-
sinda, bu boyut ve kriterleri degerlendirmek i¢in bulanik DEMATEL yéntemi kullanilmigtir. Buna ek
olarak, MOORA yaklasiminin begeri sermaye kapasitesine gére E7 ekonomilerini derecekendirdigi du-
suntlmektedir. Aragtirmanin sonucunda elde edilen bulgular en énemli boyutun siralamada dagilim
ve bilgi birikimi oldugunu ortaya koymaktadir. Bunun yaninda, eksik istthdam orani ve vasifli ¢ali-
san mevcudiyetinin belirlenen kriterler arasinda en yiiksek agirliga sahip oldugu gézlemlenmektedir.
Ayrica begeri sermaye kapasitesi agisindan Rusya ve Hindistan'in en iyi ilkeler oldugu, Meksika ve
Brezilya'nin ise son sirada bulundugu sonucuna varilmigtir. Bu nedenle, en alt siradaki tlkelerin tek-
nolojik yatirimlarini artirmalari, ¢calisanlarin beceri ve niteliklerini artirmak i¢in yeni ve etkin bir egi-
tim programi yurutmeleri 6nerilmektedir. Arastirma sonucuna gore ancak bu yontemle sturdiralebilir
sosyo-ekonomik kalkinmaya ulagmak miimkiin olacaktur.

Anahtar Kelimeler: Kiiresel Insan Sermayesi; E7 Ekonomileri, Sosyo-ekonomik Kalkinma;
Bulanik DEMATEL; MOORA

JEL Siniflandirmasa: 24, O15, C65

INTRODUCTION

All countries aim to reach development in all areas so that the living standards of the citizens can
be increased. Within this context, increasing industrial production can be accepted as a significant
purpose for the countries. With the help of this situation, the investment amount in the countries
can be gone up and it has a positive effect on economic improvement. In addition to this issue, high
investment amount also contributes to decrease unemployment problem in the countries. Therefore,
it can be said that industrial production has a positive influence for both economic and social ways.
Moreover, it is also obvious that countries should make investments on technological improvement in
order to reach this objective. The main reason is that with the help of advanced technology, it can be
much easier to develop the economy.

In addition to this aspect, qualified people in the countries, who can use this advanced technology,
play also a crucial role in the development of the countries. Because of this aspect, it is a necessity
that these countries should have necessary qualified people. Otherwise, it cannot be possible to get
benefits from this advanced technology. Due to these issues, most countries make investments on hu-
man capital. It refers to the qualification, knowledge, and education level of the people who live in the
country. As it can be understood from this definition, human capital is as important as technological
improvement in the country. Thus, it is stated that educated people have a powerful contribution to
the economic improvement of the countries.
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There are many different factors that can affect human capital. For example, education level is a signifi-
cant aspect which has an influence on human capital. It is accepted that there is a positive relationship
between these variables. In this circumstance, the important point is that this education should be
considered in research and development. Additionally, the health level of the people who live in the
country has also a powerful impact on human capital. The main reason behind this issue is that when
people in the country are healthier, they can work effectively, and this situation has a contribution on
the production level. Furthermore, the young population is also another important aspect with respe-
ct to human capital. It is obvious that if most of the population in the country consists of old people,
it cannot have an effect on the production level.

Emerging economies refer to the countries which have not developed yet. However, it is thought that
these countries have a significant potential to be a developed country. For this purpose, these count-
ries seek ways to increase investment amount so that production level can be increased. With the help
of these conditions, they can have a chance to develop their economies. Owing to this aspect, emerging
economies take different actions in order to attract the attention of investors. Hence, it is obvious that
effective human capital is a key issue for these countries to reach this objective. Because of this situ-
ation, emerging economies try to increase the qualification of the people who live in these countries.

World Economic Forum issues the Global Human Capital Report annually. In this report, global human
capital is measured at global and regional levels. After that, countries’ profiles are explained according
to the results of this evaluation. The main purpose of this report is to provide necessary recommenda-
tions in order to have better human capital. In this report, the importance of 4 different dimensions
is underlined which are capacity, development, deployment, and know-how. Capacity refers to the
education level of the people whereas development gives information about the education for the
next-generation workforce. Additionally, deployment explains how many people in the country can
actively participate in the workforce. Finally, know-how is the dimension which identifies the produc-
tive knowledge of the country. For these 4 dimensions, 21 different indicators are stated in this report.

While considering the aspects emphasized above, it is understood that the studies regarding the me-
asurement of human capital play a crucial role. Therefore, the aim of this study is to measure the
capacity of human capital in E7 economies. Within this scope, 4 different dimensions and 21 criteria,
emphasized in the Global Human Capital report, are taken into the consideration. The analysis process
consists of two different phases. In the first phase of the analysis, fuzzy DEMATEL methodology is
used so as to weight these dimensions and criteria. In addition to this situation, MOORA approach is
considered to rank E7 economies regarding the capacity of human capital.

This study has many different novelties. First of all, according to the results of the analyses, it can be
possible to understand which components and indicators are more significant in global human capital
capacity. Another important point is that necessary recommendations can be given for E7 countries
to improve this situation so that socio-economic development can be obtained. In addition to these
factors, using fuzzy DEMATEL and MOORA approaches also increases the originality of this study.
While considering these conditions, it is thought that this study makes an important contribution to
the literature.
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There are five different sections in this study. In this introduction section, general information about
the key topics is given. Moreover, in the second section, similar studies in the literature are detailed
and the missing part is underlined. Furthermore, the third section explains fuzzy DEMATEL and MO-
ORA methods. In addition, the fourth section gives information about the application on E7 econo-
mies. In this section, analysis results are shared. In the last section, recommendations are given based
on these analysis results in order to provide socio-economic development for E7 countries.

LITERATURE REVIEW

In order to understand the popularity of this subject, firstly, the human capital topic is examined in
Web of Science database. In a topic search, it is found that there are 17,637 studies in Web of Science
Core Collection. In Web of Science Categories classification; economics has 7,611 studies, manage-
ment has 2,887 studies, business has 1,910 studies. In addition to these issues, it is also understo-
od that 77.36% of studies are article type and 21.33% of studies are proceedings paper. Moreover,
country ranking for human capital topic studies order; United States, China, England, Germany, and
Canada. Some selected studies regarding the subject of human capital are demonstrated on Table 1.
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Table 1 Selecied Smdies of Hiuman Capiral in the Liveramre

Author Subject Methodology Conelusion

Lafuente and ) . The study concluded that human capital is
Rabetino (2011) Company Performance Regression impaortant for growth of the companics.
Roca-Puig ¢ al, Company Performance Comparative Effective human capital has a positive influence
(2011 Analysis on the sales performance of the companics.
Abdullah et al. Human Capital Analytic Hierarchy It is found that the most important indicator is
(201 3) Indicators Process using knowledge,

Banerjee and Roy

The capacity of human capital has a positive

(2014) Economic Growth ARDL cffect on economic growth for India.
) Employee capability, employee satisfaction, and
Easmzﬁlﬂm and Effeets of Human Capital | Regression cmployee commitment can be improved with
am (2013) humian capital capacity,
Vaitkevitius et al, . . Human capital development has a different effect
(201 5) Effects of Human Capital | Factor Analysts according 1o the tvpes of European counirics.,
Ciutiené and . Scientific Literature Effective hunen capital has many advantages for
Railaité (2015) Etlects af Human {apital Analysis companies and countries.
Pelineseu (2015) | Economic Growth Regression Th:.m 15 Pos:lwl:rrr:]auunsl_np between GDF.‘ et
capita and innovative capacity of human capital.
Onkelinx et al. - ) It is concluded that effective human capital leads
(20 6) Effects of Human Capital | Regression 1o higher employee productivity,
Muda and ) ) Human capital has a significant role of the
Rahman (20163 Company Performance Conceptmal Study performance of the companics.
Esirin et al. _ Multi-level Itis determined that specific entreprencurial
Entreprencurship . hurman capital 15 relatively more important for the
(201 6) Modelling b .
commercial entreprencurship.
Samagaio and . It is determined that effective human capital can
Rodrigues (2016) Company Performance Fuzzy Logic lead 1o high performance.
. Human Capital . Education and health are important indicators of
Qin ¢t al. (2016) Indicators Regression effective human capital.

Vidotto et al.

Effeets of Human Capital

Scale Development

Employee satisfaction can be increased with the

{2017y help of effective human capital,
Salim et al, . . Unit root and co- Effeetive human capital has a decreasing effect on
(2017) Encrgy Consumption integration tests energy consumption,
Fang and Chen Econamic Growth CGiranger Causality Human capital has an imporiant role on economic
(2017 Tesls growih.
Brush ¢t al. Entreprencurshi Rearession Effective human capital has an impomant ¢ffect on
(201 Ty P P £ women's entreprencurship.

) The financial performance of the companies is
Ruizetal, 2017y | Company Performance Regression influenced by effective human capital,
Danquah and Human Capital Technologic development has an important
Amankwah- Indicators GMM influence on human capital capacit
Amoah (2017) pilal capacity.

Vector Error It is concluded that in long-term, there is a
Bano et al. (2018) | Carbon Emission C tion Model rcl:%u:!rnslnp between human capital and carbon
cmissions.

Ko and McKelvie Company Perfarmance Resression Training of employee has a direct effect on the
(201 8) mpatty Bresst performance of the companics,
Chen and Fang Indusirial clectricity Rearession It is found that indusirial electricity consumption
(2018) consumption &l is affected by human capital investment.
Velavutham and . . ) Effective human capital has a positive influence
Rahman {201 8) Effects of Human Capital | Regression on the job satisfaction.

Tha et al, (2018)

Company Performance

Structural Equation
Midel

It is concluded that human has a positive cffect on
company performance,

Passaro ¢t al. Entreprencurshi Structural Equation The cducated human capital leads 1o higher

(2011 8) P P Modelling enireprencurship.

Amankwah- .

Amoah Hul_uan Capital Conceptual The study qe\-eloped a conceptual framework for
(2018) Indicators Framework human capital Dows,
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Table 1 shows that some studies aim to analyze the relationship between effective human capital and
energy consumption. For example, Bano et al. (2018) focused on this subject for Pakistan. As a result
of vector error correction analysis, it is concluded that there is a negative relationship between human
capital and carbon emission. Due to this condition, it is recommended that human capital should be
improved by education to reduce carbon emission. Similarly, Salim et al. (2017) defined that 1% of
increase in human capital could reduce energy consumption between 0.18% and 0.45% for China.
Moreover, Chen and Fang (2018) also identified that there is a strong relationship between electricity
consumption and human capital.

In addition, some studies also underlined the relationship between effective human capital and econo-
mic growth. For instance, Fang and Chen (2017) focused on this relationship with the help of Granger
causality test. It is concluded that there is a positive relationship between human capital capacity and
economic improvement. Pelinescu (2015) and Banerjee and Roy (2014) reached the same conclusion
by using a different methodology. Furthermore, Ko and McKelvie (2018), Samagaio and Rodrigues
(2016), Ruiz et al. (2017), Muda and Rahman (2016), Lafuente and Rabetino (2011), Roca-Puig et al.
(2011), and Tho et al. (2018) stated that effective human capital has a strong influence on the com-
pany performance.

Moreover, it is seen that some studies aimed to analyze the indicators of human capital. As an examp-
le, Abdullah et al. (2013) tried to find the factors that have an effect on human capital. By using the
analytical hierarchy process, they reached the conclusion that the most important indicator is using
knowledge whereas the least significant indicator is employee’s skill index. Additionally, Danquah and
Amankwah-Amoah (2017) defined that technological improvement is an essential indicator of human
capital. Amankwah-Amoah (2018) and Qin et al. (2016) concluded that education and health are im-
portant factors that affect human capital.

Furthermore, some studies evaluated the relationship between entrepreneurship and human capital.
For example, Brush et al. (2017), Estrin et al. (2016), and Passaro et al. (2018) concluded that effective
human capital is an important factor to increase entrepreneurship in the countries. In addition to
these studies, it can also be understood that some other studies assessed the effects of human capital.
For example, Massingham and Tam (2015) focused on this subject by using regression methodology.
They defined that human capital capacity has a direct effect on employee capability, employee satisfa-
ction, and employee commitment. Parallel to this study, Velayutham and Rahman (2018), Vidotto et
al. (2017), Ciutiené and Railaité (2015), and Vaitkevicius et al. (2015) underlined the positive effects
of human capital on some other factors, such as employee productivity.

While considering the studies emphasized in Table 1, it can be seen that human capital is a very po-
pular aspect in the literature. The main reason is that it was analyzed more than 17,000 studies accor-
ding to Web of Science report. Another important point is that many different relationships are taken
into the consideration, such as the effects of human capital on energy consumption, the relationship
between effective human capital and economic growth, indicators, and the positive effects of human
capital. By looking at the details of these studies, it is understood that there is a need for a new study
that measures the human capital capacity with an original methodology, such as fuzzy DEMATEL and
MOORA.
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Fuzzy DEMATEL

The word DEMATEL comes from the first letters of “The Decision-Making Trial and Evaluation Labo-
ratory”. This methodology was generated by Geneva Research Institute (Sangaiah et al., 2017). The
main purpose of this methodology is decision-making in a complex environment. With the help of
the DEMATEL approach, it can be possible to weight different alternatives and find which of them are
more important. In addition to this factor, the DEMATEL approach is also helpful to understand the
cause-and-effect relationship among these alternatives. DEMATEL approach was also preferred based
on the fuzzy logic in many different studies. In such a circumstance, expert opinions are considered to
make analysis with fuzzy DEMATEL. The details of this analysis are given below (Wu et al., 2017; Patil
and Kant, 2014).

In the first step, the purpose is defined. Within this context, the purpose refers to the problem which
aimed to be solved. In addition, the second step contains the definition of the criteria. In this step,
fuzzy linguistic scales (no, low, medium, high, very high) is identified in order to solve this problem.
Furthermore, the third step is related to the evaluation of the criteria by decision makers. Firstly, ave-
rage fuzzy matrix is created, and the details are demonstrated below.

elte.er
P

0 i%”

Z (1)

(2)

In equations (1) and (2), p gives information about the number of decision makers. Moreover, 7 expla-
ins the fuzzy matrixes which are created based on the evaluations of the decision makers. Additionally,
in the fourth step, there is a normalization of the direct relation fuzzy matrix. This matrix is detailed
on equation (3). For this purpose, the equations (4) and (5) are taken into the consideration in the
calculation process of this matrix.

~ 5{11 Rm
XK=\ : _E (3)
XJ‘H xrm
_ Z,-j- 1”' m,-j- LlJ'J:
Xy = T(?'T'T) ®
n

"= MaXizisn Zuij (5)

=i
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Total relation fuzzy matrix is created in the fifth step. The details of this matrix and calculation process
are shown in the equations (6)-(11).

E11 Elri
T=[s l (6)

tar o tan
ti = (15, m i, u’i) (7)
) = X, x (1 - X)) ®
mg{;‘ =X X (1= Xp,)7? (9
u; =Xy X (1—X,)™! (10)
0 o 1:1“ 0 mr‘lr! 0 uI1I:
X=|i = w Xp=| & =~ i w X, = ‘ (11)
1":'_“ - {] I“rﬂ'l ans [} u'“i ans []

_ v - —def . o re .
In the last step, the values of (J,-&)* and (0:=R)"" are calculated with the defuzzification of the
fuzzy numbers. As a result, the following matrix can be generated.

“idef =def
Vdef i Yn .
fdef = |+ - i (12)
wdef wdef
t1 -

Fuzzy DEMATEL methodology was preferred in many different types of studies in the literature. For
example, Abdullah and Zulkifli (2015), Pandey and Kumar (2017) and Tooranloo et al. (2017) used
this approach to analyze the effectiveness of human resource management of the countries. On the
other side, Tadi¢ et al. (2014), Mangla et al. (2018), Jiang et al. (2016), Keskin (2015), Mehregan et
al. (2014), and Mirmousa and Dehnavi (2016) considered fuzzy DEMATEL for the logistic industry.
Moreover, some studies evaluated the energy industry with this approach (Jeong and Ramirez-Gé-
mez, 2018; Dinger et al., 2018; Dong and Huo, 2017). Also, Dinger et al. (2017), Dinger et al. (2016),
Govindan et al. (2015), and Tyagi et al. (2015) made performance analysis of the companies by using
Fuzzy DEMATEL.

MOORA

MOORA consists of the first letters of “Multi-Objective Optimization on the basis of Ratio Analysis”.
Brauers and Zavadskas (2006) developed this approach to assess different alternatives in a complex
environment. Some requirements should be satisfied so as to implement MOORA methodology. The
details of the analysis process are demonstrated below.
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In the first step, various alternatives are identified. Within this scope, a decision matrix is developed
which is given on equation (13).

X‘l’l X‘m

Xml Xmu

In equation (13), Xij explains the value for the criterion i and alternative j. The second step of the
analysis process is related to the normalization of the fuzzy matrix. In this process, equation (14) is
taken into the consideration.

. Xij
Xjj = — (14)
m _y2

j=1 I.j

Moreover, positive and negative effects are evaluated in the third step with the following equation
(15).

h n
Y, = Zx;j - Z X;, (15)
j=1 j=h+1

In addition, the results are weighted in the fourth step. The calculation process is given on equation
(16).

n

h
V=) WK- ) WX (16)
j=1 j=h+1

In the final step, the best alternative is chosen by ranking the results. Similar to fuzzy DEMATEL, MO-
ORA methodology is also very popular in the literature. For instance, Biiytikézkan and Géger (2017),
Chand et al. (2018), Matawale et al. (2016) and Kumar Sahu et al. (2014) considered this methodology
to evaluate the effectiveness of supply chain management of the companies. Additionally, Sahu et al.
(2016), Sarkar et al. (2015), Maniya (2016), and Akgiil et al. (2017) used the MOORA method to select
the best machine in order to increase the performance of the companies. Furthermore, Yiiksel et al.
(2017), Sisman and Dogan (2016), and Ozbek (2015) assessed the performance of the banking sector
with the help of this approach.
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MEASURING THE CAPACITY OF GLOBAL HUMAN CAPITAL IN
E7 ECONOMIES

In the analysis process, firstly, dimensions and criteria are weighted by using the fuzzy DEMATEL ap-
proach. After identifying the weights of these dimensions and criteria, MOORA methodology is taken
into the consideration in order to rank E7 countries with respect to the global human capital capacity.

Weighting the Dimension and Criteria with Fuzzy DEMATEL

The first process in the fuzzy DEMATEL is the creation of the direct relation matrix. The details are
demonstrated on Table 2.

Table 2: The initial direct-relation fuzzy matrix for the Dimensions of the Global Human Capital

Dimensions D1 D2 D3 D4

Capacity (D1) o [ o | o |025]05][075/025] 0.5 [0.75 025 05 | 0.75
Deployment (D2) 05 (075] 1 | 0o oo 05075 1 |05 075 1
Development (D3) | 0.25 | 0.5 | 0.75 | 025 | 05[075| 0 | 0 | 0 |025 05 | 075
Know-how (D4) 05 075 1 | 05 1075| 1 |05 075 1 |0 0 | 0

After that, this matrix is normalized and this situation is detailed on Table 3.

Table 3: Normalized direct-relation fuzzy matrix for the dimensions

Dimensions D1 D2 D3 D4

Capacity (D1) 0.000| 0.000 [0.000 | 0.083|0.167|0.250|0.083 | 0.167|0.250|0.083 | 0.167 | 0.250
Deployment (D2) 0.167|0.250|0.333 |0.000|0.000|0.0000.167|0.250|0.3330.167| 0.250|0.333
Development (D3) 0,083 | 0.167|0.250 10.083|0.167(0.250|0.000|0.000{0.000 [0.083 | 0.167 |0.250
Know-how (D4)  0,167/0.250(0.333|0.167|0.250/0.3330.167/0.250| 0.333|0.000| 0.000 | 0.000

In addition to the normalized direct-relation fuzzy matrix, total relation fuzzy matrix is gen-
erated. This matrix is given on Table 4.

Table 4: The total-relation fuzzy matrix for the dimensions

Dimensions D1 D2 D3 D4

Capacity (D1) 0.050/0.247|1.400/0.118|0.364 1.5000.127|0.390/ 1.600|0.118|0.364/1.500
Deployment (D2) 0.235/0.545(2.000/0.076/0.309 1.625|0.235|0.545|2.000/0.218/0.509|1.875
Development (D3) 0.127/0.390/1.600/0.118/0.364 1.500|0.050|0.247| 1.400/0.118|0.364/1.500
[Know-how (D4) 0.235/0.545/2.000/0.218/0.509|1.8750.235|0.545/2.0000.076/0.309|1.625
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In addition to these items, total impact-relationship degrees and the weights for the dimensions are
calculated. The results are shown on Table 5.

Table 5: Total impact-relationship degrees and the weights for the dimensions

Dimensions = D{" | R’ | DY’ + R’ | D{*' — R{*' | Weights
D1 2,107 | 2.558 4.664 -0.451 0.238
D2 2,798 | 2.347 5.145 0.451 0.262
D3 2,107 | 2.558 4,664 -0.451 0.238
D4 2798 | 2.347 5.145 0.451 0.262

Table 5 demonstrates that deployment (D2) and know-how (D4) are the most important dimensions
with respect to the global human capital capacity because they have the highest weights (0.262). On
the other hand, capacity (D1) and development (D3) have a smaller effect regarding the capacity of hu-
man capital due to the lowest weights (0.238). It shows that the number of people in the country who
can actively participate in the workforce plays a significant role in this situation. In addition, it can also
be seen that companies should invest in technological development in order to increase the capacity of
human capital. Benhabib and Spiegel (2005), Bozeman et al. (2001), Danquah and Amankwah-Amoah
(2017), and Keller (1996) underlined the importance of know-how for the aim of increasing human
capital capacity. In addition to the dimensions, criteria are also weighted with the help of the fuzzy
DEMATEL approach. The details of this calculation are given on the appendix section. On the other
side, the summary results are presented on Table 6.

Table 6: Local and Global Weights of the Global Human Capital

Dimensions Local Weights Criteria Local Weights Global Weights

Cl 0.249 0,059
C2

Dl 0238 0250 0.059
C3 0,250 0,059
Cca 0.252 0,060
Cs 0.245 0.064
Ch

n? 0.262 0.242 0,063
c7 0.245 0.064
ce 0,269 0,070
co 0.105 0.025
Clo | 0.121 0,029
Cll 0.105 0.025
clz | 0.107 0.026

D3 0.238 C13 0.104 0.025
Cl4 0.102 0.024
Cl15 (.122 0.029
Clé 0.126 0.030
cCi17 0108 0.026
Cls 0.256 0.067
Cl9 0.256 0.067

D4 0.262
C20 0.221 0,058
C21 0.267 0.070
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Table 6 gives information that underemployment rate (C8) and availability of skilled employee (C21)
are the most important criteria in comparison with the others. The main reason is that they have the
highest weights (0.070). This situation indicates that the number of employed people in a country who
wish to work more plays a very significant role regarding human capital capacity. On the other side, it
is also a very important point to make investment to improve the qualification of the employee. Cam-
pbell et al. (2017), Liu et al. (2017), and Delery and Roumpi (2017) are the studies that emphasized a
similar conclusion in their studies.

Ranking E7 Countries with MOORA

After identifying the most significant dimensions and criteria by fuzzy DEMATEL approach, the MO-
ORA method is also used in order to rank E7 companies according to the human capital capacity. For
this purpose, first of all, global human capital results in 2017 are obtained for these countries. These
values are demonstrated on Table 7.

Table 7: Global Human Capital Results of the E7 Economies for 2017

Criteria/ Brazil China India Indonesia | Mexico Russia Turkey

Alternatives (A1) (A2) (A3) (Ad) (AS5) {AB) (AT)
Cl 94,60 99.20 71.70 97.50 96.40 99.80 98.70
c2 95.20 97.90 70,10 97.80 96.10 100.00 90.60
C3 63.60 77.30 48.00 61.10 62.40 98.50 48.90
C4 10.20 £.40 10.70 11.10 17.80 29.80 12.20
Cs 81.60 £8.00 66,60 77.90 75.40 59.60 64.20
Ch 0.76 0.84 0.30 0.58 0.59 091 0.46
C7 8.90 3.90 1.40 3.30 3.40 4.80 9.70
(] 5.20 5.00 4.00 8.10 5.00 0.70 1.70
o 94.70 99.00 95.10 92,90 97.60 96.20 93.20
clo 2.60 4.50 4.70 4.30 3.00 4.40 i.l10
CIl | B4.6D 99.00 79.50 80.00 78.00 9870 | 92.10
ciz2 | 100 1.00 1.00 1.00 1.00 100 | 1.00
Cl13 8.40 42,10 2.50 42.40 8.80 52.50 45.40
Cl4 49.30 43.40 25.50 310 29.90 78.70 86.30
Cl5 0.22 0.21 015 0.19 0.21 0.26 0.20
Cle 2.60 4.30 4.50 4.40 3.00 370 3.20
ci7 | 4.00 4.30 4.60 4.50 3.90 380 | 350
Cl18 22.00 11.90 14.90 9.90 18.90 44,30 20.00
ci9 £4.40 91.80 73.50 £1.90 76.40 90.40 84.90
C20 0.01 1.10 0.24 -0.03 1.04 0.05 042
C21 370 4.60 4,50 4,60 4.40 380 390

Source: Adapted from World Economic Forum, The Global Human Capital Report 2017.

Additionally, dimension number for these countries are also obtained and they are given on Table 8.
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Table 8: Dimension number for the E7 Economies
Criteria/ Brazil China India Indonesia | Mexico | Russia | Turkey
Alternatives | (A1) (A2) (A3) (Ad) (A5) (A6) (A7)
Cl 0.379 0.397 0.287 0.390 0.386 0.399 0.395
C2 0.387 0.398 0.285 0.397 0.390 0.406 0.368
C3 0.355 0.432 0.268 0.341 0.349 0.550 0.273
C4 0.243 0.200 0.255 0.264 0.424 0.709 0.290
C5 0.395 0.426 0.322 0.377 0.365 0.433 0.311
Cé 0.432 0.477 0.170 0.330 0.335 0.517 0.261
C7 0.579 0.254 0.091 0.215 0.221 0.312 0.631
C8 0.409 0.393 0.314 0.636 0.393 0.055 0.134
C9 0.375 0.392 0.376 0.367 0.386 0.381 0.369
C10 0.253 0.438 0.457 0.419 0.292 0.428 0.302
Cl1 0.364 0426 | 0342 0.344 0.336 0.425 0.396
Cl12 0.378 0.378 0.378 0.378 0.378 0.378 0.378
C13 0.091 0.456 0.027 0.459 0.095 0.568 0.491
Cl4 0.345 0.303 0.178 0217 0.209 0.550 0.603
C15 0.393 0.376 0.322 0.340 0.376 0.465 0.358
Cl6 0.263 0.435 0.455 0.445 0.303 0.374 0.324
C17 0.369 0.396 0.424 0.415 0.359 0.350 0.322
CI8 0.363 0.197 0.246 0.164 0.312 0.732 0.330
C19 0.382 0.415 0.332 0.370 0.346 0.409 0.384
C20 0.006 0.692 0.151 -0.019 0.654 0.031 0.264
C21 0.331 0.411 0.402 0411 0.393 0.340 0.348

After obtaining dimension number, E7 countries are ranked with the help of MOORA methodology.
The details of this condition are given on Table 9.

Table 9: Benefit and Cost Criteria and Ranking Results

Alternatives Benefit Criteria | Cost Criteria Y; Ranking
Al 0.245 0.103 0.141 6
A2 0.268 0.124 0.144 5
A3 0.223 0.057 0.165 2
Ad 0.252 0.088 0.164 3
A5 0.250 0.111 0.139 7
Ab 0.344 0.068 0.276 1
AT 0.254 0.091 0.162 4
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Table 9 indicates that Russia (A6) and India (A3) are the best countries as for the capacity of human
capital. On the other hand, it is also identified that Mexico (A5) and Brazil (A1) are on the last rank
with respect to this subject. It gives information that these countries should take necessary actions
in order to increase this capacity. Otherwise, it will be very difficult for these countries to reach sus-
tainable economic growth.

SOLUTIONS AND RECOMMENDATIONS

It is concluded that regarding the dimensions, the number of people in the country who can actively
participate in the workforce and technological development play the most significant role. On the
other hand, it is also identified that the number of employed people in a country who wish to work
more and make investments to improve the qualification of the employee is the most important cri-
teria. In addition to these results, it is stated that Russia (A6) and India (A3) are the best countries
whereas Mexico (A5) and Brazil (A1) are on the last rank as for human capital capacity. Therefore,

it is recommended that the countries, which have the lowest rank, should take action in order to
increase the capacity of human capital. Within this framework, these countries should focus on the
dimensions and criteria underlined in this study.

FUTURE RESEARCH DIRECTIONS

In this study, it is aimed to measure the capacity of human capital for E7 countries. Moreover, fuzzy
DEMATEL and MOORA approaches are taken into the consideration. Therefore, it is believed that
this study makes a contribution to the literature. Nevertheless, it is also thought that new studies
for this subject can be considered in the future. For example, an analysis that covers the developed
economies can give important results to increase human capital capacity. Additionally, a new and
original methodology can also be used in future studies, such as hesitant fuzzy sets and interval type
2 fuzzy logic.

CONCLUSION

Higher living standard is the most important purpose of the countries. For this purpose, it is belie-
ved that sustainable economic development of these countries should be reached. Effective human
capital capacity plays also a very key role in this scope. There are some factors which affect the ca-
pacity of human capital. For example, there is a positive relationship between education level of the
people and human capital capacity. It is also thought that health level of the people who live in the
country has also a significant influence on human capital. Effective human capital is especially very
important for emerging economies. The main reason is that these companies make investments with
the aim of becoming a developed economy
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In this study, it is aimed to measure the capacity of human capital in emerging economies. Within
this scope, E7 countries (Brazil, China, India, Indonesia, Mexico, Russia, Turkey) are taken into the
consideration. For this purpose, 4 different dimensions and 21 criteria are identified by considering
the Global Human Capital report. Moreover, there are two different phases of the analysis process. In
the first phase, these dimensions and criteria are weighted by using the fuzzy DEMATEL approach.
In addition to this issue, E7 economies are ranked in the second phase with respect to the global hu-
man capital capacity.

According to the results of the fuzzy DEMATEL approach, it is determined that deployment and
know-how are the most significant dimensions while capacity and development have the lowest wei-
ght. This situation shows that the countries should make investments in technological development
to have higher human development capacity. On the other side, the number of employed people in a
country who wish to work, and the qualification of the employee play a very key role for this purpo-
se. In addition to these results, with the help of the MOORA model, it is defined that Russia and In-
dia are the best countries whereas Mexico and Brazil are on the last rank with respect to the human
capital capacity.

While considering these results, it is recommended that the countries, which have the lowest rank,
should take action in order to increase the capacity of human capital. Otherwise, it can be very dif-
ficult for these countries to have sustainable economic development. Within this framework, these
countries should increase technological investment. Another important point is that there should be
a new and effective training program to increase the skills and the qualifications of the employees in
these countries. By considering these aspects, it can be possible for these countries to have effective
human capital capacity so that sustainable economic improvement can be provided.

REFERENCES

Abdullah, L., Jaafar, S., & Taib, I. (2013). Ranking of human capital indicators using analytic hierarchy process. Proce-
dia-Social and Behavioral Sciences, 107, 22-28.

Abdullah, L., & Zulkifli, N. (2015). Integration of fuzzy AHP and interval type-2 fuzzy DEMATEL: An application to
human resource management. Expert Systems with Applications, 42(9), 4397-44009.

Akgul, E., Aydogan, E. K., Ozmen, M., & Turksoy, H. G. (2017). Optimization of the Murata Vortex Spinning machine
parameters by the SMAA-MOORA approach. Industria Textila, 68(5), 323-331.

Amankwah-Amoah, J. (2018). Human capital flows in failing organizations: an integrated conceptual framework.
Journal of Intellectual Capital.

Banerjee, R, & Roy, S. S. (2014). Human capital, technological progress and trade: What explains India’s long run
growth?. Journal of Asian Economics, 30, 15-31.

Bano, S., Zhao, Y., Ahmad, A., Wang, S., & Liu, Y. (2018). Identifying the impacts of human capital on carbon emissions
in Pakistan. Journal of Cleaner Production, 183, 1082-1092

Benhabib, J., & Spiegel, M. M. (2005). Human capital and technology diffusion. Handbook of economic growth, 1,
935-966.

32 » ISLAM IKTISADI ARASTIRMALARI DERGISI + YIL: 1+ SAYL: 2 « 2021



ARTICLES / MAKALELER

Bozeman, B., Dietz, J. S., & Gaughan, M. (2001). Scientific and technical human capital: an alternative model for rese-
arch evaluation. International Journal of Technology Management, 22(7-8), 716-740.

Brauers, W.K.M. and Zavadskas, E.K. (2006). The MOORA Method and Its Application to Privatization in a Transition
Economy. Control and Cybernetics, 35, 445-469.

Brush, C,, Ali, A, Kelley, D., & Greene, P. (2017). The influence of human capital factors and context on women’s ent-
repreneurship: Which matters more?. Journal of Business Venturing Insights, 8, 105-113.

BlyUkodzkan, G., & Gocger, F. (2017, June). An extension of MOORA approach for group decision making based on in-
terval valued intuitionistic fuzzy numbers in digital supply chain. In Fuzzy Systems Association and 9th International
Conference on Soft Computing and Intelligent Systems (IFSA-SCIS), 2017 Joint 17th World Congress of International
(pp. 1-6). IEEE.

Campbell, B. A., Kryscynski, D., & Olson, D. M. (2017). Bridging strategic human capital and employee entrepreneurs-
hip research: A labor market frictions approach. Strategic Entrepreneurship Journal, 11(3), 344-356.

Chand, M., Bhatia, N., & Singh, R. K. (2018). ANP-MOORA-based approach for the analysis of selected issues of green
supply chain management. Benchmarking: An International Journal, 25(2), 642-659.

Chen, VY, & Fang, Z. (2018). Industrial electricity consumption, human capital investment and economic growth in
Chinese cities. Economic Modelling, 69, 205-219.

Ciutiene, R, & Railaite, R. (2015). A development of human capital in the context of an aging population. Procedia-So-
cial and Behavioral Sciences, 213, 753-757.

Danguah, M., & Amankwah-Amoah, J. (2017). Assessing the relationships between human capital, innovation and
technology adoption: Evidence from sub-Saharan Africa. Technological Forecasting and Social Change, 122, 24-33.

Delery, J. E., & Roumpi, D. (2017). Strategic human resource management, human capital and competitive advantage:
is the field going in circles?. Human Resource Management Journal, 27(1), 1-21.

Dincer, H., Hacioglu, U., & Yuksel, S. (2016). Balanced scorecard-based performance assessment of Turkish banking

sector with analytic network process. International Journal of Decision Sciences & Applications-IJDSA, 1(1), 1-21.

Dincer, H., Hacioglu, U., & Yuksel, S. (2017). Balanced scorecard based performance measurement of European air-
lines using a hybrid multicriteria decision making approach under the fuzzy environment. Journal of Air Transport
Management, 63, 17-33.

Dincer, H., Yuksel, S., & Bozaykut-Buk, T. (2018). Evaluation of Financial and Economic Effects on Green Supply Chain
Management With Multi-Criteria Decision-Making Approach: Evidence From Companies Listed in BIST. In Handbook
of Research on Supply Chain Management for Sustainable Development (pp. 144-175). IGI Global.

Dong, J., & Huo, H. (2017). Identification of Financing Barriers to Energy Efficiency in Small and Medium-Sized En-
terprises by Integrating the Fuzzy Delphi and Fuzzy DEMATEL Approaches. Energies, 10(8), 1172.

Estrin, S., Mickiewicz, T., & Stephan, U. (2016). Human capital in social and commercial entrepreneurship. Journal of
Business Venturing, 31(4), 449-467.

Fang, Z., & Chen, Y. (2017). Human capital and energy in economic growth-Evidence from Chinese provincial data.
Energy Economics, 68, 340-358.

Govindan, K., Khodaverdi, R., & Vafadarnikjoo, A. (2015). Intuitionistic fuzzy based DEMATEL method for developing
green practices and performances in a green supply chain. Expert Systems with Applications, 42(20), 7207-7220.

Jeong, J. S., & Ramirez-Gomez, A. (2018). Optimizing the location of a biomass plant with a fuzzy-DEcision-MAking

www.marufiktisat.com « 33



MAKALELER / ARTICLES

Trial and Evaluation Laboratory (F-DEMATEL) and multi-criteria spatial decision assessment for renewable energy
management and long-term sustainability. Journal of Cleaner Production, 182, 509-520.

Jiang, X. L, Wu, Z. B., & Yang, Y. (2016, April). A fuzzy DEMATEL method to analyze the criteria for sustainable supp-
lier selection. In Green Building, Environment, Energy and Civil Engineering: Proceedings of the 2016 International
Conference on Green Building, Materials and Civil Engineering (GBMCE 2016), April 26-27 2016, Hong Kong, PR China
(Vol. 27, p. 85). CRC Press.

Keller, W. (1996). Absorptive capacity: On the creation and acquisition of technology in development. Journal of de-
velopment economics, 49(1), 199-227.

Keskin, G. A. (2015). Using integrated fuzzy DEMATEL and fuzzy C: means algorithm for supplier evaluation and se-
lection. International Journal of Production Research, 53(12), 3586-3602.

Ko, E. J., & McKelvie, A. (2018). Signaling for more money: The roles of founders’ human capital and investor promi-
nence in resource acquisition across different stages of firm development. Journal of Business Venturing.

Kumar Sahu, A., Datta, S., & Sankar Mahapatra, S. (2014). Supply chain performance benchmarking using grey-MOO-
RA approach: An empirical research. Grey Systems: Theory and Application, 4(1), 24-55.

Lafuente, E., & Rabetino, R. (2011). Human capital and growth in Romanian small firms. Journal of Small Business and
Enterprise Development, 18(1), 74-96.

Liu, D., Gong, VY., Zhou, J., & Huang, J. C. (2017). Human resource systems, employee creativity, and firm innovation:
The moderating role of firm ownership. Academy of Management Journal, 60(3), 1164-1188.

Mangla, S. K., Luthra, S., Jakhar, S. K., Tyagi, M., & Narkhede, B. E. (2018). Benchmarking the logistics management
implementation using Delphi and fuzzy DEMATEL. Benchmarking: An International Journal, (just-accepted).

Maniya, K. D. (2016). Comparative Study of GRA and MOORA Methods: A Case of Selecting TFO Machine. In Problem
Solving and Uncertainty Modeling through Optimization and Soft Computing Applications (pp. 132-146). IGI Global.

Massingham, P. R, & Tam, L. (2015). The relationship between human capital, value creation and employee reward.
Journal of intellectual capital, 16(2), 390-418.

Matawale, C. R, Datta, S., & Mahapatra, S. S. (2016). Supplier selection in agile supply chain: Application potential of
FMLMCDM approach in comparison with Fuzzy-TOPSIS and Fuzzy-MOORA. Benchmarking: An International Jour-

nal, 23(7), 2027-2060.

Mehregan, M. R., Hashemi, S. H., Karimi, A., & Merikhi, B. (2014). Analysis of interactions among sustainability supplier
selection criteria using ISM and fuzzy DEMATEL. International Journal of Applied Decision Sciences, 7(3), 270-294.

Mirmousa, S., & Dehnavi, H. D. (2016). Development of criteria of selecting the supplier by using the fuzzy DEMATEL
method. Procedia-Social and Behavioral Sciences, 230, 281-289.

Muda, S., & Rahman, M. R. C. A. (2016). Human capital in SMEs life cycle perspective. Procedia Economics and Finan-
ce, 35, 683-689.

Onkelinx, J., Manolova, T. S., & Edelman, L. F. (2016). The human factor: Investments in employee human capital, pro-

ductivity, and SME internationalization. Journal of International Management, 22(4), 351-364.

Ozbek, A. (2015). Efficiency Analysis of Foreign-Capital Banks in Turkey by OCRA and MOORA. Research Journal of
Finance and Accounting, 6(13), 21-30.

Pandey, A., & Kumar, A. (2017). Commentary on “Evaluating the criteria for human resource for science and techno-
logy (HRST) based on an integrated fuzzy AHP and fuzzy DEMATEL approach”. Applied Soft Computing, 51, 351-352.

34 » ISLAM IKTISADI ARASTIRMALARI DERGISI + YIL: 1+ SAYL: 2 « 2021



ARTICLES / MAKALELER

Passaro, R., Quinto, I., & Thomas, A. (2018). The impact of higher education on entrepreneurial intention and human
capital. Journal of Intellectual Capital, 19(1), 135-156.

Patil, S. K., & Kant, R. (2014). A hybrid approach based on fuzzy DEMATEL and FMCDM to predict success of know-
ledge management adoption in supply chain. Applied Soft Computing, 18, 126-135.

Pelinescu, E. (2015). The impact of human capital on economic growth. Procedia Economics and Finance, 22, 184-190.

Qin, X., Wang, T., & Zhuang, C. C. (2016). Intergenerational transfer of human capital and its impact on income mobi-
lity: Evidence from China. China Economic Review, 38, 306-321.

Roca-Puig, V., Beltran-Martin, I, & Segarra Cipres, M. (2011). Combined effect of human capital, temporary employ-
ment and organizational size on firm performance. Personnel Review, 41(1), 4-22.

Ruiz, M. D. A., Gutiérrez, J. O., Martinez-Caro, E., & Cegarra-Navarro, J. G. (2017). Linking an unlearning context with
firm performance through human capital. European Research on Management and Business Economics, 23(1), 16-22.

Sahu, A. K, Sahu, N. K., & Sahu, A. K. (2016). Application of modified MULTI-MOORA for CNC machine tool evaluation
in IVGTFENS environment: an empirical study. International Journal of Computer Aided Engineering and Technology,
8(3), 234-259.

Salim, R., Yao, V., & Chen, G. S. (2017). Does human capital matter for energy consumption in China?. Energy Econo-
mics, 67, 49-59.

Samagaio, A., & Rodrigues, R. (2016). Human capital and performance in young audit firms. Journal of Business Re-
search, 69(11), 5354-5359.

Sangaiah, A. K., Gopal, J, Basu, A., & Subramaniam, P. R. (2017). An integrated fuzzy DEMATEL, TOPSIS, and ELECT-
RE approach for evaluating knowledge transfer effectiveness with reference to GSD project outcome. Neural Com-
puting and Applications, 28(1), 111-123.

Sarkar, A., Panja, S. C,, Das, D., & Sarkar, B. (2015). Developing an efficient decision support system for non-traditional
machine selection: an application of MOORA and MOOSRA. Production & Manufacturing Research, 3(1), 324-342.

Sisman, B., & Dogan, M. (2016). Turk Bankalarinin Finansal Performanslarinin Bulanik AHP ve Bulanik Moora Yontem-
leri ile Degerlendiriimesi (The Evaluations of Financial Performance in Turkish Banks By Using Fuzzy AHP and Fuzzy
Moora). Yénetim ve Ekonomi: Celal Bayar Universitesi Iktisadi ve Idari Bilimler Fakultesi Dergisi, 23(2), 353-371.

Tadic, S., Zecevic, S., & Krstic, M. (2014). A novel hybrid MCDM model based on fuzzy DEMATEL, fuzzy ANP and fuzzy
VIKOR for city logistics concept selection. Expert Systems with Applications, 41(18), 8112-8128.

Tho, N. D., Phong, N. D., Quan, T. H. M., & Trang, N. T. M. (2018). Marketers’ human capital resources and job perfor-
mance. Marketing Intelligence & Planning, 36(1), 124-137.

Tooranloo, H. S., Azadi, M. H., & Sayyahpoor, A. (2017). Analyzing factors affecting implementation success of susta-
inable human resource management (SHRM) using a hybrid approach of FAHP and type-2 fuzzy DEMATEL. Journal
of cleaner production, 162, 1252-1265.

Tyagi, M., Kumar, P., & Kumar, D. (2015). Assessment of critical enablers for flexible supply chain performance mea-
surement system using fuzzy DEMATEL approach. Global Journal of Flexible Systems Management, 16(2), 115-132.

Vaitkevicius, S., Ciutiene, R., Meiliene, E., & Savaneviciene, A. (2015). Typology of human capital development in EU
countries. Procedia economics and finance, 23, 1641-1648.

Velayutham, A., & Rahman, A. R. (2018). The value of human capital within Canadian business schools. Journal of
Intellectual Capital.

www.marufiktisat.com « 35



MAK[]F ].:I(I‘:.[ S AT Hasan Dinger, Serhat Yiiksel , Fatih Pinarbasg:

MARUF ECONOMICS

iy yall S
MAKALELER / ARTICLES

Vidotto, J. D. F,, Ferenhof, H. A,, Selig, P. M., & Bastos, R. C. (2017). A human capital measurement scale. Journal of
Intellectual Capital, 18(2), 316-329.

Wu, K. J,, Cui, L., Tseng, M. L., Hu, J., & Huy, P. M. (2017). Applying big data with fuzzy DEMATEL to discover the cri-
tical factors for employee engagement in developing sustainability for the hospitality industry under uncertainty. In

Supply Chain Management in the Big Data Era (pp. 218-253). |G| Global.

YUksel, S., Dincer, H., & Emir, S. (2017). Comparing the performance of Turkish deposit banks by using DEMATEL, Grey
Relational Analysis (GRA) and MOORA approaches. World Journal of Applied Economics, 3(2), 26-47.

KEY TERMS AND DEFINITIONS

DEMATEL: It consists of the first letters of The Decision-Making Trial and Evaluation Laboratory”
and it is a methodology which is used for decision making in complex situations.

Emerging Economy: [t means the country which has not been developed yet. However, it is
thought that it has a strong potential to be a developed economy.

E7 Countries: They include 7 emerging economies which have the highest GDP growth.

MOORA: [t refers to the first letters of “Multi-Objective Optimization on the basis of Ratio
Analysis” and it is used to rank different alternatives.

Table Al: The initial divect-relation fuzzy matrix for the Criteria of Capacity (D1)

Criteria 1 cz @ o | c4
Literacy and numeracy (C1) 0 0|0 |0.250.50.750.25/0.5 0.75 0.5 |0.75 1
Primary education attainment rate (C2) 05075 1 0|0 0 05075 1 02505075
Secondary education attainment rate (C3) 05075 1 (05075 1 0 0 0 02505075
Tertiary education attainment rate (C4) 05075 1 (05075 1 |oso7s 1 000

Table A2: Normalized direct-relation fuzzy matrix for the criteria of DI

Criteria cr =N K= o

Literacy and numeracy (C1) 1n.nm[n_mu1n_mn 083 0.167 0.250,0.083 0.167 0.250 0.1670.250 0.333
Primary education attainment rate (C2) 10,167 0.250 | 0.333 0.000 0.000 0.0000.167 0.250| 0.333 0.0830.167_0.250
Secondary education attainment rate (C3) 0,167 0.250 0.333 0.167 0.250 0.333,0.000 0.000 0.000 [0.0830.167,_0.250
Tertiary education attainment rate (C4) 0.167|0.250 0.333 /0167 0.250 0.3330.167 0.250| 0.333 [0.0000.000, 0.000

Table A3: The total-relation fuzzy matrix for the criteria of DI

Criteria c1 a | o ca

Literacy and numeracy (C1) 0.0840.357 2.484 0.150 0.466 2.516 0.150 0.466 2.516 0.206 0.495 2.419
Primary education attainment rate (C2) 0.243 0.594 2.903 0.083 0.354 2,472 0.226 0.554 2.722 0.150 0.466 2.516
Secondary education attainment rate (C3) | 243 10,594 2.903 0,2261.{:,554 2.722 !{J,E}ES 0.3542.472 0.150 0.466 2.516

Tertiary education attainment rate (C4) 0.262 0,636 3.097 0.243 0.594 2.903 0.243 0.594[2.903 0.084 0.357 D.484
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Table A4: Total impact-relationship degrees and the weights for the criteria of D1

Criteria | D; | R{/ | D/ + R{ | D/ — R/ | Weights
Cl 3.129 | 3.692 | 6.821 -0.563 0.249
C2 3.418 | 3.413 | 6.830 0.005 0.250
c3 3.418 | 3.413 | 6.830 0.005 0.250
C4 | 3.719 | 3.166 | 6.885 0.554 | 0.252

Table A5: The initial direct-relation fuzzy matrix for the Criteria of Deployment (D2)

Criteria cs C6 c7 8

Labour force participation rate (C5) 0 0 0 o5 ﬁ.?i] 0.250.5 0.750.5 0.75]1
Employment gender gap (C6) 0 02505 0 0 0 02505 02505 0.75
Unemployment rate (C7) 02505 0.750.5 0751 0 0 o |05 lo.7sh
Underemployment rate (C8) 0.250.5 0.750.5 It].?il 02505 0750 0 0

Table A6: Normalized direct-relation fuzzy matrix for the criteria of D2

Criteria Cs Cé c7 C8

. Labour force participation rate (C5) 0,000|0.0000.000 0.182/0.273 0.364 0.091)0.182/0.273 0.182 0273 | 0.364
Employment gender gap (C6)  10.000/0.091|0.182/0.000/0.000 0.000 0.000/0.091 0.182 0.091 | 0.182 | 0.273

Unemployment rate (C7) 0.091(0.182/0.273 0,182/0.273 0,364 0.000(0,000/0.000| 0,182 | 0273 | 0364

Underemployment rate (C8) 0.091]0.182/0.273 0.182/0.273 0.364/0.091(0.182/0.273| 0,000 | 0,000 | 0.000

Table A7: The total-relation fuzzy matrix for the criteria of D2

Criteria cs [ C6 o7 [ c8

Labour force participation rate (C5) |0.031/0.219/1.418 0.250/0.581 2.230/0.115(0.373/1.632 0.231 | 0.540 | 2.081

Employment gender gap (C6)  0,010/0.2081.152 0.021/0.204 1.378 0.010,0.208 1.152| 0.096  0.332 | 1.486
Unemployment rate (C7) 0.115/0.3731.632,0.250/0.581 2.230 0.031/0.219|1.418 0.231 | 0.540 | 2.081
Underemployment rate (C8) 10,106/0.346)1.524,0.231/0.540 2.081 0.106/0.346|1.524| 0.060 | 0.287 | 1.676

Table A8: Total impact-relationship degrees and the weights for the criteria of D2

 Criteria | D} | B | Di + R{*' | D]’ - R]*/ | Weights

C5 2.636 | 1.924 4.560 0.712 0.245
Co 1.645 | 2.856 4.501 -1.211 0.242
c7 2.636 | 1.924 4.560 0.712 0.2435

C8 2.396 | 2.610 5.005 -0.214 0.269
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Table A9: The initial direct-relation fuzzy matrix for the Criteria of Development (D3)

Criterla c9 Cl ci 12 ci13 Cl4 [ ] Clé 17
.{W:MMMWMt o o O | 025 05 | 075|025 0% |0T75 05 (075 1 (025 0.5 (075 025 0.5 (075|025 05 (05| 05 0TS 0 |025) 05
rate
;‘:;;"'"fp'im“m" 05 |07s| 1 | o | 0| o|o0s ors| 1 [025|0s|07s|0s o7s| 1 0s|o7s| 1 | 0s|o7s| 1 |05 07s 0.25] 0.5 [0.75
—
estsan 0.5 0.75 1 025 05 |05 O 0 o |05 075 1 |025 05075 025 0.5 075|025 05 075 05 075 0 |025) 05
enrclment rate (C11}
enrolment o 025 | 0% 02505 |075) 0 025|050 o 0 O (025 0% 0 (02505 05 (075 1 | 05 073 05075 1
gapC12)
Wocational education
rate (C13) 0.25 05 | 075|025 05 |075/025 05 (075 02505 (075 0O o 0 025 05 (075|025 05 (0S| 05 075 0 |025| 05
Teniary cducation camlment
rate (C14) 0.25 05 | 075 | 025 05| 075025 05 (075 0 (D25 05 025 05075 0 O | 0 02505 075 05 075 0 |025|05
'[S;I;:ivmityuli : 0.25 05 | 075 | 05 075 1 025 05 (075025 05 (075025 0.5 075025 0.5 (075 O 1} 0 | 05 0TS 05075 1
lity of educati
t;-:*:ﬁ'}ﬂ" o Sysien 0.25 05 | 075 05 (075 1 (025 05 (075 0.5 (075 1 |0.25| 0.5 [0.75 0.25( 0.5 |0.75) 0.5 (075 1 0 L 05 075 1
lemnl‘ml’ftrﬁnhg{tl?j 0.25 0% 075 | 05 075 1 025 05 (075 05 (075 1 (025 05 |075 025 05 075 05075 1 | 05075 0 a | o
Table A10: Normalized direct-relation fuzzy matrix for the criteria of D3
n:riterhl 9 cio cn ciz c13 Cl4 cis Cl6 c17
omln ' oolo | A
€9 |0.0000.000{0.000(0.0330.0670.1000.0330.067)0.1000.06710.1000.133/0.0330.0670.100,0.0330.0670.10010.033/0.067/0.10010.067.0.1000.133.0.000{0.0330.067
10 |um7n_|nqn_|33|u.oac!o_mm_mm!n_mqo_mqn.133|an3m_mm_|m!o.aﬁﬂn_mu.133!0_05?n.1uqn_|33|o.m7|u_1mu:-_|33|n.oﬁ-),n_mn|n.133!n_n33|u.mm_|m
Cl1 |l].ﬂﬁ‘? u.|w|u. I33|[I.l]33!l}.06?ﬂ.II}D!U.OlI‘ﬂ.OGDIO.DD(JI].IJﬁTﬂ.Iﬂqﬂ.l.l!lp.l}ﬂ!ﬂ.ﬂﬁ? n.mqlu.uas EI.[IG"II}. molo.ma|n.uﬁ? u.mu|n.nmj.u.mu|n.133!u.oooln.n33m.uﬁ?
ci2 |ummu.us3 u.uﬁ7|u.uss!u.m?u,|ou!u,ooclu.uasln.wluﬂm,ﬂu.mo!o.w:!u.ms 0.06 ;U,UOCJIJ.IJBID.IJE’-TU.DMIB,IWEI33|ﬂ.0ﬁ’4ﬂ.|0|4l].133!ﬂ,0ﬁ? u.wo|u.|33
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Cl4 |umsu:-_ms?n_|m|n.n33!o_mm_|m!n_mzlo_uﬁm.1oa|amm_m3|o_m!o.a33!n_mm.1m!n_oon|n.ona|nnon|o.m3|um1n_|m|n.oﬁ-),n_mn|n.133!n_ooa|u.un|n_nﬁ1
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Cl6 |n.n33n_uﬁ?n_mo|n.umj.0_|oa|o_m!n_m3n_oﬁm.1ou|n_uﬁm.wolo_|sa!n.nsz!n_mru.1a1!n_m3|u.uﬁ1n_lno|o.m57|n.|uolo_|33|n.mu!u_ma|umn!n_oﬁm.1ou|n_|33
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Table A11: The total-relation fuzzy matrix for the criteria of D3

Criteria

o

C10

C11
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Cl5
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C17
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Table A12: Total impact-relationship degrees and the weights for the criteria of D3

Criteria | D{” | RY | D/ + R | Dy —R{* | Weights
c9 2.407 | 2.258 4,665 0.149 0.105
C10 2.915 | 2.476 5.391 0.438 0.121
Cll 2.513 | 2.165 4.678 0.348 0.105
C12 2.196 | 2.579 4.775 -0.384 0.107
Cl13 2.291 | 2.323 4.614 -0.032 0.104
Cl4 2.196 | 2.322 4519 -0.126 0.102
Cl15 2.652 | 2.762 5.413 -0.110 0.122
Cl16 2.482 | 3.140 5.622 -0.658 0.126
C17 2.547 | 2.259 4.807 0.288 0.108

Table Al3: The initial direct-relation fuzzy matrix for the Criteria of Know-How (D4)

Criteria Cls C19 co | c2
High-skilled employment share (C18) L0 | 0|0 05075 1 0250507505075 1
Medium-skilled employment share (C19) 02505075 0 | 0 | 0 02505 075 050,75 1
Economic complexity (C20) 10.25 0.5 10.750.25/0.5 1075, 0 | 0 | 0 0.250.5/0.75
Availability of skilled employees (C21 050,75 1 050,75/ 1 02505075 0 0| 0
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Table A14: Normalized direct-relation fuzzy matrix for the criteria of D4

Criteria Ci18 C19 C20 c1
High-skilled employment share (C18) 0.000(0.000 0.0000.182(0.273/0.364 0.091 0.182(0.273/0.182 0.273 0.364
Medium-skilled employment share (C19) |0.091]0.182/0.273/0.000/0.000/0.000/0.091 0.182(0.273/0.182 0.273/0.364.
Economic complexity (C20) 0.091(0.182 0.273/0.091(0.182/0.273 0.000 0.000(0.000,0.091 0.182/0.273
Availability of skilled employees (C21  0.182/0.27310.364/0.182/0.273(0.364/0.091 0.182/0.273 0.000 0.000/0.000

Table A15: The total-relation fuzzy matrix for the criteria of D4

Criteria C18 C19 C20 Cc21
ligh-skilled employment share (C18) 0.083/0.377 3.538/0.257/0.637 4.077 0.145)0.482|3.462|0.257 0.637
fedium-skilled employment share (C19)  10,154/0.493 3.503|0.083/0.377 3.538 0.134/0.448|3.231/0.237 0.591
conomic complexity (C20) 0.134/0.448 3.231|0.145 0.482 3.462 0.039|0.257|2.769|0.145/0.482
wailability of skilled employees (C21) 0.237|0.591 3.805|0.257|0.637 4.077 0.145)0.482|3.462|0.103 0.423

Table A16: Total impact-relationship degrees and the weights for the criteria of D4

Criteria | D{"  R{" | B{*’ + R{* | D" — R/ | Weights
CI8 | 4345 3987 8332 0.358 0.256
Cl9 |3980 4324 8304 0344 | 0256
C20 | 3575 3.614  7.189 0038 | 0221
C21 [4348 4324 | 8671 0.024 0.267
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