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ABSTRACT This aims to evaluate the risk appetite of the financial investors in emerging economies
using an integrated interval type-2 fuzzy model. For this purpose, eight different criteria are identified with
the supporting literature. The interval type-2 fuzzy DEMATEL approach is used to weight these criteria
regarding the importance level. In addition, investors are classified into three different groups with respect
to the risk appetite which are the aggressive/risk taker, moderate/risk neutral, and conservative/risk averse.
Moreover, the interval type-2 fuzzy QUALIFLEX methodology is taken into consideration to rank these
investor groups. The novelty of this paper is to propose a hybrid fuzzy decision-making approach to the
investors’ risk appetite based on the interval type-2 fuzzy sets. The findings show that aggressive investors
play the most important role in emerging economies. Therefore, financial products, which offer high returns,
should be developed to attract the attention of these aggressive investors. Owing to this aspect, it can be
possible for emerging economies to improve their financial systems.

INDEX TERMS Interval type-2 fuzzy DEMATEL, interval type-2 QUALIFLEX, financial investment, risk

appetite.

I. INTRODUCTION

Financial system plays a very key role for the development of
the economies by combining fund demanders and fund sup-
pliers. Therefore, with an effective working financial system,
investors can get a chance to increase their investments. This
situation has an increasing effect on the economic growth.
Because emerging economies aim to reach the standards of
developing countries, they give importance to increase invest-
ment amount. Because of this issue, effective financial system
is a must especially for emerging economies [1].

Countries generate financial instruments to attract the
attention of the financial investors to increase the power of
this system. It is accepted that there is a positive correlation
between risk and income in financial investments [2]-[4].
Some financial instruments have minimum risk, such as gov-
ernment bonds [5]. Because of this situation, they provide low
income by comparing with other products. On the other hand,
some other instruments have higher risk by providing higher
income opportunity at the same time. Stocks, foreign curren-
cies, precious metals and financial derivatives can be given as
the examples of this category [6]. In addition to this aspect,
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the risk profiles of the investors can be different. As general,
investors can be classified into three different groups with
respect to the risk appetite. Aggressive or risk take investors
refer to the investors who love taking risk by making invest-
ments. This means that this kind of investors expect to earn
higher return in this process [7]. These investors follow the
market in a detailed manner and can make speculative invest-
ments. Moreover, conservative or risk averse investors do not
like taking risk in their investment decisions [8]. In other
words, these investors prefer to earn low but predictable
return instead of future uncertain high returns. Finally, moder-
ate or risk neutral investors do not have preferences between
risk and return [9].

As it can be seen, in order for the financial system to
be effective, products that meet the risk profile of investors
in the country have to be presented. Otherwise, financial
products cannot be preferred by the investors and this sit-
uation has a decreasing effect in the performance of this
financial system. In this process, the significant point is to
identify the risk appetites of the investors. For this purpose,
countries should make a detailed analysis so as to understand
the risk profile of the investors. Owing to this issue, it can be
more possible to attract the attentions of potential investors.
The importance of the paper is to construct a novel hybrid
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decision making model based on interval type-2 fuzzy sets.
Thus, it is aimed to identify the risk appetite of the investors
in emerging economies more accurately under the fuzzy
environment. Within this framework, 8 different criteria and
3 investment profiles are identified by considering similar
studies in the literature. Additionally, interval type-2 fuzzy
DEMATEL and fuzzy QUALIFLEX approaches are taken
into the consideration. With the help of interval type 2 fuzzy
DEMATEL method, these criteria are weighted. In addition
to this situation, by using interval type-2 fuzzy QUALIFLEX
methodology, investment profiles are ranked according to
their importance levels. According to these results, necessary
recommendations can be provided in order to improve the
financial system of emerging economies.

The proposed model has some outstanding novelties and
advantages. Firstly, the proposed model provides a novel
hybrid approach to soft computing based on interval type-
2 fuzzy sets. Thus, by using hybrid multi-criteria decision
making models with interval type-2 fuzzy sets, it is possible
to obtain more precious and reliable results than use of one
of decision making techniques such as TOPSIS and VIKOR.
Additionally, the proposed model is more appropriate for
the complex decision making problem and it is accepted
that these approaches are very successful in decision mak-
ing under uncertain environment. In addition to this aspect,
interval type-2 fuzzy logic is firstly used in order to identify
the risk profiles of the investors. Hence, it has an increasing
effect on the originality of this study.

There are five different sections in this study. After this
introduction section, the outstanding studies related to risk
appetite, interval type-2 fuzzy DEMATEL and QUALIFLEX
are detailed in the second section. In addition, the methods
used in the analysis process are explained in the third section.
Furthermore, the fourth section gives information about the
application on emerging economies by using these method-
ologies. Finally, in the last section, necessary recommenda-
tions are provided based on these analysis results.

II. LITERATURE REVIEW

In the literature, the risk appetite of the investors during
financial crisis period also attracted the attention of many
researchers. For instance, reference [10] considered risk
appetite in emerging economies. With the help of regression
methodology, it is determined that risk aversion increases
in these markets during the financial crisis period. Refer-
ence [11] evaluated the global risk in nine different emerging
markets. For this purpose, volatility, credit, and liquidity
risks are taken into the consideration with respect to the
components of the global risk. They determined that the
investors become more risk taker before the financial crisis
period. Moreover, reference [12] concluded that financial
crisis changed the investors’ risk appetite. Reference [13]
argues that measurement of risk appetite is a very useful
aspect to predict financial crisis. Furthermore, [14] under-
lined that investors’ risk appetite plays a key role in the devel-
opments in global financial markets. In this study, regression
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methodology is considered for ten years data of seventeen
different markets. As a result, they defined that this aspect
is also very useful to predict financial crisis. Reference [15]
stated that investor sentiment has a strong influence during
2008 global mortgage crisis period.

Also, identifying the determinants of risk appetite is the
concern of the researchers. Within this context, [16] evalu-
ated the conditions which affect investors’ preferences. They
reached the condition that gender has an impact on the risk
perception of the investors whereas marital status does not
have the same influence. Additionally, [17] tried to find the
relationship between global risks and volatility in the finan-
cial market. As a result of the analysis made by vector error
correction method, it is concluded that volatility index (VIX)
is the most outstanding indicator of the investors’ risk appetite
in the market. Also, [18] stated that demographic variables
have an influence on risk tolerance levels of the investors.

On the other hand, [19] created a model regarding bond
spreads. For this purpose, many different factors are taken
into the consideration, such as risk appetite of the investors.
It is identified that there is a strong correlation between
liquidity risk and investors’ risk appetite. Reference [20]
focused on the relationship between monetary policies and
financial stability. In this study, the data of 257 different banks
in 26 countries is evaluated by using regression methodology.
It is identified that monetary policy of US central banks has
a strong influence on the risk appetite of investors. More-
over, Furthermore, [21] argued that communication quality
of the top managers has an important effect on the risk
appetite of the investors. Reference [22] also examined the
determinants of investor profiles by using structural equa-
tion model. Within this scope, European data for the years
between 2003 and 2014 is analyzed. It is defined that political
uncertainty plays a key role in this circumstance. In addition,
some studies evaluated the impacts of investors’ risk appetite.
For instance, [23] evaluates financial risk-taking behavior
of the investors. They explained that the risk profiles of
the investors have a significant influence on the stability
of the market. Reference [24] analyzed the role of broker-
dealer risk appetite on commodity returns. It is concluded that
fluctuations in risk bearing capacity of broker-dealer have an
impact on energy returns. Reference [25] also underlined that
investors’ risk appetite has a strong influence on the financial
stability of the countries. In this study, they analyze the details
of International Monetary Fund’s risk appetite index, but they
concluded that the measures of risk appetite do not always
give similar results for each country. Additionally, [26] stated
that changes in investors’ risk appetite is an important signal
for the effectiveness of the financial market.

Parallel to these studies, [27] evaluates the relationship
between changes in the level of investor fear and financial
market returns. It is concluded that investor fear level has
a strong influence on the market returns. Furthermore, [28]
measures what investors consider before choosing financial
instruments. In this context, a survey was conducted with 254
investors. Increasing risk appetite has a positive effect on the
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preferences of mutual funds. In addition to them, [29] aimed
to identify investor profiles during financial crisis period. For
this purpose, investors’ behavior before and after 2008 global
financial crisis is considered. It is determined that taking too
much risks by the investors increases volatility in the market
that negatively affects sustainable economic growth.

There are also some studies in the literature which analyzed
the different aspects of the risk appetite of the investors.
As an example, [30] developed a portfolio selection model by
considering the expectations of the investors. Reference [31]
developed a new model which measures the risk appetite
of the investors. Additionally, [32] underlined the impor-
tance of understanding risk profiles of the investors so that
financial advisors can serve them more effectively. Also, [33]
aimed to understand the risk appetite of international bond
investors. It is claimed that classification of the investor risk
profile is a very useful way to attract the attention of them.
Moreover, [34] underlined the importance of identifying risk
profiles of the investors to present financial instruments for
them.

Moreover, some studies focused on the risk aversion.
For example, [35] measured the relationship between risk
aversion and performance of energy markets. A simulation
model is taken into the consideration in this study. They
reached the conclusion that risk aversion has a negative influ-
ence on the reliability of this market. Similarly, Bekaert and
Hoerova [36] makes a study to understand the relationship
between risk aversion and uncertainty in the market. Within
this framework, monthly data of German and US for the
periods between 1992 and 2008 is evaluated. They reached
the conclusion that credit spreads have a significant effect on
risk aversion.

Moreover, the subject of developing products for risk
averse investor was also considered in the literature. As an
example, [37] proposed a two-stage robust investment model
regarding electricity market. In this model, hedging method-
ology is considered to minimize uncertainty so that financial
products can become appropriate for risk averse investors.
Parallel to this study, [38] developed a renewable energy
investment alternative for risk averse investors by using
derivative products. Reference [39] also made a study about
the risk appetite of the investors for currency portfolios. They
concluded that risk aversion increases rapidly when there is
uncertainty in the market.

Internal type-2 fuzzy DEMATEL approach is very popular
in the literature. Especially in the last studies, this approach
was preferred form many different subjects. Reference [40]
focused on the indicators of effective human resource man-
agement by using this methodology and identified that edu-
cation is the most important criterion. Also, [41] developed a
new interval type-2 multiple attribute decision making model
by combining IT2F-DEMATEL and IT2F-TOPSIS methods.
Moreover, [42] considered this methodology to improve
customer satisfaction in transportation industry. In addition to
these studies, [43] used interval type-2 DEMATEL approach
for green supplier selection. Reference [44] also made an
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analysis to see causal relationship of knowledge management
criteria with the help of this approach. Reference [45] made
a study to provide environmental sustainability and interval
type-2 DEMATEL method is taken into the consideration in
this study.

Similar to the interval type-2 fuzzy DEMATEL approach,
the popularity of QUALIFLEX approach increased especially
in the last years. Reference [46] considered this methodology
for medical decision-making problem. Reference [47] gen-
erated a new hierarchical Pythagorean fuzzy QUALIFLEX
method in his study. Reference [48] also used QUALIFLEX
method with fuzzy logic. In addition to these studies, [49]
and [50] tried to select the best green supplier with the
help of this approach. As a result of literature analysis, it is
concluded that risk appetite of the investors is a very popular
subject in the literature. It was considered in many differ-
ent researchers in various ways. For example, some studies
aimed to understand the risk appetite of the investors during
financial crisis period whereas some others focused on the
determinants of risk appetite. In addition to them, the impacts
of investors’ risk appetite and the subject of risk aversion were
also taken into the consideration in many different studies.
Also, most of these studies were conducted with regression,
survey, structural equation model. However, it is obvious
that there is a need for a new study which focuses on risk
appetite subject with a new methodology. On the other hand,
it is also identified that the popularity of the interval type-2
fuzzy DEMATEL and QUALIFLEX approaches increase
especially in the last years. Nonetheless, it is understood that
these methods were not considered regarding the risk profile
of the investors before. Hence, making a new analysis to mea-
sure the investors’ risk appetite by using interval type-2 fuzzy
DEMATEL and QUALIFLEX methods makes a significant
contribution to the literature.

lil. METHODOLOGY

A. IT2 FUZZY SETS

Type-2 fuzzy logic is a new approach of the fuzzy sets. The
main purpose is to minimize the minimize the uncertainties
in fuzzy system. A represents a type-2 fuzzy set and At

gives information about the membership function [51]. The
details are given on equation (1).

A= {((x,u),ltg(x,u)) |Vy € X,V, €J; €0, 1]},

or
A:/ / i (e,u) /() Jy €10, 1] ey
xeX Juely

where 0< j; (x, u) < 1.In addition to this aspect, [ | gives
information about the union over all x and u. J is replaced
with ¥ regarding discrete universes. Interval type-2 fuzzy
sets (A) can be demonstrated as following.

A=f / 1/ (e, u) Jy €10, 1] 2)
xeX Juel,
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For this circumstance, all pj (x, u) should be equal to “1”.
With respect to the interval type-2 fuzzy set A;, Al.U gives
information about the upper trapezoidal membership func-
tion whereas ;\iL indicates the lower trapezoidal membership
function. The details are stated on the equation (3).

Ai=(AY,4L)=((af, a¥. a%. s i@Y), > (3V))
(a,-Ll, ab, db, ak; Hy (A,L) , Hy (AIL))) 3

In this equation, AIU and ;\f‘ indicate type-1 fuzzy sets. On the

. v U U U L L L L
other side, a;;, a, agz,ay, a;, ap, gz, d; are the values of

interval type-2 fuzzy set. The calculation of the interval
type-2 fuzzy sets is shown on the equations (4) and (8).
Aved=(AY,Ah) e (A7, 45)
U U U U U U U U.
=\\an1 +a31, ap; +ag, a3+ az, ayy + ay;
min (Hy (A7) Hy (3Y)) min (Ho (A7),
H (Ag)) ; (afl + gy, afy + a5, aty + s,
aky + aky; min (H1 A{) JH, (Ag ) ,
min (Hs (1) 12 (3%)))) )
Arody=(AV.A%) o (A9, 4%)

_ U U U U U U U U.
=\\a11 — ayq, Q1p — Ap3, Q13 — App, Apy — Ay

min (Hy (A7) Hy (AY)) ,min (Ho (A7),
Hy (Ag))) ] (alLl - “%m ale - a§3, af3 - 952»
ah — C’%]? min (H1 (Af) , Hy (Aé ) ,
i1 (34). (1))
Ao A= (A1 At) & (A7, 45)
=((a¥) x4, a¥% x d%, a¥% x %, a¥, x a¥;;
min (Hy (A7) Hy (AY))  min (H2 (A7)
H (Ag)» ; (Gﬁ X dgy, afy X agy, afy x ag;,
aky x ab,; min (Hl (Af) H, (Ag)) ,
min (Hz (A%)  H2 (45)))) ©6)
kA| = (k x a¥, kxa%, k x a%, k x a¥;
i (AY) 2 (30)). (k x aby.kxa,
kxaby k< aby i (AF) 1 (A)) @)
Ar (1 U1,
k
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B. IT2 FUZZY DEMATEL

The word of DEMATEL is generated from the first letters
of “decision making trial and evaluation laboratory”. This
method is mainly used to weight different dimensions accord-
ing to their importance. In addition to this condition, the inter-
dependence among the factors can also be analyzed with
the help of this method [52]. This approach is extended by
considering interval type-2 fuzzy sets. The details are given
below [46].

In the first step, expert evaluations are obtained. These
linguistic evaluations are converted to internal fuzzy sets.
This situation is demonstrated on Table 4. In the second step,
initial direct relation matrix is created by considering the eval-
uation results collectively. Additionally, the average scores of
pairwise comparisons are calculated. In this process, interval
type-2 fuzzy numbers are taken into the consideration. With
the help of these issues, the initial direct-relation fuzzy matrix
7 is developed. In this context, the degree of the influence is
presented by

Zj = (aij, bij, cij, dij; Hy (zéj) Hy (Zl[j])) ;
(eij,fij, gij» hijs Hh (25) , Hy (ZS)) -

The details of this matrix are given on equation (9).

0 212 ce . Zln
22] 0 A A 22n

Z= 9)
an an ce e 0

In order to construct the initial direct-relation matrix, the
average fuzzy scores are considered which are detailed on
equation (10).

VAR ANy AN A

Z= (10)
n

In the third step, the pairwise matrix is normalized. In this
process, equations (11), (12) and (13) are used.

X1 X2 o e X
le xzz e ... xzn

X = (11)
% B e e

where

d 2 ! / 2 J 2 ’
~ ij i bi/ Cij dii ( U ) U
Xij=—=\— —, —, — ;H1 yan ,H2 yar ,
v r ( r r r r Y )

Zy Zy Zyg Zy
(_v,_u,_v,Tqu ().m()

r r r

n n
r = max (max1<,~<n Z Zy , maxi<i<n E ) Zd.’.)
- = j=1 ij - = j=1 ij
(13)
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The fourth step is related to the development of the total
influence fuzzy matrix (7). The equations (14)-(18) represent
this process.

r 9 dpy e e a:m_
a2] () ... ... azn
Xy = ) )
L ay ap 0
My, 0 - - K,
Xy = (14)
iy My e 0]
T=limX+X>+...+XFk (15)
k— 00
[fy o e Ty
T=1|: : (16)
B B e e
where

iy = (i i () 0 (1))
(et (i) 2 (7)) an
[ag] =X, xT—X)""
[h]] = Xy x (I — Xp)~! (18)

In the last step, the influence degrees are calculated. For this
purpose, the sums of all vector rows and columns of the total
relation matrix are taken into the consideration. This situation
is detailed on equations (19) and (20).

~ n ~
D = [ t~~] (19)
! ijl Y nxl1
~ n .7
Ri = [ t~~] 20
! Zi:l Y 1xn (20)
In these equations, Di shows the sum of all vector rows.
On the other hand, R; refers to the sum of all vector columns.
Thus, (D,- + R,-) gives information about the total degree of
the influence among criteria. Owing to this issue, when this
value is higher, it means that the criterion becomes closer to
the central point of the object.

C. IT2 FUZZY QUALIFLEX

The QUALIFLEX is generated to develop a flexible multiple
criteria decision-making method by Paelinck in 1976 and it is
a generalization form of Jacquet-Lagreze’s permutation [53].
The method aims to the flexibility with the correct treatment
of cardinal and ordinal information and the preferences with
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the concordance results [54], [55]. There are several exten-
sions of the method as seen in the literature. But, the use of
interval type 2 is extremely limited for the QUALIFLEX. The
extended method is summarized as 46.

Step 1: Construct the decision matrix: IT2 fuzzy decision
matrix is developed by using the averaged values of k decision
makers’ criteria evaluations for each alternative as follows.

X1 X2 X3 cee Xn
Al | Ain A Agz A
Ay | Ay A Apz e App
D= 43 | As1 A3 Az o Am |21
Am Aml Am2 Am3 e Amn

1 k
. [ZA,;] (22)
e=1

Step 2: Compute the signed distance: Signed distance
d(Aj, 0) is calculated for each A; in the decision matrix by
the formula (23)

d (4;,0)

1
L L L L U U
=3 (alij + ay; + az; +ag; + 4a1ij + 2a2ij

hE
U U U U U U y
+ 26131] + 4a4l] + 3(612!']' + a3ij — all] a4l])hU> (23)

where
_[aL 4U] _ (L L L L
Aj = [Aij’Aij] - [( iy i i i )
U U U U
(et a%. ay an )| @4

Step 3: Calculate the concordance/discordance index: The
index Ijl is employed for each pair of alternatives (A,, Ag)
with m alternatives, m! permutations of the ranking of the
alternatives exist:

I _ !
Ij - ZAP,AﬁeAIJ (Ap’Aﬂ)
ZZAP,A,geA( (A"J’Ol) (Aﬁj’ol» 25)
where
L AU L L L L
Apj [APJ’A ] [(alm’aZpJ’a3pj’a4pf’h )
v U U U
(alpj’ Dpj> D3 pj> “4/0/’ h )]
and
, vl (L L L L .,L
Apj = [AﬂJ’Aﬁj] = [(alﬂj’ dypj» A3p)» Aagy: hﬁj)’

U U U .U
(alﬁj’ Apj> apj> Gapy’ hﬁj)] (26)
Pr=(..Ap....Ag..) forl=12....m (27)

Step 4: Compute the comprehensive concordance/
discordance index. Weights of the criteria based on IT2 fuzzy
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numbers are considered in the concordance/discordance
index in the equation (28)

1= ZAp,AﬁeA Z::l IJ'I (Ap- Ap) W;
- ZAP,A,«;EA Z;l:l (d (Apj’ 61) —d (A’Sj’ 61)) W

(28)

The comprehensive index results are listed for all permuta-
tions and the maximum value defines the optimal ranking
order of the alternatives.

IV. AN APPLICATION ON THE EMERGING ECONOMIES
A. PROPOSED MODEL

Integrated model is summarized in the following steps as seen
in figure 1.

-~ Define the multicriteria problem for~
S soft computing 7

P ~ Determine a set of criteria and ™
~ alternatives /

“_‘*v"

< Appointthe decision makers that - 4
. are experts in the financial servicesl

< Obtain the linguistic evaluations of 3
.. each expertfor the criteriaand -
= — _ _alternatives _ _ -
Weight the dimensions and
[ criteria with IT2F-DEMATEL

- - =t === = = = A -F———————— - - - = =

[ Construct the initial direct |
| | relation matrix based on IT2FSs N |
| |

|
|
L |
_____________ [y [
| Normalize the direct relation ! I - - — = Il
[ matrix - | [ Provide the comprehensive I
[T P | (I index results I
| :_C_um_puﬁa {he Total relation matrix | [ ; 77777 |
| | e -
———————————— I
T L ! | : Compute the comprehensive 1
|, Calculate ihe defuzziiied values | = | | concordance/discordance index
| o _ _ _ ofthematix T h
[ . J Al [ S !
Vol | Calculate The I
I Provide the values of Di | - concordance/discordance index | |
ey 4 I
K2 ! [ [
e =X -y
|
|
|
|

" Obfain the influence degrees of | I ™ Tconstruct the fuzzy dedision — |
! criteria ' [ matrix based on IT2FSs |

FIGURE 1. The flowchart of the model.

Step 1: Define the decision-making problem: Investors
perception and their risk appetite are analyzed for the emerg-
ing economies based on the integrated interval type-2 fuzzy
approach. For this issue, 8 criteria are defined with the
supported literature in Table 1. Additionally, conservative,
moderate, and aggressive investors are considered as a set of
alternatives.

Table 1 explains 8 different criteria. Transactional con-
fidence (C1) refers to the security of financial transac-
tions against the threats, such as hacking and competitive
cost (C2) defines having low costs in case of purchasing
financial products. Additionally, variety of financial instru-
ments (C3) explains the diversity of financial instruments
and presenting different financial products. Similarly, func-
tionality (C4) means ease of use of financial products with

VOLUME 7, 2019

TABLE 1. Determinants of investors’ risk appetite.

Criteria Supported Literature
Transactional
Confidence (C1) [56], 157]
Competitive cost (C2) [58], [59]
Variety of financial [60], [61]
instruments (C3)
Functionality (C4) [62], [63]
Transaction Speed (C5) [64], [65]
Legal Easiness (C6) [66], [67]
Macroeconomic [68],[69]
Performance (C7)
Political Stability (C8) [70], [71]

TABLE 2. Linguistic scales and interval type-2 trapezoidal fuzzy numbers
for the criteria and alternatives.

Criteria Alternatives IT2TrFNs
Absolutely Absolutely ((0.0,0.0,0.0,0.0;1.0),
Low (AL) Poor (AP) (0.0,0.0,0.0,0.0;1.0))
Very Low Very Poor ((0.0075, 0.0075, 0.015, 0.0525;0.8),
(VL) (VP) (0.0,0.0,0.02,0.07;1.0))
Low (L) Poor (P) ((0.0875,0.12, 0.16, 0.1825;0.8),
(0.04,0.10,0.18,0.23;1.0))
Medium Low Medium ((0.2325, 0.255, 0.325, 0.3575;0.8),
(ML) Poor (MP) (0.17,0.22,0.36,0.42;1.0))
Medium (M) Fair (F) ((0.4025, 0.4525, 0.5375,
0.5675;0.8),
(0.32,0.41,0.58,0.65;1.0))
Medium Medium ((0.65, 0.6725, 0.7575, 0.79;0.8),
High (MH) Good (MG) (0.58,0.63,0.80,0.86;1.0))
High (H) Good (G) ((0.7825, 0.815, 0.885, 0.9075;0.8),
(0.72,0.78,0.92,0.97;1.0))
Very High Very Good ((0.9475, 0.985, 0.9925, 0.9925;0.8),
(VH) (VG) (0.93,0.98,1.0,1.0;1.0))
Absolutely Absolutely ((1.0, 1.0, 1.0, 1.0; 1.0), (1.0, 1.0,
High (AH) Good (AG) 1.0, 1.0; 1.0))

the help of availability of different alternative distribution
channels. On the other side, transaction speed (C5) gives
information about the speed of a financial transaction to be
actualized. In this process, the speed of internet plays a key
role. Moreover, legal easiness (C6) explains whether there
are legal obstacles to trading or the laws in the country
make it difficult to trade. In other words, this criterion gives
information about the legal convenience because investors
prefer to enter this market in such an environment. Further-
more, macroeconomic performance (C7) identifies whether
economic indicators of the country are in a good condition to
attract the attention of the investors. Finally, political stabil-
ity (C8) refers to the positive performance of the government
to manage the country so that there is a minimum risk of
government collapse.
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TABLE 3. Dependency degrees among the criteria of investors’ risk

appetite.
C1 Cc2 C3 Cc4
EEEEEEEEEEEEE R
M1 M2 M3 M1 M2 M3 M1 M2 M3 M1 M2 M3
C M M
1 H H VH ML M H ML M ML
C M M
2 H VH H - H VH H H M
ED Mo [ v | L | M vio| v | L
f‘: ML M ML VL L L ML L ML
T M M M
5 ML L L H H VH ML M H M H
(6; L L ML VL L M I\}/il M M M M
C M M
7 ML H ML H ML ML M M VL M M
C M M M
CSlm | M [ M| M MAm [ [ Mo m | )
cs 6 7 s
D D D D D D D D D D D D
M1 M2 M3 M1 M2 M3 M1 M2 M3 M1 M2 M3
? VL L ML M M ML VL VL L VL L L
C M M M M
2 H H ML H H H ML M M ML H M
(3: i\/ll M ML ML M L L ML L ML ML
g M M ML ML M M ML VL M ML M M
T MO M | M
5 M ML ML M M H H H
c M ML M VL L M M ML ML
6 H
(7: VL L ML M M ML M
Sl L L | ™ ML | ML | M | M

TABLE 4. Linguistic evaluations of the alternatives.

Al
A2 (moderate) A3 (aggressive)
(conservative)
Criteria/Alter
D D D D D D D D D
natives
M M M M M M M M M
1 2 3 1 2 3 1 2 3
Transactional
A% v A M M
Confidence G G F G
G G G G G
€
Competitive M M v \Y% A
F G G G
cost (C2) G G G G G
Variety of
financial M M \% v A \%
F F G
instruments G G G G G G
(€3)
Functionality M F M M M G v \Y% \%
(C4) G G G G G G G
Transaction M M M v \Y% A
F F F
Speed (C5) G G G G G G
Legal M M v v
G F G G G
Easiness (C6) G G G G
Macroeconom
ic \Y% v \% A% M M
G G G
Performance G G G G G G
€7
Political \Y% v v v M M
G G G
Stability (C8) G G G G G G

Step 2: Provide the linguistic evaluations: 3 experts are
appointed to obtain the linguistic preferences for the criteria
and alternatives. The experts have ten year experiences in

15938

TABLE 5. Initial direct relation matrix for the criteria.

c1 2 c3 c4
(0.29,0.3

((0.0,0.0,0.0,0.0;1.0 | ((0.79,0.82,0.88,0. | ((0.43,0.46,0.54,0.5 | 2.0.40,0.
C ) 90;0.80), 7:0.80), 43;0.80),
1| (0.0,0.0,0.0,0.0;1.0) | (0.74,0.80,0.91,0.9 | (0.36,042,0.58,0.6 | (0.22,0.2
) 4;1.00)) 4;1.00)) 8,0.43,0.

50;1.00))

((0.49,0.5

((0.84,0.87,0.92,09 | ((0.0,0.0,0.0,0.0;1. | ((0.79,0.82,0.88,0.9 | 3,0.61.0.
C 4:0.80), 0), 0:0.80), 64:0.80),
2| (0.79,0.85,0.95,0.9 | (0.0,0.0,0.0,0.0;1.0 | (0.74,0.80,0.91,0.9 | (0.41,04
8;1.00)) ) 4;1.00)) 8,0.65,0.
72;1.00))

((0.03,0.0

((0.29,0.32,0.40,04 | ((0.17,0.19,0.24,0. | ((0.0,0.0,0.0,0.0;1.0 | 5,0.06.0.

C 3;0.80), 27:0.80), ), 10:0.80),
3| (022,028,043,0.5 | (0.12,0.17,026,0.3 | (0.0,0.0,0.0,0.0;1.0) | (0.01,0.0
0:1.00)) 2:1.00)) ) 3,0.07,0.
12;1.00))

((0.0,0.0,

((0.29,0.32,0.40,04 | ((0.06,0.08,0.11,0. | ((0.18,0.21,0.27,0.3 | 0.0,0.0;1.

C 3;0.80), 14;0.80), 0; 0.80), 0),
4| (0.22,02804305 | (0.03,0.07,0.130.1 | (0.13,0.18,030,0.3 | (0.0,0.0,0
0;1.00)) 8;1.00)) 6;1.00)) .0,0.0;1.0

)

((0.57,0.6

((0.14,0.17,022,02 | ((0.79,0.82,0.88,0. | ((0.35,0.39,0.47,0.5 | 0,0.68.0.
C 4;0.80), 90;0.80), 0:0.80), 72;0.80),
5| (0.08,0.14,02402 | (0.74,0.80,091,09 | (0.27,0.350.51,05 | (0.49,0.5
9;1.00)) 4;1.00)) 7;1.00)) 6,0.73.0.
79;1.00))

((0.40,0.4

((0.14,0.17,022,02 | ((0.17,0.19,0.24,0. | ((0.49,0.53,0.61,0.6 | 5,0.54,0.
C 4;0.80), 27;0.80), 4:0.80), 57;0.80),
6| (0.08,0.14,02402 | (0.12,0.17,026,03 | (0.41,0.48,0.650.7 | (0.32,0.4
9:1.00)) 2:1.00)) 2:1.00)) 1,0.58,0.
65;1.00))

(0.27,0.3

((0.37,0.39,0.47,0.5 | ((0.43,0.46,0.54,0. | ((0.35,0.39,047,0.5 | 0,0.36,0.
C 0:0.80), 57;0.80), 0;0.80), 40;0.80),
7| (031,036,051,0.5 | (0.36,0.42,058,0.6 | (0.27,0.35,0.51,0.5 | (0.21,0.2
7:1.00)) 4:1.00)) 7:1.00)) 7,0.39,0.

46;1.00))

((0.38,0.4

((0.35,0.39,0.47,0.5 | ((0.49,0.53,0.61,0. | ((0.49,0.53,0.61,0.6 | 2,0.49,0.
C 0:0.80), 64;0.80), 40.80), 51;0.80),
8 | (027,035,051,0.5 | (0.41,048,0.650.7 | (0.41,0.48,0.650.7 | (0.31,0.3
7;1.00)) 2;1.00)) 2;1.00)) 8,0.52,0.
58;1.00))

cs C6 C7 cs
((0.06,0.0

((0.11,0.13,0.17,02 | ((0.35,0.39,047,0. | ((0.03,0.05,0.06,0.1 | 8,0.11,0.

C 0:0.80), 50;0.80), 0;0.80), 14;0.80),
1| (0.07,0.11,0.1902 | (0.27,035,0.51,0.5 | (0.01,0.03,0.07,0.1 | (0.03,0.0
4;1.00)) 7;1.00)) 21.00)) 7,0.13.0.
18:1.00))

((0.43,0.4

((0.51,0.53,0.61,0.6 | ((0.74,0.77,0.84,0. | ((0.35,0.39,047,0.5 | 6,0.54,0.
C 5:0.80), 87;0.80), 0:0.80), 57;0.80),
2| (0.44,049,0.650.7 | (0.67,0.73,0.88,0.9 | (0.27,035,0.51,0.5 | (0.36,04
1;1.00)) 3;1.00)) 7:1.00)) 2,0.58,0.
64;1.00))

((0.18,0.2

((0.43,0.46,0.54,0.5 | ((0.35,0.39,047,0. | ((0.14,0.17,022,02 | 1,027,0.

C 7;0.80), 50;0.80), 4; 0.80), 30; 0.80),
3| (0.36,042,0580.6 | (0.27,0.35,0.51,0.5 | (0.08,0.14,024,02 | (0.13,0.1
4:1.00)) 7:1.00)) 9:1.00)) 8,0.30,0.
36;1.00))

((0.35,0.3

((0.35,0.39,047,0.5 | ((0.35,0.39,047,0. | ((0.21,0.24,029,03 | 9,0.47.,0.
C 0:0.80), 50;0.80), 3;0.80), 50;0.80),
4| (027,0350.51,05 | (0.27,035,051,0.5 | (0.16,0.21,032,03 | (0.27,0.3
7:1.00)) 7;1.00)) 8;1.00)) 5,0.51,0.
57;1.00))

((0.57,0.6

((0.0,0.0,0.0,0.0;1.0 | ((0.29,0.32,0.40,0. | ((0.49,0.53,0.61,0.6 | 0,0.68,0.
C , 43;0.80), 4:0.80), 72;0.80),
5| (0.0,0.0,0.0,0.0;1.0) | (0.22,0.28,043,0.5 | (0.41,0.48,0.650.7 | (0.49,0.5
) 0;1.00)) 2;1.00)) 6,0.73.0.

79;1.00))
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TABLE 5. (Continued.) Initial drect relation matrix for the criteria.

(029,03
((0.43,0.46,0.54,0.5 | ((0.0,0.0,0.0,0.0;1. | ((0.17,0.19,0.24,02 | 2,0.40.0.
C 7:0.80), 0), 7;0.80), 43;0.80),
6| (0.36,042,058,0.6 | (0.0.0.00.00.01.0 | (0.12,0.17.02603 | (0.22,02
4:1.00)) ) 2:1.00)) 8,0.43,0.
50;1.00))

(035,03

((0.06,0.08,0.11,0.1 | ((0.35,0.39,047,0. | ((0.0,0.0,0.0,0.0;1.0 | 9,0.47,0.

C 4:0.80), 50;0.80), ). 50;0.80),
7| (0.03,007,0.13,0.1 | (0.27,0.35,0.51,0.5 | (0.0,0.0,0.0,0.0;1.0) | (0.27,0.3
8:1.00)) 7:1.00)) ) 5,0.51,0.
57:1.00))

((0.0,0.0,

((0.09,0.12,0.160.1 | ((0.35,0.39,047,0. | ((0.35,0.39,047,0.5 | 0.0,0.0;1.
C 8;0.80), 50;0.80), 0;0.80), 0),
8 | (0.04,0.10,0.1802 | (0.27,0.35,0.51,05 | (0.27,0.35,0.51,05 | (0.0,0.0,0
3;1.00)) 7;1.00)) 7;1.00)) 0,0.0;1.0

)

the field of finance and are selected within ten candidates
for providing more accurate results. Table 2 represents the
linguistic scales and their interval type-2 trapezoidal fuzzy
numbers for measuring the weights of the criteria and ranking
the alternatives.

Table 3 and 4 show that the linguistic opinions of each
decision maker for the criteria and alternatives respectively.

Step 3: Weight the criteria of investors’ risk appetite:
IT2 fuzzy DEMATEL are used for calculating the relative
importance of each criterion by using the formulas (9)-(20).
Table 5-8 illustrate the analysis results for weighting the
determinants of the investors’ risk appetite in the emerging
economies.

Step 4: Rank the alternatives: QUALIFLEX method based
on interval type 2 fuzzy sets are considered to analyze the
alternatives that define the risk choices of investors traded
in the emerging economies with the equations (21)-(28). The
results are provided in table 9-13 accordingly.

B. ANALYSIS

In the first stage of the analysis, the criteria of investors’ risk
appetite are weighted by using DEMATEL based on interval
type 2 fuzzy sets. Initially, the direct relation matrix has been
constructed by converting the linguistic scales to the inter-
val type-2 trapezoidal fuzzy numbers with the equations (9)
and (10). The matrix can be seen in Table 5.

The initial direct relation matrix has been normalized by
the equations (11)-(13). The results are shown in Table 6.

Table 7 represents the total relation matrix with the equa-
tions (14)-(18).

The sums of all vector rows D; and columns R; of the total
relation matrix are used for measuring the relative importance
of the criteria with the equations (19) and (20). D; +R;
defines the impact degrees and weights of the criteria. Table 8
illustrates the interval type 2 fuzzy numbers for weighting the
criteria.

The second phase of the analysis continues with the
QULIFLEX method for ranking the investors’ behaviors on
the risky investments in the emerging economies. For this
purpose, initially, linguistic evaluations of each alternative
define the risk profile for investors have been converted to the
IT2 fuzzy numbers and averaged values of decision makers
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TABLE 6. Normalized initial direct relation matrix.
el (&) 3 c4
((0.06,0.0
((0.16,0.16,0.17,0.18; | ((0.08,0.09,0.11,0.11; | 6,0.080.0
C | (0.0,0.0,0.0,0.0:1.0), 0.80), 0.80), 8:0.80),
1| (0.0,000000:1.0) | (0.150.160.180.19; | (0.07,0.080.11,0.13; | (0.04,0.06,
1.00)) 1.00)) 0.09,0.10;
1.00))
(010,01
((0.17,0.17,0.18,0.19; ((0.16,0.16,0.17,0.18; | 0,0.12,0.1
C .80), ((0.0,0.0,0.0,0.0;1.0), .80), 3;0.80),
2 | (0.160.17,0.190.19; | (0.0,0.0,0.0,00;1.0) | (0.150.160.18,0.19; | (0.08,0.10,
1.00)) 1.00)) 0.13,0.14;
1.00))
((0.01,0.0
((0.06,0.06,0.08,0.08; | ((0.03,0.04,0.05,0.05; 1,0.01,0.0
fe 80), 0.80), ((0.0,0.0,0.0,0.0;1. 0) 2:0.80),
3| (0.04,0.06,0.09,0.10; | (0.02,0.03,0.05,0.06; (0.00,0.01,
0.01,0.02;
1.00))
((0.06,0.06,0.08,0.08; | ((0.01,0.02,0.02,0.03; | ((0.04,0.04,0.050.06; | ((0.0,0.0,0
C ) ) 0.80), 10,0.0;1.0),
4| (0.04,0.06,0.090.10; | (0.01,0.01,0.03,003; | (0.03,0.04006007 | (0.0,0.0,0.
1.00)) 1.00)) 1.00)) 0,0.0:1.0))
((0.11,0.1
((0.03,0.03,0.04,0.05; | ((0.16,0.16,0.17,0.18; | ((0.07,0.08,0.09,0.10; | 2,0.14,0.1
fe 40.80),
5 (002003005006 | (0.150.160.18,0.19 | (0.05007,0.10,0.11; | (0.100.11,
1.00)) 1.00)) 0.14,0.16;
1.00))
((0.08,0.0
((oo3oozoo4oos ((003004005005 ((010010012013 9,0.11,0.1
C 1:0.80),
6 (002003005006 (0.02, 003 oos 0.06; (008010013014 (0.06,0.08,
1.00)) 1.00)) 1.00)) 0.11,0.13;
1.00))
((0.05,0.0
((0.07,0.08,0.09,0.10; | ((0.08,0.09,0.11,0.11; | ((0.07,0.08, o 09,0.10; | 6,0.07,00
C 0.80), 0.80), 8;0.80),
7| (0060.07.0100.11; | (0.07,0080.11,013; | (0.050.07, o 100.11; | (0.04,0.05,
1.00)) 1.00)) 1.00)) 0.08,0.09;
1.00))
((0.08,0.0
((0.07,0.08,0.09,0.10; | ((0.10,0.10,0.12,0.13; | ((0.10,0.10,0.12,0.13; | 8,0.10,0.1
C 0.80), 0.80), .80), 0;0.80),
8 | (0.06007,0.100.11; | (0.08,0.10,0.13,0.14; | (0.08,0.10.0.13,0.14; | (0.06,0.08,
1.00)) 1.00)) 1.00)) 0.10,0.11;
1.00))
s 6 7 8
((0.01,0.0
((0.02,0. oz o 03,0.04; | ((0.07,0.080.09,0.10; | ((0.01,0.01,0.01,0.02; | 2,0.02,0.0
C 0.80), .80), 3;0.80),
1| (0.01,0. 02 o 04005; | (0.05007.0.100.11; | (0.00,0.01,0.01,002 | (0.01,002,
1.00)) 1.00)) 1.00)) 0.04,0.05;
1.00))
((0.08.0.0
((0.10,0.11,0.12,0.13; | ((0.15,0. 15 0 17,017; | (0.07,0.08,0.09,0.10; | 9,0.11,0.1
fe 80), 0.80), 1:0.80),
2| (0.09,0.10,0.13,0.14; | (0.13,0. 140 17.0.18; | (0.05,0.07,0.10,0.11; | (0.11,0.12,
1.00)) 1.00)) 1.00)) 0.17,0.19;
1.00))
((0.04,0.0
((0.08,0.09,0.11,0.11; | ((0.07,0.08,0.09,0.10; | ((0.03,0.03,0.04,0.05; | 4,0.05,0.0
C 80), 0.80), 0.80), 6:0.80),
3| (0.07,008,0.11,013; | (0.05,0.07,0.100.11; | (0.02,0.03,0.05,0.06; | (0.04,0.05,
1.00)) 00)) 1.00)) 0.09,0.11;
1.00))
((0.07,0.0
((0.07,0.08,0.09,0.10; | ((0.07,0.08,0.09,0.10; | ((0.04,0.050.060.06; | 8,0.09,0.1
C .80), 0.80), .80), 0;0.80),
4| (0.050.07,0.100.11; | (0.05007.0.10,0.11; | (0.03,0.04006008 | (0.080.10,
1.00)) 1.00)) 1.00)) 0.15,0.17;
1.00))
((0.11,0.1
((0.06,0.06,0.08,0.08; | ((0.10,0.10,0.12,0.13; | 2,0.14,0.1
C | (00000000:1.0) 0.80) 40.80),
5 10,0.0; (0.04,0.06,0.09,0.10; (0.15,0.17,
022,023;
1.00))
((0.06,0.0
((0.08,0.09, o 11,0.11; ((0.03,0. 04 o 05,0.05; | 6,0.08,0.0
fe ((0.0,0.0,0.0,0.0:1.0), 8:0.80),
6 | (0.07,0.08, o 1,013 | (0.0,00,0.0,001.0) | (0.02,0. 03 o 05,0.06; | (0.07,0.08,
1.00)) 1.00)) 0.13,0.15;
1.00))
((0.07,0.0
((0.01,0.02,0.02,0.03; | ((0.07,0.08,0.09,0.10; 8,0.09,0.1
C 80), .80), ((0.0,0.0,0.0,0.0;1.0), | 0:0.80),
7 | (0.01,001,003,003; | (0.050.07.0.100.11; | (0.0,0.000,0.0:1.0)) | (0.080.10,
1.00)) 1.00)) 0.15,0.17;
1.00))
((0.02,0.02,0.03,0.04; | ((0.07,0.08,0.09,0.10; | ((0.07,0.08,0.09,0.10; | ((0.0,0.0,0
fe 80), .80), .80), 10,0.0;1.0),
8 | (0.01,002,004,005 | (0.050.07,010,0.11; | (0.05007,0.10,0.11; | (0.0,0.0,0.
1.00)) 1.00)) 0,0.0:1.0))

have been used for the fuzzy decision matrix based on the
equations (21)-(22). Table 9 presents the averaged values of

the decision matrix.
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TABLE 7. Total relation matrix.

c1 2 c3 c4

(011,01

((0.06,0.08,0.12,0.15; | ((0.20,0.22,0.27,031; | ((0.15,0.17,024,0.28; | 3,0.19,0.2
c | 0380, 0.80), 0.80), 2;0.80),

1| (0.040060.18031; | (0.17,020,034,048; | (0.12,0.15032,048; | (0.07,0.11,

1.00)) 1.00)) 1.00)) 0.25,0.39;
1.00))

(018,02

((0.24,027,0.35,0.39; | ((0.11,0.14,0.21,0.25; | ((0.26,0.29,0.39,0.44; | 1,0.30,0.3

C | 0380, 0.80), 0.80), 50.80),

2| (0.20,0.25,045065 | (0.08,0.12,031,052; | (0.22,0.27,051,0.75; | (0.14,0.19,

1.00)) 1.00)) 1.00)) 0.40,0.62;
1.00)

((0.05,0.0

((0.09,0.11,0.16,0.20; | ((0.08,0.10,0.15,0.19; | ((0.05,0.07,0.12,0.15; | 7,0.11,0.1

C | 0.380), 0.80), 0.80), 50.80),

3| (0.06,0.10,023,036; | (0.06,0.09,022,036; | (0.03,0.06,0.19,033; | (0.03,0.05,

1.00)) 1.00)) 1.00)) 0.17,0.31;
1.00)

((0.04,0.0

((0.09,0.11,0.16,0.20; | ((0.07,0.09,0.14,0.17; | ((0.09,0.11,0.17,0.21; | 6,0.10,0.1

C | 0.80), 0.80), 0.80), 3;0.80),

4 | (0.06,0.10,023,0.36; | (0.04,0.07,021,0.36; | (0.06,0.10,026,0.43; | (0.03,0.05,

1.00)) 1.00)) 1.00)) 0.17,0.31;
1.00))

((0.18,0.2

((0.11,0.14,0.21,0.26; | ((0.23,025,0.33,0.37; | ((0.17,0.20,0.29,0.34; | 1,0.29,0.3

C | 0.0, 0.80), .80), 3;0.80),

5| (0.08,0.12,031,050; | (0.20,0.24,043,0.63; | (0.13,0.18,041,0.64; | (0.150.19,

1.00)) 1.00)) 1.00)) 0.39,0.59;
1.00))

((0.12,0.1

((0.07,0.10,0.15,0.19; | ((0.09,0.11,0.17,0.20; | ((0.15,0.17,0.25,0.29; | 5,0.21,0.2

C | 0.380), 0.80), 0.80), 50.80),

6 | (0.04,0.08022,038; | (0.06,0.10,024,040; | (0.11,0.16033,051; | (0.09,0.13,

1.00)) 1.00)) 1.00)) 0.28,0.44;
1.00))

((0.10,0.1

((0.12,0.14,0.21,0.24; | ((0.14,0.16,0.22,0.26; | ((0.13,0.16,0.23,0.28; | 2,0.18,0.2
C | 0.0, 0.80), 0.80), 2,0.80),

7 | (0.09,0.13,028044; | (0.10,0.14,031,047; | (0.10,0.14,033,051; | (0.07,0.11,

1.00)) 1.00)) 1.00)) 0.26,0.42;
1.00))

((013,0.1

((0.13,0.15,0.22,0.26; | ((0.15,0.18,0.25,0.29; | ((0.16,0.19,0.27,0.32; | 5,0.22,0.2
C | 0.80), 0.80), 0.80), 6,0.80),

8 | (0.09,0.13,029,045; | (0.11,0.16032,049; | (0.12,0.17,036,0.54; | (0.09,0.13,

1.00)) 1.00)) 1.00)) 0.29,0.45;
1.00))
cs c6 c7 8

((0.06,0.0

((0.08,0.09,0.14,0.18; | ((0.13,0.16,0.22,0.26; | ((0.05,0.06,0.10,0.13; | 8,0.13,0.1
C | 0.380), 0.80), 0.80), 6:0.80),

1| (0.050080.19,032; | (0.090.13,029,045; | (0.03,0.050.15,0.27; | (0.05,0.09,

1.00)) 1.00)) 1.00)) 0.27,0.46;
1.00)

((0.16,0.1

((0.18,020,0.28,0.32; | ((0.24,027,0.36,0.42; | ((0.13,0.150.23,0.27; | 9,0.27,0.3
C | 0.380), 0.80), 0.80), 2;0.80),

2 | (0.14,0.18,037,056; | (0.19,0.25,0480.71; | (0.09,0.14,031,0.50; | (0.17,0.24,

1.00)) 1.00)) 1.00)) 0.54,0.83;
1.00)

((0.07,0.0

((0.11,0.13,0.18,0.21; | ((0.11,0.13,0.19,0.23; | ((0.06,0.07,0.11,0.14; | 9,0.14,0.1

C | 0.380), 0.80), 0.80), 7,0.80),

3| (0.09,0.11,023,035 | (0.08,0.11,026,041; | (0.03,0.060.16028; | (0.07,0.11,

1.00)) 1.00)) 1.00)) 0.29,0.47;
1.00)

((0.10,0.12,0.17,0.20; ((0.10,0.1

0.80), ((0.11,0.14,0.20,024; | ((0.07,0.09,0.13,0.16; | 2,0.18,0.2

C | (0.07,0.10,023,036; | 0.80), 0.80), 1;0.80),

4| 1.00) (0.08,0.12,028,0.44; | (0.050.08,0.19,0.32; | (0.11,0.16,

1.00)) 1.00)) 0.36,0.56;

1.00))

((0.18,02

((0.07,0.09,0.15,0.18; | ((0.15,0.18,0.26,0.31; | ((0.15,0.17,0.24,0.28; | 0,0.28,0.3

C | 0380, 0.80), 0.80), 2;0.80),

5 | (0.04,0.07,022,039 | (0.11,0.160380.60; | (0.12,0.16032,049; | (0.21,0.27,

1.00)) 1.00)) 1.00)) 0.54,0.81;
1.00))

((0.10,0.1

((0.12,0.14,0.20,0.23; | ((0.05,0.07,0.13,0.16; | ((0.07,0.09,0.13,0.17; | 2,0.18,0.2
C | 0.80), 0.80), 0.80), 2;0.80),

6 | (0.09,0.13,026,040; | (0.03,0.06,020,037; | (0.050.07,0.19033; | (0.10,0.15,

1.00)) 1.00)) 1.00)) 0.36,0.58;
1.00))

((0.06,0.080.13,017; | ((0.13,0.15,0.22,0.26; | ((0.04,0.05,0.09,0.12; | ((0.11,0.1

C | 0.380), 0.80), 0.80), 3,0.19,0.2
7 | (0.03,0.06,0.19,033; | (0.09,0.13,031,049; | (0.02,0.04,0.15027; | 3;0.80),

1.00)) 1.00)) 1.00)) (0.11,0.17,

0.38,0.61;

1.00))

((0.05,0.0

((0.07,0.09,0.15,0.19; | ((0.13,0.16,0.24,0.28; | ((0.10,0.13,0.18,0.22; | 7,0.12,0.1
c | 0.80), 0.80), 0.80), 6:0.80),

8 | (0.04,0.08021,035 | (0.09,0.14,032,0.50; | (0.07,0.11,024,038; | (0.04,0.08,

1.00)) 1.00)) 1.00)) 0.26,0.47;
1.00)

TABLE 8. Impact degrees of the criteria.

Criteria (l~)i + ﬁ,-)
Cl ((1.76,2.09,3.00,3.58;0.80), (1.31,1.86,4.18,6.64;1.00))
C2 ((2.55,2.97,4.11,4.81;0.80), (2.06,2.76,5.76,8.83;1.00))
C3 ((1.79,2.15,3.13,3.74;0.80), (1.32,1.92,4.44,7.06;1.00))
C4 ((1.59,2.93,2.87,3.45;0.80), (1.16,1.74,4.15,6.68;1.00))
C5 ((2.02,2.39,3.45,4.08;0.80), (1.57,2.21,4.93,7.72;1.00))
C6 ((1.83,2.21,3.24,3.87;0.80), (1.35,1.98,4.63,7.36;1.00))
Cc7 ((1.49,1.81,2.70,3.26;0.80), (1.08,1.63,3.93,6.37;1.00))
C8 ((1.77,2.14,3.16,3.77;0.80), (1.53,2.26,5.30,8.43;1.00))

TABLE 9. Averaged IT2 fuzzy decision matrix.

Al

A2

A3

((0.97,0.99,1.00,1.00;0.80)

(0.95,0.99,1.00,
1.00;1.00))

((0.74,0.77,0.84,0.87,0.80

),
(0.67,0.73,0.88,0.93;1.00)

((0.61,0.65,0.73,0.76;0.80)

(0.54,0.61,0.77,0.83;1.00))

((0.57,0.60,0.68,0.72;0.80)

49,0.56,0.73,0.79;1.00))

)
((0.78,0.82,0.89,0.91;0.80

(0.72,0.78,0.92,0.97:1.00)
)

((0.97,0.99,1.00,1.00;0.80)

(0.95,0.99,1.00,1.00;1.00))

((0.49,0.53,0.61,0.64;0.80)

41,0.48,0.65,0.72;1.00))

((0.79,0.82,0.88,0.90;0.80

),
(0.74,0.80,0.91,0.94;1.00)

((0.97,0.99,1.00,1.00;0.80)

(0.95,0.99,1.00,1.00;1.00))

((0.57,0.60,0.68,0.72;0.80)

49,0.56,0.73,0.79;1.00))

)
((0.69,0.72,0.80,0.83;0.80

(0.63,0.68,0.84,0.90;1.00)
)

((0.95,0.99,0.99,0.99;

(0.93,0.98,1.00,1.00;1.00))

0.80),

((0.49,0.53,0.61,0.64;
0.80),
41,0.48,0.65,0.72;1.00))

((0.57,0.60,0.68,0.72;0.80

),
(0.49,0.56,0.73,0.79;1.00)

((0.97,0.99,1.00,1.00;0.80)

(0.95,0.99,1.00,1.00;1.00))

((0.61,0.65,0.73,0.76;
0.80),
54,0.61,0.77,0.83;1.00))

)
((0.74,0.77,0.84,0.87;0.80

(0.67,0.73,0.88,0.93;1.00)
)

((0.89,0.93,0.96,0.96;0.80)

(0.86,0.91,0.97,0.99:1.00))

((0.95.,0.99,0.99,0.99;0.80)

93,0.98,1.00,1.00;1.00))

((0.84,0.87,0.92,0.94;0.80

),
(0.79,0.85,0.95,0.98:1.00)

((0.69,0.72,0.80,0.83;0.80)

(0.63,0.68,0.84,0.90:1.00))

c
1
c
2 | .
c
3
c
.
c
S
c
61 .
c
1
c
81

((0.95,0.99,0.99,0.99;0.80)

93,0.98,1.00,1.00;1.00))

)
((0.84,0.87,0.92,0.94;0.80

(0.79,0.85,0.95,0.98:1.00)
)

((0.69,0.72,0.80,0.83;0.80)

(0.63,0.68,0.84,0.90;1.00))

TABLE 10. Signed distance d(4;;, 0,).

The signed distance d(A;;, 01) for each A; in the deci-

sion matrix has been assigned to calculate the concor-
dance/discordance index with the equations (23)-(27). The

signed distance results are seen in Table 10.
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Al A2 A3
Cl | 1976 | 1.609 | 1.371
C2 | 1283 | 1.697 | 1.976
C3 | 1.133 | 1.698 | 1.976
C4 | 1283 | 1.521 1.965
C5 | 1.133 | 1.283 | 1.976
C6 | 1371 | 1.609 | 1875
C7 | 1965 | 1.786 | 1.521
C8 | 1965 | 1.786 | 1.521

6 permutations of the ranking for the alternatives have
been provided as P

= (A1,A2,43), P, = (A1A3Ay),
P3 = (A3,A1,A3), P4y = (A3,A3,A1), P5s =

(A3,A1,Ap),
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TABLE 11. Concordance/discordance index 'll (Ap,Ap)-

TABLE 13. Comprehensive concordance/discordance index.

1741, 42) 1}(41,49) 1142, 45) I& d(n
po| BauA @A P A b, | PALA PALA PALA P | BAA P44 4,4 @
¢ ¢ - c . 23.44.-
1| 0368 | 0605 | 0238 | ! | 0605 | 0368 | 0238 | ! | 0368 | 0238 | 0.605 17.93,-
C C c p | (5223964164 ((-11.72,-8.96,- ((-6.50,-5.00,-2.01,- | 755, -
2 N o N 2 . . 2 N y 1 0.61; 0.80), (- 3.90,-1.71;0.80), (- 1.35;0.80), (- 3.68;0.8 30
0.413 0.693 0.280 0.693 0.413 0.280 0.413 0.280 0.693 11.18,-6.34- 24.89.-14.20.- 13.70.-7.86.- 0), - 9
< - - - < - - ¢ - - 0.26,2.65;1.00)) 0.95,5.24:1.00)) 0.26,2.15;1.00)) 49.78,- | 4
0.565 0.843 0.278 0.843 0.565 0.278 0.565 0.278 0.843 28.40,-
c . . . c . . c . . 1.46;10
4 | 0238 | 0681 | 0444 | 4 | 0681 | 0238 | 0444 | 4 | 0238 | 0444 | 0.681 05;1.00))
C - - - C - - C - - 2 2 2 2 2
S | 0150 | 0843 | 0693 | 5 | 0843 | 0150 | 0693 | 5 | 0150 | 0693 | 0.843 17 (41, 45) 174w 42) 1745, 42) ! il
[¢ B B B ¢ : B ¢ : : (Q
6 | 0238 | 0504 | 0266 | 6 | 0504 | 0238 | 0266 | © | 0238 | 0266 | 0.504 15.85.-
c c _ c . p| (1172896 ((-5.22,-3.96,-1.64,- | ((1.10,2.27,5.00,6.5 0'2'463"1 -
7 1 0179 | 0444 | 0265 | 7 | 0444 | 0179 | 0265 | 7 | 0179 | 0265 | 0444 2| 3.90,-1.71;0.80), (- 0.61; 0.80), (- 0;0.80), (- 70 80) 13
N ¢ - el - 24.89,-14.20,- 11.18,-6.34,- 259070786137 | OO |
8 | 0179 | 0444 | 0265 | 8 | 0444 | 0179 | 0265 | 8 | 0179 | 0265 | 0444 0.95,5.24;1.00)) 0.26,2.65;1.00)) 0:1.00)) 19.846. | 2
P | BAnA BFALA 1A A P | FUAA FALA FALA P | 1A A 15404 15(A,A 62%1().)6)0
¢ - o I - Sl o - - F(A5,4) I7(Az, 43) F(44,45) P dr
0.238 0.368 0.605 0.605 0.238 0.368 0.238 0.605 0.368
c _ c _ c (-
2 | 0280 | 0413 | 0693 | 2 | 0693 | 0280 | 0413 [ 2 | 0280 | 0693 | 0413 :;g’g"
c B c _ c p.| (06116439652 | ((-6.50-5.002.01- ((-11.72,-8.96,- 19591 -
3 1 0278 | 0565 | 0843 | 3 | 0843 | 0278 | 0565 | 3 | 0278 | 0843 | 0.565 : 2;0.80), (- 1.35:0.80), (- 3.90-171,0.80), | ¢ g 17
c - c - c 2.65,0.26,6.34,11.1 13.70,-7.86,- 24.89,-14.20,- Catas. | 4
4 | 0444 | 0238 | 0681 [ 4 | 0681 | 0444 | 0238 | 4 | 0444 | 0681 | 0238 8:1.00) 0.26,2.15;1.00)) 0.95,5.24,1.00)) 21.81,5’. 2
c B c . c 13,18.58
5 | 0693 | 0150 | 0843 | 5 | 0843 | 0693 | 0150 [ 5 | 0693 | 0843 | 0.150 ;1.00))
C - ¢ - ¢ I# (45, A3) I# (42, A) I# (45, A) " ar
6 0.266 0.238 0.504 6 0.504 0.266 0.238 6 0.266 0.504 0.238
¢ ¢ ¢ («
c . i ¢ . . ¢ E . - 417,05
0.265 0.179 0.444 0.444 0.265 0.179 0.265 0.444 0.179 4.10.92
C - - C - - C - - - p| (650500201 | (06116439652 | ((1.71,3.90896,11. | [l | o
8 | 0265 | 0179 | 0444 | 8 | 0444 | 0265 | 0179 | 8 | 0265 | 0444 | 0179 * 1.35:0.80), (- 2;0.80), (- 72;0.80), (- 80).(- | 6
13.70,-7.86.- 265026634111 | 524095142024, | %" 7
0.26,2.15;1.00)) 8; 1.00)) 89:1.00)) 66520
28,38.23
TABLE 12. Weighted concordance/discordance index for P;. :1.00)
7 (A5, 41) 17 (45, 45) (A, A7) I8 a(rs
P. - 17
P, 1}(AL A5). W, ljl (A1, A5). W 1Az, A3). W, 51 ((1.71,3.90,8.96,11. ((1.10,2.27,5.00,6.5 ((-5.22,-3.96,-1.64,- 2_4(2( 29 K
72:0.80), (- 0;0.80), (- 0.610.80), (944~ | 15733 3
((0.65,0.77,1.10,1.3208 | ((1.06,1.26,1.82,2.17:0.8 12,33,
¢ . .
1| (0.48,0.68,1.542,44:1.00 | (0.79,1.13,2.53,4.02;1.00 | ((0.42,0.50,0.71,0.85;0.80),
) ) (0.31,0.44,0.99,1.58;1.00))
((-1.99,-1.70,-1.23 - ) )
c 1.06:0.80), (-3.33,-2.85,-2.06,- ((-134,-1.15-0.83,- Table 13 provides the comprehensive concordance/
2 (-3.65,-2.38,-1.14,- 1.77;0.80), (-6.12,-3.99,- 0.71;0.80), (-2.47,-1.61 - . . . .
0.85:1.00)) 1.92.-1.43;1.00)) 0.77, -0.58;1.00)) discordance index results once the weighted index scores are
(211177121 ((-3.15,-2.64,-1 81 - ((-1.04,-0.87,-0.60,- . .
g 1.01;0.80), (-3.99,-2.51,- | 1.51;0.80), (-5.95,-3.74. 0.50;0.80), (-1.96,-1.24,- summed according to the equation (28).
1.09,-0.75:1.00)) 1.62,-1.12)) 0.53,0.37;1.00)) ; : ;
T oh-0d6- (ERLRKRe o . Max1mum Valqe in the comprehenswg concor.dance/
4 | 038080), (159099 | 108:0.80), (-4.55-283- |  0.71;0.80), (-2.96,-1.84,- discordance index indicates the optimal ranking order in a set
0.41,-0.28;1.00)) 1.18,-0.79;1.00)) 0.77, -0.52;1.00)) . .
c ((-0.61,-0.52,-0.36,- ((-3.44,-2.91,-2.02,- ((-2.83,-2.39,-1.40,- of permutatlon for the alternatives. For that, P6 has the best
0.30;0.80), (-1.16,-0.74,- | 1.71;0.80), (-6.50,-4.16, 1.66;0.80), (-5.35,-3.42,- : : : : :
5 0.33.0.24.1.00) 1 86.1.951.00) 091551000 index value and optimal ranking order is determined as A3
c ((-0.92,-0.77.-0.53,- ((-1.95,-1.64.-1.11,- ((-1.03,-0.86.-0.59,- (Aggressive/Risk taker), A2 (Moderate/Risk neutral), and A1l
6 | 044080, (175-110- | 092:0.80), (-3.71,-2.34, 0.49:0.80), (-1.96,-1.23,- . . . L. g .
0.47,-0.32;1.00)) 1.00,-0.68;1.00)) 0.53,-0.36,1.00)) (Conservative/Risk averse) respectively. This situation gives
0.27,0.32,0.48,0.58,0.8 0.66,0.80,1.20, . . s .
el @ o, ( 1.45:0.80), (039,048,071 information that aggressive investor plays more important
7 | (0.19,0.29,0.70,1.14;1.00 | (0.48,0.72,1.74,2.83;1.00 10.87:0.80), ; ; ; tar
(029.0.43.1.04.1 6901 00) role for emerging economies with r.espect to these 8 criteria.
((032,0380.36,0.6708 | ((0.79,095,1.40,1.67:08 Aggressive investors refer to the investors who love to take
8 | (0.27,040,0.95,1.51:1.00 | (0.68,1.00,2.353.74;1.00 | ((0.47.0.57,0.84,1.00;0.80), risk in their investments. Because of this situation, it can be
) ) (0.41,0.60,1.40,2.23;1.00))

Ps = (A3, A3, A1). And, the index results for each pair of
alternatives in the permutation with respect to each criterion
have been defined in Table 11.

IT2 fuzzy numbers defining the weights of criteria have
been multiplied with the index results and the weighted index
results have been provided. Table 12 gives an example for P .
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said that while generating financial products, this condition
should be taken into the consideration. In other words, com-
panies should develop financial products which offers high
gains and for the investors. Therefore, it can be possible to
attract the attention of the aggressive investors. This situation
can provide a chance to improve the financial markets of
emerging economies. Similar to this conclusion, [72] and [73]
underlined the importance of generating financial products
for risk taker investors.
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In addition to this situation, moderate/risk neutral
investors (A2) have the second highest importance. On the
other side, conservative/risk averse investors (A1) is the last
rank. These results provide a chance to emerging economies
to develop their financial systems. While considering these
aspects, financial products should be adopted so that the
efficiency of the financial systems can be increased. Because
emerging economies seek the opportunity to improve their
economies, these results can serve this purpose.

V. DISCUSSION AND CONCLUSIONS

Emerging economies aim to improve their financial systems
to get the opportunity to improve their economies. The main
reason behind this condition is that with an effective financial
system, it can be possible to increase investment amount so
that sustainable economic growth can be achieved. However,
financial instruments should be generated according to the
expectations of the investors. Because of this issue, identify-
ing the risk profile of the investors in these countries play a
very key role.

The main purpose of this study is to identify the risk pro-
files of the investors in emerging economies. For this purpose,
eight different criteria and 3 investment profiles are defined.
Within this context, interval type-2 fuzzy DEMATEL and
fuzzy QUALIFLEX approaches are considered. In addition
to this situation, interval type-2 fuzzy DEMATEL method-
ology is used to weight the criteria. On the other side, fuzzy
QUALIFLEX approach is taken into the consideration to rank
these risk profiles.

It is concluded that aggressive/risk taker investors have
the highest importance for emerging economies by con-
sidering these eight criteria. On the other hand, moder-
ate/risk neutral investor has the second highest significance
whereas conservative/risk averse investors are on the last
rank. While considering these results, it is recommended
that financial products, which offers high returns, should
be generated for the risk taker investors because they love
taking risks in spite of the high risks. With the help of this
situation, it can be possible to improve the financial sys-
tems so that economic growth can be provided for emerging
economies.

It is thought that this study makes a contribution to the
literature by evaluating a significant topic for emerging
economies. In addition to this issue, using interval type-
2 fuzzy QUALIFLEX approach firstly increases the original-
ity of this study. Nevertheless, a new study can also be made
by focusing on developed economies. It is believed that this
study is also very beneficial for the literature.
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