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available at the end of the article there is a strong need for a new study that analyzes the risk profiles of derivative
products in emerging economies. This study aims to identify the most appropriate
investor risk profile for derivative instruments in emerging economies. It constructs

a novel decision-making model. In this model, the facial action coding system, quan-
tum theory, spherical fuzzy sets, and multi-stepwise weight assessment ratio analysis
(M-SWARA) methodology are integrated to minimize uncertainty in this process. First,
three main participants of derivatives for financial technology investors are evaluated
using the quantum spherical fuzzy M-SWARA technique. After that, seven emerging
economies are ranked based on this performance using quantum spherical fuzzy
technique for order of preference by similarity to ideal solution. The main contribution
is that an appropriate investor profile is identified for financial derivative investments
in emerging economies. One of the important originalities of this study is the develop-
ment of a new technique called M-SWARA by making some improvements to the clas-
sical stepwise weight assessment ratio analysis method. It is concluded that hedg-

ing is the most appropriate purpose for making investments in derivative products

in emerging economies. It is also identified that China has the greatest performance
among the seven emerging economies regarding the appropriate purpose for mak-
ing derivative investments. For the effective management of this problem in these
countries, it is recommended to prevent the speculative use of derivative products
with legal regulations.
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Introduction

Financial derivatives can be used for hedging, speculation, and arbitrage purposes.
In derivatives markets, the risk profiles of investors play an important role in the suc-
cess of the market (Ospina-Forero and Granados 2023). Therefore, it is important for
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investors who want to trade in derivatives markets to have an accurate knowledge
of their risk tolerances and risk management strategies. Derivatives are instruments
used to manage risks arising from price changes (Gluhov et al. 2021). However, the
use of derivatives should be consistent with the risk profiles of investors. Using deriv-
ative products for speculative purposes may be suitable for investors who prefer to
take high risks (Ghazani and Jafari 2021). However, it may not be suitable for inves-
tors who prefer low risks. Investors’ risk tolerance determines how much risk they
can take when trading in derivatives markets. Therefore, investors must determine
their risk tolerance and develop risk management strategies accordingly (Abraham
2022). Before investing in a high-risk derivative product, investors should have a good
understanding of the markets and risks and make decisions while considering their
risk tolerance level.

To be successful in derivatives markets, it is also necessary to determine the appro-
priate investor profile according to the conditions of a country (Baker 2022). As these
suitable investor profiles may differ according to country types, studies are needed for
different country groups. The investor profile in derivative products may differ between
developed and emerging economies (Depren et al. 2021). For investors to make effective
and informed investment decisions in derivatives markets, they must understand these
differences and develop strategies that are suitable for their situations. For example, eco-
nomic conditions in developed countries are quite stable. Thus, in these countries, eco-
nomic fragility is less, so derivative investments are unlikely to cause huge losses (Emm
et al. 2022). On the other hand, volatility is very high in emerging economies. Therefore,
it would be appropriate not to take excessive risks when investing in derivative products;
otherwise, investors might face very high financial losses.

Hence, it is important to determine the most appropriate risk profile for derivative
products, especially in emerging economies (Lin et al. 2022). This would help protect
investors from major losses. Therefore, there is a strong need for a new study that ana-
lyzes the risk profiles of derivative products in emerging economies (Jin et al. 2022). The
purpose of this article is to identify the most appropriate investor risk profile for deriva-
tive instruments in emerging economies. For this purpose, a novel decision-making
model is constructed. In this model, the facial action coding system, quantum theory,
spherical fuzzy sets, and multi-stepwise weight assessment ratio analysis (M-SWARA)
methodology are integrated to minimize uncertainty in this process. First, three main
participants of derivatives for financial technology (fintech) investors are evaluated with
the quantum spherical fuzzy M-SWARA technique. Then, seven emerging (E7) econo-
mies are ranked based on this performance using the quantum spherical fuzzy technique
for order of preference by similarity to ideal solution (TOPSIS).

The main research question of this study is “Which investor profile is more appropri-
ate for derivative product investments in emerging economies?” The main contributions
of this study to the literature are as follows:

(i) An appropriate investor profile is identified for financial derivative investments in
emerging economies. Derivatives can be considered for different purposes such as
risk management and speculation. However, to be successful in these markets, the
conditions in the target countries should be considered. The research results will
guide investors who intend to invest in E7 economies.
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(i) Experts may hesitate between several options while answering some questions.
The hesitation experienced in this process can be taken into account by consid-
ering the facial expressions of the experts. This increases the consistency of the
results obtained.

(iii) One of the important originalities of this study is the development of a new tech-
nique called M-SWARA by making some improvements to the classical SWARA)
method (Dinger et al. 2022; Wu et al. 2022). Although the classical SWARA
approach has some advantages, the causality relationship between the variables
cannot be considered in this technique (Xu et al. 2023; Li et al. 2022). Different
investor risk profiles in derivatives markets can have an impact on each other. In
this framework, the causality relationship should be considered in the analysis to
determine the most accurate risk profile (Sun et al. 2022; Yiiksel and Dinger 2023).
These points reveal that the M-SWARA method is more suitable than other tech-
niques for analyzing this issue (Kafka et al. 2022; Martinez et al. 2023).

The following section presents a “Literature review” The “Methodology” is
explained in the third section. The “Analysis results” are presented in the fourth sec-
tion. The “Discussion” and “Conclusion” are given in the final sections.

Literature review
Speculative risk profile is the name given to the risk profile of investors who prefer to
take high risks and follow aggressive investment strategies. Speculative investors take
risks to earn high returns and often employ short-term investment strategies (Aslan
et al. 2023). There are some advantages for speculative investors in financial markets.
Adekoya et al. (2022) found that speculative investors can often find opportunities in
financial markets as they prefer to take high risks. Due to these opportunities, they can
earn high returns. Moreover, Hirota et al. (2022) claimed that speculative investors can
be flexible about the asset class they will invest in. Thus, they can diversify their portfo-
lios by investing in different asset classes. Furthermore, Guo et al. (2022a, b) stated that
speculative investors can generate high returns in a short time by taking advantage of
fluctuations in financial markets. On the other hand, speculative investors also experi-
ence some risks in these markets. Niu et al. (2022) concluded that speculative investors
can experience equally high losses because they prefer to take high risks. Therefore, it is
important to implement risk management strategies correctly. According to Long and
Guo (2022), because speculative investors are flexible about the asset class they invest in,
their losses would increase if they do not have enough variety in their portfolios. Moreo-
ver, Schmitt et al. (2022) highlighted that speculative investors invest with high return
expectations and may experience disappointment when these expectations are not met.
Hedger risk profile is the name given to the risk profile of investors who use deriva-
tive products to hedge against possible risks and focus their investment strategies on
hedging. Hedging is a risk management strategy, and it aims to prevent or limit possible
losses (Mensi et al. 2023). Hedgers have a number of advantages in financial markets.
Karim et al. (2022) stated that hedgers can limit their risks by using derivatives. They can
minimize their losses by providing protection in an environment of uncertainty. Addi-
tionally, Corbet et al. (2022) demonstrated that hedgers can follow a specific investment
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strategy through derivatives products. Thus, they can limit their investment strategy to
certain risks. Wang et al. (2022) demonstrated that, due to derivative products, hedgers
can diversify their portfolios in order not to miss other investment opportunities while
following a certain investment strategy. However, Nkrumah-Boadu et al. (2022) high-
lighted that hedgers may also experience some risks. According to Almeida and Gon-
calves (2022), hedgers can make losses due to fluctuations in the prices of derivatives.
Furthermore, Naeem et al. (2023) claimed that hedgers may miss out on profit oppor-
tunities due to price fluctuations of derivatives. Therefore, it is important to choose the
right derivatives and use them at the right time.

Arbitrage is a strategy of making risk-free profits by taking advantage of price differ-
ences in financial markets. Arbitrageur risk profile is the name given to the risk profile of
investors who monitor different markets and financial instruments to profit from price
differences and perform arbitrage transactions by detecting these differences (Avdjiev
et al. 2022). According to Draganidis (2023), the most important advantage arbitrageur
investors have in financial markets is that they make risk-free profits by taking advantage
of price differences in financial markets. Stadnik (2022) claimed that these investors can
balance the markets by using price differences in financial markets. However, arbitra-
geurs can make losses as a result of wrong determinations as price differences need to
be determined correctly. Furthermore, Lin and Tan (2023) found that arbitrageurs may
run the risk of not being able to close their positions due to market fluctuations. Addi-
tionally, arbitrageurs may face liquidity risk. Zhan et al. (2022) identified that arbitrage
positions may not be liquidated when price differences in the markets are not closed on
time. In addition, Béuerle and G6ll (2023) stated that arbitrage transactions require high
technology and the ability to perform fast transactions. Therefore, arbitrageurs may not
be very successful in markets with little technological infrastructure (Carta et al. 2022).

According to many researchers, behavioral finance rules play a very important role
when investing in derivatives. In traditional finance, it is assumed that investors are
rational (Mundi and Vashisht 2023). Thus, at least, investors consider emotional and
psychological aspects when making investment decisions (Alhenawi et al. 2022). How-
ever, Xiao and Wu (2022) stated that, in behavioral finance theory, these considerations
play a very important role in investment decisions. Derivatives are considerably affected
by uncertainty in the market. Gavrilakis and Floros (2022) identified that investors may
be affected by emotions, such as fear and panic, while investing in these products. On
the other hand, Kumar and Kozhikode (2022) concluded that behavioral finance is con-
cerned with how investors respond to market trends. This plays a very important role
in determining the prices of derivative products accurately. As some derivative prod-
ucts have a very complex structure, it is not easy to understand (Tayeh and Kallinterakis
2022). Investors who act with behavioral finance rules in this process may make great
losses (Baker et al. 2023). For example, if an investor who does not clearly understand
the details of the derivative product buys this product only with the guidance of a person
whom he trusts, there is a risk of very high losses due to this investment (Boussaidi et al.
2022).

Financial derivatives markets are an important tool for emerging economies. The main
reason for this is that these markets can help countries manage their financial risks and
support the development of financial markets. Emerging economies face many financial
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risks that investors must manage. Exchange rate risk, interest rate risk, and fluctuations
in commodity prices are examples of this process (Guo et al. 2022a, b). Derivatives are
designed to manage these risks and provide investors with the opportunity to reduce
or manage their risks (Feregrino et al. 2022). The development of financial derivatives
markets in emerging economies can help investors manage their financial risks, which
may increase their inclination to invest in these countries (Eichengreen et al. 2023). In
addition, these markets can support the development of financial systems of emerging
economies and the formation of a better risk management culture (Reus and Sepulveda-
Hurtado 2023). Another importance of financial derivatives markets for emerging econ-
omies is that they help companies meet their financing needs (Geyikgi and Ozyildirim,
2023). Derivatives traded in these markets can provide companies with lower-cost
sources of financing and help them better manage their cash flows (Martinez 2022).

While making this comprehensive literature review, the following results and key
points are identified. Derivative markets play a crucial role in the improvement of finan-
cial markets. To succeed in derivative markets, the investor risk profile should be con-
sidered. Most of the studies highlighted that to be successful in derivatives markets, it
is necessary to determine the appropriate investor profile according to the conditions of
the countries. However, some scholars have identified that as a suitable investor profile
may differ according to country types, studies are needed for different country groups.
The existing studies mainly focused on the importance of these conditions. However,
there are limited studies on identifying the most essential investor profile for derivative
markets in emerging economies. To fill this gap in the literature, this study aims to eval-
uate derivatives of financial instruments as a method of optimizing sanctioned portfolios
for fintech indices and gold. To be successful in financial derivatives markets in E7, the
most appropriate investor risk profiles have to be determined.

Hybrid neuro-fuzzy decision-making model

In this study, a novel model is presented (the details are presented below, but all equa-
tions are in Table 4 in the Appendix). The Facial Action Coding System (FACS) consid-
ers the emotions of the people in the analysis process. In this study, it is applied to the
fuzzy decision-making methodology. Using this approach, the facial expressions of
decision-makers while answering the questions are considered. This helps to consider
hesitancy more effectively to increase the appropriateness of the findings (Friesen and
Ekman 1983).

Quantum mechanics consider different probabilities in the evaluation process. This
helps to conduct a more effective analysis. Equations (1) and (2) give more informa-
tion about this process. Spherical fuzzy sets (;15) are a generalization of classical fuzzy
sets. These sets consider different degrees, as in Eqs. (3) and (4). The quantum theory
is integrated with spherical fuzzy sets, as in Eqs. (5)—(7). The golden ratio is used to
compute the degrees in this process (Eqgs. (8)—(12)). Equations (13)—(16) explain the
operational process.

In this model, some enhancements are made to the SWARA method. As a result,
the M-SWARA methodology is created (Dinger et al. 2022; Wu et al. 2022).
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Step 1: Evaluations are made.

Step 2: Relation matrix is created in Eq. (17).

Aggregated values are defined in Eq. (18).

Step 3: The defuzzified values are identified in Eq. (19).

Step 4: sj, kj, qj, and w; are computed using Eqgs. (20)-(22).

Step 5: The relation matrix is transformed and limited to the matrix to the power
of 2t+1.

Step 6: Causal directions are identified.

The TOPSIS method is also used in this study to rank alternatives (Yoon 1980;
Hwang and Yoon 1981). The details are as follows:

Step 1: Evaluations are taken.

Step 2: Relation matrix is constructed using Eq. (23).

Step 3: The defuzzified values are defined in Eq. (19).

Step 4: Normalized values are calculated with Eq. (24).

Step 5: Weighted values are identified using Eq. (25).

Step 6: Positive A1 and negative A~ ideal solutions are defined with Egs. (26) and
(27).

Step 7: Distances to the best D and worst D; alternatives are determined using
Egs. (28) and (29).

Relative closeness to the ideal solutions is computed with Eq. (30).

Analysis results

In this study, a hybrid fuzzy decision-making approach based on facial recognition and
quantum spherical fuzzy sets with a golden cut is considered to evaluate the participants
in derivatives for fintech investors in emerging economies. The details of the results are
presented in the following subsections.

Impact-relation directions of the participants are measured for fintech investors

Step I: A dataset is collected by observing the experts’ facial expressions. This first
step entails the collection of a dataset through observation of the facial expressions
of experts. This dataset includes a set of emotions, action units with their corre-
sponding pairs, linguistic scales, and possibility degrees. This information is gathered
by utilizing QSFNSs, as presented in Table 5. The assessment of the emotional expres-
sions of the decision-makers is carried out through the application of the FACS.
After the procedure, three primary emotions were selected, namely contempt, sur-
prise, and happiness, with each characterized by distinct action units. These action
units serve as a means of quantifying the evaluations made by the decision-makers.
An expert in the field of FACS observed the facial expressions of the decision-mak-
ers while they were reviewing the pairwise comparison and decision matrices and
documented their emotional responses to the criteria and alternatives. The selected
action units include 7, 10, 14, and 15 for contempt as the lowest scale; 1, 2, 5, and 27
for surprise as the medium scale; and 6, 12, 25, and 26 for happiness as the highest

Page 6 of 18
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scale. It is expected that the reporter will observe the two most prominent action
units from the facial expressions of the decision-makers for each pairwise compari-
son of criteria and alternatives. If the observed action units correspond to different
emotions, the evaluation is assigned an intermediate emotion on the five-point scale.
However, if the observed action units are associated with both contempt and happi-
ness, it is assumed that the evaluation of the decision-makers is neutral and assigned
a medium scale referred to as surprise.

The three main participants of derivatives for fintech investors are defined as
hedgers, speculators, and arbitrageurs to measure the weights and impact-relation
degrees among them. The observations are obtained from three decision-makers who
are experts in the field of fintech and capital markets. In most similar studies, three
decision-makers are selected for the evaluations (Ouyang 2022; Liu et al. 2022; Rast-
pour et al. 2022). The observation results of facial expressions are given by the pairs of
action units for each decision-maker in Table 6.

Step 2: The action units are transformed into fuzzy sets to determine the evaluation
criteria. The completion of expert evaluations—incorporating preference numbers—
is followed by their transformation into fuzzy sets. The overall evaluation of the deci-
sion-makers is presented in Table 7. To obtain the overall quantum spherical fuzzy
set results, the aggregated values of the fuzzy sets are utilized and calculated with
Eq. (19). This process facilitated the integration of multiple sources of information
(expert evaluations and preference numbers) to arrive at a comprehensive and quan-
tifiable representation of the overall evaluations of the decision-makers.

Step 3: The defuzzification process is employed to determine the relation degrees
with Eq. (19). Table 8 defines the defuzzified values of the relation matrix.

Step 4: The values of sj, kj, gj, and wj are calculated for the relationship degrees using
Egs. (20)—(22). The values are explained in Table 9. The sj values are considered by
using the normalized values of the score function.

Step 5: The relation matrix is created, and the inter-criteria relationships are deter-
mined. The directions are detailed in Table 1.

In determining the inter-criteria relationships, the average of the relation matrix
serves as a threshold. A value greater than this threshold indicates that the criterion
in the corresponding row has a significant effect on the criterion in the column. The
threshold is 0.50, and the directions of impact are established accordingly. Table 1
indicates that speculators and hedgers have mutual impacts on each other. Further,
hedgers are the most influential among the main participants of derivatives for fin-
tech investors.

Table 1 Relation matrix with impact directions

SPC HDG ARB Possible impacts
SPC 0.599 0.401 SPC— HDG
HDG 0.600 0400 HDG — SPC

ARB 0.400 0.600 ARB — HDG
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Table 2 Stabilized matrix

SPC HDG ARB
SPC 0.339 0.339 0.339
HDG 0.375 0.375 0.375
ARB 0.286 0.286 0.286
Step 6: The stabilization process is applied by limiting the matrix to the power of
2t+ 1, where t is an arbitrarily large number. The results are presented in Table 2.
According to the stabilization results, hedgers have the highest weighting degree

(37.5%), whereas arbitrageurs are the weakest (28.6%).

Impact-relation directions of the participants are measured for fintech investors

Step 1: A dataset is collected for the decision matrix by observing the experts’ facial
expressions. In this study, E7 economies—Indonesia, Turkey, Russia, Brazil, India,
Mexico, and China—are defined as a set of alternatives to analyze the performance
of fintech investors in terms of the main participants of derivatives. Similarly, pairs
of action units are collected from the decision-makers after evaluating the E7 with
respect to the three main participants in the derivatives market for fintech investors.
The action units for the decision matrix are presented in Table 10.

Step 2: The action units are transformed into fuzzy sets to evaluate alternatives.
Similar to the transformation process of the criteria, the aggregated values of the
fuzzy decision set are used (calculated with Eq. (18)). The aggregated values of
QFNSs for decision degrees are presented in Table 11.

Step 3: The defuzzification process is applied for decision degrees with Eq. (19).
Table 12 presents information about the defuzzified values of the decision
matrix.

Step 4: The decision matrix is normalized with Eq. (24). The normalized scores
of the decision degrees are presented in Table 13.

Step 5: The weighted decision matrix is constructed using Eq. (25). Table 14 illus-
trates the weighted values of the decision matrix.

Step 6: Economies are listed by the value of CCi. The ranking results of the E7
economies are presented in Table 3.

Table 3 Performance results of the E7 economies

Economies D+ D- CCi Ranking
INDS 0.002 0.001 0325 4
TRKY 0.003 0.001 0.239 5
RSSA 0.002 0.002 0.505 2
BRZL 0.003 0.001 0.226 7
INDA 0.002 0.001 0436 3
MXCO 0.003 0.001 0.234 6
CHNA 0.001 0.002 0.700 1

Page 8 of 18
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In Table 3, the ranking lists are presented in descending order as China, Russia,
India, Indonesia, Turkey, Mexico, and Brazil. The overall performance results of the
E7 economies prove that China has the best ranking results, whereas Brazil has the

weakest performance in the alternative country list.

Discussion

Many studies have highlighted the significance of hedging purposes while investing in
financial derivatives. Wang and Zhou (2022) evaluated the importance of derivative
instruments. They concluded that commodity hedging with derivatives reduces stock
price volatility. Milos and Milos (2022) studied this situation in the banking industry.
They highlighted that derivatives should be considered mainly for hedging purposes.
Hao et al. (2022) also identified that foreign exchange derivatives should be used for
risk minimization. Similarly, Shen et al. (2022) and Azam et al. (2022) highlighted
the importance of this while making investments in financial derivatives. Meo et al.
(2022) evaluated Islamic financial products, and Ranasinghe et al. (2022) focused on
the US oil and gas industry. They found that derivatives should be considered to mini-
mize the risks in these industries.

This result is especially valid for emerging economies. Emerging economies may
face more risks in financial markets. They may be exposed to factors such as currency
and commodity price fluctuations, changes in interest rates, and other financial risks.
Therefore, there are many reasons for companies in such countries to manage these
risks by using derivatives for hedging purposes. Bachiller et al. (2021) stated that the
importance of using derivatives for hedging purposes for companies in emerging
economies is that it helps them reduce financial risks and protect cash flows. Bartram
(2019) also highlighted that this can help companies maintain financial stability and
reduce the uncertainty created by financial risks. In addition, risk management using
derivatives can attract more interest from investors in companies in emerging econo-
mies. However, using derivatives for hedging purposes may carry some risks (Das and
Kumar 2023). Derivatives can cause financial losses when misused. Therefore, Hao
et al. (2022) stated that it is important for companies in emerging economies to care-
fully manage risks and implement the right strategies when using derivatives.

Conclusions

The findings indicate that hedging is the most appropriate purpose for making invest-
ments in derivative products in emerging economies. However, speculation and arbi-
trage have lower significance in this framework. Among the E7 economies, China has
the greatest performance with respect to the appropriate purpose for making deriva-
tive investments, whereas Turkey, Mexico, and Brazil have lower performance. These
results reveal that derivative investments should be made primarily for risk manage-
ment purposes, especially in emerging economies. The right strategy is to choose
these products to manage interest rates and foreign exchange risk. On the other hand,
using these products to make profits for speculative purposes is not the right invest-
ment, especially in emerging economies. Because the economies of these countries

are fragile, volatility in the markets can be very high. This causes prices to change
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very quickly. Therefore, in such complex and risky economies, investing in derivatives
to make speculative profits can cause companies to incur very high losses. The results
obtained in this study reveal that Turkey, Mexico, and Brazil are not very successful in
this process. To effectively manage this problem in these countries, it is recommended
to prevent the speculative use of derivative products through legal regulations.

The main contribution of this study is that an appropriate investor profile should
be identified for financial derivative investments in emerging economies. The results
will guide investors who intend to invest in the E7 economies. Additionally, this study
makes some methodological contributions to the literature. The facial expressions of
experts while answering questions were considered. This increased the consistency
of the results obtained. Additionally, one of the important originalities of this study
is the development of a new technique called M-SWARA by making some improve-
ments to the classical SWARA method. The main limitation of this study is that only
emerging economies are evaluated. Thus, in future studies, different country groups
can be evaluated so that it can be possible to make a comparative examination. More-
over, there are some limitations in the proposed model. For instance, in the analy-
sis process, a comparative analysis was not carried out to test the coherency of the
findings. In future research, the VIKOR methodology can be employed to rank the
alternatives.

Appendix
See Tables 4, 5,6,7,8,9, 10, 11, 12, 13 and 14.
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A™ = {vij, vy, ..., Vi } = {minvy;for¥jn} 27)

2 (28)
+
Zjn:W <V/f - A/ )
B B N2 (29)

D=4/ (Vv —A )

b (30)

RCi = DF+D;

Table 5 Emotional Expressions and Action Unit Combinations for Linguistic and QSFNs

Emotions Selected Pair combinations of AUs Scales Scales for Possibility = QSFNs
AUs for alternatives  degrees

criteria
Contempt 7,10,14,15 (710) (714),(7,15), Noinflu-  Weakest (w) 040 0.16/2704 1
(Disdain) (10,14),(10,15),(14,15) ence (n) mejzn_o_zgs
| /074627035 |

Intermediate 1 AU of Con-  (7,1),(7,2),(7,5), some- Poor (p) 045 [ /0.20e/27045 7

Emotion tempt+1 (7,27),(10,1),(10,2), what / ,j27.0.28
AU of (10,5)(10.27),14,1), influence 013 27027
Surprise (14,2),(14,5),(14,27) (s) | V0.67e°T547 |

(15,1),(15,2),(15,5)
(15,27)

Surprise 12,527 (1,2),(1,5),(1,27), medium  Fair (f) 0.50 0'2551'271,050’ 7
1 AU of Con- (2,5),2,27),(527) influence 52w 031
tempt+1  (76),(7,12)(7,25), (m) vo1> € ors
AU of Happy  (7,26), (10,6),(10,12), L v0.60e

(1025)( 0,26),(14,6),
(14,12),(14,25),(14,26),(15,6),
(15 12),(15,25),(15,26)

Intermediate 1 AU of Sur-  (1,6),(1,12),(1,25), high Good (g) 0.55 [ /0.30e/27055 1

Emotion prise+1AU  (1,26),(2,6),(2, 12) influence /A 10,27 .034
of Happy (2,25),2,26),(5 (h) . gejzn o’

(5.12),65.25),5, 26) L V0512 ]
(27,6),(27,12),27,25),
(27,26)
Happiness  6,12,25,26 (6,12),(6,25),(6,26), very high  Best (b) 0.60 [ /0362706 1
(12,25),(12,26),(25,26) influence 002027037
(vh) - '

| /042627003 |
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Table 6 Observation results of facial expressions for the relation degrees

SPC HDG ARB
DCMR 1

SPC (10,26) (10,26)
HDG (5,6) (10,2)
ARB (5,6) (5,26)

DCMR 2

SPC (15,27) 2.5
HDG 5 (10,12)
ARB (5,25) 5

DCMR 3

SPC (1,25) (10,12)
HDG (5,25) (25)
ARB (5,25) (5,25)

Table 7 The aggregated values of QFNSs for relation degrees

SPC HDG ARB
SPC \/ﬁeﬂno‘ﬂ , \/EejZU.O.SO’
meﬂﬂ,o.ﬂ , «/ﬁeﬂﬂvo,ﬂ ,
Me/brvOQZ MEJZJT.OJQ
HDG mej2n.0.56l \/@6127[.0.48’
mej2ﬂv0.34, \/mejZJT.OSO’
\/me/b! 0.11 mejZn.O.22
ARB meﬂﬂ,OES, meﬂﬂvo,Sq
/0.1 96/271 0.34[ /0.1 gej2n.0 34[
me/ZTLOJ 1 meJZN.O.] 1

Table 8 The defuzzified values of QFNSs for relation degrees

SPC HDG ARB
SPC 1.256 1.236
HDG 1.245 1.243
ARB 1.236 1.245

Table 9 Values of s}, kj, gj, and wj for the relationship degrees

SPC Sj kj qj wj
HDG 0504 1.000 1.000 0599
ARB 0496 1496 0.668 0401
HDG 5 K q wj
SPC 0.501 1.000 1.000 0600
ARB 0499 1499 0667 0400
ARB Sj ki q wj
HDG 0502 1.000 1.000 0600

SPC 0498 1.498 0.667 0.400
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Table 10 Observation results of facial expressions for the decision degrees

(2024) 10:37

SPC HDG ARB
DCMR 1
INDS (2,26) (10,25) (15,26)
TRKY (276) (15,26) (5,26)
RSSA (27,6) (5,26) (27,6)
BRZL (10,6) (14,27) (10,6)
INDA (5.26) (15,26) (10,25)
MXCO (5,26 (12) (2,26)
CHNA (2.25) 612) (2,26)
DCMR 2
INDS (25,26) (1,2) (1,2)
TRKY (2,25) (2,25) (5,26)
RSSA (25,26) (25,26) (5,26)
BRZL (1,2 (10,25) (10,6)
INDA (25,26) (10,25) (2,25)
MXCO (2,25) (10,25) (6,12)
CHNA (25,26) 6,12) (5,26)
DCMR 3
INDS (27,6) (10,6) (10,6)
TRKY (5,26) (1,2) (5,26)
RSSA (25,26) (2,26) (2,26)
BRZL (2,27) (10,25) (10,25)
INDA (25,26) (1,2) (5,26)
MXCO (2.26) (10,25) (2,25)
CHNA (15,6) 6,12) (2,27)
Table 11 The aggregated values of QFNSs for decision degrees
SPC HDG ARB
INDS [ /032627056 7 [ /0.25¢/27050 F /025677050 7
/0.10¢/27.034, /01527031 0156727031
| /050027011 | | 060227019 | | /060627019 |
TRKY [ /030627055 7 [ /027627051 ] [ /030627055
/0.10¢/27034, V016627031, V01927034,
| V05127011 | | /059¢27020 | | JO5Te27 01 |
RSSA [ /034627058 7 [ /03027056 ] © /030627055
/020627035, 0,107 034, /0,107 034,
| V04767011 | | /050677011 | | V0572701 |
BRZL [ /0256127050 7 [ J/024e/27048 F /0256727050 7
/015627031, 014627030, /0.15¢727 031
| /0606727019 | | /062677022 | | /060627019 |
INDA [ /034627058 7 [ /025127050 r /0296727053 7
/020627035, /015627031, /018677033,
| V076?01 | | /060”7019 | | /05427014 |
MXCO [ 4/0.30e/27055 7 [ /025627050 T [ /0326727056
mejZmO.M' me/Zn,O.SW , mejzﬂ_og{
0.51¢/27011 0.600/27019 050627011
CHNA [ /031627056 7 [ /0.36€/27060 r /0296727053 7
/01027034, V022627037, V018627033,
0.50e/270.10 0.42¢/27.003 054027014
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Table 12 The defuzzified values of QFNSs for decision degrees

SPC HDG ARB
INDS 1.245 1.236 1.236
TRKY 1.236 1.243 1.236
RSSA 1.247 1.245 1.236
BRZL 1.236 1.243 1.236
INDA 1.247 1.236 1.243
MXCO 1.236 1.236 1.245
CHNA 1.259 1.236 1.243
Table 13 Normalized decision matrix

SPC HDG ARB
INDS 0378 0377 0377
TRKY 0.376 0.379 0.377
RSSA 0379 0.380 0377
BRZL 0.376 0.379 0377
INDA 0.379 0377 0379
MXCO 0.376 0377 0.380
CHNA 0.383 0377 0379
Table 14 Weighted decision matrix

SPC HDG ARB
INDS 0.128 0.141 0.108
TRKY 0.127 0.142 0.108
RSSA 0.128 0.143 0.108
BRZL 0.127 0.142 0.108
INDA 0.128 0.141 0.108
MXCO 0.127 0.141 0.109
CHNA 0.130 0.141 0.108

Abbreviations

ETF Exchange-traded funds
FACS  Facial action coding system
IFS Intuitionistic fuzzy sets
HDG  Hedgers

SPC Speculators

ARB  Arbitrageurs
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