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Abstract: The global economy has been hit by the unexpected COVID-19 outbreak, and foreign
investment has been seen as one of the most important tools to boost the economy. However, in
the highly uncertain post-epidemic era, determining how to attract foreign investment is the key
to revitalizing the economy. What are the important factors for governments to attract investment,
and how to improve them? This will be an important decision in the post-epidemic era. Therefore,
this study develops a novel decision-making model to explore the key factors in attracting foreign
investment. The model first uses fuzzy Delphi to explore the key factors of attracting foreign
investment in the post-epidemic era, and then uses DEMATEL to construct the causal relationships
among these factors. To overcome the uncertainty of various information sources and inconsistent
messages from decision-makers, this study combined neutrosophic set theory to conduct quantitative
analysis. The results of the study show that the model is suitable for analyzing the key factors of
investment attraction in the post-epidemic period. Based on the results of the study, we also propose
strategies that will help the relevant policy-making departments to understand the root causes of
the problem and to formulate appropriate investment strategies in advance. In addition, the model
is also used for comparative analysis, which reveals that this novel approach can integrate more
incomplete information and present expert opinions in a more objective way.

Keywords: key success factors; foreign investment; post-epidemic era; COVID-19; fuzzy Delphi;
DEMATEL; neutrosophic set theory

1. Introduction

Recently, with the rapid development of technology, the global economy has been
growing quickly. However, the outbreak of COVID-19 occurred at the end of 2019, and
this unexpected public health crisis is threatening the world [1]. Because of the risk of
wide spread of this infectious disease, further transmission may occur through human
activities [2]. To prevent the sweeping spread of the epidemic, massive border control,
home isolation, home quarantine, work suspension, school suspension, activity restriction,
etc. have been introduced worldwide. Because of these measures, economic development
is being challenged worldwide [3]. For example, the tourism industry around the world
has been affected by the panic, resulting in a decline in demand and stagnation of the
industry [4], and the aviation industry, which is linked to the tourism industry, was not
spared from the huge losses [5]. Notably, West Texas Intermediate (WTI) crude oil in
New York also traded at a negative dollar breakout price for the first time [6]. These
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economic disruptions are evidence that the global economy has been severely impacted
by COVID-19.

With the efforts of scientists, the good news is starting to come out from around
the world that vaccinations are available, which means that the post-epidemic era is just
around the corner. How governments should plan ahead to boost their domestic economies
in the post-epidemic era will be a critical issue. In the past, there were many different
views among international scholars on the means and strategies to boost local economies,
such as government policies [7], tourism promotion [8], financial market revitalization [9],
public construction expansion [10], military expenditure [11], urbanization and urban
renewal [12], industrial development [13], foreign investment [14], etc. However, after
the impact of COVID-19, the global industry is facing massive fluctuations and adjust-
ments, and many companies have to find new ways and transform in order to survive and
grow [15,16]. This is also an opportunity for governments to improve the structure of local
industries and increase the utilization of resources [17]. Foreign investment has been inter-
nationally recognized as an important development strategy for technological innovation
and industrial upgrading [14]. Therefore, attracting foreign investment will be one of the
most important development strategies for governments in the post-epidemic era.

In the past, there has been much discussion on how to attract foreign investment [18,19].
However, there is an inextricable link between foreign investment and location selection [20].
Kim and Aguiler [21] reviewed the previous studies and focused on the selection mech-
anisms, summarizing them into four main directions, namely Economics tradition, Be-
havioral tradition, Neglect, and revival. Based on the different mechanisms, the final
outcome will affect the final investment decision of the company. Li et al. [22] in 2018
reviewed 363 studies (1980–2016) related to investment selection and the findings showed
that a very large number of factors affect foreign investment selection, such as market size,
productivity, stage of economic development, local infrastructure (hardware construction,
manpower, knowledge), host country risk (political, economic, financial, disaster), labor
cost (wages), regulations (legislation, regulations, legal and political system), normality
(cultural distance, cultural similarity, cultural affinity), acknowledgment (intensity of busi-
ness transactions, simulated isomorphism), local government (similar industry clusters,
education, transportation infrastructure, changes in R&D resources), domestic market
factors (domestic market and industry structure, domestic competitive pressure, domestic
innovation orientation, home-based business development), etc. In recent years, many
studies have shown that foreign investment and regional/country competitiveness interact
with each other [23]. Competitive economies tend to generate higher levels of income for
their citizens, and the level of productivity determines the rate of return on investment
in the economy, making competitiveness indicators highly valued [24]. Therefore, many
institutions focus on the discussion of the regional/national competitiveness index, such as
the World Economic Forum (WEF), the World Bank (WB), and the International Institute for
Management Development (IIMD), etc. It is worth noting that the Global Competitiveness
Index (GCI) developed by WEF focuses on the macro- and microeconomic factors of com-
petitiveness, so it is more valued by scholars, policy makers, and business leaders [24,25].
However, Bucher [26] pointed out that the GCI is a comprehensive assessment system that
does not assess a single factor, but rather a combination of related indicators. This shows
that the use of GCI to enhance and improve a region/country should be considered from a
systemic perspective. In the limited literature, few studies discuss the impact relationships
among indicators and the causal relationships of the whole evaluation system to enhance
and improve the root causes of the problem.

In the face of the post-epidemic era, governments of all countries have invested a
lot of resources in COVID-19 prevention. During this period, the resources that govern-
ments can dispatch and use will be extremely scarce. How to effectively attract foreign
investment is another urgent multi-attribute decision. Facing the dilemma, government
units should accurately and effectively improve the investment environment. Therefore,
exploring the causal relationships of the evaluation system will be more important than
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before. Decision-making trial and evaluation laboratory (DEMATEL) is an effective tool
for exploring causal relationships between factors or indicators. It has been successfully
applied to the exploration of key factors in various fields, such as psychotherapy [27],
medical tourism [28], Sponge City PPP projects [29], green supply chain management [30],
and sustainable supply chain [31]. Although it has many advantages, DEMATEL still has
the following limitations in practical applications.

The first issue is how to define the indicator framework. Since the scope of the Global
Competitiveness Index (GCI) is quite broad [24], it is important to define the assessment
system. In the past, the Delphi method has been shown to have the following properties:
shaping the consensus of experts, brainstorming, high accuracy, etc. [32–34]. However, the
traditional Delphi method does not consider the ambiguity of the decision-making pro-
cess [35]. Second, traditional DEMATEL relies on experts for decision-making [36]. Expert
expression is a natural semantics [37]. Therefore, in recent years, many studies and model
extensions have been proposed for natural semantics, such as fuzzy DEMATEL [38,39], and
intuitionistic fuzzy DEMATEL [40–42]. Although FS and IFS contribute to the processing of
ambiguities and incomplete messages in natural semantics [43], it is still unable to handle
inconsistent and uncertain messages [44]. The final issue is about the integration of group
opinions. It is almost impossible to find decision-makers with the same or similar experi-
ence, attitude, and knowledge in the decision-making group for group decision-making
problems [45]. Therefore, the weights of the decision-makers play an important role in
group decision-making problems [46]. In the past, many studies have used arithmetic
averages or the direct subjective weighting of experts based on the view of the central
tendency in the integration of expert opinions [1,36,47]. This will limit the importance or
reliability of the decision-makers in solving a particular problem [45].

Based on the above limitations, this study proposes a novel decision-making model
that will be empirically demonstrated in a case study of Taiwan’s experience. The case
study will explore the key factors driving foreign investment in a post-epidemic era with
limited resources and incomplete information. Therefore, the model uses the fuzzy Delphi
method to construct a framework of core indicators, the neutrosophic set theory to quantify
incomplete information, the entropy algorithm to obtain objective weights of decision-
makers, and then the simple weighting method to integrate expert opinions. Finally, the
DEMATEL method is used to investigate the causal relationships of the core indicators.

The contribution of this study is that the methodology can help relevant decision-
makers to effectively explore the root causes of the system to provide an important basis
for developing investment strategies. The following improvements have been achieved:

(1) Constructing a framework of indicators for foreign investment in the post-epidemic
era, which is more suitable for under-resourced contexts because they will be impor-
tant indicators for attracting foreign investment in the post-epidemic era.

(2) The proposed model will be able to quantify natural semantics more effectively
because it can quantify incomplete, uncertain, and inconsistent information at the
same time.

(3) The opinions obtained will be more objective and reliable because objective expert
weights are used to integrate the opinions of the group.

(4) By identifying the causal relationships and visualizing the results of the analysis, it
helps to simplify the complex evaluation system, so that the root causes of problems
can be explored and response strategies can be developed more effectively.

2. Literature Review

In this section, first, a brief review of the Global Competitiveness Index is presented.
Second, the methodology of exploring the key factors is discussed. Third, the specificity of
natural semantics is explained. Finally, the integration techniques in group decision-making
are discussed.
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2.1. Global Competitiveness Index (GCI)

The Global Competitiveness Report was launched by the World Economic Forum
(WEF) in 1979 and has been a globally recognized competitiveness index for more than
30 years [25,48]. Since 2004, the WEF has developed a Global Competitiveness Index [24]
as the methodology and ideas on assessing a country’s competitiveness have evolved over
time. The index is a highly comprehensive index that takes into account both microeco-
nomic and macroeconomic bases, and aims to measure a country’s economic competitive-
ness thoroughly by assessing various relevant dimensions. These relevant dimensions
together define multiple concepts of competitiveness [25,26]. With the arrival of the fourth
industrial revolution (4IR), new fundamental changes in the way national economies op-
erate have guided the development of the GCI 4.0 [49]. The GCI 4.0, published by the
WEF in 2018, ranks 140 economies around the world using 98 assessment sub-criteria, and
the GCI 4.0 divides all factors into 26 indicators and 12 pillars (institutions, infrastruc-
ture, ICT adoption, macroeconomic stability, health, skills, product market, labour market
financial system, market size, business dynamism, innovation capability) and four cate-
gories (enabling environment, markets, human capital, innovation ecosystem), as shown in
Table 1.

Table 1. GCI pillars and indicators.

No Pillar Indicators

P1 Institutions
Security, social capital, checks and balances, public-sector

performance, transparency, property rights, corporate
governance, future orientation of government.

P2 Infrastructure Transport infrastructure, utility infrastructure.

P3 ICT adoption
Mobile-cellular telephone, mobile-broad,

fixed-broadband internet,
fiber internet, internet users.

P4 Macroeconomic stability Inflation, debt dynamics.
P5 Health Healthy life expectancy
P6 Skills Current workforce, future workforce.
P7 Product market Domestic market competition, trade openness.
P8 Labor market Flexibility, meritocracy and incentivization.
P9 Financial system Depth, stability
P10 Market size Gross domestic product, imports of goods and services.
P11 Business dynamism Administrative requirement, entrepreneurial culture.

P12 Innovation capability Diversity and collaboration, research and development,
commercialization.

2.2. Methods for Exploring Key Indicators

By reviewing the previous literature, it can be found that there are many methods and
various discussions on the construction of indicator frameworks and key factor exploration,
such as document analysis [50], focus group interviews [51], factor analysis [52,53], brain-
storming [54], in-depth interviews [55], Delphi method [33], modified Delphi method [56],
fuzzy Delphi [37], etc. The discussion of the improvement of a country’s competitiveness
will cover a wide range of areas, and the experts involved in decision-making come from
different backgrounds and professional fields. In the face of such complex group decision-
making, it is important to effectively build consensus. In the past, many studies have
shown that the Delphi method is effective in consensus building. The Delphi method has
the advantage of fully exploiting the role of experts, pooling their ideas, being accurate,
and expressing the divergent views of experts—taking the strengths of each and avoiding
the weaknesses of each [32,33]. However, the traditional Delphi method does not use a
fuzzy language scale to deal with the ambiguity of information [37]. Therefore, in this
study, fuzzy Delphi is used to construct the core indicator framework.

Although the fuzzy Delphi method contributes to the consensus-building of experts,
it cannot effectively identify the causal relationships of the evaluation system. In the face of
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limited resources, it is important to take a systematic view of root cause improvement [57].
In the past, there have been many approaches to successfully examine causal relationships,
such as interpretive structural modeling (ISM) [58], fuzzy cognitive map (FCM) [59],
structural equation modeling (SEM) [60], Granger causality [61], transfer entropy [62],
DEMATEL [36], etc. DEMATEL has the advantage of high ease of use and flexibility
of integration when compared with various other methods [63,64]. Compared to other
methods, it does not have the limitation of independence assumptions and considers
the mutual influences within the evaluation system; moreover, the visualization of the
analysis results will facilitate analysis and decision-making [65,66]. Therefore, in this study,
DEMATEL is used for the test of causal relationships.

2.3. Ambiguity of Natural Semantics

DEMATEL can effectively explore causal relationships among indicators, whereas
traditional DEMATEL uses explicit values to construct expert opinions and make subjective
judgments based on expert experience. However, experts are human, and humans are more
familiar with the use of natural semantics [67]. The use of natural semantics inherently
suffers from message inconsistency [37]. The impact of COVID-19 is highly uncertain for
the economic development of the world, and this uncertainty will magnify the extent of
inconsistent messages. Therefore, based on the above-mentioned decision-making process,
it is very important to master the uncertainty of information, which cannot be solved by
the traditional DEMATEL.

Fuzzy set theory (FS) was first used to solve the ambiguity of natural human semantics,
and classical FS uses membership functions to quantify the degree of ambiguity in seman-
tics [68]. Later on, many researchers have subsequently proposed different extensions of
fuzzy theory based on different viewpoints, such as interval value fuzzy set (IVFS), hesitant
fuzzy set (HFS), intuitionistic fuzzy set (IFS), interval value intuitionistic fuzzy set (IVIFS),
intuitionistic fuzzy set of type 2 (IFS2), picture fuzzy set theory (PFS), spherical fuzzy set
(SFS), etc. But of great interest is the discussion of the non-memberships, an extension that
takes fuzzy theory a step further, namely “intuitionistic fuzzy sets (IFS)” [69]. However,
both FS and IFS can only deal with incomplete messages in natural semantics and still
cannot quantify inconsistent and uncertain information [43]. Incomplete, uncertain, and
inconsistent information does exist in the real world. The concept of neutrosophic set
theory was proposed to quantify uncertainty using truth-membership, indeterminacy-
membership, and falsity-membership. This will allow a more comprehensive extension of
fuzzy theory and a more favorable quantification of incomplete, uncertain, and inconsistent
information [44]. Therefore, this study will adopt the neutrosophic set theory to quantify
incomplete messages in natural semantics.

2.4. Integration of Expert Opinions

As natural semantics has gained attention in decision science, more researchers are
beginning to notice the divergence of opinions among experts. Most studies in the
past have used arithmetic means to aggregate opinions in the face of group decision-
making [70,71]. They advocate consistency in expert decision-making based on expert
consensus tests [57,72]. The test results will help to determine whether the experts’ decision-
making is consistent or not, and a higher degree of expert consensus means that the experts’
opinions tend to be consistent and representative. Finally, by using the concept of central
tendency, the mean is used for opinion integration [57,73].

In recent years, some researchers have held different views. For example, [45] argues
that it is difficult to find decision-makers with the same or similar experience, attitude,
and knowledge in the decision-making team. Since each expert is different, the decision-
making process will be more reliable if it relies differently on certain experts for a particular
problem. Therefore, some studies have started to discuss group decision-making using
weighted averages [74,75]. Due to the use of weighted average to integrate group opinions,
the weight of experts will play an important role in group decision-making [45,46]. In the
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past, many researchers have given expert weights directly or evaluated the participating
experts subjectively in their studies and generated subjective expert weights based on the
results of the evaluation [74,75].

In the relevant studies mentioned above, the importance of individual experts has
been considered. However, few studies have examined “who can effectively identify
experts”. Therefore, this study presents an interesting commentary here: “who is the expert
in evaluating experts?” In the past, the calculation of weights in the field of MCDM has
been an interesting topic for which there is no definite answer yet, but it is crucial for
decision-making [76]. Investigations indicate that objective weights generated based on the
structure of the data include entropy, criteria importance through inter-criteria correlation
(CRITIC), criterion impact loss (CILOS), and correlation coefficient and standard deviation
(CCSD) [77,78]. The entropy method has a solid theoretical foundation and has been proven
to be suitable for decision-making in different domains [79]. It is mainly based on the
degree of deviation among data to determine the weights, and the method is somewhat
objective [77]. Therefore, in this study, the objective weights of experts are determined by
applying the degree of deviation in their decision-making results, which means that experts
with discriminant power are given higher weights and experts without discriminant power
are given lower weights.

3. Methodology

This section first describes the proposed method. Next, the novel practice is explained.
Finally, the entire process and computational steps of the proposed model are presented.

3.1. Innovativeness of the Model

With the onslaught of the COVID-19 pandemic around the world, the global eco-
nomic structure has undergone significant changes and mankind is faced with a new
and unknown situation. Without prior experience, decision-makers are faced with many
challenges of uncertainty when making decisions in such a situation [80]. Therefore, it
is significant and necessary to consider uncertainty and incomplete information in the
decision-making process. For this reason, this study uses the neutrosophic set theory to
measure the uncertainty in the problem, and the results of the measurement generate
useful decision information that is eventually imported into DEMATEL for the analysis of
causal relationships. Such a procedure takes into account the incomplete, uncertain, and
inconsistent information in the analysis process [81].

Neutrosophic set in combination with DEMATEL has been applied in many fields to
make decisions on practical issues. For example, [75] compared municipalities based on an
environmental sustainability perspective, and [74] investigated factors of coastal erosion.
Therefore, the concept and practice of using the neutrosophic set to measure uncertainty
in decision-making is a concept that deserves recognition and continual development.
In recent years, researchers have developed SVNN to simplify the cumbersome process
of neutrosophic set theory in decision-making situations with incomplete information.
Although the use of SVNN can effectively simplify the complex process of neutrosophic
set theory, it still has some limitations. For example, Quote [75,82] measured uncertainty
using the practice of fixed linguistic variable, a process that assumes inconsistent messages
as consistent, and the process thus limits theoretical development.

To illustrate how this is not reasonable, this study applies a case study for detailed
illustration. As shown in Figure 1, three evaluation dimensions (D1, D2, D3) are assumed.
According to the original approach, experts perform pairwise comparisons between di-
mensions to generate the evaluation matrix A. The corresponding neutrosophic set is then
converted according to the fixed linguistic variable table (matrix H on the top right of
the figure). However, this approach assumes that a semantic variable corresponds to
fixed values of truth (T) and indeterminacy (I), which is not reasonable because different
decision-makers may generate different values of truth (T) and indeterminacy (I) for the
same semantic variable. Therefore, in this study, the choice of membership of truth and
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membership of indeterminacy is added to the expert opinion survey. For example, in the
cases of D1 versus D3, D2 versus D3, and D3 versus D2, all three degrees of influence were
considered low by the experts. Therefore, the responses obtained in the evaluation matrix
A are all the same as “LI”. Although the semantic variable of the degree of influence is
the same, it is considered to have a completely different membership, which cannot be
captured in the traditional method.

Figure 1. Comparison of the novel practice and the original practice.

Moreover, in the past, arithmetic averages were often used to estimate the central
tendency in the process of facing group decisions. However, such estimation is more
applicable in decision-making situations where there is a high degree of consensus among
experts [83]. Since the impact of COVID-19 is unexpected, it would be more beneficial
to have more information covering more possibilities in the face of this unknown impact.
Therefore, this study advocates the use of a weighted average to integrate the experts’
opinions. The weighting of experts is constructed by the entropy technique, and the
weighting of experts is based on the degree of deviation of decision information: the higher
the degree of discrimination, the higher the weighting is.

3.2. Analytical Processes of the Proposed Method

This section describes in detail the features and computational steps of this novel
model. It is divided into four stages as shown in Figure 2. The four stages use different
methods including fuzzy Delphi, neutrosophic set, entropy, and DEMATEL. The objectives
of the four stages are as follows:

(1) Constructing the core evaluation framework;
(2) Measuring incomplete, uncertain, and inconsistent information;
(3) Obtaining expert weights and integrating opinions among experts;
(4) Evaluating causal relationships of the core indicators.
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Figure 2. The flowchart of the proposed model.

(1) First Stage: Constructing a core evaluation framework

The fuzzy Delphi method can be used to obtain expert consensus to construct the core
indicators framework.

Step 1: Constructing an index importance matrix F
Based on each expert’s survey on the importance of indicators, the results are collected

to form the indicator importance evaluation matrix F. fij is any element of the matrix, where
i = 1, 2,..., b and j = 1, 2,..., k. The matrix refers to the evaluation results of k experts on b
evaluation indicators, as shown in Equation (1).

F =
[

fij
]

b×k



f11 · · · f1j · · · f1k
...

...
...

fi1 · · · fij · · · fik
...

...
...

fb1 · · · fbj · · · fbk


b×k

(1)

Step 2: Constructing fuzzy decision matrix Q
According to the initial matrix of expert importance using Equations (2)–(5), the fuzzy

decision matrix Q can be constructed. p refers to the fuzzy number of the geometric shape,
and this study uses the triangular fuzzy number; therefore, p = (l, m, u).

Q =
[
qij
]

b×p f orp = (l, m, u) (2)

li is the minimum requirement among the evaluations of the experts:

l = [li]b×1 = min
(

fij
)

(3)

ui is the maximum requirement among the evaluations of the experts:

u = [ui]b×1 = max( fij) (4)

mi is the geometric mean among the k experts:

m = [mi]b×1 = k

√
∏k

j=1 fij, wherej = 1, . . . , k (5)
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Step 3: Obtaining the crisp values.
To obtain the crisp value oi, the centroid method is used to defuzzify the fuzzy decision

matrix Q, as shown in Equation (6).

o = oi = (li + mi + ui)/3 (6)

Step 4: Determining the threshold value based on demand
Usually, the threshold value is determined subjectively by the decision-makers [84]

(Dzeng and Wen, 2005). In this study, the inter-quartile range (IQR) technique is used to
evaluate the threshold value in order to avoid the influence of extreme values. The smaller
the value, the more concentrated the data in the middle; the larger the value, the more
dispersed the data in the middle, as shown in Figure 3.

Figure 3. The inter-quartile range (IQR).

If oi of an indicator > the threshold value, then “Delete” is applied to the indicator.
If oi of an indicator < the threshold value, then “KEEP” is applied to the indicator. The
framework formed by the retained indicators after the importance evaluation is called the
core framework. The number of core indicators is denoted by Ψ.

(2) Second Stage: Measuring incomplete, uncertain, and inconsistent information

The expert judgments may produce inconsistent results depending on their back-
grounds and experiences. For this reason, the neutrosophic set is used to collect incomplete,
uncertain, and inconsistent information.

Step 1: Definition of neutrosophic sets (NSs)
Let Z be a space consisting of generic elements represented by z. An NS can be

denoted by NS = {[z, λS(z), βS(z), θS(z)] |z ∈ Z}. This parameter is different from the
membership functions proposed by Zadeh. λS(z) represents a truth-membership function,
βS(z) represents an indeterminacy-membership function, and θS(z) represents a falsity-
membership function. All three functions are standard subsets λS(z), βS(z), θS(z)→ [0, 1] .
The sum of the three functions between 0 and 2 is defined as 0 ≤ λS(z) + βS(z) + θS(z) ≤ 2,
where 0 ≤ λS(z) + θS(z) ≤ 1.

Step 2: Opinion survey and information evaluation
This step is different from the previous one. First, the invited experts are interviewed

and the degree of influence between two indicators in the whole evaluation system is con-
firmed through the interviews. Each expert’s opinion is formed into an evaluation matrix
G for each expert, and there are k matrices of G for k experts, as shown in Equation (7).

G =
[
gij
]

ψ×ψ



g11 · · · g1j · · · g1ψ
...

...
...

gi1 · · · gij · · · giψ
...

...
...

gψ1 · · · gψj · · · gψψ


ψ×ψ

(7)

Secondly, each response is investigated for whether it represents a truth-membership
function or an indeterminacy-membership function. The result is that each expert has
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a proprietary SVNN for each question. This approach is completely different from the
traditional SVNN approach, as shown in Equations (8) and (9).

SVNN = [λS(z), βS(z), θS(z)] (8)

θS(z) = 1− λS(z) (9)

Step 3: Evaluation of opinion (Fusion-SVNN) after considering uncertainty
The expert’s decision opinion v is integrated with its proprietary SVNN. This step eval-

uates the influence relationships of the system and considers the incomplete information at
the same time to obtain Fusion-SVNN, as shown in Equations (10)–(13).

Fusion− SVNN =
[
λFision

S (z), βFision
S (z), θFision

S (z)
]

(10)

λFision
S (z) = (vi × λS(z))/4 (11)

βFision
S (z) = (vi × βS(z))/4 (12)

θFision
S (z) = (vi × θS(z))/4 (13)

Step 4: Obtaining the decision matrix H of crisp values for each expert
The decision matrix H is formed with deneutrosophicated values for each expert’s

Fusion-SVNN. For k experts, there are k matrices of H, as shown in Equation (14).

H =
[
hij
]

ψ×ψ



h11 · · · h1j · · · h1ψ
...

...
...

hi1 · · · hij · · · hiψ
...

...
...

hψ1 · · · hψj · · · hψψ


ψ×ψ

(14)

Equation (15) is used for deneutrosophication, and this step is similar to the traditional
defuzzification and eventually obtains the crisp values from the neutrosophic sets.

ZS = 1−
√{[

1− λFision
S (z)

]2
+
[
βFision

S (z)
]2

+
[
θFision

S (z)
]2}/3 (15)

(3) Third Stage: Calculating expert weights and integrating opinions among experts

According to the previous stage, each expert’s opinion is obtained and the weight of
each expert is constructed using the entropy technique according to the degree of deviation
of the expert’s opinion. The lower the expert’s discriminant power of the evaluation system,
the lower the weight will be given.

Step 1: Obtaining the initial expert opinion matrix V
According to Step 2 of the Second Stage, the original survey data can be transferred

and the opinions of k experts can be combined to form an initial matrix V of expert
opinions, where ε represents the number of questions ε = b × b to be answered after
pairwise comparisons. The vector v refers to the decision opinion of each expert, as shown
in Equations (16) and (17).

V =
[
vij
]

ε×k



v11 · · · v1j · · · v1k
...

...
...

vi1 · · · vij · · · vik
...

...
...

vε1 · · · vεj · · · vεk


ε×k

(16)

v = (vi)ε×1 = (v1, v2, · · · , vε) (17)
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Step 2: Normalization of expert opinions
The initial influence relationship matrix of expert opinions is normalized as shown in

Equation (18).
Ne = ne

ij = vij/
ε

∑
i=1

vij (18)

Step 3: Derivation of the variation degree of the criterion ej
The normalized performance evaluation matrix is derived from the variation degree

to obtain the entropy value ej for the degree of variation in each criterion, as shown in

Equation (19). The p is a constant. Let p = (ln(q))−1 be used to ensure that
ej(j = 1, 2, · · · , k) ranges from 0 to 1.

e = ej = −p
n

∑
j=1

ne
ij ln ne

ij (19)

Step 4: Calculation of the degree of the divergence coefficient ej
The entropy vector is used to calculate the degree of deviation and each degree of

the divergence coefficient ej is obtained, as shown in Equation (20). The ej(j = 1, 2, · · · , k)
represents the inherent intensity of contrast among j criteria. The higher the value of the ej
criteria, the greater the relative importance of the role it plays in the whole system.

e = ej = 1− ej (20)

Step 5: Derivation of the expert weights w of the entire system
The divergence coefficient ej is derived by simple additive normalization to obtain the

objective weights w of the entire system as shown in Equation (21).

w = (wi)k×1 = (wj)1×k′ = (w1, w2, · · · , wk) (21)

Step 6: Construction of the direct influence relationship matrix A of crisp values
By applying the SAW technique to each expert’s weight w and crisp value decision

matrix H, the direct influence relationship matrix A of the crisp values can be obtained, as
shown in Equation (22).

A =
[
aij
]

ψ×ψ
=



a11 · · · a1j · · · a1m
...

...
...

ai1 · · · aij · · · aim
...

...
...

am1 · · · amj · · · amm


ψ×ψ

(22)

(4) Fourth Stage: Evaluation of causal relationships of the core system

Based on the direct influence relationship matrix A of the crisp values obtained in the
Third Stage, the influence relationships of the core indicator framework are considered
for infinite times, and the total influence relationships of the core indicator framework
are obtained.

Step 1: Direct influence relationship matrix N after normalization
The purpose of normalization of the evaluated matrix is to remove the inconsis-

tency of units. The normalized direct influence relationship matrix N is obtained through
Equations (23)–(25), where v is the maximum of the sum of a row or column, and nij is
each element of the matrix N.
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N =
[
nij
]

ψ×ψ
=



n11 · · · n1j · · · n1ψ
...

...
...

ni1 · · · nij · · · niψ
...

...
...

nψ1 · · · nψj · · · nψψ


ψ×ψ

(23)

nij = A/v (24)

v =

{
max

i
∑n

j=1 aij, max
j

∑n
i=1 aij

}
(25)

Step 2: Total influence relationship matrix T
The total influence relationship matrix can be generated after infinite interactions of

influence relationships, as shown in Equations (26) and (27).

T =
[
tij
]

ψ×ψ
=



t11 · · · t1j · · · t1ψ
...

...
...

ti1 · · · tij · · · tiψ
...

...
...

tψ1 · · · tψj · · · tψψ


ψ×ψ

(26)

T = N + N2 + N3 + . . . + Nk

= N(I + N + N2 + . . . + Nk−1)[(I−N)(I−N)−1]

= N(I−Nk)(I−N)−1

= N(I −N)−1, whenk→ ∞, Nk = [0]m×m

(27)

Step 3: Calculation of influence relationships
The influence relationship of an indicator includes the degree of influence, the degree

of being influenced, the total degree of influence, and the net degree of influence (r, c, x, y).
The degree of influence refers to the sum of the influence of an indicator on other indicators
as shown in Equation (28).

r = (r1, r2, · · · , rψ) = (ri)ψ×1 =

[
n

∑
j=1

rij

]
ψ×1

f or i, j = 1, 2, · · · , ψ (28)

The degree of being influenced refers to the sum of the degrees of an indicator being
influenced by other indicators, as shown in Equation (29).

c = (ci)ψ×1 = (c1, c2, · · · , cψ)
′ = (cj)

′
1×ψ =

[
ψ

∑
i=1

cij

]′
1×ψ

f or i, j = 1, 2, · · · , ψ (29)

The degree of net influence refers to the degree of influence of the indicator minus
the degree of being influenced as shown in Equations (30) and (31). A positive value of yi
indicates a cause, and a negative value of yi indicates an effect.

y = (y1, y2, · · · , yψ) = (yi)ψ×1 (30)

yi = ri − ci, f ori = 1, 2, · · · , ψ (31)
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The total degree of influence is the sum of the degrees of an indicator influenc-
ing and being influenced, which means the “prominence” of the indicator, as shown
in Equations (32) and (33).

x = (x1, x2, · · · , xψ) = (xi)ψ×1 (32)

xi = ri + ci, f ori = 1, 2, · · · , ψ (33)

Step 4: Drawing the influential network relation map (INRM)
Based on the calculation in the previous stage, the influence relationship (T, r, c, x, y)

among all evaluation indicators can be obtained, and the INRM can be drawn based on the
influence relationships.

a. Drawing the scatter diagram

The INRM is drawn based on the total influence relationships and the net influence re-
lationships. The horizontal axes of the coordinates represent the influence of the indicators
and the vertical axes represent the causal relationships of the indicators. The corresponding
relationships among all indicators and the coordinates are projected onto the coordinate
axes, and the corresponding relationships based on the prominence and relation of each
indicator are indicated.

b. Retaining the relatively higher influence relationships

In order to have a better visual effect to facilitate decision-making, this study will use
the consensus difference index (CDI) to retain the relatively higher influence relationships
using the IQR technique.

c. Marking the influence relationships between systems

Based on the matrix of the retained influence relationships, the influence relationships
between the corresponding indicators are compared, and the relatively larger influence
relationships are retained and their influence paths are plotted.

4. Case Study Results and Analysis

Taiwan is a small economy that is vulnerable to international economic influences. In
order to effectively combat the epidemic and mitigate the impact on the domestic economy
and society, Taiwan has been easing its monetary policy and increasing fiscal spending. The
total size of the increased fiscal spending has reached US$38 billion. Taiwan has proposed
corresponding financial strategies and has been continuously attracting foreign investment.
It is hoped that the impact of the epidemic will improve the local industrial structure and
increase the utilization of existing resources. Taiwan has therefore set up a task force on
this issue. In the past, Taiwan has always been using the approach of improving its own
competitiveness to attract foreign investment.

However, for the vestment promotion in the post-epidemic era, resources will be
extremely scarce, information will be quite limited and incomplete, and experts in decision-
making will come from different fields. In the past, the country’s competitiveness will
affect the willingness of foreign investors and the economic development of Taiwan. It
should be noted that the core framework based on Taiwan’s resource advantages may vary
from country to country depending on the advantages it possesses.

4.1. Establishment of the Core Evaluation System

The core evaluation system of this study was established after three rounds of expert
validation. The composition of the expert team consisted of 4 males and 1 female, all with
master’s degrees or higher, and all with more than 25 years of working experience and
from different organizations, all of whom were on-the-job managers, as shown in Table 2.
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Table 2. Background information of decision-making experts.

Code Gender Organization Age Title Education Seniority

1 M Education 55 Professor PHD 25
2 M Government 56 President PHD 25
3 M Foundation 60 Associate Dean PHD 30
4 M Company 58 Chairman of the Board PHD 25
5 F Guild 62 Union President MS 30

First, the experts summarized 26 indicators based on the national competitiveness indi-
cators developed by WEF and coded them as I1~I26. Secondly, we conducted a roundtable
survey on the importance of the 26 indicators and calculated the decision coefficients of
each indicator from 5.590 to 8.988 based on the survey results. Finally, the indicators with
decision coefficients >8.384 were retained (I1, I6, I9, I10, I12, I13, and I26), and the indica-
tors were recoded from C1~C7 for ease of labeling, and were called the core evaluation
framework, as shown in Table 3.

Table 3. Using fuzzy Delphi to construct the core evaluation framework.

CODE Indicator L M U o >8.384 No

I1 Security 8 8.618 10 8.873 KEEP C1
I2 Social capital 3 5.769 8 5.590 Delete
I3 Checks and balances 6 7.560 9 7.520 Delete

I4
Public-sector
performance 4 6.868 9 6.623 Delete

I5 Transparency 6 7.862 9 7.621 Delete
I6 Property rights 7 8.243 10 8.414 KEEP C2
I7 Corporate governance 5 5.944 7 5.981 Delete

I8
Future orientation of

government 6 7.489 10 7.830 Delete

I9 Transport infrastructure 8 8.618 10 8.873 KEEP C3
I10 Utility infrastructure 7 8.243 10 8.414 KEEP C4
I11 ICT adoption 6 6.952 8 6.984 Delete
I12 Macroeconomic stability 8 8.963 10 8.988 KEEP C5
I13 Health 8 8.320 9 8.440 KEEP C6
I14 Current workforce 8 8.000 8 8.000 Delete
I15 Future workforce 5 6.804 9 6.935 Delete

I16
Domestic market

competition 7 7.884 10 8.295 Delete

I17 Trade openness 6 7.230 9 7.410 Delete
I18 Flexibility 7 7.958 9 7.986 Delete

I19
Meritocracy and
incentivization 5 6.257 7 6.086 Delete

I20 Depth 5 6.542 8 6.514 Delete
I21 Stability 6 6.952 8 6.984 Delete

I22
Administrative
requirements 6 6.316 7 6.439 Delete

I23 Entrepreneurial culture 5 5.848 8 6.283 Delete

I24
Diversity and
collaboration 5 6.463 9 6.821 Delete

I25
Research and
development 7 7.958 9 7.986 Delete

I26 Commercialization 7 8.243 10 8.414 KEEP C7

Note: The threshold values are Q1: 6.672, Q2: 7.570, and Q3: 8.384 (inter quartile range, IQR).

The core evaluation framework was constructed based on the fuzzy Delphi. The core
evaluation framework includes security, property rights, transport infrastructure, utility
infrastructure, and macroeconomic stability. The definition of the evaluation framework is
shown in Table 4.
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Table 4. The core evaluation framework.

CODE Criteria Definition

C1 Security Refers to the local organized crime, homicide rate,
terrorism incident, and reliability of police service

C2 Property rights Refers to property rights, intellectual property
protection, and quality of land administration

C3 Transport infrastructure

The quality of the local road network and infrastructure,
railroad density and efficiency of train services,

connectivity of airport and liner shipping, and efficiency
of air transport services and seaport services.

C4 Utility infrastructure Electricity supply quality and reliability of water supply
C5 Macroeconomic stability Refers to inflation and debt dynamics
C6 Health Healthy life expectancy
C7 Commercialization Buyer sophistication and trademark applications

4.2. Measuring Incomplete, Uncertain, and Inconsistent Information

The following data were obtained based on the results of the expert interviews,
which are illustrated by examples due to space limitations in the study, as shown in
Table 5. The invited experts responded based on the influence of the indicators on one
another, correctness, uncertainty, and error rates. For example, the first expert interviewed
considered C1 to have a very high effect on C2, with a correctness rate of 0.9, an uncertainty
rate of 0.2, and an error rate of 0.2. The study coded “4 (0.9, 0.2, 0.2)” based on the
experts’ responses. The neutrosophic direct-influence matrix for the initial expert opinion
evaluation was constructed by aggregating the opinions of all the invited experts.

Table 5. Initial expert opinion evaluation.

Crisp C1 C2 C3 C4 C5 C6 C7

Exp1

C1 0 (0, 0, 0) 4 (0.9, 0.2, 0.1) 4 (0.9, 0.2, 0.1) 4 (0.8, 0.3, 0.2) 4 (0.8, 0.3, 0.2) 3 (0.7, 0.3, 0.3) 3 (0.8, 0.3, 0.2)
C2 2 (0.7, 0.2, 0.3) 0 (0, 0, 0) 0 (0.8, 0.3, 0.2) 3 (0.8, 0.2, 0.2) 3 (0.8, 0.2, 0.2) 0 (0.8, 0.3, 0.2) 2 (0.8, 0.2, 0.2)
C3 3 (0.8, 0.2, 0.2) 0 (0.7, 0.3, 0.3) 0 (0, 0, 0) 2 (0.8, 0.2, 0.2) 3 (0.8, 0.2, 0.2) 0 (0.7, 0.3, 0.3) 3 (0.8, 0.2, 0.2)
C4 1 (0.8, 0.2, 0.2) 3 (0.9, 0.1, 0.1) 3 (0.9, 0.1, 0.1) 0 (0, 0, 0) 4 (0.9, 0.1, 0.1) 1 (0.8, 0.2, 0.2) 3 (0.9, 0.1, 0.1)
C5 3 (0.9, 0.1, 0.1) 3 (0.9, 0.1, 0.1) 4 (0.9, 0.1, 0.1) 4 (0.9, 0.1, 0.1) 0 (0, 0, 0) 1 (0.9, 0.1, 0.1) 3 (0.9, 0.1, 0.1)
C6 1 (0.8, 0.2, 0.2) 1 (0.8, 0.2, 0.2) 1 (0.8, 0.2, 0.2) 0 (0.7, 0.2, 0.3) 2 (0.8, 0.2, 0.2) 0 (0, 0, 0) 1 (0.8, 0.2, 0.2)
C7 2 (0.8, 0.2, 0.2) 1 (0.7, 0.2, 0.3) 3 (0.8, 0.1, 0.2) 3 (0.8, 0.1, 0.2) 3 (0.8, 0.1, 0.2) 0 (0.7, 0.2, 0.3) 0 (0, 0, 0)

Exp2

C1 0 (0, 0, 0) 4 (0.9, 0.2, 0.1) 4 (0.9, 0.1, 0.1) 2 (0.9, 0.3, 0.1) 2 (0.9, 0.3, 0.1) 4 (0.9, 0.3, 0.1) 4 (0.9, 0.3, 0.1)
C2 4 (0.9, 0.1, 0.1) 0 (0, 0, 0) 2 (0.7, 0.1, 0.3) 2 (0.9, 0.1, 0.1) 2 (0.9, 0.1, 0.1) 2 (0.7, 0.1, 0.3) 2 (0.9, 0.1, 0.1)
C3 4 (0.9, 0.1, 0.1) 4 (0.9, 0.1, 0.1) 0 (0, 0, 0) 4 (0.9, 0.1, 0.1) 4 (0.9, 0.1, 0.1) 2 (0.9, 0.1, 0.1) 4 (0.9, 0.1, 0.1)
C4 4 (0.9, 0.1, 0.1) 2 (0.8, 0.1, 0.2) 2 (0.8, 0.1, 0.2) 0 (0, 0, 0) 2 (0.8, 0.1, 0.2) 4 (0.9, 0.1, 0.1) 2 (0.8, 0.1, 0.2)
C5 4 (0.9, 0.1, 0.1) 4 (0.9, 0.1, 0.1) 4 (0.9, 0.1, 0.1) 4 (0.9, 0.1, 0.1) 0 (0, 0, 0) 4 (0.9, 0.1, 0.1) 4 (0.9, 0.1, 0.1)
C6 4 (0.9, 0.1, 0.1) 3 (0.9, 0.1, 0.1) 4 (0.9, 0.1, 0.1) 4 (0.9, 0.1, 0.1) 4 (0.9, 0.1, 0.1) 0 (0, 0, 0) 4 (0.9, 0.1, 0.1)
C7 2 (0.8, 0.1, 0.2) 4 (0.8, 0.1, 0.2) 4 (0.8, 0.1, 0.2) 2 (0.8, 0.1, 0.2) 4 (0.8, 0.1, 0.2) 4 (0.8, 0.1, 0.2) 0 (0, 0, 0)

Expi
... . . . . . . . . . . . . . . . . . . . . .

Expk
... . . . . . . . . . . . . . . . . . . . . .

Note: Crisp (truth-membership function, indeterminacy-membership function, falsity-membership function).

The following evaluation matrix, the neutrosophic aggregated direct-influence ma-
trix, was obtained by integrating the initial evaluation opinion of each expert with the
correctness, uncertainty, and error rates according to Equations (10)–(13), as shown in
Table 6.
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Table 6. Integration of crisp values and uncertainties.

C1 C2 C3 C4 C5 C6 C7

Exp1

C1 (0, 0, 0) (0.9, 0.2, 0.1) (0.9, 0.2, 0.1) (0.8, 0.3, 0.2) (0.8, 0.3, 0.2) (0.5, 0.2, 0.2) (0.6, 0.2, 0.2)
C2 (0.4, 0.1, 0.2) (0, 0, 0) (0, 0, 0) (0.6, 0.2, 0.2) (0.6, 0.2, 0.2) (0, 0, 0) (0.4, 0.1, 0.1)
C3 (0.6, 0.2, 0.2) (0, 0, 0) (0, 0, 0) (0.4, 0.1, 0.1) (0.6, 0.2, 0.2) (0, 0, 0) (0.6, 0.2, 0.2)
C4 (0.2, 0.1, 0.1) (0.7, 0.1, 0.1) (0.7, 0.1, 0.1) (0, 0, 0) (0.9, 0.1, 0.1) (0.2, 0.1, 0.1) (0.7, 0.1, 0.1)
C5 (0.7, 0.1, 0.1) (0.7, 0.1, 0.1) (0.9, 0.1, 0.1) (0.9, 0.1, 0.1) (0, 0, 0) (0.2, 0, 0) (0.7, 0.1, 0.1)
C6 (0.2, 0.1, 0.1) (0.2, 0.1, 0.1) (0.2, 0.1, 0.1) (0, 0, 0) (0.4, 0.1, 0.1) (0, 0, 0) (0.2, 0.1, 0.1)
C7 (0.4, 0.1, 0.1) (0.2, 0.1, 0.1) (0.6, 0.1, 0.2) (0.6, 0.1, 0.2) (0.6, 0.1, 0.2) (0, 0, 0) (0, 0, 0)

Exp2

C1 (0, 0, 0) (0.9, 0.2, 0.1) (0.9, 0.1, 0.1) (0.5, 0.2, 0.1) (0.5, 0.2, 0.1) (0.9, 0.3, 0.1) (0.9, 0.3, 0.1)
C2 (0.9, 0.1, 0.1) (0, 0, 0) (0.4, 0.1, 0.2) (0.5, 0.1, 0.1) (0.5, 0.1, 0.1) (0.4, 0.1, 0.2) (0.5, 0.1, 0.1)
C3 (0.9, 0.1, 0.1) (0.9, 0.1, 0.1) (0, 0, 0) (0.9, 0.1, 0.1) (0.9, 0.1, 0.1) (0.5, 0.1, 0.1) (0.9, 0.1, 0.1)
C4 (0.9, 0.1, 0.1) (0.4, 0.1, 0.1) (0.4, 0.1, 0.1) (0, 0, 0) (0.4, 0.1, 0.1) (0.9, 0.1, 0.1) (0.4, 0.1, 0.1)
C5 (0.9, 0.1, 0.1) (0.9, 0.1, 0.1) (0.9, 0.1, 0.1) (0.9, 0.1, 0.1) (0, 0, 0) (0.9, 0.1, 0.1) (0.9, 0.1, 0.1)
C6 (0.9, 0.1, 0.1) (0.7, 0.1, 0.1) (0.9, 0.1, 0.1) (0.9, 0.1, 0.1) (0.9, 0.1, 0.1) (0, 0, 0) (0.9, 0.1, 0.1)
C7 (0.4, 0.1, 0.1) (0.8, 0.1, 0.2) (0.8, 0.1, 0.2) (0.4, 0.1, 0.1) (0.8, 0.1, 0.2) (0.8, 0.1, 0.2) (0, 0, 0)

Expi
... . . . . . . . . . . . . . . . . . . . . .

Expk
... . . . . . . . . . . . . . . . . . . . . .

4.3. Obtaining Objective Expert Weights and Integration of Opinions

Each expert was assigned a corresponding weight based on his or her ability to
evaluate the direct influence relationship. In this study, the direct influence relationships
evaluated by each expert were transposed as shown in Table 7. The final expert weights
were obtained by applying Equations (16)–(21). The expert weights are 0.283, 0.148, 0.140,
0.143, and 0.286, respectively. Experts 1 and 5 have a larger degree of deviation, so they are
given larger expert weights.

Table 7. Using entropy to obtain the weights of experts.

C1 → C2 C1 → C3 C1 → C... C1 → C7 C2 → C1 C2 → C2 C2 → C... C2 → C7 C... → C... C7 → C7 ei ei w Rank

Exp1 0 4 . . . 3 2 0 . . . 2 . . . 0 0.894 0.106 0.283 2
Exp2 0 4 . . . 4 4 0 . . . 2 . . . 0 0.944 0.056 0.148 3
Exp3 0 4 . . . 4 3 0 . . . 3 . . . 0 0.947 0.053 0.140 5
Exp4 0 4 . . . 3 3 0 . . . 3 . . . 0 0.946 0.054 0.143 4
Exp5 0 3 . . . 1 3 0 . . . 1 . . . 0 0.892 0.108 0.286 1

The neutrosophic aggregated direct-influence matrix was deneutrosophicated accord-
ing to Equation (15), as shown on the left side of Table 8. Then, the opinions of different
experts are given corresponding expert weights to weigh all opinions, as shown on the
right side of Table 8, and the crisp values of the direct-influence matrix are obtained, as
shown in Table 8.

4.4. Evaluation of Causal Relationships of the Core Indicators

After considering the opinions and uncertainties of the expert team, the matrix A of
direct influence relationships with crisp values is obtained, and the matrix of total influence
relationship T is obtained by infinite interactions as shown in Table 9. From matrix A, we
can find that the direct influence relationship of C1 (security) on C2 (property rights) is the
greatest in the whole system up to 0.844, followed by the direct influence relationship of C5
(macroeconomic stability) on C1 (security) up to 0.807, and so on. It is noteworthy that after
an infinite number of interactions, the influence relationship of the whole system changes,
and it can be found from the matrix T that C5 (macroeconomic stability) on C1 (security) has
the greatest influence relationship of 2.148. This is followed by the influence relationship of
C5 (macroeconomic stability) on C4 (utility infrastructure) of 2.103. This would imply that
the original influence relationships have changed after considering the interaction effects,
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and also implies that the influence of macroeconomic stability on security is the highest in
the whole evaluation system. This is followed by the degree of influence of macroeconomic
stability on utility infrastructure.

Table 8. Deneutrosophication and weights assigned to experts.

w DE C1 C2 C3 C4 C5 C6 C7 w × DE C1 C2 C3 C4 C5 C6 C7

Exp1 0.283

C1 0.423 0.859 0.859 0.762 0.762 0.67 0.721 C1 0.119 0.243 0.243 0.215 0.215 0.189 0.204
C2 0.611 0.423 0.423 0.739 0.739 0.423 0.644 C2 0.173 0.119 0.119 0.209 0.209 0.119 0.182
C3 0.739 0.423 0.423 0.644 0.739 0.423 0.739 C3 0.209 0.119 0.119 0.182 0.209 0.119 0.209
C4 0.536 0.803 0.803 0.423 0.9 0.536 0.803 C4 0.152 0.227 0.227 0.119 0.254 0.152 0.227
C5 0.803 0.803 0.9 0.9 0.423 0.552 0.803 C5 0.227 0.227 0.254 0.254 0.119 0.156 0.227
C6 0.536 0.536 0.536 0.423 0.644 0.423 0.536 C6 0.152 0.152 0.152 0.119 0.182 0.119 0.152
C7 0.644 0.521 0.75 0.75 0.75 0.423 0.423 C7 0.182 0.147 0.212 0.212 0.212 0.119 0.119

Exp2 0.148

C1 0.423 0.859 0.9 0.67 0.67 0.809 0.809 C1 0.063 0.127 0.133 0.099 0.099 0.12 0.12
C2 0.9 0.423 0.614 0.68 0.68 0.614 0.68 C2 0.133 0.063 0.091 0.101 0.101 0.091 0.101
C3 0.9 0.9 0.423 0.9 0.9 0.68 0.9 C3 0.133 0.133 0.063 0.133 0.133 0.101 0.133
C4 0.9 0.648 0.648 0.423 0.648 0.9 0.648 C4 0.133 0.096 0.096 0.063 0.096 0.133 0.096
C5 0.9 0.9 0.9 0.9 0.423 0.9 0.9 C5 0.133 0.133 0.133 0.133 0.063 0.133 0.133
C6 0.9 0.803 0.9 0.9 0.9 0.423 0.9 C6 0.133 0.119 0.133 0.133 0.133 0.063 0.133
C7 0.648 0.827 0.827 0.648 0.827 0.827 0.423 C7 0.096 0.122 0.122 0.096 0.122 0.122 0.063

Expj . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Expk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 9. Direct influence relationship matrix and total influence relationship matrix.

A C1 C2 C3 C4 C5 C6 C7 T C1 C2 C3 C4 C5 C6 C7

C1 0.423 0.844 0.769 0.758 0.687 0.632 0.697 C1 2.018 2.028 1.998 2.043 1.952 1.729 1.935
C2 0.745 0.423 0.591 0.729 0.663 0.522 0.645 C2 1.897 1.774 1.792 1.859 1.776 1.558 1.756
C3 0.778 0.589 0.423 0.741 0.678 0.578 0.722 C3 1.977 1.878 1.830 1.934 1.849 1.630 1.840
C4 0.714 0.693 0.725 0.423 0.735 0.640 0.677 C4 2.001 1.931 1.921 1.908 1.892 1.670 1.864
C5 0.807 0.754 0.764 0.782 0.423 0.652 0.768 C5 2.148 2.068 2.052 2.103 1.955 1.780 2.001
C6 0.734 0.697 0.652 0.675 0.668 0.423 0.592 C6 1.940 1.870 1.845 1.893 1.819 1.574 1.788
C7 0.696 0.706 0.736 0.678 0.727 0.581 0.423 C7 1.974 1.911 1.900 1.934 1.868 1.640 1.794

The various influence relationships in the overall evaluation system are obtained
from the total influence relationship matrix, as shown in Table 10. The top three indica-
tors influencing other indicators are C5 (macroeconomic stability): 14.107 > C1 (security):
13.704 > C4 (utility infrastructure): 13.187. The top three indicators influenced by other
indicators are C1 (security): 13.955 > C4 (utility infrastructure): 13.675 > C2 (property rights):
13.460. Based on the total influence of the indicators in descending order, C1 (security) >
C5 (macroeconomic stability) > C4 (utility infrastructure) > C3 (transport infrastructure)
> C7 (commercialization) > C2 (property rights) > C6 (health). This means that “security”
has the highest total impact in the whole system, followed by “macroeconomic stability”.
And the total degree of influence is based on the sum of the degrees of influence and being
influenced. In addition, the net influence of the indicators from C1 (security) to C4 (utility
infrastructure) are positive, while C5 (macroeconomic stability) to C7 (commercialization)
are negative. This means that macroeconomic stability, health, and commercialization
are the “effects” of the causal relationships, while security, property rights, and transport
infrastructure are the “causes” of the causal relationships.

The INRM of the whole system can be obtained by projecting the degree of total
influence (x) and the net influence (y) of each evaluation indicator onto the coordinate axes
as shown in Figure 4. The dotted spheres at the top of the figure represent the causes of
the system, and the spheres at the bottom of the figure are the effects. The right side of
the co-ordinates represents the indicators with higher total influence, while the left side is
0. The solid line in the figure will represent the influence between the two indicators. In
order to make the effect of INRM clearer and more definite, we use IQR to set the threshold
values and keep the influence relationship above Q2 (1.893), and then plot the flow of
influence according to the larger influence relationships. From the figure, we can find that
C5 plays the role of “cause” in the whole evaluation system and has a greater degree of
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total influence, which means that macroeconomic stability is the root cause and key to the
whole evaluation system.

Table 10. Direct influence relationship matrix and total influence matrix.

Criteria r c x Rank y Group

C1 13.704 13.955 27.658 1 −0.251 E
C2 12.412 13.460 25.872 6 −1.048 E
C3 12.937 13.337 26.273 4 −0.400 E
C4 13.187 13.675 26.863 3 −0.488 E
C5 14.107 13.110 27.217 2 0.997 C
C6 12.728 11.580 24.308 7 1.148 C
C7 13.021 12.978 25.999 5 0.043 C

Note: “r” is the degree of influence, “c” is the degree of being influenced, “x” is the total degree of influence, and
“y” is the degree of net influence.

Figure 4. INRM of the core evaluation system.

4.5. Comparative Analysis and Sensitivity Analysis

(1) Comparative analysis

In order to show that the novel design practices of the proposed model are different
from the original DEMATEL, this study compares and analyzes the original DEMATEL
and the novel design practices. The analysis results are shown in Table 11. The ranking of
original DEMATEL in the overall influence relationship is C1 (security), C5 (macroeconomic
stability), C4 (utility infrastructure), C7 (commercialization), C3 (transport infrastructure),
C2 (property rights), C6 (health). The ranking of novel design practices in the overall influ-
ence relationship is C1 (security), C5 (macroeconomic stability), C4 (utility infrastructure),
C3 (transport infrastructure), C7 (commercialization), C2 (property rights), C6 (health). It
can be found that the ranks 4–5 have changed. This is sufficient to show that novel design
practices are different from those of the original DEMATEL.
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Table 11. Comparisons of novel design practices.

Original DEMATEL Novel Design Practice
r c x Rank y Group r c x Rank y Group

C1 7.137 7.091 14.228 1 0.046 C 13.704 13.955 27.658 1 −0.251 E
C2 5.433 6.465 11.898 6 (1.032) E 12.412 13.460 25.872 6 −1.048 E
C3 6.091 6.346 12.438 5 (0.255) E 12.937 13.337 26.273 4 −0.400 E
C4 6.117 6.671 12.789 3 (0.554) E 13.187 13.675 26.863 3 −0.488 E
C5 7.063 6.300 13.363 2 0.763 C 14.107 13.110 27.217 2 0.997 C
C6 5.906 5.038 10.944 7 0.868 C 12.728 11.580 24.308 7 1.148 C
C7 6.433 6.268 12.701 4 0.165 C 13.021 12.978 25.999 5 0.043 C

(2) Sensitivity analysis

Furthermore, the novel design practice uses objective weights and weighted averages
to integrate expert opinions. In order to illustrate the importance of objective weights, this
study adopts the concept of sensitivity analysis used in previous studies [83,85]. Since
the fifth expert has the largest weight among the five experts, we set the weight of the
fifth expert from 0.1 to 0.9, and the rest will be adjusted and distributed proportionally.
According to the above description, the respective weights of the five experts in each
situation are shown as Run1~Run9 on the left side of Table 12. This study analyzes the
results for different situations, and it can be found that the causal relationship between
Run1 and Run2 is different from other situations, as shown on the right side of Table 12.

Table 12. Expert weights and causal relationships in different situations.

Situation Exp1 Exp2 Exp3 Exp4 Exp5 C1 C2 C3 C4 C5 C6 C7

ETP 0.283 0.148 0.140 0.143 0.286 E E E E C C C
Run1 0.356 0.187 0.177 0.180 0.100 C E E E C C E
Run2 0.317 0.166 0.157 0.160 0.200 C E E E C C E
Run3 0.277 0.145 0.138 0.140 0.300 E E E E C C C
Run4 0.238 0.124 0.118 0.120 0.400 E E E E C C C
Run5 0.198 0.104 0.098 0.100 0.500 E E E E C C C
Run6 0.158 0.083 0.079 0.080 0.600 E E E E C C C
Run7 0.119 0.062 0.059 0.060 0.700 E E E E C C C
Run8 0.079 0.041 0.039 0.040 0.800 E E E E C C C
Run9 0.040 0.021 0.020 0.020 0.900 E E E E C C C

Note: “ETP” stands for “entropy”; “Run” stands for “situation”.

In addition, it can be found that the ranking of the total influence relationship of the
criteria changes substantially under different situations, as shown in Figure 5. It is worth
noting that C6 (health) tends to be stable for Run1~Run7, and changes for Run8 and Run9.
C1 (security) ranks first in the total influence relationship for Run3~Run9, and changes to
second for Run1 and Run2.

Based on the results of the above analysis, it can be found that the proposed model
is different from the traditional DEMATEL. In addition, the novel design practice can
consider more uncertain, incomplete, and inconsistent information, and its evaluation
results are closer to the facts. Besides, based on the results of the sensitivity analysis, it can
be found that changes in expert weights can cause significant changes in the results, so it is
meaningful and contributive to consider the expert weights in the decision-making process.
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Figure 5. Sensitivity analysis of expert weights.

5. Discussions

In this section, management recommendations and theoretical implications are dis-
cussed based on the results of the case study.

5.1. Management Implications

This study is based on the Global Competitiveness Index (GCI) developed by the WEF,
which aims to assess and improve national competitiveness. Since Michael Porter proposed
the Diamond Model, national competitiveness has been a trendsetter in the world and has
been followed by many. In recent years, national competitiveness has been regarded as one
of the keys to attracting foreign investors. However, after the unexpected hit of COVID-
19, how to effectively enhance national competitiveness with limited resources has been
one of the main concerns. In this study, health, commercialization, and macroeconomic
stability are found to be the factors influencing the core evaluation system. Therefore, it is
recommended that management should prioritize the improvement towards the criteria of
health, commercialization, and macroeconomic stability in a resource-limited situation.

From the INRM of this study, it is found that “macroeconomic stability” is the factor
that influences the system and also has the greatest influence on the integration of the core
evaluation system. This means that this indicator is the root cause of the whole evaluation
system and its improvement can easily lead to the change of the whole evaluation system.
Therefore, it is suggested that improvement in the post-epidemic era should focus on
accelerating the development of macroeconomic stability, as its development will lead to the
development of other indicators, a finding similar to that of [86]. In addition, [87] showed
that conflict, openness, and democratic politics are three important keys to maintaining
macroeconomic stability, among which democratic politics is the most robust.

As a result, several specific recommendations are proposed in response to the above
findings and discussions. First, although this case country has been moving towards demo-
cratic politics, it is suggested that the culture and rules left behind by the authoritarian rule
in the early days of the country should be raised and improved. Second, it is recommended
that the government should accelerate macroeconomic policies to stabilize the economy.
For example, it should speed up the open market operations to effectively regulate the
money supply in order to stabilize the country’s balance of payments. Third, it is recom-
mended that the government should accelerate the formulation of relevant detailed plans
to stabilize domestic prices. For example, it should closely monitor the changes in domestic
and foreign commodity prices, conduct regular surveys on domestic commodity prices,
and grasp the trend of changes in consumer prices. It should also strengthen the control
and monitoring of the overall process of production and sales of essential commodities
from upstream, midstream, and downstream, and take timely measures to stabilize prices
to ensure the stability of consumer prices and protect consumers’ rights and interests.
Fourth, full employment in the country will be severely impacted by the epidemic. In the
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post-COVID-19 era, new lifestyles, consumer patterns, and economic models will emerge,
with the rise of new business models driven by digital technology. Therefore, in the labor
market, more emphasis should be placed on the inclusion of “intermediate workers”,
the provision of basic social security for casual laborers with high risks, innovation and
relaxation of the labor law system to meet the demand for diversified work options and
flexibility in hiring by enterprises, as well as assistance in job transition and re-employment,
in response to the strong demand for digital talents and manpower, etc.

Finally, according to the INRM results, it is interesting to note that although the total
influence of health is very low, it plays the role of the “cause” in the whole evaluation
system. This shows that a good health care system in the country is one of the keys to
attracting foreign investors. Therefore, it is recommended that the government should
move towards smart health care, fully integrating the two industries of technology and
health care. After the epidemic, innovative technology combined with digital therapy,
smart medicine, precision medicine, and digital epidemic prevention in the health care field
will drive the country’s advancement in the health industry. Therefore, it is recommended
that the adaptation of regulations for innovative technology and emerging business models
should be accelerated to help accelerate the launch of innovative technology products and
their global deployment.

5.2. Theoretical Implications

This study proposes a novel evaluation model to explore the key factors driving foreign
investment in the post-epidemic era. The model has several advantages. First, based on the
comparative analysis, it is found that the novel evaluation model has different evaluation
results compared with the traditional DEMATEL. In addition, the novel evaluation model
can effectively identify the core evaluation system, which will be more helpful in forming
expert consensus and convergence of divergent expert opinions in a resource-constrained
decision-making situation. Second, the proposed model is an extension of the neutrosophic
set theory when using the single-valued neutrosophic set [44], which is easier to operate
compared to the traditional neutrosophic set theory. However, the past SVNNs are based
on a fixed scale, which will limit the excellence of SVNN.

The novel design practice conducts membership of truth and membership of in-
determinacy surveys for each question. This advantage helps to quantify incomplete
information, and the questionnaire developed for this study will make the content of the
expert interviews clearer and easier to understand. Third, the traditional aggregation of
opinions using arithmetic averages would completely ignore the extreme opinions. A
weighted average aggregates the opinions and takes into account each expert’s opinion
more fully. In addition, based on the results of the sensitivity analysis in this study, it can
be found that there is a need to evaluate the weight of experts. By constructing the expert
weights based on their discriminant power on the evaluation questions, the generated
weights will be more objective and reasonable. Finally, the use of the consensus difference
index (CDI) to distinguish relatively large influence relationships makes the visualization
of the results clearer and more definite, and this advantage makes decision-making easier
and faster for managers.

6. Conclusions

This study shows that the proposed causal analysis model (single-valued neutrosophic
set, entropy, and DEMATEL) is more useful than the conventional DEMATEL for applying
to group decision problems with incomplete information. The results of this study found
that during COVID-19, the experts agree that the core factors for attracting foreign invest-
ment in Taiwan are security, property rights, transport infrastructure, utility infrastructure,
macroeconomic stability, health and commercialization, etc. Macroeconomic stability is
the root of the system that affects the entire foreign investment decision. In addition, it is
worth noting that health and commercialization also play the role of “cause” in the core
evaluation system. The results provide a valuable reference on how to effectively attract
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foreign investment, and provide useful practical advice for decision-making science and
national development agencies.

Despite the contribution of this study to the enhancement of the key success fac-
tor model, some limitations should be mentioned. Since the input of DEMATEL relies
on experts for impact relationship analysis, and experts are susceptible to professional
backgrounds and preferences, future topics might move towards data-driven concepts to
construct influence relationships. In addition, this study only discusses the influence rela-
tionships between factors, but does not analyze the performance of the country. Therefore,
it is suggested that the discussion could be directed towards the addition of performance
analysis. Finally, the proposed approach is only applicable to the core evaluation sys-
tem, and future work could be directed toward how it can be applied to more complex
evaluation frameworks.
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